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Ground beetles (Carabidae, Coleoptera) of Świnia Góra Reserve in the 
Świętokrzyskie Mountains

A b strac t: B etw een 1990 an d  1992 field s tu d ie s  of epigeal com m u n ities  of Carabidae w ere  carried  ou t in beech 
stan d , fir s tan d , p in e  s ta n d s  and  on a forest m ead o w s in Św inia G óra R eserve. T he sta n d a rd  p ro ced u re  of 
pitfall tra p p in g  m o d ified  by  Szyszko w as used  an d  y ie lded  in excess of 15,000 Carabidae in d iv id u a ls  re p re 
sen tin g  33 species c a p tu re d  in a to tal of 72,000 day -trap s . The collections w ere  su b seq u en tly  an alysed  in 
deta il in te rm s of zoogeo g rap h ica l, ecological an d  faun istical features.
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IN TR O D U CTIO N

O ver the p as t 20 years Poland  has seen rap id  increases in the num ber of various 
spatia l form s of w ildlife pro tection  areas. N ot only the n u m b er of N ational Parks has 
risen, bu t also of n a tu re  reserves, landscape parks, pro tected  landscape areas and even 
so-called ecological cropland. It needs to be po in ted  ou t tha t Poland has now  m ore 
national Parks than  o ther E uropean  countries. R egrettably, identification of the n a tu 
ral resources of the protected  areas, especially w ith  regard  to inverteb ra te  fauna, 
leaves m uch to be desired , con traven ing  in ternational ag reem ents ratified  by Poland 
as p a rt of a global stra tegy  for n a tu re  protection developed  by relevant UN agencies. 
The D ivision of Zoology at the A kadem ia Św iętokrzyska U niversity  in Kielce has 
therefore u n d e rtak en  sta tu to ry  research  over the fauna of p ro tected  areas in the 
Ś w iętokrzyskie M ountain  Region. Besides insects, the investigations are focussing on 
insectivorous m am m als (the sh rew  and  the bat), am phib ians, reptiles and  their p a ra 
sites, te rrestria l snails and certain  aspect of palaeozoology of these areas.
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4 2 A. Leśniak

The aim  of this s tu d y  w as to investigate epigeal com m unities of carab id  beetles in 
various b io topes of Św inia G óra Reserve and prov ide ecological, zoogeographical and  
faunistical descrip tions thereof.

It needs to be stressed  tha t no sim ilar s tudy  of this area had  been conducted  before. 
Św inia Góra reserve is u n d o u b ted ly  one of the m ost in teresting pro tected  areas in the 
Św iętokrzyskie M ounta in  Region; ow ing  to its charm ing prim aevality , it has been 
com pared  to B iałow ieża N ational Park.

The s tu d y  could  no t have been  successfully com pleted w ith o u t the invaluab le  help  
of MBiol s tu d en ts  from  the D ivision of Zoology: Ms A gata M liczek-Bielat, MA, and  
Ms Jolanta Sojka, M A, and  technicians M r Jacek M atuszczyk, MA, and  M r Paw eł 
Sidło, MA, to all of w hom  I ad d ress  w ords of g ra titude  for their efforts.

METHODS AND SCOPE OF RESEARCH

The s tan d a rd  Barber pitfall trap p in g  m ethod, m odified by SZYSZKO (1983), w as 
used  in the field study . Catches w ere  carried ou t over 3 years (1990-1992) d u rin g  p e ri
ods of the h ighest activ ity  of epigeal fauna, i.e. from  M ay until the end  of Septem ber. 
Series of 10 pitfalls w ere  p laced  four tim es in each sam pling  area, w hich, accord ing  to 
Breymayer (1961) w arran ts  a rep resen ta tive  sam ple. Thus, sam ple size w as 72,000 
day-traps: 150 days x 3 years x 4 sites x 40 traps.

D uring  the first year of the s tu d y  it w as also attem pted  to collect m ateria l from  
siftings, using  a 25 x 25 cm steel corer. H ow ever, the "spoils" w ere so scant and  n o n 
rep resen ta tive  th a t this m ethod  w as eventually  abandoned .

A n ecological analysis of the sam ple utilized the follow ing indices and  fea tu res of 
species:

-  index of constancy (C) w as used  as in SZUJECKI (1983): C = ^  100 (q -  n u m b er of

sam ples con tain ing  a species, Q  -  total num ber of sam ples); four constancy classes 
w ere d istingu ished  after GÓRNY, G rum  (1981):

class IV -  euconstan t species -  species found  in 75-100% of sam ples, 
class III -  constan t species -  found  in > 50% of sam ples, 
class II -  accessory species -  found  in  25-50% of sam ples, 
class I -  inciden tal species -  found  in less than 25% of sam ples;

Yl
-  index of dominance ( D -  ^  , w here n -  num ber of ind iv iduals of a g iven  sp e 

cies, to tal n u m b er of ind iv iduals); four dom inance classes w ere d istingu ished  after the 
fo llow ing criteria for dom inance  index:

class I -  eu d o m in an t species, w hen  D > 10.0% , 
class II -  do m in an t species, w hen  5.1% >  D >  10.0%, 
class III -  su b d o m in an t species, w h en  2.1% >  D >  5.0%, 
class IV -  receden t species, w h en  D <  2.0%;
-  Sim pson's index of diversity: I  = ^ p . , w here /?, is the p roportion  of in d iv id u 

als in the zth species;
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G round beetles of Świnia Góra Reserve 4 3

-  community effectiveness index (CEI) w as calcu lated  for each com m unity  ac

co rd ing  to the follow ing form ula (LEŚNIAK 1999): CEI = -JnxN , w here: n -  n u m b er of 
species, N  -  num ber of ind iv iduals;

-  developmental type, after LARSON, 1941;
-  trophic type, after GÓRNY, 1975;
-  occurrence pattern and moisture requirements, after BURAKOWSKI et al. 1973,1974.
The degree of sim ilarity  be tw een  com m unities w as estim ated  accord ing  to Soeren-

sen 's  (qualitative) and  B eklenishev-N efiedov's (quan tita tive-qualita tive) form ulae, 
after L e ś n i a k  (1972).

The zoogeographical analysis em ployed the au thor's  ow n  classification (LEŚNIAK 1987).
A to tal of 15,404 Carabidae ind iv iduals rep resen ting  33 species w ere  caugh t on the 

s tu d y  sites in Św inia G óra Reserve. W ith a sam ple size of 72,000 day-traps, trapab ility  
w as estim ated  at 0.21 ind iv idual per day-cylinder, w h ich  com es in betw een  find ings 
described  in 1970's and  1980's ( L e ś n i a k  1980, 1990) stu d ies  and  in recent stud ies 
( L e ś n i a k  1999).

STUDY AREA

Św in ia  G óra R eserve is s itu a ted  in the Ś w iętok rzysk ie  M o u n ta in  R egion on  the 
b o rd e r  of the Ł ysogóry and  K ońskie d istricts, in R egion VI -  C en tra l P o land  U p 
lan d s, the  prov ince of Św iętokrzyskie  M o un ta ins (MROCZKIEWICZ 1952), ab o u t 7 km  
so u th -w est of the village of Bliżyn, in d iv ision  137 of the W ilczy Bór fo rest in sp ec 
to ra te  (Suchedniów  forest range). The forest reserve  Ś w in ia  G óra w as fo u n d ed  in 
1938 an d  occupies an  area of 51 ha (ADAMCZYK 1965). The reserv e  ex tends over a 
p a r t  of Św inia G óra hill. H e igh t d ifference b e tw een  the h ig h est (350 m  above sea 
level) a n d  low est p o in t of the reserve is abo u t 25 m. H o w ev er, the  reserve  itself is 
p la in , w ith  the inclination  angles of local d ep ressio n s rare ly  exceeding  5 degrees. 
The n o rth -easte rn  p a rt of the reserve is d ra in ed  by tw o  sm all s tream s flow ing  
n o rth w a rd s  in to  the river K am ienna. A p a r t of the reserv e  is w ate rlo g g ed  
(ADAMCZYK 1965). Besides stream s, w a te r-h ead s and  b o g -sp rin g s, th ere  are  fo rm er 
m in in g  p its  of v a rio u s sizes w hich  are constan tly  or p erio d ica lly  filled w ith  w ater. 
T hese are  the rem ain d er of iron  ore and  fire-clay q u a rry in g  in  the  p as t (KOŹMIŃSKI 
1955). T hese practices, w hich  co n tinued  for several h u n d re d  years, h ad  a sign ifican t 
im p ac t on soil conditions.

ADAMCZYK (1965) has d is tin g u ish ed  in the reserve  tw o series of rock form ations: 
m arly -siliceous and  quartz-siliceous. The fo rm er gave rise  to sligh tly  acid ic  o r n e u 
tra l m eso- and  eu tro p h ic  soils w ith  a h igh ly  sa tu ra te d  so rp tio n  com plex. The carb o 
h y d ra te -free  quartz -siliceous basis gave rise to acidic o lig o tro p h ic  soils. Soils of d if
fe ren t type, fertility  and  m o istu re  level su p p o rt d is tin c t p la n t associations 
(FABIJANOWSKI, ZARZYCKI 1965), inc lud ing  con iferous forests, riv e rs id e  carrs  o r lin- 
d en -o ak -h o rn b eam  forests. The clim ate of the area  is typ ica l of u p la n d s  in  C en tral 
P o land . A ccord ing  to FABIJANOWSKI, ZARZYCKI (1965), m ean  a n n u a l air te m p e ra tu re
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4 4 A. Leśniak

w as 7.3°C, w ith  a total p re 
c ip ita tion  of 832 m m . The 
vegeta tive  period  is 210 days 
long and  snow  cover is p re s 
en t for 63 days.

A ccording to PlEKOŚ (1971), 
the clim ate of Św inia Góra, 
com pared  to adjacent regions, 
w as characterised by h igher 
precip itation , longer-lasting  
snow  cover and  a shorter 
vegetation period.

The location of the reserve 
on a m ap of Poland and  the 
placem ent of perm anen t study  
sites are show n  in Fig. 1. 
S tudy sites included  the fol
lowing:

1. Fir stand  site (subdiv i
sion 137n)

A Pino-Quercetum  con iferous fo rest w ith  fir. The forest s tan d  is com posed  of fir, 
com m on oak and  p in e  w ith  an  ad m ix tu re  of beech and  Polish  larch. A p o o r g ro u n d  
cover is characteristic  of coniferous forests, w ith  do m in an t Vaccinium m yrtillus and  
also som e M ajanthemum bifolium, Pteridium aquilinum  and  w ith  a large p ro p o rtio n  of 
the m osses Dicranum scoparium, Entodon Schreberi and  Polytrichum attenuatum.

The soils are sandy-clayey  and  m oderately  m oist podzols.

2. Forest m eadow  site (subdivision 137j)
A w aterlogged  m eadow  w ith  sw am p-related  vegetation (Phragmition). There are  

species characteristic of sw am ps: Phragmites communis, Rumex hydrolaputum, Iris 
sibirica, Caltha palustris. These species are concentrated  in periodically  w aterlogged  
areas. E levated areas w ith in  the m eadow  are penetra ted  by tree species: m aple, beech, 
oak and various shrubs.

The soils are leached brow n soils.

3. Pine stand  site (subdivision  137s)
A Pino-Quercetum  m ixed coniferous forest w here  the stand  is com posed m ainly of 

p ine and som e larch, fir and  oak. The g round cover is com posed  of Pteridium aquili- 
num, Vaccinium myrtillus, Majanthemum biforlium and  the m osses Dicranum scoparium, 
Entodon Schreberi, Hylocomium splendens.

The soils are sandy-clayey  podzols.
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Fig. 1. Św inia G óra  R eserve  in the Ś w iętokrzysk ie  M ounta ins.
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Table I. Results of catches of ground beetles (Carabidae) in Świnia Góra Reserve by study sites and years.

No Sites
Species

Fir stand Forest meadow Pine stand Beech stand Total
1990 1991 1992 Total 1990 1991 1992 Total 1990 1991 1992 Total 1990 1991 1992 Total

1 C arabus coriaceus L. 17 51 121 189 8 21 177 206 61 104 268 433 34 38 136 208 1036
2 C. vio laceus L. 120 107 102 329 40 56 273 369 92 124 94 310 123 168 185 476 1484
3 C. a u ron iten s Fabr. - - 1 1 - - - 0 - 5 8 13 - - - 0 14
4 C. co n vex u s  Fabr. - - - 0 - - - 0 - - 1 1 - - - 0 1
5 C. gra n u la tu s  L. - - - 0 - - 2 2 - - - 0 - - - 0 2
6 C. cancelln tus 111. - - - 0 - - - 0 - - - 0 - 1 - 1 1
7 C. arccn sis Herbst 5 14 16 35 11 57 108 176 26 55 31 112 - 17 24 41 364
8 C. h orten sis  L. 13 6 14 33 14 14 16 44 1 - - 1 17 26 30 73 151
9 C. g labra tu s  PAYK. 34 44 60 138 3 7 36 46 19 26 23 68 17 11 12 40 292

10 C. lin n aei D uft. 398 404 482 1284 128 77 191 396 193 289 202 684 220 267 430 917 3281
11 C ych ru s ro stra tus  (L.) 53 41 46 140 8 19 30 57 15 52 22 89 27 42 30 99 385
12 Leistu s p iceus  Frol. - 5 1 6 - - - 0 - - - 0 - - - 0 6
13 N ebria  brei’icollis (Fabr.) 1 1 - 2 22 6 1 29 8 - - 8 - 8 7 15 54
14 P atrobus a troru fu s  (Stroem) - - 3 3 - - 2 2 - - - 0 - - 1 1 6
15 P terostich u s caerulescens (L.) - - - 0 - - - 0 - - - 0 - - 1 1 1
16 Pt. cu preus  (L.) - - - 0 - - - 0 - 1 - 1 - - - 0 1
17 Pt. ob lon gopu n cta tu s  (Fabr.) 90 105 271 466 57 98 91 246 95 206 129 430 23 102 333 458 1600
18 Pt. n iger (S ch a ll.) 217 336 313 866 222 324 794 1340 133 312 113 558 226 496 443 1165 3929
19 Pt. vu lg a ris  (L.) 22 33 19 74 69 109 105 283 - - - 0 73 105 171 349 706
20 P t. an thracin u s  (III.) - - - 0 - - 2 2 - - - 0 - - - 0 2
21 Pt. n igrita  (Fabr.) - - 3 3 - 5 21 26 - - - 0 - 8 9 17 46
22 Pt. s tren u u s  (Panz.) - 1 - 1 - 1 - 1 - - - 0 - 5 - 5 7
23 Pt. nethiops (Panz.) - - 0 - - - 0 - - - 0 - - 1 1 1
24 Pt. bu rm eisteri Heer 31 51 39 121 26 28 16 70 36 36 29 101 32 115 115 262 554
25 A b a x  carinatus  (Duft.) 149 152 141 442 43 76 67 186 3 2 1 6 55 278 324 657 1291
26 A . ova lis  (Duft.) 13 24 8 45 2 - - 2 - 5 - 5 3 3 - 6 58
27 C alath us fuscipes (Goeze) - - - 0 - - 1 1 - - - 0 - - - 0 1
28 C. micropterus (Duft.) 1 - 4 5 - - - 0 - 2 - 2 - - 1 1 8
29 S yn u ch u s n iva lis  (Panz.) - - - 0 - 2 - 2 - 2 - 2 - - - 0 4
30 Agonum v id u u m  (Panz.) - - - 0 - - 2 2 - - - 0 - - - 0 2
31 Ag. a ssim ile  (Payk.) - 7 5 12 - 12 7 19 - - - 0 6 20 55 81 112
32 H arpalus rufipes (DeGeer) - - - 0 - - 1 1 - - - 0 - - - 0 1
33 H .la tu s  (L.) - 1 - 1 - - 1 1 - - - 0 - - 1 1 3

Total 1164 1383 1649 4196 653 912 1944 3509 682 1221 921 2824 856 1710 2309 4875 15404
Number of species 22 25 18 21 33
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46 A. Leśniak

4. Beech stand  site (subdivision  137k)
M oun ta in  beech w ood stand  (Dentario glandulosae-Fagetum). Forest stand  com posed 

p red o m in an tly  of beech w ith  som e fir and  m aple. Shrub layer has Rubus hirtus as the 
m ost frequen t species. G round  cover includes: Alium  ursinum, Mercurialis perennis, 
Dentarium bulbifern, less frequently  Anemone nemorosa, Asperulci odorata, Hepatica nobilis, 
Dryopteris spinulosa, Oxalis acetosella.

The soil is a very fertile p ro p er b row n soil.

RESULTS

E cological ch a rac te ris tics  o f C arabidae  c o m m u n itie s

Species composition. The s tudy  sites in Świnia Góra R eserve y ie lded  33 carabid sp e 
cies, w hich  is indicative of a relatively h igh biodiversity  of the area under study  (Ta
ble I). The largest num ber of species (25) w as registered  at the forest m eadow , and the 
sm allest (18 species) in the p ine forest, w ith  22 species fo u n d  in the fir stand and  23 
species recorded  in the beech w ood. The finding of a h igh species richness of Carabidae 
at the m eadow  site can be accounted for by the m eadow 's sm all size, w hich allow ed it 
to be occupied  by both  heliophilous open-area species an d  forest species, w hich 
w ou ld  hav e  found it easy to penetra te  there from  the forest. O n  the o ther hand , a low 
species richness in the p ine forest stand  w ould  have been  rela ted  to the m uch less 
fertile soil a t tha t site.

Of all species reg istered  at Św inia Góra reserve, 10 (all of the species of the genus 
Carabus) are legally pro tected  species.

Four species, nam ely  Pterosticlius caerulescens, Pt. vulgaris, Pt. anthracinus and  Pt. 
aethiops, accord ing  to a C atalogue of Polish Fauna (Mroczkow ski et al. 1974), had not 
been p rev iously  recorded  from  the Św iętokrzyskie MTS Flow ever, these are by no 
m eans ra re  species and have been found in adjacent areas and  in the M ałopolska U p
lands. The au th o r w ishes to po in t ou t that typical m on tane  species (Carabis linnaei, 
Leistus piceus and  Pterosticlius burmeisteri) w ere am ong those found  in the reserve.

Structure of dominance. The follow ing species w ere fo u n d  m ost frequently  at all 
s tu d y  sites in Św inia G óra reserve: Pterosticlius niger, Carabus linnaei i Pterosticlius ob- 
longopunctatus, and  w ere classified in the first class of d om inance  (Table II). The sec
ond class of dom inance com prised  Carabus coriaceus, C. violaceus, Pterostichus burmeis
teri i Abax carinatus, the th ird  class w as com posed of C. arcensis, C. glabratus i Cychrus 
rostratus, w hile  the rem ain ing  22 species w ere included in  the fou rth  class since they 
w ere rep resen ted  in the collections by single individuals.

The d o m inan ts (1st class of dom inance) had, how ever, d ifferen t dom inance indices 
across sites. These figures are show n in detail in Table III.

Patterns of occurrence. Three patterns of occurrence could  be d istinguished:
1. forest species -  F
2. open-area species -  OA
3. eu ry top ic  species -  E
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Table II. Ecological characteristics of g ro u n d  beetle species (Carabidae, Coleoptera) collected in the  y ea rs  1990- 
1992 in Ś w in ia  G óra  R eserve; F -  fo rest species, O A  -  open-area  species, Eu -  eu ry to p ic  species, X -  xero- 
p h ilo u s  sp ., H  -  h y g ro p h ilo u s , M -  m esoph ilous, A -  a u tu m n a l species, S -  sp rin g  species, Z -  zoo p h ag es , 
H z  -  h em izo o p h ag es , P -  P alaearctic , E -  E uropean , EA -  E uroarctic, ES -  E urosiberian , EPS -  E u ro p ean  

S ilvan P rovince, M -  M oun ta ine , Em  -  E u ro -M ed iterranean .

N o Species
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C. violacei IV

C. auronit IV IV

C. convexi ES IV IV

C. granule EPS IV IV

C. cancelh ES IV IV

C. arcensi: III IV

C. Hortens IV III

C. glabrati EA III IV

10 C. linnaei IV

11 Cychrus n EA III IV

12 Lcistus pic M IV

13 Ncbria bre Em IV

14 Patrobus c ES IV

15 Pterostich ES IV

16 Pt. cuprcu IV

17 Pt. oblong IV

18 Pt. niger ( ES IV

19 Pt. vulgar ES III

20 Pt. anthra IV

21 Pt. nigrita IV

22 Pt. strenu IV

23 Pt. aethioj. IV

24 Pt. burme M IV

25 A bax earn M IV
26 A . ovalis ( M IV

27 CalathusJ IV

28 C. microp, IV

29 Synuchus ES IV

A gonum  i 
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Table III. Percentages of individuals of a given species in the entire collection m aterial -  dominance.

N o Sites

Species

Fir s ta n d
Forest

m ead o w
Pine s ta n d Beech s ta n d A verage

1 Carabus coriaceus L. 4.5 5.87 15.34 4.27 6.73

2 C. violaceus L. 7.84 10.51 10.98 9.76 9.63

3 C. auronitens F a b r . 0.02 - 0.5 - 0.1

4 C. convexus F a b r . - - 0.04 - 0.01

5 C. granulatus L. - 0.06 0.01

6 C. cancellatus III. - - - 0.02 0.01

7 C. arcensis HERBST 0.83 5.02 3.97 0.84 2.36

8 C. hortensis L. 0.79 1.25 0.04 1.5 0.98

9 C. glabratus PAYK. 3.29 1.31 2.41 0.82 1.9

10 C. linnaei D u f t . 30.62 11.29 24.21 18.82 21.27

11 Cychrus rostratus (L.) 3.34 1.62 3.15 2.03 2.5

12 Leistus piceus Frol. 0.14 - - - 0.04

13 Nebria brevicollis (Fabr.) 0.05 0.83 0.28 0.31 0.35

14 Pntrobus atrorufus (STROEM) 0.07 0.06 - 0.02 0.04

15 Pterosticlius caerulescens (L.) - - - 0.02 0.01

16 Pt. cupreus (L.) - - 0.04 - 0.01

17 Pt. oblongopunctatus (Fabr.) 11.11 7.01 15.23 9.39 10.39

18 Pt. niger (SCHALL.) 20.64 38.24 19.77 23.9 25.51

19 Pt. vulgaris (L.) 1.76 8.06 - 7.16 4.58

20 Pt. anthracinus (ILL.) - 0.06 - - 0.01

21 Pt. nigrita (F ab r.) 0.07 0.74 - 0.35 0.3
22 Pt. strenuus (Panz.) 0.02 0.03 - 0.1 0.05

23 Pt. acthiops (Panz.) - - - 0.02 0.01

24 Pt. burmeisteri FIeer 2.88 1.99 3.58 5.37 3.6

25 Abax carinatus (DUFT.) 10.53 5.3 0.21 13.48 8.38

26 A. ovalis (D u ft.) 1.07 0.06 0.18 0.12 0.38

27 Calathus fuscipes (GOEZE) - 0.03 - - 0.01

28 C. inicroptcrus (DUFT.) 0.12 - 0.07 0.02 0.05

29 Synuchus nivalis (PANZ.) - 0.06 - - 0.01

30 Agonum  viduum  (Panz.) - 0.06 - - 0.01

31 Ag. assimile (Payk.) 0.29 0.54 - 1.66 0.73

32 Harpalus rufipcs (DEGEER) - 0.03 - - 0.01

33 H. latus (L.) 0.02 0.03 - 0.02 0.02

Species classified as forest species w ere found  to be clear d o m inan ts at all s tudy  
sites in Św inia G óra reserve, w hile eury top ic species m ade up  less than 5% of the re
spective com m unities, and  open  area species rep resen ted  as little as 0.1% of the s tudy  
collections (Table II). Table IV p re sen ts’ percentages of the th ree types (num bers of 
ind iv iduals) collected at in d iv idua l sites.

Moisture requirements. Three g roups of species: hyg roph ilous, m esohygrophilous 
and  xerophilous w ere d istingu ished  w ith respect to their m o istu re  requ irem ents (Ta
ble II).
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The Table V show s that the greatest proportions of xerophilous species w ere ob
served at sites m eadow  an d  pine forest. This is an interesting finding as these sites, p ar
ticularly m eadow , rep resen t extrem ely m oist habitats, subject to periodical flooding.

T able IV. P ercen tages o f Carabidae rep resen tin g  d ifferen t p a tte rn s  of occurrence at in d iv id u a l s tu d y  sites

Site
Species

Fir s ta n d Forest m eadow Pine stand Beech stan d All sites 
(on an  average)

forest 98.2 90.9 99.8 92.4 95.0

open -area - 0.1 0.1 0.1 0.1

eu ry to p ic 1.8 9.0 0.1 7.5 4.9

The m ost ab u n d an tly  rep resen ted  category at all sites w as hygroph ilous species, w hile 
m esohygroph ilous species w ere practically absent (2 ind iv iduals ou t of the total n u m 
ber of m ore than  15,000 ind iv iduals collected). The percentages of xero- and  hy g ro 
philous species at in d iv id u a l sites are p resen ted  in table V. It m ay be supposed  that 
the d iv ision  in to  hygro- and  xerophilous species posited  in literature  is p robably  the 
resu lt of the use of inadequate  criteria, and specifically, the placem ent of heliophilous 
form s am ong  xeroph ilous species.

T able V. P ercen tag es of species w ith  d ifferen t m o istu re  req u irem en ts a t the s tu d y  sites.

Site
Species

Fir s ta n d Forest m eadow Pine stand Beech stand All sites 
(on an  average)

X eroph ilous 7.1 19.1 19.3 12.3 13.8

H y g ro p h ilo u s 92.9 80.9 80.7 87.7 86.2

T roph ic  type. The percentages of d ifferent trophic types am ong Carabidae at d iffer
ent s tu d y  sites in Św inia G óra reserve are show n in Table VI, referring  bo th  to species 
(num erato r values) and  ind iv iduals  (denom inator values).

T able VI. P ercen tag e  sh a res  of troph ic  g ro u p s  of Carabidae a t d ifferen t sites in Św inia G óra Reserve.

T rop h ic  g ro u p s Large Sm all H em i-
zooph ag es zo ophages zooph ag es

Sites

45.6 9.1 4.5
Fire s ta n d

42.8 6.6 0.07

48 8 16
Forest m ead o w

70.3 2.9 0.2

35.3 11.8 5.9
P ine s ta n d

50.1 5.6 0.04

43.6 8.7 13
Beech s ta n d

53.2 2.9 0.06
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W hen the overall p roportion  of ind iv iduals at all sites is considered , the large zoo- 
phage g ro u p  (species w ith  a body length exceeding 20 m m ) com es o u t as dom inan t. 
The p ro p o rtio n  of the large zoophage g roup  species is also h ig h er than  th a t of sm all 
zoophages, w ith  the sm allest difference observed for forest m eadow , w here the p ro 
portion  of hem izoophages w as also the largest.

D evelopm ental type. It w as assum ed, after L a r s o n  (1941) th a t Cara.bid.ae are d i
v ided  into tw o developm ental types, nam ely, a sp ring  type (w in tering  as im agines) 
and  an a u tu m n  type  (w in tering  as larvae). The latter w as d istinctly  d o m inan t at all the 
sites stud ied . The percen tages of the tw o developm ental types at ind iv idual sites are 
show n in the table VII:

Table VII. P ercen tages of d ev e lo p m en ta l ty p es of Carcibidae a t in d iv id u a l sites.

Site
D evelo p m en ta l ty p e

Fir stan d Forest
m ead o w

P ine stan d Beech s ta n d All sites 
(on an  average)

A u tu m n al 84.8 84.6 76.7 82.2 82.4
Spring 15.2 15.4 23.3 17.8 17.6

The above table show s that the Carabidae com m unity  from  the pine forest s tand  
w as the m ost d ifferen t from  the others and  w as characterised  by the h ighest p ercen t
age of the sp ring  developm ental type.

Constancy. The constancy of ind iv idual species of Carabidae in Św inia G óra reserve 
and  at the d ifferent s tu d y  sites is p resented  in Table VIII. S ignificant differences in 
constancy, exceeding 25% at d ifferent sites, w ere found in the case of 13 species. Table 
VIII also show s m ean constancy per site values, w ith  the h ighest m ean  recorded  for 
the beech stand , and  the low est figure obtained for the forest m eadow . There is also a 
lack of com plete overlap  betw een  the num ber of ind iv iduals collected and  m ean con
stancy, as show n  by the figures obtained  for m eadow  and  pine s tand .

Z o o g eo g rap h ica l ch a rac te ris tics  o f th e  c o m m u n itie s  of C arabidae

D etailed resu lts of a zoogeographical analysis based on a classification p rop o sed  
by the p resen t au th o r ( L e ś n i a k  1987) are p resen ted  in Table IX. The table p resen ts the 
characteristics at fraction, w here in  the num era to r refers to species and  the d enom ina
tor co rresponds to ind iv iduals (quantitative aspect). The Palaearctic elem ent and  the 
E uropean  silvan  province elem ent (m ontane species) w ere found  to be dom inan t at all 
s tu d y  sites both  qualita tively  and  quantitatively . The share  of the  latter elem ent w as 
by far the h ighest in the beech and  fir stands.

In term s of in d iv idua l abundance-based  percentages of the respective zoo
geographical elem ents, the forest m eadow  site com m unity  s tan d s  ou t from  the rest, 
w ith  the h ighest share  of the Palaearctic elem ent and  the low est sh are  of the E uropean  
silvan province elem ent. This site also had  the com paratively  h ighest share of species
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rep resen tin g  the E uroarctic elem ent and  the low est share of species rep resen ting  the 
E uropean  silvan  prov ince  elem ent.

Table VIII. C onstancy  of C arab id  species at different sites in Św inia Góra R eserve in the years 1990-1992. A -  fir 
s ta n d , G  -  forest m eadow , P -  p ine stand, F -  beech stand.

N o S ite s

S p e c ie s

% c o n s ta n c y A v e r a g e

A G P F

1 Carabus coriaceus L. 10 0 9 1 .7 1 00 10 0 97 .9

2 C. violaceus L. 10 0 1 0 0 1 00 1 0 0 1 0 0 .0

3 C. auronitens FABr. 8 .3 - 6 6 .7 - 1 8 .8

4 C. convesus F a b r . - - 8 .3 - 2.1

5 C. granulatus L. - 8 .3 - - 2.1

6 C. cancellatus ILL. - - - 8 .3 2.1

7 C. arcensis H e r b s t 8 3 .3 9 1 .7 10 0 6 6 .7 8 5 .4

8 C. hortensis L. 9 1 .7 5 8 .3 8 .3 9 1 .7 62 .5

9 C. glabratus P a y k . 10 0 75 10 0 83 .3 8 9 .6

10 C. linnaei D u f t . 10 0 100 10 0 10 0 1 0 0 .0

11 Cychrns rostratus (L .) 100 75 100 10 0 9 3 .8

1 2 Leistus piceus F r o l . 1 6 .7 - - - 4 .2

13 Ncbria brevicollis (F a b r .) 1 6 .7 50 8 .3 33 .3 27.1

1 4 Patrobus atrorufus (STROEM.) 1 6 .7 8 .3 - 8 .3 8 .3

15 Pterostichus caerulescens (L.) - - - 8 .3 2.1

16 Pt. cupreus (L.) - - 8 .3 - 2.1

1 7 Pt. oblongopunctatus (F a b r .) 10 0 9 1 .7 10 0 9 1 .7 9 5 .9

18 Pt. nigcr (SCHALL.) 100 10 0 100 10 0 1 0 0 .0

19 Pt. vulgaris (L .) 6 6 .7 9 1 .7 - 91 .7 62 .5

20 Pt. anthracinus (ILL.) - 8 .3 - - 2.1

21 Pt. nigrita  (FABR.) 1 6 .7 4 1 .7 - 33 .3 2 2 .9

22 Pt. streuuus  (PA N Z .) 8 .3 8 .3 - 1 6 .7 8 .3

23 Pt. aetliiops ( P a n z . ) - - - 8 .3 2.1

24 Pt. burmeisteri H e e r . 9 1 .7 6 6 .7 1 0 0 10 0 8 9 .6

25 A bax carinatus (DUFT.) 100 10 0 3 3 .3 9 1 .7 8 1 .3

26 A . ovalis (DUFT.) 66 .7 1 6 .7 25 1 6 .7 3 1 .3

2 7 Calathus fuscipes (GOEZE) - 8 .3 - - 2.1

28 C. micropterus ( D u f t . ) 25 - 8 .3 8 .3 10 .4

29 Synuchus nivalis ( P a n z . ) - 8 .3 8 .3 - 4 .2

3 0 A g o n u m vid u u m  (PA N Z.) - 8 .3 - - 2.1

31 Ag. assimile (P a y k .) 58 .3 5 8 .3 - 75 4 7 .9

3 2 Harpalus rufipes ( D e G e e r ) - 8 .3 - - 2.1

3 3 H. latus (L.) 8 .3 8 .3 - 8 .3 6 .2

N u m b e r  of species 22 25 18 23 33

C o n stan cy  (average) 62 .5 51 .3 5 9 .7 72 .3 6 1 .5

N u m b e r  of in d iv id u a ls 4 1 9 6 3 5 0 9 28 2 4 48 7 5 1 5 4 0 4
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S im ila rity  o f g ro u n d  b e e tle  co m m u n itie s  fro m  th e  s tu d y  s ites

There is a h igh degree of (qualitative) sim ilarity betw een  in d iv idua l carabid  com 
m unities inhab iting  the s tu d y  sites in Świnia Góra reserve, w ith  m ean sim ilarity  
am oun ting  to 62.4% (Table X). The sim ilarity  value obtained for the m eadow  site and 
pine forest site Carnbidne com m unities (44.6%) is the m ost d istan t from  this mean. 
M ean sim ilarity  expressed as a m easure  accounting for both species com position  and 
the ab u n d an ce  of ind iv idual species (species & abundance-based  sim ilarity) is lower, 
at 54.3%, th an  the qualita tive  sim ilarity  m easure (Table X). The low est species and 
abundance-based  sim ilarity  w as also established for the m eadow  site and  pine forest 
site Carnbidae com m unities. It is cu rren tly  not possible to p rov ide an explanation  for 
this find ing , w hich  is all the m ore su rp rising  as the tw o sites are m ore sim ilar to one 
another th an  to any others in term s of the penetration  of light to the forest floor and 
also w ith  respect to repeated  flooding in spring  -  and a m uch h igher level of u n d e r
g round  w a te r than  at the o ther sites.

T able IX. P ercen tage  sh a res of zoogeo g rap h ica l e lem ents at d ifferen t sites in Św inia G óra Reserve.

Z oogeograph ica l
elem ents

S ites P
al

ae
ar

ct
ic

E
ur

oa
rc

ti
c

E
ur

os
ib

er
ia

n

E
ur

op
ea

n 
si

lv
an

 
pr

ov
in

ce

M
on

ta
ne

E
ur

o-
m

ed
yt

er
ra

ne
an

45.6 9.1 4.5 13.6 22.7 4.5
Fir stan d ------

42.8 6.6 0.07 5.3 45.2 0.04
48 8 16 8 16 4

F orest m ead o w
70.3 2.9 0.2 7.1 18.7 0.8
35.3 11.8 5.9 17.6 23.5 5.8

P ine s ta n d
50.1 5.6 0.04 15.9 28.1 0.3
43.6 8.7 13 13 17.4 4.3

Beech s ta n d
53.2 2.9 0.06 5.8 37.8 0.3

Table X. S pecies sim ilarity  an d  com b in ed  species-based  and  q u an tita tiv e  s im ilarity  of g ro u n d  beetle  com 
m u n ities  from  d iffe ren t sites in Św inia G óra Reserve in the y ears 1990-1992.

Sites Fir s ta n d
Forest

m eadow
Pine stan d

Beech
stan d

67.9 62.5 80
Fir stan d X

49.5 54.7 66.7
44.8 65.5

Forest m ead o w X
46.8 60.5

53.8
P ine stan d X

47.6

Beech stan d X
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Figures 2 and  3 show  seasonal dynam ics for the m ost abundan t, do m in an t species: 
Carnbus coriaceus, Cnrnbus violaceus, Cnrabus linnaei, Pterostichus niger, Pterostichus ob- 
longopunctatus and  Abax carinatus. The data  indicate tha t the seasonal dynam ics of 
these species exhibited differences across years of s tudy  and  that no substan tia l sim i
larities could be seen betw een  species w ith  regard  to this param eter. A lso, the re
p lacem ent of species abundance  over tim e observed by KARPIŃSKI (1952) could  hard ly  
be observed  in this study .

T rapability  of Carabidae at the 
s tudy  sites in Św inia G óra reserve 
also exhibits m arked  variations, as 
show n in figure 4. This figure also 
p resen ts the values of S im pson 's 
index of b iod iversity  and  the p ro 
posed  com m unity  effectiveness 
index (CEI) ( L e ś n i a k  1999) as well 
as the n um bers of species regis
tered at ind iv idual sites.

A n analysis of the essential in
dices used  to describe the col
lected Carabidae dem onstra tes that 
the richest Carabidae fauna inhab 
its the beech stand , w hich had  the 
g reatest num ber of ind iv iduals 
and alm ost the h ighest num ber of 
species (Fig. 4). Follow ing it in 
this classification is sites fir stand  
and  forest m eadow , w hile the 
p ine forest is the poorest.

F low ever, S im pson 's index of 
b iod iversity  is no t an  app ro p ria te  
m easure  as it has p roduced  sim i
lar resu lts  for three d istinctly  dif
ferent sites. H ence, a p roposed  
com m unity  effectiveness index 
( L e ś n i a k  1999) has been em 
ployed  and  apparen tly  reflects the 
reality  adequately . This m easure is based on the p ro d u c t ra ther than  the q u o tien t of 
the n u m b er of species and  ind iv iduals. Q uotien t-based  m easures p roduce  erroneous 
resu lts as the n u m b er of species changes m uch m ore slow ly than  the n u m b er of in d i
v iduals. W hen the beetles' living conditions get w orse, w ith  both  the n u m b er of spe
cies an d  in d iv idua ls  falling, bu t w ith  the latter decreasing m ore abrup tly , bo th  Shan- 
n on-W iener's  and  S im pson 's indices will register an im provem ent, w hich is obviously  
absu rd . For instance, if w e are study ing  a site at tw o dates and  a first collection yields 
10 species rep resen ted  by 100 ind iv iduals, w hile a second one registers 7 species and

/  C .l in n a e i

C .c o r ia c e u s

Fig. 2. S easonal dy n am ics of d o m in an t species.

/  A .c a r in a tu s  

' P .  n ig e r

P .o b lo n g o p u n c ta tu s

Fig. 3. S easonal dy n am ics of d o m in an t species.
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50 ind iv iduals , S im pson 's m easure will increase from  30% to 35%, w hile  the effective
ness m easure, based  on the square  root of the p roduc t of the n u m b er of species and 
ind iv id u a ls  w ill be decreased from  31.6 to 18.7, w hich  definitely better reflects reality.

S u m m a r y  o f  r e s u lt s

It is ra th e r d ifficu lt to d iscuss 
the find ings of th is s tu d y  for th ree 
reasons. F irstly, there  had  been  no 
o ther stud ies of the  Cnrabidcie of 
this reserve and  secondly , the re 
serve rep resen ts  a h igh ly  u n iq u e  
na tu ra l form ation . T hird ly , w h en  
a ttem p tin g  to com pare  resu lts of 
stud ies from  d ifferen t areas, one 
shou ld  at least choose projects 
re la ting  to the sam e period . The 
resu lts of n u m ero u s  stud ies of 
Carnbidae in P o land  indicate tha t 
the tim e factor p lay s an im p o rtan t

Fig. 4. Basic ind ices describ in g  c a p tu re d  carab id  beetles a t 4 role w ith  resPect to variab ility  of
stu d y  sites in Św inia G óra reserve; F -  beech stan d , A -  fir m any ecological s truc tu res in
sta n d , G -  forest m ead o w , P  -  p ine  stan d , 1 - in d iv id u a l Carabidae com m unities. This hav-
a b u n d a n c e /1 0 ; 2 -  co m m u n ity  effectiveness index  -  CEI; 3 - said  a com parison  of

S im p so n 's  in d ex /1 0 0 , 4 -  n u m b e r  of species. . .  , , ..
qualita tive  shares ot the zoo-
geographical e lem ents in Św inia

G óra reserve, in the Łysogóry m o u n ta in  ridge  and  generally  in the Św iętokrzyskie
M o u n ta in s , has been u n d e rtak en  and  is p resen ted  in Table XI (B U R A K O W SK I et nl.
1973,1974).

T able XI. C o m p ariso n  of the  zoogeograph ica l m ak eu p  of Carnbidae com m u n ities  of d ifferen t areas in p e r
centages. *Includes Św inia  G óra  data  for 1992

A rea

Z o o g eo g rap h ica l e lem en ts

Św inia Góra* 
R eserve

Ł ysogóry 
m o u n ta in  ridge

Ś w iętok rzysk ie
M o u n ta in s

H olarctic - 0.03 7.2

P alaearctic 26.6 12.9 46.1

E u rosiberian 28.0 8.5 11.2

E uroarctic 3.7 1.7 2.4

E u ro m ed ite rran e an 0.1 0.04 8.0

E u ro p ean  silv an  p rov ince 12.6 1.7 20.8

E u ro p ean  silv an  p rov ince  
(m o n ta n e  species) 28.2 75.1 4.0

^ 42°j
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The above table show s that the percentages obtained for Św inia G óra reserve com e 
in betw een  the find ing  for the o ther tw o areas. Catches in pine forest stands situa ted  
near the reserve have revealed  m uch sm aller num bers of species and  ind iv iduals, 
w hich is secondary  to their poorer habitats. A nother exploration  by the presen t au th o r 
-  of Białe Lugi reserve and  adjacent pine forest stands (LEŚN IA K , from  a m onograph  on 
Biale Lugi reserve, in press) -  p roduced  a h igher num ber of species and ind iv iduals  
ou tside of the reserve, w hich w as due to m ore fertile habitats. Thus, the g ran ting  of a 
legally p ro tected  sta tus alone is no t sufficient to induce noticeable changes in the 
quality  of Cnrnbidae com m unities.

To su m  up  the finding, the follow ing can be posited:
1. The s tudy  m aterial is of m odera te  size and  the species richness of Carnbidne in  it 

is ra ther high. 33 species w ere found  at the 4 sites in the reserve, including 3 species 
Pterostichus caerulescens, Pt. vulgaris i Pt. aethiops according to the catalogue of Polish 
Fauna never p rev iously  recorded  from  the Św iętokrzyskie M ountains, w hile Pt. bur- 
meisteri had  never been reg istered  from  the M ałopolska U pland.

2. A zoogeographical analysis show ed that the Palaearctic and E uropean  silvan 
province elem ents w ere dom inant, both qualitatively  and  quan tita tively  at all s tu d y  
sites. M ontane species w ere m ost abundan tly  represen ted  at the m ore fertile sites 
(beech an d  fir forest stands).

3. Three species w ere established as dom inan ts in Carabidae com m unities in Św inia 
G óra reserve, nam ely  Carabus linnaei, Pterostichus oblongopunctntus and  Pt. niger.

4. A pproxim ately  95% of the collections w as m ade up of forest species.
5. In term s of m oistu re  requirem ents, the largest g roup  w as that of hyg roph ilous 

species (over 80%). A high p roportion  (> 19%) of species regarded  to date  as xerophi- 
lous w as found in b iotopes subject to periodical inundation  in spring, w hich suggests 
that they shou ld  ra th er be classified as heliophilous species.

6. Species classified in large zoophages w ere m ost ab u n d an t at the s tudy  sites, w ith 
hem izoophages occurring hard ly  a t all.

7. M ore than  80% of all Carabidae ind iv iduals collected in Św inia G óra reserve be
longed to the au tu m n a l developm ental type.

8. Carabidae species occurred w ith  the greatest constancy in the beech forest stand , 
w hich  w as the m ost fertile.

9. The com m unities u n d er s tu d y  w ere characterised  by a high degree of q u an tita 
tive (60%) and  com bined  species-based and  quantita tive  (> 50%) sim ilarity. The forest 
m eadow  com m unity  and  pine stand  com m unities w ere the m ost different.

10. Seasonal dynam ics of the dom inan t species of Carabidae show ed differences 
betw een  species and  across years of study.

11. The beech forest s tand  su p p o rted  the richest Carabidae com m unity.
12. A new  indicator, the com m unity  effectiveness index, is p roposed  w hich  d e

scribes a com m unity  better than  S im pson 's index.
13. C onstancy analyses indicate that spatial organisation  is d ifferent in open-area 

and  fo rest-dw elling  com m unities of Carabidae.
The resu lts of this s tu d y  of Carabidae com m unities of Św inia G óra reserve m ay 

form  a basis for fu rther investigations. It seem s that these explorations need  to be
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5 6 A. Leśniak

con tinued  w ith  m arked changes, both qualita tive and, particu larly , quan tita tive, tak 
ing place now  in  epigeal beetle com m unities that play  a m ajor role in the process of 
litter b reak d o w n , w hich is also of econom ic im portance.
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STRESZCZENIE

[Tytuł: B iegaczow ate (Carabidae, Coleoptera) R ezerw atu  Św inia G óra w G órach Św ięto
krzyskich]

W latach  1990-92 p rzep ro w ad zo n o  w lasach bukow ych, jodłow ych i sosnow ych 
oraz  na łące śródleśnej w  rezerw acie  Świnia G óra badan ia  naziem nych zg ru p o w ań  
Carabidae. S tosow ano stan d ard o w ą  m etodę od łow ów  m etodą pu łap ek  Barbera m o d y 
fikacji Szyszko. O dłow iono p o n ad  15 000 osobników  Carabidae należących do 33 ga
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tunków . Z ebrany  m ateriał p o d d an o  szczegółow ej analizie zoogeograficznej, ekolo
gicznej i faunistycznej. W w yniku  p rzep row adzonych  prac stw ierdzono , że na obsza
rze badanych  pow ierzchni rezerw atu  dom inow ały:

-  e lem enty  zoogeograficzne paleark tyczny  i europejskiej prow incji leśnej
-  ga tunk i leśne (ca 95%)
-  gatunk i h igrofilne (> 80%)
-  du że  zoofagi
-  ga tunk i zaliczane do jesiennego typu rozw ojow ego (> 80%).
P onad to  stw ierdzono  najbogatszą (najw iększą liczbę g a tunków  i osobników ) faunę 

Cnrnbidae w  drzew ostan ie  bukow ym  oraz w ysokie podob ieństw o  ilościow e i ga tun- 
kow o-ilościow e zg ru p o w ań  Carabidae na badanych  pow ierzchniach.
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