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Collembola in the process of secondary succession of the pine forests
of Puszcza Białowieska

A bstract. A study  of Collembola com m unities w as carried o u t in Pinus silvestris s tan d s  of various 
ages in Puszcza Białowieska. The study  revealed th a t the Collembola com m unities becom e stabilised  
in  a n  older pine p lan tations (poole wood).

INTRODUCTION

A n u m b er of papers estim ates abundance  or of both abundance  an d  b iom ass 
of sp ring ta ils  in coniferous forest (H uhta et al. 1967, 1969, H u h t a , Ko sk enniem i 
1975, H uhta  1976, P e r sso n  et al. 1980). The species com position of Collembola 
of coniferous forests is also well known (Gr in d ber g  1961, Po o le  1961, 1962, 
A lejn ik o v a , Martynova  1966, B o d v a r sso n  1974, Lo h m  et al. 1977, BAath et al. 
1980, P e r s s o n  et al. 1980, Hagvar 1984, V illkama, H uhta  1986, Ku zn etso v a  
1988, Po n g e  1991, 1993). Species com position and  abundance  of Collembola 
com m unities in Polish pine forests are available (Szeptycki 1967, Kaczm arek  
1973, 1975, W einer  1981, S ter zy ńsk a , Kuznetso va  in press).

S tu d ie s  in  coniferous forest a ssoc ia tions  evaluate  the  com position  of 
Collembola com m unities in  relation to the p lan t cover, soil fertility and  chem istry  
(H agvar 1982, 1983, 1984a); the  effect of environm ental factors on the  p a tte rn  
d istribu tion  of Collembola in pine p lan ta tions (Poole  1962); im pact of n itrogen 
fertilisation, acidification, liming and  silvicultural p ractices on Collembola of 
p ine fo rests (Huhta  et al. 1967, Lo hm  et al. 1977, BAath et al. 1980, HAgvar 
1984, V illkama, H uhta 1986); relations beetw en the food resources and  the 
collem bolan diet in p lan ta tions of pine (Po ng e  1991).

T he in fluence of su ccess io n  p rocesses  on Collembola co m m u n ities  is 
d iscussed  (D u n g e r  1967, H uhta  1976, U s h e r  et al 1982, HAgvar 1984, Ko e h l e r ,

http://rcin.org.pl



354 M. Sterzyńska

B o rn  1989, R u s e k  1994). The study  of the effect of refforestration are  very scare  
(H uhta  et al 1967, S o u s a , D a  Gama 1994).

AREAS OF STUDY, MATERIAL, METHODS

The study  w as carried ou t in  pine forest associations (Peucedano-Pinetum -  
su b con tinen ta l pine forest) an d  regenerating s tan d s  of pine of different ages. The 
investigation w as conducted in  the  pine forests of Puszcza B iałow ieska in  the 
Sitki reserve. S ites were selected in  the  following age c lasses of pine forest:

-  1-2-year-old cu ltu re  of a  pine p lan tation  estab lished  on a  cu tting  area , 
s tu m p s  no t pulled out, g round  cover completely altered.

-  4 -6-year-o ld  cu ltu re  of a  pine p lan tation  estab lished  on a  cu tting  area , 
s tu m p s  no t pulled out, g round  cover only with g rasses

-  10-20-year-old young s ta n d  of a  pine p lan ta tion  w ith a n  adm ixture of b irch , 
g round  cover (mosses, heather, grass)

-  40-60-year-o ld  of pine p lan ta tion  (pole wood), a  veiy dense forest s tan d , 
m osses predom inating in  the  ground cover

-  an  old pine forest (100 years) -  a  th inned  forest s ta n d  with m osaic g round  
cover (mosses, litter, heather, fern, whortleberry).

Collembola were collected using  a s tan d ard  steel corer (5.1 cm  in  diam eter, 
20 sq. cm. in  area) down to a  depth  of 10 cm 10-20 sam ples were tak en  a t each 
site, only in spring  (March, April, May). A total of 1399 specim ens were collected 
in  pine p lan ta tions  including 134 in the 1-2-years of ages, 342 in th e  4 -6-years, 
246 in the  10-20-years, 412 in  the  40-60-years and  265 in old s tan d  (100 years).

Analysis of the  s tru c tu re  of the Collembola com m unities were estim ated  on 
the  b asis  of five d istribu tions: a  geometric series, b rocken stick  d istribu tion , a  
logarithm ic series, a  lognorm al d istribution, a  negative binom ial d istribu tion . 
Species diversity (actual) w as m easu red  with Shannon-W eaver an d  S im pson 
index of diversity and  potential species diversity by Pielou index. All m ethods for 
processing d a ta  are explanation: T rojan  1992, T ro jan  a t al 1994.

STRUCTURE OF THE TAXOCOENE 

S p ecies com position , abundance, sp ecies d iversity

1-2-year-old cu lture  of pine plantation. 10 species were registered in  the  
Collembola com m unities (Tab. I). Pachytoma  sp. n. is the  dom inant, accounting  
for 80.6%  of com m unity abundance . A nother relatively a b u n d a n t species is 
Anurophorus septentrionalis -  a  species prefering the coniferous litter. Its 
proportion  in the  com m unity is 6.0%. The species is probably able to survive 
n e a r s tu m p s th a t have not been  pulled out and  are su rro u n d ed  by rem ain s  of 
organic m atte r  (forest litter). Com m unity abundance  is low -  333 in d ./sq .m .

Species such  as: X enylla  boerneri- a  com m on forest species occurring  u n d e r 
pro trud ing  tree b a rk  in  m osses, lichens, coniferous litter; Onychiurus absoloni 
-  a  forest species, found u n d er the  ba rk  of decaying tru n k s  and  in  the  litter; 
O nychiurasfurcifer-  a  rare forest species found in  the litter and  u n d e r th e  b a rk
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in  t r e e s ,  w e re  fo u n d  in  v e ry  sm a ll n u m b e r s  a n d  su rv iv e d  o w ing  to  th e  p r e s e n c e  
o f  r e m a in s  o f  d e c a y in g  s tu m p s . A n o th e r  g ro u p  of Collembola s p e c ie s  r a re ly  fo u n d  
in  th e  1 -2 -y e a r-o ld  c u l tu r e  c o m p ris e s  s p e c ie s  a lie n  to  th e  fo re s t  h a b i ta t ,  e.g. 
o p e n  a r e a  s p e c ie s  (Lepidocyrtus cyaneus).

Table I. Species com position, abundance  (n) and percentages of Collembola in 1-2-year-old cu ltu res 
of p ine in Puszcza Białowieska: n -  num ber of ind iv iduals/sq .m .

No Species n %
1 Pachyotom a  sp .n . 270.0 80.6

2 Anurophorus septentrionalis P a l is s a 2 0 . 0 6 . 0

3 Isotom a notabilis S c h Af f . 17.5 5.2
4 Folsomia quadnoculata  (T u l l b .) 5.0 1.5
5 Isotomiella minor (S c h a f f .) 5.0 1.5
6 M esaphorura macrochaeta R u s e k 5.0 1.5
7 X enylla  boem eri A x e l s . 5.0 1.5
8 Onychiurus furcifer  (B ó r n .) 2.5 0.7
9 Onychiurus absoloni (B ó r n .) 2.5 0.7

1 0 Lepidocyrtus cyaneus  T u l l b . 2.5 0.7

Table 11. Species com position, abundance  (n) and percentages of Collembolain  4 -5-year-o ld  cu ltu res  
of pine in Puszcza Białowieska: n -  num ber of ind iv lduals/sq .m .

No Species n %
1 Schoetella ununguiculata  (T u l l b .) 332.5 38.9
2 Xenylla  brevicauda  (T u l l b .) 182.5 21.3
3 Folsomia quadrioculata (T u l l b .) 155.0 18.1
4 Isotoma notabilis S c h a f f . 65.0 7.6
5 Sm inthuridae  sp.j. 27.5 3.2
6 Onychiurus arm atus T u l l b . 2 0 . 0 2.3
7 Mesaphorura macrochaeta  R u s e k 15.0 1 . 8

8 Proisotoma minima  (Ab s .) 15.0 1 . 8

9 Entomobryidae sp.j. 12.5 1.5
1 0 Isotomiella minor (S c h a f f .) 7.5 0 . 8

1 1 Neanura muscorum  (T e m p l .) 5.0 0 . 6

1 2 H ypogastruridae sp.j. 5.0 0 . 6

13 Lepidocyrtus cyaneus  T u l l b . 5.0 0 . 6

14 Isotoma  sp.j. 2.5 0.3
15 Tomoceridae sp.j. 2.5 0.3
16 Boudetiella hortensis (F it c h ) 2.5 0.3

4-5-year-o ld  cu ltu re  of pine p lan ta tion  16 ColLembola species were recorded 
w ith Schoetella unanguiculata  as the  dom inant (38.9%) -  xerophilous species, 
frequently  recorded from xerotherm al hab ita ts  and  associated  w ith coniferous 
litter. A nother a b u n d a n t species are: Xenylla  brevicauda  -  a  boreal-alp ine 
species occurring in  forest litter, m osses and  lichens, and  com m on eurytopic 
species such  as  Folsomia quadnoculata  and  Isotoma notabilis (Tab. II). In th is
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s ta n d  species preferring insolated  open hab ita ts , such  as  Lepidocyrtus cyaneus  
a n d  Bourletiella hortensts  appear. C om m unity  a b u n d a n c e  is low  -  855 
in d ./sq .m .. It is, however, twice a s  high as  in  the  1-2-year-old cu ltu re .

Young s ta n d  (10-20 years old). 21 species were identified in  Collembola 
com m unities (Tab. III). The dom inant species is Folsomia quadrioculata  -  a  
eurytopic species, comm only recorded in  various types of forest a n d  open 
h ab ita ts . The group of co-dom inants consists of Pachyotoma sp .n ., w hich is 
dom inan t in  1-2-year-old cu ltu res  of pine, and  a  large group of young ind iv iduals 
of the  family Entomobryidae. Schoetella ununguiculata, which p redom inated  in 
Collembola com m unities in 4-5-year-old cultures, has shifted to the s u b d  om inant 
group. In the  com m unity, appear species comm on in forest h a b ita ts , such  as  
Lepidocyrtus lignorunx Pseudachorutes parvulus, the corticophilous Vertagopus 
cinereus, or even characteristic  of forests with coniferous litter and  m o r o r  m oder 
type of h u m u s  (M esaphorura yossi, Pseudosinella zygophora, Microarmrida 
pygm aea). The abundance  of the  Collembola com m unity is triple h ig h es t to  th a t 
recorded in  the  cu ltu re  stages (3075 ind ./sq .m ).

Table III. Species composition, abundance  (n) and  percentages of Collembola in 10-20-year-o ld  
s tan d s  of pine in Puszcza Białowieska: n -  num ber of ind iv iduals/sq .m .

No Species n %
1 Folsomia quadrioculata (T u l l b .) 812.5 26.4
2 Pachyotoma  sp.n. 437.5 14.2
3 Entom obryidae sp.j. 325.0 1 0 . 6

4 Isotoma notabilis S c h Af f . 262.5 8.5
5 Isotomiella minor (S c h Af f .) 262.5 8.5
6 Onychiurus arm atus T u l l b . 237.5 7.7
7 M esaphorura macrochaeta  R u s e k 162.5 5.3
8 Lepidocyrtus ligriorum (F a b r .) 125.0 4.1
9 Sm inthuridae  sp.j. 112.5 3.7

1 0 Schoetella ununguiculata  (T u l l b .) 75.0 2.4
1 1 P seudosinella zygophora (S c h il l e ) 50.0 1 . 6

1 2 Isotoma  sp.j. 37.5 1 . 2

13 Lepidocyrtus sp.j. 37.5 1 . 2

14 Vertagopus cinereus (Nic.) 37.5 1 . 2

15 Pseudachorutes parvulus B ó r n . 25.0 0 . 8

16 Mesaphorura yossi (R u s e k ) 12.5 0.4
17 Entomobrya nivalis (1.) 12.5 0.4
18 Neanura m uscorum  (T e m p l .) 12.5 0.4
19 Anurida pygm aea  B ó r n . 12.5 0.4

2 0 X enylla  brevicauda  (T u l l b .) 12.5 0.4
2 1 Cyphoderus albinus Nic. 12.5 0.4

Pole wood (40-60  years  old). 27 species were recorded in  Collembola 
com m unities (Tab. IV). The dom inant is Isotom a notabilis -  a  com m on eurytopic 
species, occurring num erously  in  the m ajority of com m unities in b o th  forest and
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open n a tu ra l hab ita ts. The co-dom inant species group includes ab u n d an tly  
recorded young individuals of the  genus Isotoma  (mainly I. hiemalis an d  I. 
notabilis) an d  the com m on forest species of IsotomielLa minor a s  well a s  a  large 
g roup  of juvenile  individuals represen ting  the  family Entomobryidae. The 
proportions of the  rem aining species are low and  are classified in  the  dom inance 
c lasses of receden ts and  subrecedents. Com m unity abundance  is high (5150 
ind ./sq .m .).

Table IV. Species composition, abundance  (n) and percentages of Collembola in 40-60-year-o ld  
s tan d s  of pine in Puszcza Białowieska: n -  num ber of ind iv iduals/sq .m .

No Species n %
1 Isotoma notabilis S c h Af f . 1625.0 31.6
2 Isotoma  sp.j. 1287.5 25.0
3 Isotomiella minor (S c h a f f .) 1175.0 2 2 . 8

4 Entomobryidae sp.j. 425.0 8.3
5 Pogonognathellus Jlavescens (T u l l b .) 62.5 1 . 2

6 Onychiurus absoloni (B ó r n .) 50.0 1 . 0

7 OrchesellaJlauescens (B o u r l .) 50.0 1 . 0

8 Lepidocyrtus lignorum  (F a b r .) 50.0 1 . 0

9 Isotoma hiemalis S c h o t t . 37.5 0.7
1 0 Pseudosinella zygophora  (S c h il l e ) 37.5 0.7
1 1 Pachyotoma  sp.n. 37.5 0.7
1 2 Neanura muscorum  (TEm p l .) 37.5 0.7
13 Lepidocyrtus sp.j 37.5 0.7
14 Onychiurus arm atus  T u l l b . 37.5 0.7
15 Mesaphorura yossi (R u s e k ) 25.0 0.5
16 Willemia anopthalm a  B ó r n . 25.0 0.5
17 Folsomia quadrioculata  (T u l l b .) 25.0 0.5
18 Pseudachorutes paruulus B ó r n . 12.5 0.7
19 Anurophorus septentrionalis P a l is s a 12.5 0.7

2 0 Anurophorus laricis Nic. 12.5 0.7
2 1 Mesaphorura macrochaeta R u s e k 12.5 0.7
2 2 Proisotoma minima (Ab s .) 12.5 0.7
23 A llacm afusca  (L.) 12.5 0.7
24 Tomoceridae sp.j. 12.5 0.7
25 Burletiella hortensis (F it c h .) 12.5 0.7
26 Schoetella ununguiculata  (T u l l b .) 12.5 0.7
27 Lipothrix lubbocki (T u l l b .) 12.5 0.7

M ature s ta n d  (100 years old). 25 species were recorded in  the  Collembola 
com m unity (Tab. V). The dom inant species are: IsotomielLa minor, Isotom a  
notabilis, Pseudosinella zygophora. Neanura m uscorum  a n d  Anurophorus  
septentrionalis  -  a  species associated  with coniferous litter. A ppear Onychiurus  
subuliginatus, preferring acidified hab ita ts  ( P o n g e  1991) and  WiLlemia asp ina ta  
or Onychiurus absoloni (the la tte r two occur in forests with coniferous litter).
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Com m unity abundance  is lower a t th is  stage th a n  in  the  pole wood (3312.5 
ind ./sq .m .).

Table V. Species composition, abundance  (n) and  percentages of Collembola in 100-year-old s tan d s  
of pine in Puszcza Białowieska: n -  num ber of ind iv iduals/sq .m .

No Species n %
1 Isotomiella minor (S c h a f f .) 1475.0 44.5
2 Isotoma notabilis S c h Af f . 850.0 25.7
3 Pseudosinella zygophora  (S c h il l e ) 275.0 8.3
4 Isotoma  sp.j. 112.5 3.4
5 Folsomia quadrioculata  (T u l l b .) 100.0 3.0
6 Neanura m uscorum  (T e m p l .) 75.0 2.3
7 Tomoceridae sp.j. 37.5
8 Anurophorus septentrionalis P a l is s a 37.5
9 Onychiurus absoloni (B ó r n ) 37.5

10 M esaphorura macrochaeta  R u s e k 37.5
11 Entom obryidae sp.j. 37.5
12 Onychiurus subuliginatus G is in 25.0 0.8
13 Isotoma hiemalis S c h ó t t . 25.0 0.8
14 WiUemia aspinata  S t a c h 25.0 0.8
15 Pseudosinella  sp.j. 25.0 0.8
16 Orchesella Jlavescens  (B o u r l .) 25.0 0.8
17 Schoetella ununguiculata  (T u l l b .) 12.5 0.8
18 Sm inthuridae  sp.j. 12.5 0.8
19 Pachyotoma  sp .n . 12.5 0.8
20 Onychiurus arm atus  T u l l b . 12.5 0.8
21 Isotmoa tigrina T u l l b . 12.5 0.8
22 Lepidocyrtus sp.j 12.5 0.8
23 P seudachorutes parvulus B ó r n . 12.5 0.8
24 Proisotoma sp. 12.5 0.8
25 Entom obrya  sp. 12.5 0.8

A nalysis of sp ecies com p osition  sim ilarity

The species com position sim ilarity of Collembola com m unities w as m easu red  
using  M a r c z e w s k i - S t e i n h a u s ’s  index:

where s  refers to the  s ta tis tica l probability of two elem ents being com pared 
w ith in  a  series, a  an d  b are the  num ber of elem ents in series A and  B respectively, 
an d  w  is the  nu m b er of elem ents com m on to series A and  B.

It w as revealed th a t species composition similarity for Collembola com m unities 
of th e  pole wood a n d  m a tu re  s ta n d  s tages  is qu ite  h igh (53%). A 40%  species 
com position  sim ilarity  w as ob tained  for the  com m unities in h ab itin g  th e  two 
older s tag es  (pole wood a n d  m a tu re  stand) on th e  one h a n d  a n d  th o se  living 
in  th e  young s ta n d  on the  other. The com m unity  found in  th e  early  s ta g e s  of 
s u c c e s s io n  d iffe rs  m a rk e d ly  in  s p e c ie s  c o m p o s itio n  fro m  th e  o th e r  
co m m un ities  (Tab. VI).
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Table VI. Species com position sim ilarity diagram  for Collembola com m unities in the  varoius ages of 
p ine s tan d s studied, according to M arczew ski-Steinhaus.

1-2 year 4 -5  year 10-20 year 40-60  year > 1 0 0  year
1-2 year 0.20 0.19 0.23 0.25
4-5  year 0.32 0.39 0.32
10-20 year 0.41 0.44
40 -60  year 0.53
> 100 year

E cological c lassifica tion  o f th e  sp ecies

The dom inan t group in Collembola com m unities consists  of hem iedaphic  
species inhabiting  the  litter layer and  euedaphic soil dwellers. The group of hem i- 
an d  euedaphic  species h a s  the greatest share  in  com m unities inhab iting  the 
1-2-year-old cu ltu re . In the  o ther com m unities the n u m b er of species is no t 
high, resu lting  in  a  low proportion in the  com m unity. On the o ther han d , 
atm obiotic and  epigeic species appear.

In the  stud ied  s ta n d s  of various ages of Pinus silvestris, j u s t  a s  in  all k inds 
of hab ita ts, the dom inant group in comm unities of Collembola is m esohigrophilous 
species. In th e  cu ltu re , young  s ta n d  an d  pole wood s tag es , n u m e ro u s  
therm oph ilous an d  xerophilous species occur e.g. Schoetella ununguiculata.

Table VII. Percentages of selected ecological groups in Collembola com m unities in the varius age of
pine s tands u nder study.

Pine s ta n d s 1-2 year 4 -5  year 10-20 year 40-60  year > 1 0 0  y ear
atm obios 6.2 4.8 3.7

Layer epigeic 18.5 8.0
preferences hem iedaphic 60.0 50.0 52.3 40.7 36.0

euedaphic 30.0 12.5 19.1 18.5 20.0
others 10.0 31.3 23.8 18.5 36.0
xerophilous 12.5 14.3 11.1 4.0

M oisture m esohygrophilous 90.0 56.2 61.9 70.4 60.0
requirem ents hygrophilous

unknow n 10.0 31.3 23.8 18.5 36.0
eurytopic 30.0 18.7 33.3 18.5 16.0
forest polytopic 40.0 18.7 28.5 44.4 32.0
forest oligotopic 10.0 12.5 4.8 7.4 12.0

Ecological open a rea  polytopic 10.0 12.5 3.7 4.0
plasticity open a rea  oligotopic

m yrm ecophilous 4.8
corticophilous 4.8 3.7
com post 6.3 3.7
unknow n 10.0 31.3 23.8 18.5 36.0
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The n u m b er of forest species and  their proportions in  th e  com m unities 
s tud ied  is sim ilar in  all the com m unities investigated. On the  o th er hand , the  
n u m b ers  an d  proportions of open area  species are h igher only in the  initial stages 
of succession , while m yrm ecophilous and  corticophilous species ap p ear in la ter 
s tages (Tab. VII).

Overlap w ith sta tis tica l estim ates

The s tru c tu re  of Collembola com m unities in the  varo ius ages of the pine 
s ta n d s  in  Puszcza Białowieska w as analysed from the  viewpoint of the  degree of 
overlap with 5 m odels adopted for use in s tru c tu ra l analyses ( T r o j a n  1992). The 
re su lts  concerning the probability of overlap of the  em pirical d istribu tions 
o b ta ined  in  th e  s tu d y  w ith the  theo re tical m odels, e s tim a ted  using  the  
ch i-square  test, show  th a t the  Collembola com m unities occurring in early stages 
of succession  (4-5-year-old cu ltu re  and  10-20-year-old young stand) have a  
s tru c tu re  sim ilar to the  negative binom ial d istribu tion  (Tab. VIII). An overlap 
be tw een  th e  species a b u n d a n c e  d is tr ib u tio n  a n d  the  negative b inom ial 
d istribu tion  is observed w hen the  catches are not total -  collecting sam ples are  
m u ch  less a b u n d a n t th a n  the  com m unity of an im als living in  n a tu re  ( T r o j a n  
1992). In the  case of sm all soil anim als, including Collembola, all dynam ics 
m ethods frequently  used  in the  field have an  error ( P h i l i p s o n  1971).

Table VIII. A ssessm ent of sim ilarity betw een the em pirical stru c tu res  of Collembola com m unities of 
the various ages of pine s tan d s and  selected statistical d is tribu tions of binom ial d istrioution .

Pine s tan d s 1-2 year 4 -5  year 10-20 year 4 0 -80  year > 100 y ear
S ta tis tic  d is tribu tions
Logaritmic series 
Lognormal d istribu tion  
Negative binom ial d istribu tion  
Geometric series 
Broken stick d istribu tion

0.000000
0.000000
0.080183
0.000001
0.000000

0.000000
0.000000
0.602795
0.001626
0.000001

0.000000
0.000000
0.590208
0.441725
0.000002

0.000000
0.000000
0.000032
0.000001
0.000003

0.000000
0.000000
0.019472
0.000001
0.000003

E stim ation  o f th e  num ber of sp ecies

An a ttem p t to estim ate species capacity w as m ade, based  on the s tr jc tu ra l  
fea tu res  of the  com m unities, i.e. the d istribu tion  of species abundance  in  the  
com m unity. The overlap of the  em pirical d istribu tions judged  on the  Collembola 
m ateria l from  soil sam ples with the  negative binom ial d istribu tion  in  two of the  
succession  stages studied: 4-5-year-old  cu ltu re  and  10-20-year-old  young  
s ta n d  give the possibilities to estim ate the  theoretically n u m b er of Collembola 
species in  th is  hab ita t. It w as revealed th a t in both  stages the  n u m b er of species 
recorded is lower th a n  the potential species capacity of the  h a b ita ts  u n d e r  
investigation. In the  cu ltu re  16 species were identified, while 25 cculd be 
expected to live there , and  in the young s tand  the ac tual n u m b er of species w as 
21 an d  the expected num ber, 33.
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P otentia l and actual sp ecies d iversity

A ctual species diversity w as m easured  with S h a n n o n - W e a v e r ’s  and  S im p s o n ’s  
ind ices (Tab. IX). The values of the  two indices suggest th a t  ColLembola 
com m unities in the succession  stages u nder study  differ in the  degree of 
diversity. The lowest diversity w as recorded in the com m unities inhab iting  the 
1-2-year-old culture. The com m unity h a s  a  peculiar s tru c tu re  of dom inance 
with one species constitu ting  over 80% of the  com m unity. The h ighest species 
diversity w as recorded in the  young stand . In the  o ther stages of succession  the 
va lues of species diversity indices are sim ilar to one another, which is th e  resu lt 
of a  sim ilar d istribu tion  of abundance of individuals w ith in  the species.

At each stage of succession, however, the potential species diversity is higher. 
The realisation  of species diversity, m easured  with the H m ax index, m ay be 
m u ch  h igher in each of the succession stages under investigation.

Table IX. Species diversity indices: H’ (Shannon-W eaver) and  I (Simpson) of Collembola com m unities
in the various ages of pine stands.

Pine s tan d s 1-2 year 4-5  year 10-20 year 40 -60  year > 1 0 0  year
Diversity indices 

Actual 
Shannon-W eaver H’ 
S im pson  I

Potential
H m ax

1.3813
0.4205

3.3219

2.6492
0.0258

4.0000

3.5224
0.0054

4.3923

2.8440
0.0164

4.7549

2 .8342
0 .0432

4 .6439

SUMMARY

D ue to changes in  soil conditions induced by Pinus silvestris refforestration  
a n d  m atu ring  of tree s tan d s  transform ations are also observed in anim al 
com m unities inhabiting  the stand. C hanges are seen the species com position, 
a b u n d a n c e  an d  s tru c tu re  of dom inance. A nalysis of the  tran sfo rm atio n s  
occurring  in springtail com m unities living in forest s ta n d s  of various ages allows 
to a sse ss  the  ra te  of these changes.

Species com position of Collembola differs m arkedly betw een the  succesive 
tree s tan d s . Sim ilarities are only seen betw een com m unities inhab iting  older 
s ta n d s  (pole wood and  m atu re  stand). Differences are also observed in the  
s tru c tu re  of dom inance in Collembola com m unities. In younger age c lasses the  
n u m b er of low -abundance species is reduced and  only one strong  dom inan t is 
observed. In older age classes (pole wood, m atu re  stand) the  com m unity  is 
form ed by g rea ter num ber of co-dom inant species, and  the  low -abundance 
species group is m uch  more num erous. The com position of the dom inan t species 
g roup  changes in the successive tree s tan d s, b u t the  su b s titu tio n  is never 
com plete. Form erly dom inant species are usually  still seen  in  the  com m unity, 
b u t they  occupy a different position in the s tru c tu re  of dom inance. Com m unity
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ab u n d an ce  is the  lowest a t the cu ltu re  stage, and  the  h ighest in  the  pole wood. 
W hen com pared to theoretical m odels, the s tru c tu re  of the  ac tua l com m unities 
are  closely related to the negative binom ial d istribution. Species diversity, 
expressed a s  Shannon-W eaver’s and  Sim pson’s indices, is the h ighest in  the  
young s tan d  stage.

O ur analysis h as  show n th a t ColLembola com m unities become stab ilised  in  
older s ta n d s  of pine. The Collembola com m unities inhabiting  the young s ta n d  
an d  pole wood are a  prelim inary stage for the form ation of com m unities 
characteris tic  of n a tu ra l m atu re  pine forests.

In the  succesive tree s tan d s, the  young s tan d  have the  g rea ter species 
poten tial for realisation  of species diversity com pared to the  pole wood or m atu re  
s tand . In m atu re  s tan d s , where hab ita t conditions become estabilised, species 
diversity of Collembola is lower. G i l l e r  (1984, after D e h a r v e n g ,  B e d o s  1993) 
h a s  associated  the degree of species diversity with heterogeneity of the  hab ita t. 
In the  succesive tree s ta n d s  studied, the hab ita t becom es m ore heterogeneous 
a s  a  re su lt of the  developm ent of the  layer s tru c tu re  of the  s tan d  and  changes 
in  soil conditions. Stratification, both  vertical and  horizontal, provides a  n u m b er 
of new  niches. Particularly  im portan t is the form ation of the  h u m u s  layer. The 
rela tion  betw een Collembola com m unities and  the type of h u m u s  form ed h a s  
been  d iscussed  by P o n g e  (1993). Species diversity m ay also increase w ith food 
resource (P ia n k a  1966). In stab le ecosystem s, productivity decreases or s tay  in  
co n stan t level. Species diversity m ay also decrease in such  ecosystem s.
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STRESZCZENIE

(Tytuł: Collembola w szeregu sukcesji wtórnej borów sosnowych Puszczy B iało­
wieskiej]

B a d a n ia m i objęto  do jrzałe  zb io row iska  borów  sosnow ych  z zesp o łu  
Peucedano-Pinetum  oraz  różnowiekowe fazy regeneracji tych zbiorowisk (upraw a 
1-2 lata , upraw a 4 -6  lat, m łodnik 10-20 lat, drągow ina 40 -60  lat). Poza 
standartow ym i param etram i mierzącymi zm iany w stru k tu rze  zagrupow ań ja k  
sk ład  gatunkow y, liczebność s tru k tu ra  dom inacyjna, tes tem  x2 oceniono 
podobieństw o zgodności uzyskanych  em pirycznie rozkładów  w oparc iu  o 
s tru k tu ry  zg rupow ań  Collembola w b a d a n y m  szeregu  su k c esy jn y m  z 5 
opracow anym i do analizy s tru k tu ry  fauny m odelam i ( T r o j a n  1992). Podjęto 
rów nież p róbę  o szacow an ia  pojem ności gatunkow ej w o p a rc iu  o cechy  
s tru k tu ra ln e  zgrupow ań oraz różnorodności gatunkow ej aktualnej mierzonej 
w sk aźn ik am i S h a n n o n - W e a v e r a  i S im p s o n a  oraz p o ten c ja ln e j m ierzonej 
wkażnikiem  P i e l o u .

Stwierdzono, że ze względu n a  zm ieniające się w przebiegu sukcesji w arunki 
glebowe oraz starzenie się drzew ostanu zm ienia się skład  gatunkow y, liczebność 
i s tru k tu ra  dom inacji zgrupow ań CollembolcL W grupie gatunków  dom inujących 
w kolejnych stad iach  wiekowych drzew ostanu sosnowego dochodzi do wym iany 
g a tu n k ó w , chociaż nie je s t  to w ym iana całkow ita. W iększość gatunków  
najczęściej pozostaje w zgrupow aniu zajm ując tylko inną  pozycję w s tru k tu rze  
dom inacyjnej. Liczebność zgrupow ań je s t  najn iższa w s tad iu m  upraw y a 
najw yższa w drzew ostanach średniej klasy wieku.

Uzyskane em pirycznie modele s tru k tu r  zgrupow ań w stad iach  m łodszych 
drzew ostanu sosnowego (4-6 lat, 10-20 lat) są  najbardziej zbliżone do rozkładu 
dwum ianow ego ujem nego, a  estym ow ana liczba gatunków  w obydwu tych 
stad iach  pow inna być wyższa niż stw ierdzona. Poszczególne s tad ia  sukcesyjne 
s ą  środow iskam i o wyższej potencjalnej różnorodności gatunkow ej. W badanym  
szeregu sukcesyjnym  m łodnik je s t s tad ium  o najw iększych potencjalnych 
m ożliwościach realizacji różnorodności gatunkowej w s to su n k u  do zgrupow ań 
zasied la jących  ta k  s ta d ia  m łodsze ja k  i s ta rsze . S tab ilizac ja  zgrupow ań  
Collembola n a s tę p u je  w s ta rsz y c h  d rz e w o sta n a c h  so snow ych  (s ta d iu m  
drągow iny).
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