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The biotopic group spectrum as a Collembola com m unity  characteristic

Abstract: Biotopic preferences of species can be usefu l for com m unity characterization. C om m unities o f soil 
m icrarthropod C ollem bola consist of four categories of species: specia lized  to the natural b iotope being  
exam ined , specia lized  to a different natural b iotope, eurytopic and disturbed site species. Four categories of 
com m unities (specia lized , eurytopic, m odular, and ruderal com m unities) can be d istin gu ish ed  according to 
the dom inance of d ifferent biotopic groups. Spectra of biotopic groups are found to be sensitive to hum an  
activities. The ratio betw een  specia lized  and eurytopic species decreases both under industrial pollution  
and the degree of urbanization. A high diversity (due to high evenness) o f b iotopic groups is characteristic 
of m odular collem bolan  com m unities in urban soils. Specialized collem bolan  com m unities are consequently  
replaced b y  eurytopic, m odular and ruderal ones along gradients of hum an im pact.
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INTRODUCTION

Preference of a species for a certain bio tope is considered to be a resu lt of its relations 
w ith  a particu la r com plex of environm ental factors. This peculiar re la tionsh ip  is usually  
show n in  taxonom ic keys as an  environm ent characteristic of a g iven species noting, for 
exam ple, its association w ith  forest or bog sites. Biotopic g roups have  been  successfully 
app lied  in stu d y in g  the ecology of Carabidae, Tenebrionidae, Acrididae an d  o ther g roups of 
insects (M O RDK O VICH  1977, T u r in  2000 et al).

D u rin g  the last decade, the quan tita tiv e  m ethods w ere  ap p lied  to dete rm in e  b io­
topic g ro u p s  of collem bolan species. As a resu lt, five g ro u p s  of species, each associ­
a ted  w ith  a g iv en  hab ita t, w ere  d e te rm ined  in A tlantic tem p era te  g rass-w o o d lan d  
ecosystem s of F rance (PO N G E  1993). The forest, bog, m ead o w , co m p o st-ru d era l, and
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eu ry top ic  b io topic g ro u p s of species w ere d is tingu ished  in the m ixed forest subzone 
of easte rn  E urope based  on  the usage  of b io topic p reference index and m ultid im en- 
tional scaling  m ethod  ( K u z n e t s o v a  2 0 0 2 ) .  Such q u an tita tive  approaches p ro v id e  the 
basis for fu rth e r app lica tion  of ob tained  species characteristics. These da ta  could be 
u sed  as a characteristic  of a collem bolan com m unity  because species preferences for a 
b io tope  type are no t abso lu te  b u t quan tita tive . A ny collem bolan com m unity  consists 
of species be long ing  to d ifferen t b io topic g roups. For instance, species w hich are typ i­
cal of open  sites could  be found  in forest soils as w ell. A n u n u su a l m ixed com position 
of these g ro u p s  w as fou n d  in u rb an  soils (K UZNETSO VA 1994).

The aim  of this p ap e r is to s tu d y  collem bolan com m unities w ith  respect to biotopic 
g ro u p  com position.

MATERIALS A N D  METHODS

C ollem bolan  com m unities w ere stu d ied  at th ree g rad ien ts: 1. p ine  forests arranged  
along  the g rad ien t of soil hu m id ity , 2. b ilberry  p ine  forests a long the g rad ien t of in­
d u stria l p o llu tion  (C herepovets In tegra ted  Iron an d  Steel W orks), 3. lime p lan ta tions 
arran g ed  along  a g rad ien t of degree of u rban ization .

D escrip tion  o f habitats

1. Pine forests arranged along a gradient of soil hum idity w ere  nvestig a ted  in 
D arw in 's  R eserve (58.5N  37.6E), so u th ern  taiga. Xeric lichen p ine  forest (Pinetum  
cladinosum) w as 50-year old, c row n cover density  0.6-0.7. It w as dom inated  by Cladonia 
spp . (40% g ro u n d  cover) an d  p u re  p ine  litter. Soil is w eak ly  podzolic, sandy. H u m u s 
con ten t 0.65%. M esic b ilberry  p ine forest (Pinetum myrtillosum) w as 110-year old, 
c row n  cover density  0.8. It w as dom in a ted  by  Vaccinium myrtyllus L. M osses (m ainly 
Pleurozium schreberi ( B r id . )  covered a half of the soil surface, w h ilst the rem ainder w as 
bare. Soil is w eakly  podzolic, gley-like. L itter th ickness 8-15 cm, hum us con ten t 1.8- 
2.3%. In hyd rie  sp h ag n u m  p ine  forest (Pinetum sphagnosum ) p ine trees, g reen  m osses 
and  Vaccinium vitis-idaea L. occupated  abou t 30% of the surface. Sphagnum  spp . cov­
ered  70% of the soil an d  inc luded  Carex globularis L., C. nigra REICH ., C. canescens L., 
Eriophorum vaginatum  L., Vaccinium oxycoccus L. C row n cover d ensity  was 0.5. Soil w as 
peaty -podzo lic , gley. The d ep th  of the sp h ag n u m  layer w as 8-10 cm, end th a t of tu rf 
w as 15 cm.

2. Bilberry pine forests along a gradient of industrial pollution w e e s tu d ie d  n ear 
C herepovets In teg ra ted  Iron an d  Steel W orks. The b ilberry  p ine forest investigated  in 
D arw in 's  R eserve considered  as the control one. It is located at 70 km  off th e  soucer of 
p o llu tio n  an d  beyond  the 50-km  zone of geochem ical environm enta. d istu rbances. 
S am pling  p lo ts w ere  p laced  at 14, 9 an d  3.5 km  (w eakly, m odera te ly , end h igh ly  p o l­
lu ted  pines) to the so u th  of the steel w orks. M etal d u s t averaged  150 t / ’em2 p er year a t 
the h igh ly  p o llu ted  site and  35 t /k m 2at the w eak ly  po llu ted  site. The pine forest w as 
d am ag ed  in  the 12-km zone from  the source, one-th ird  of the trees were d ry  or h ad  
d ry  tops, g reen  m osses contained  increased concentrations of h eavy  m etals. The soil 
w as alkalified: the p H  of its superficial layer w as 2-3 un its  h ig h er than in  the  contro l
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an d  had  a lm ost n eu tra l soil reaction. The w eakly  and  m odera te ly  p o llu ted  p lo ts rep re ­
sen ted  typical b ilberry  p ine  forests, w hereas this p rim ary  forest type  w as transfo rm ed  
at a h igh ly  p o llu ted  plot: the coverage of m osses and  dw arf shubs w as reduced , and  
raspberry , nettle , and  grases w ere dom inan ts. At the first tw o cases the  litter w as 6-10 
cm  thick, of raw  h u m u s  type. A t a h igh  level of po llu tion , the litter h a d  an  alm ost n e u ­
tral soil reaction an d  its average th ickness w as 2-3 cm.

3. Lime plantations arranged along a gradient of urbanization. N atu ra l lim e for­
ests (Tilietum pilosae-caricosum) w hich  is d o m in a ted  by  Carex pilosa SCOP., Stellaria 
holostea L., an d  Galeobdolon luteum  H u d s. w ere  investiga ted  in four d ifferen t d istric ts of 
M oscow  R egion p laced  in  the b road -leaved  forest subzone. The forests w ere 70 - 100 
years old. The soil w as loam y tu rfy-podzolic  (flepHOBO-nofl3onncTaH cym wHncrafl), its 
pH  varied  from  5.1 to 6.3.

Forest-parks. Sites w ith  lim e trees of 60-120 year o ld w ere s tu d e d  in six d istric ts of 
M oscow. Aegopodium podagraria L. an d  Geum urbanum  L. p red o m in a ted  in  the grass 
cover. U p p er soil layer h ad  alm ost n eu tra l soil reaction.

U rban  p a rk s  and  bo u lev ard s w ere investiga ted  in seven d istric ts of M oscow . Lim e 
p lan tations w ere  70-120 years old. Poa compressa L. and  o ther law n  grasses p red o m i­
nated. The soil h ad  w eak  alkali reaction.

Single a sp h a lt-su rro u n d ed  lim e trees w ere  stu d ied  at th ree u rb an  plots. Trees w ere 
20-30 years old. The g ro u n d  (4 m 2) u n d e r each tree w as covered b y  g ra tings pro tec ting  
it against h u m a n  tram pling . These g ra tings con tribu te  to accum ula tion  of d ifferen t 
organic debris.

Sam pling

Cores (25 cm 2 at n a tu ra l hab ita ts an d  8 cm 2 at the m ost of u rb an  plots) w ere  taken  
th rough  a w ho le  litter in coniferous forests, b u t in Pinetum sphagnosum  to a d ep th  of 15 
cm  and u p  to 10 cm  in lim e stands. The cores w ere arran g ed  in  lines b e tw een  tree 
trunks. C ollem bola w ere  ex tracted  from  soil cores using  T u llg ren 's funnels  d u rin g  5- 
10 days.

1. Pine forests a rran g ed  a long  a g rad ien t of soil h u m id ity . 10-20 cores w ere  taken  
annually  in Ju ly  from  1981 to 1984 an d  in 1995 for each forest type. 15 s tu d ied  series 
included 255 cores an d  20472 collem bolan in d iv id u a ls  of 55 species.

2. Bilberry p ine  forests a long  a g rad ien t of industria l po llu tion . 15 cores w ere  taken  
annually  in M ay  from  1991 to 1993 in each forest. A total of 135 cores w ere  ob tained , 
an d  8019 sp rin g ta ils  of 53 species w ere  collected.

3. Lime p lan ta tio n s  a rran g ed  along a g rad ien t of u rban iza tion . A t least 10-20 cores 
w ere taken  in  each p lo t d u rin g  1988 - 1995 years. 19821 in d iv id u a ls  of m ore th an  70 
species w ere  d e te rm in a ted .

M are d e ta iled  in fo rm ation  abou t sites, sam pling , extraction  an d  statistical tech­
niques is g iv en  e lsew here (K UZNETSO VA 1994,1995, S t e r z y n s k a  &  K UZNETSO VA 1997, 
K u z n e t s o v a  &  P o t a p o v  1997, K u z n e t s o v a  &  K r e s t ' j a n i n o v a  1998).

We used  characteristics of b io topic preferences in Collembola accord ing  to 
K u z n e t s o v a ,  2 0 0 2 .
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Table I. R elative abundance (%) of collem bolan species in undisturbed pine forests (D arw in's State Reserve) 
and bilberry p in e forests arranged along a gradient o f industrial pollution. 1, 2, 3 -  p lots w ith  w eak (1), 
m edium  (2) and high (3) pollution. BG - b iotopic groups of collem bolan species according to K uznetsova, 
2002: F- forest, B -  bog, M -  m eadow , E -  eurytopic, CR -  com post and ruderal groups.

S p e c ie s B G
U n d is tu r b e d  p in e  fo r e s t s P o l lu t e d  p lo t s

l ic h e n s p h a g n u m b ilb e r r y 1 2 3

1 2 3 4 5 6 7 8

Schoettella ununguiculata (T u l l b .) F 2 .9 0 0 .0 0 0 .0 3 0 .0 3 0 .1 0 0 .0 0

Choreutinula inermis (TULLB.) F 0 .2 0 0 .2 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Fiypogastrura assimilis (KRAUSB.) CR 0 .0 2 0 .0 4 0.01 0 .0 0 0 .0 0 0 .0 7

Ceratophysella denticulata (B a g n .) CR 0 .0 2 0 .0 8 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Xenylla brevisimilis G a m a F 6 .7 0 0 .2 0 0 .9 0 0 .0 3 0 .2 0 0 .0 0

Willemia denisi MILLS F 0 .2 0 0 .8 0 5 .5 0 0 .6 0 0 .7 0 0 .0 7

W. anophthalma Bo r n . F 1 .10 1 .60 2 .1 0 2 .0 0 1 .20 0 .1 0

Friesea mirabilis (TULLB.) E 0 .0 5 0 .0 0 0 .01 0 .0 0 1 .30 3 .9 0

Anurida granulata  (AGRELL) F 0 .0 0 0 .0 0 0 .0 9 0 .0 0 0 .1 0 0 .0 0

Pseudachorutes parvulus B o r n . F 0 .0 0 0 .0 0 0 .0 0 0 .2 0 1 .80 0 .0 7

P. corticollus (S c h a f f .) F 0 .0 2 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

P. dubius KRAUSB. ? 0 .5 0 1 .30 0 .2 0 0 .0 3 0 .4 0 0 .0 0

Micranurida pygmciea BÓRN. F 2 .6 0 2 .7 0 3 .7 0 1 .1 0 1 .1 0 0 .4 0

Neanura muscorum  (TEMPL.) F 0 .0 2 1 .10 0 .1 0 0 .4 0 0 .4 0 0 .2 0

Xenyllodes armatus (AXELS.) F 0 .0 6 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Protaphorura armata G lSlN M 0 .0 0 0 .0 0 0 .0 0 0 .0 8 1 .2 0 1 .6 0

P. nemorata G is in F 2 3 .3 0 0 .1 0 2 .2 0 0 .0 0 0 .0 0 0 .0 0

Micraphorura absoloni (BORN.) F 2 .1 0 0 .0 0 6 .0 0 2 .4 0 2 .7 0 0 .2 0

Mesaphorura macroclweta RUSEK E 2 .9 0 0 .4 0 8 .6 0 4 .6 0 3 .8 0 0 .5 0

Stenaphorurella quadrispina (BÓRN.) M 0 .0 0 0 .0 0 0 .0 0 0 .0 3 0 .0 0 0 .0 0

Anurophoruś septentrionalis P a l . F 2 1 .9 0 0 .1 0 0 .4 0 2 .7 0 0 .7 0 0 .0 0

Pseudanurophorus binoculatus KSEN. F 0 .0 0 0 .0 0 0 .01 0 .2 0 5 .0 0 0 .0 0

Folsomia quadrioculata (TULLB.) E 0 .0 5 0 .0 4 3 .3 0 8 .6 0 3 .6 0 5 .9 0

F. fimetaria (L.) CR 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 7

P. bisetosa G lSIN B 0 .0 2 6 .1 0 0 .0 0 0 .0 0 0 .0 0 1 .1 0

F.fimetarioides ( A x e l s .) < F 0 .0 2 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Proisotoma minima (ABSOL.) F 0 .0 2 0 .0 4 0 .0 0 0 .0 6 0 .2 0 1 .8 0

Isotomiella minor (S c h a f f .) F 4 .8 0 1 0 .7 0 4 4 .2 0 3 9 .2 0 2 6 .3 0 8 .1 0

Parisotoma notabilis (SCHAFF.) E 1 .00 0 .8 0 5 .5 0 4 .0 0 1 2 .1 0 4 1 .4 0

P. ekmani Fje l l b . B 0 .0 0 0 .0 0 0 .0 0 0 .4 0 0 .2 0 0 .0 0

Desoria hiemalis (SCHOTT) F 1 9 .4 0 5 .3 0 4 .6 0 1 5 .0 0 5 .4 0 0 .4 0

D . tigrina (N IC .) M 0 .0 5 0 .0 0 0 .0 0 0 .0 0 0 .0 0 0 .0 7

D . neglecta (S c h a f f .) B 0 .0 0 1 4 .3 0 0 .0 0 0 .0 0 0 .0 0 0 .0 0

Isotoma viridis BOURL. E 0 .5 0 1 1 .5 0 0 .0 7 0 .3 0 1 .1 0 0 .6 0

Vertagopirs westerlundi (REUTER) F 0 .0 2 0 .0 0 0 .0 0 0 .0 3 0 .0 0 0 .0 0

Entomobrya nivalis (L.) F 0 .0 8 0 .0 4 0.01 0 .0 8 0 .0 7 0 .0 7

E. marginata (T u l l b .) F 0 .4 0 0 .0 8 0 .3 0 0 .0 3 0 .0 7 0 .4 0

E. corticalis (N IC .) F 0 .0 0 0 .0 0 0.01 0 .0 0 0 .0 0 0 .0 0

Orchesella flavescens (BOURL.) F 0 .3 0 0 .7 0 0 .4 0 0 .0 3 0 .2 0 0 .1 0

O. bifasciata N IC . F 0 .6 0 0 .1 0 0 .6 0 0 .3 0 0 .4 0 1 .0 5

Lepidocyrtus lignorum  (F a b r .) E 7 .2 0 1 .50 3 .0 0 4 .6 0 1 0 .7 0 1 .4 0
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1 2 3 4 5 6 7 8

L. violaceus (G e o f f r .) E 0.00 0.10 0.01 0.03 0.03 0.70
Willowsia buski (LUBB.) E 0.02 0.10 0.02 0.00 0.00 0.00

Pseudosinella allrn ( P a c k .) CR 0.00 0.00 0.30 0.00 0.00 0.07

P. wahlgreni (B o r n 7.) F 0.00 0.00 0.02 0.00 0.00 0.00

Pogonognathellus flavescens (T u llb .) F 0.02 11.60 1.10 1.60 1.20 7.20

Megalothorax minimus WILL. F 0.00 0.90 3.00 0.80 1.10 0.20

Arrhopalites principalis STACH F 0.03 0.80 0.60 1.20 1.80 5.90
A. secundarius G lS lN F 0.00 0.00 0.06 0.50 0.30 0.00
A. cochlearifcr G lS lN F 0.09 0.20 0.09 0.00 0.00 0.00

Sphaeridia pum ilis (KRAUSB.) E 0.40 0.00 0.20 0.30 0.20 4.40
Sminthurides schoetti (A x e l s .) B 0.00 0.00 0.00 0.03 0.03 0.00

Sminthurinus niger (LUBB.) F 0.00 0.00 0.09 0.20 1 .00 0.20

S. aureus (LUBB.) M 0.05 0.00 0.00 0.60 0.60 3.80

S. elegans (FlTCH) M 0.00 0.00 0.00 0.03 0.00 0.00

Allacma fusca  (L .) F 0.00 0.00 0.01 0.40 0.10 3.80
Sminthurinus viridis  (L .) M 0.00 0.00 0.00 0.40 0.10 0.30
Caprainea marginata (SCHOTT) F 0.00 0.00 0.00 0.10 0.03 0.00

Lipothrix lubbocki (TULLB.) F 0.02 0.30 0.02 0.00 0.00 0.00

Heterosminthurus insignis (REUTER) B 0.00 0.08 0.00 0.00 0.00 0.00

Ptenothrix setosa (KRAUSB.) F 0.00 0.00 0.00 0.08 0.00 0.00

P. atra (L .) F 0.00 1.30 0.05 0.00 0.00 0.00

P. leucostrigata S t a c h B 0.00 0.04 0.00 0.00 0.00 0.00

Dicyrtoma fusca  (LU CA S) F 0.00 0.04 0.00 0.50 0.13 0.00

Others 0.40 0.70 2.80 0.06 0.90 0.20

N um ber of individuals 6369 2451 11652 2948 2314 2757

RESULTS: SPECTRA OF COLLEMBOLAN BIOTOPIC GROUPS IN DIFFERENT HABITATS

1. Pine forests arranged along a gradient o f soil humidity. R elative abu n d an ces of col- 
lem bolan  spec ies an d  characteristics of their b io topic preferences are p resen ted  in 
Table I. The sp ec tra  of collem bolan b io topic g ro u p s calcu lated  on  the basis of these 
da ta  d e m o n s tra te  dom inance  of forest collem bolan species in m esic an d  xeric p ine 
forests (Fig. 1A). In w et sp h ag n u m  forests the bog  g roup  of Collembola w as ab u n d an t, 
as well as the forest b iotopic group . Few eury top ic  or ru d era l species w ere  p resen t in 
any  of the fo re s t b io topes.

2. Bilberry pine forests along a gradient o f industrial pollution. The spectra  of the  col­
lem bolan  b io to p ic  g ro u p s (Fig. IB) w ere  ob tained  from  the d a ta  of Table I. W ith  an  
increase in p o llu tio n  the eury top ic  g ro u p  rep laced  the forest co llem bolan  g roup .

3. Lime plantations arranged along a gradient o f urbanization. Forest an d  eury top ic  
g roups of Collembola d om ina ted  n a tu ra l lim e forests (Table II, Fig. 1C). The sam e w as 
true  for sp rin g ta il com m unities in forest-parks b u t the la tte r d iffered  by  the presence 
of com post a n d  ru d e ra l species. In u rb an  parks, bo u lev ard s an d  law ns, collem bolan 
com m unities (consisted of eury topic , m eadow , com post and  ru d e ra l species. The forest 
g roup  of sp rin g ta ils  w as reduced  here. S im ilar spectra  of b io topic  g ro u p s w ere  typical 
o f the g ro u n d  u n d e r  single trees su rro u n d ed  by  pavem ent.
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Figs 1A -1D . Biotopic group spectra of collem bolan  com m unities in different habitats.

DISCUSSION

Four categories of species can be d is tin g u ish ed  in collem bolan com m unities:
-  spec ia lized  to the n a tu ra l b io tope being  exam ined , for exam ple, forest species of 

sp rin g ta ils  (Anurophorus septentrionalis, Willemia anophthalma etc.) in any  forest b io tope 
or bog  co llem bolan  species (Sminthurides schoetti, Podura aquatica etc.) in a bog biotope;

-  spec ia lized  to a d ifferen t n a tu ra l b io tope, for exam ple, forest species of Collembola 
(Anurophorus septentrionalis, Willemia anophthalma etc.) in any  n a tu ra l m eadow  or 
m ead o w  sp rin g ta il species (Metaphorura affinis, Stenaphorurella quadrispina etc.) in a 
forest b io tope;

-  eu ry to p ic  -  n o t specialized  to any  one b iotope;
-  d istu rbed  site species (ruderal = species specialized for w eedy habitats and  compost).
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Table II. Relative abundance (%) of collem bolan species in lim e forests and at urban sites (1 -  KUZNETSOVA 
1 9 9 4 , 2 -  STERZYŃSKA & K u z n e t s o v a , 1 9 9 7 , 3  -  K uznetsova 199 5  and unpublished data from the sam e plots 
co llected  during 19 9 5 ). BG -  b iotopic groups, their designations in Table 1.

Species BG
Lime

forests1
Forest
parks2

Parks1
Single
trees3

1 2 3 4 5 6
Sclioettella ununguiculata (T u l l b .) F 0.00 0.00 0.02 0.40
Hypogastrura assimilis (K r a u s b .) CR 0.00 0.01 0.80 0.30
H. dislincta  (A x e l s .) CR 0.00 0.00 0.00 0.03
Ceratophysella succinea G is in CR 0.00 0.00 2.10 22.50
C. dcnticulata (B a g n .) CR 0.00 0.03 1.00 0.00
Xenylla brevisimilis G a m a F 0.00 0.04 1.40 0.00
X. grisea  A x e l s . R 0.00 0.00 0.00 0.00
X. welchi FOLS. R 0.00 0.00 0.00 0.00
Willemia denisi M ills F 0.08 0.01 0.00 0.01
IV. anophthalma Bo r n . F 0.05 0.06 0.00 0.00
IV. intermedia MILLS M 0.00 0.00 0.60 1.20
Micranurida pygmaea BÓRN. F 0.10 0.05 0.04 0.80
Friesea mirabilis (T u l l b .) E 0.40 2.90 1.00 2.80
Ncanura miiscorum  (TEMPL.) F 0.30 0.10 0.10 0.00
Pseudachorutes parvulus BÓRN. F 6.20 0.10 0.50 0.04

Xenyllodes armatus (AXELS.) F 0.00 0.00 0.05 0.00
Protaplwrura armata GlSIN M 9.10 5.30 20.70 10.30
Onychiurus sp.gr. fimetarius D e n is CR 0.00 0.40 1.10 0.00
Archaphorura naglitschi GlSIN CR 0.00 0.00 0.00 0.60
Micraplionira absoloni (BÓRN.) F 2.30 0.09 0.03 0.02
M . inacrochaeta R u s e k E 1.30 7.00 11.00 21.90
Stenaphorurella quadrispina (BÓRN.) M 0.20 1.00 1.40 0.30
Neotullbergia crassicuspis GlSIN M 0.00 0.00 0.50 0.70
Neonaphorura adulta GlSIN M 0.00 0.01 0.20 0.00
Mctapliorura a/finis (B o r n .) M 0.00 0.70 2.50 9.60
Pseudanurophorus binoculatus K s e n . F 0.30 0.00 0.06 0.00

Isotomodes productus (A x e l s .) M 0.00 0.00 0.50 6.60
Folsom ides parvulus StaCH M 0.00 0.20 0.00 0.00
F. quadrioculata s.l. (TULLB.) E 12.40 7.69 0.20 0.07
F.fimetaria (L.) CR 0.00 0.50 1.40 0.60
F. fimetarioides (AXELS.) F 0.00 0.00 0.01 0.00
F. lawrencei R u s e k CR 0.00 5.90 1.10 3.20
Isotomina bipunctata (AXELS.) CR 0.00 0.80 12.80 0.10
Proisotoma minima ( A b s o l .) F 0.08 0.01 0.00 0.00
P. minuta (TULLB.) CR 0.00 0.09 1.20 0.10
Isotomiella minor (SCHAFF.) F 28.20 13.80 1.80 0.20
Isotoma notabilis (SCHAFF.) E 20.60 23.30 8.20 11.50
I. viridis BOURL. E 0.00 1.20 0.00 0.00
1. anglicana LUBB. M 0.00 0.00 8.70 0.60
1. tigrina (N IC .) M 0.00 0.10 0.70 0.10
I. hiemalis (SCHOTT) F 0.08 0.40 0.00 0.00
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1 2 3 4 5 6

Isotomurus palustris (M ULL.) B 0.00 0.30 0.01 0.00

Entoinobrya nivalis L. F 0.00 0.20 0.04 0.00

£. marginala (TuLLB.) F 0.00 0.00 0.01 0.00

£. corticalis (NIC.) F 0.00 0.03 0.02 0.00

Orchesella flavescens (B o u r l .) F 0.40 0.07 0.00 0.00

0 .  cincta (L.) F 0.00 0.30 0.20 0.00

Heteromurus nitidus (T e m p l .) CR 0.00 1.00 0.60 0.05

Sinella coeca (S c h o t t ) CR 0.00 0.03 0.03 0.00
Willowsia buski (L u b b .) E 0.00 0.00 0.08 0.20

Lepidocyrtus lignorum  (F a b r .) E 6.40 12.80 5.10 0.40

L. cyaneus (T u l l b .) E 0.00 0.00 3.10 0.00

L. violaccus (GEOFFR.) E 0.08 0.30 0.80 0.00

Pseudosinclla alba (P a c k .) CR 1.00 3.60 4.30 2.60

P. wahlgreni (BORN.) F 0.00 0.00 0.01 0.00

Pogonognathellus flavescens (T u l l b .) F 0.80 0.50 0.00 0.00

P. longicornis (M u l l .) F 0.00 0.01 0.00 0.00

Tomoccrus vulgaris (T u l l b .) F 0.00 0.08 0.07 0.00

Splmeridia pumilis (KRAUSB.) E 0.60 0.40 1.20 0.02

Sminthurides sclioetti ( A x e l s .) B 0.00 0.00 0.01 0.00

Arrhopalites principalis STACH F 0.05 0.01 0.00 0.00

A. caecus (T u l l b .) CR 0.00 0.00 0.00 0.40

Sminthurinus niger (L u b b .) F 0.00 0.70 0.10 0.04

S. aureus (LUBB.) M? 0.50 0.40 0.90 0.01

S. elegans (FlTCH) M 0.00 0.20 0.50 1.00

Lipothrix lubbocki (TULLB.) F 0.00 0.00 0.03 0.00

Allacrna fusca (L .) F 0.00 0.01 0.00 0.00

Sinintliurus viridis (L .) M 0.00 0.03 0.04 0.00

Caprainea marginata (S c h o t t ) F 0.20 0.02 0.00 0.00

Stenacidia violacea (JEAN.) CR 0.00 0.00 0.05 0.00

Ptenolhrix atra (L.) F 0.00 0.05 0.00 0.00

Dicyrtoma fusca (LUCAS) F 0.20 2.20 0.20 0.00
Dicirtomina minuta (F a b r .) M 0.00 0.01 0.00 0.00

Deuterosminthurus repandus (A g r e n ) M 0.00 0.02 0.03 0.00

D . bicinctus (K o c h ) E 0.00 0.01 0.00 0.00

Bourletiella hortensis (F it c h ) M 0.00 0.01 0.20 0.00

Megalothorax minimus WILL. F 8.00 4.10 0.30 0.03

Others 0.00 0.01 0.11 0.50

N um ber of individuals 1346 9499 2496 6480

This in te rp re ta tio n  of bio topic g roups allow s us to com pare d ifferen t com m unities 
and  to reveal in teresting  aspects of their structure. For exam ple, d ifferent types of 
hab ita ts m ay differ in the ratio of eury top ic and  specializeci collem bolan species. Thus, 
specialized  g ro u p s do m in a te  in coniferous forests and  bogs of the taiga zone. B road­
leaved forests have  a larger share  of eury top ic  sp ring ta ils than coniferous forests. E u­
ry topic  species u su a lly  dom inate  m eadow  soils w hile species specialized to open  sites 
u sually  do  no t exceed 25%.
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C ollem bolan  com m unities in xeric, m esic and  hygric  p ine forests are  very  d ifferen t 
(K U ZN ET SO V A  &  K r e s t j a n i n o v a  1 9 9 8 ) .  H ow ever, in all investigated  forests specia l­
ized sp ring ta il species a lw ays dom inate , a lthough  they can be rep resen ted  by  a d iffer­
ent species g roup , for exam ple, only  forest Collenibola occur in  d rie r forests b u t bo th  
forest an d  bog species occur in w et ones.

Spectra of b iotopic g roups are found  to be sensitive to h u m an  activities. The ra tio  
b etw een  specialized  and  eury top ic  species decreases bo th  u n d er in d u str ia l p o llu tion  
and  the deg ree  of u rban iza tion . A  h igh  d iversity  (due to h igh  evenness) of b io topic  
g ro u p s is characteristic  of collem bolan com m unities in u rban  soils (Fig. 1 C ) . This k ind  
of d iv ers ity  is su p p o sed  to be an  ev idence of h ab ita t d istu rbance  (K U ZN ET SO V A  1 9 9 4 ) .

W e believe tha t the w hole com m unity  can be considered  as specialized  one if sp e ­
cialized species form  its significant part. O ur calculations show ed  the average  sh a re  of 
specialized  forest species of C ollem bola in stu d ied  coniferous and  b road-leaves forests 
to be 5 4 ± 1 4  % (X  ± SE). T hat is w hy , 4 0  % (X  - SE) can be used  as an acceptab le th re sh ­
old of specificity  for collem bolan com m unities. Such specialized co llem bolan  co m m u ­
nities are typical of the m ajority  of u n d is tu rb ed  hab ita ts, especially  coniferous forests. 
Som etim es there  are tw o g roups of specialized species, for exam ple, forest and  bog  
Collembola species in a sp h ag n u m  p ine forest-bog.

Three o ther categories of com m unity  could be d istingu ished  accord ing  to the 
dom inance  of d ifferen t b iotopic groups: specialized, eurytopic, m o d u la r an d  ru d era l 
ones. The eu ry top ic  species prevail in eu ry top ic  com m unities an d  specialized  g ro u p s  
do  no t am o u n t to 4 0  % of the total abundance . M ost m eadow s, som e b road -leaved  
forests and  forest-parks u sua lly  su p p o rt this type of collem bolan com m unity . The 
m o d u la r com m unities include species from  differen t biotopic g ro u p s (specialized , 
eury topic , ru d e ra l a n d /o r  com post spring tails) w hich  a reab u n d an t at the sam e site. 
Such com bined  com m unities are characteristic  of d is tu rb ed  habita ts, for exam ple u r­
ban  soils. The ru d era l com m unities are d is tingu ished  by the p revalence of on ly  ru d ­
eral or com post species (for exam ple, u rb an  d u m p s -  Fig.l D).

Specialized collem bolan com m unities are seem ed to be consequently  rep laced  by 
eury topic , m o d u la r  and  ru d era l ones a long  g rad ien ts of h u m an  im pact. T hus, even the 
b roadest ap p ro ach  to d istingu ish ing  of the biotopic g ro u p s in Collembola (w ith o u t their 
vertical p references or their d is tribu tion  in d ifferen t varian ts  of forest, m ead o w  an d  
bog habitats) a llow s to reveal som e tren d s in com m unity  changes a long  the g rad ien ts  
of en v ironm en t d isturbance.
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STRESZCZENIE

[Tytuł: C harak terystyka  zg ru p o w ań  Collembolci w  oparciu o analizę  g ru p  biotycznych]

W  pracy  rozw ażana  jest b io topow a specyficzność gatunków . W oparciu  o analizę 
s tru k tu ry  dom inacji różnych  g ru p  bio topow ych w yróżn iono  cztery kategorie z g ru ­
pow ań : w yspecjalizow ane, eu ry topow e, m odu larne  i rudera lne . Z m iany w zakresie  
g ru p  b io topow ych  były b ad an e  w  biotopach uszeregow anych  w grad iencie  w ilgo tno ­
ści gleby, zanieczyszczenia  p rzem ysłow ego i stopnia zu rban izow an ia. O kazało  się, że 
w zg lęd n a  liczebność g a tu n k ó w  w yspecjalizow anych spada, zaś udzia ł g a tu n k ó w  
eu ry to p o w y ch  w zrasta  w raz  z zanieczyszczeniem  przem ysłow ym  i urbanizacją b ad a ­
nego  obszaru . Z m iany  w  zakresie  g rup  bio topow ych m ogą odzw iercied lać stan  p rz e ­
kształcenia ekosystem u i stop ień  zakłóceń an tropogenicznych.
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