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E n chy trae id  fau n a  (O ligochaeta , E nchytraeidae) in the Białowieża Prim eval Forest

Abstract: Enchytraeid communities were studied at 15 sites in different types o f forest within the Białowieża Primeval 
Forest. Thirty-six species were identified. Analysis of species com position similarity revealed the presence of 2 
dissimilar groups of com m unities, associated with broad-leaved forests and coniferous forests respectively. 
W ithin each group, the highest similarity w as observed betw een com m unities from ash-alder carrs and Scots 
pine forests w hile com m unities inhabiting the soil in the bog birch forest and the linden-oak-hornbeam forest 
w ere the least similar. The abundance of enchytraeids w as not limited by high soil acidity or moisture.
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INTRODUCTION

The Białowieża Primeval Forest (Puszcza Białowieska), o ccupy ing  an  area of 1500 km 2 
in P oland  an d  Belarus, is the best p rese rv ed  n a tu ra l forest refu g iu m  in the E uropean  
low lands, w ith  over 11.000 species of an im als reco rded  to date  (GUTOW SKI, 

JAROSZEWICZ 2001). The forests of this area are dense an d  considerab ly  d iversified . A 
varie ty  of types of open -area  an d  forest h ab ita ts  d iffering  w ith  respect to fertility  and  
m o istu re  can be found  there, p ro m o tin g  considerab le  faunal richness.

This d iversification  has created  a g rea t d iversity  of cond itions for the developm ent 
of soil fauna, including Enchytraeidae, the majority of species of which are amphibiontic.The 
earliest mention of enchytraeid fauna in the Białowieża Primeval Forest can be found in a p a ­
per by M o s z y ń s k i  (1928), w hile  the nex t rep o rt w as only  pub lished  in the 1990's 
(PlLIPIUK 1993, 1995). P re lim inary  in fo rm ation  on the occurrence of enchy trae ids in  
several types of forest h ab ita ts  is con ta ined  in (PlLIPIUK 1998). H ow ever, to da te  no 
p ap ers  have dea lt w ith  com m unities of Enchytraeidae in the d ifferen t types of forests in 
the Białowieża Primeval Forest.
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2 I. P i l ip iuk

The aim  of this paper w as to com pare Eiichytrneidne com m unities inhabiting  the soil 
in forest habitats w ith  a view  to identifying com m unities typical of ind iv idual forest 
types and  specifying the habita t preferences of ind iv idual species of Enchytraeidae.

A nalyses w ere concerned w ith  the relationship  betw een the species com position and  
structu re  of enchytraeid  com m unities on the one hand  and  the type of plant association, 
hab itat m oisture and  fertility, and  soil acidity and type on the other. The sim ilarity of 
species com position and of com m unities w as assessed and  explained w ith  regard  to 
these factors. In  order to determ ine the habita t preferences of ind iv idual species, their 
frequency and  density  at the s tudy  sites w as analysed.

STUDY AREA

The sam ples w ere taken from 15 sites, w hich w ere situated in seven types of forest eco­
system s w ere studied: the sw am p alder forest, the bog pine forest, the bog birch forest, the 
ash-alder carr, the linden-oak-hornbeam  forest, the m ixed coniferous forest and the Scots 
pine forest (Table I). A scale of fertility and  m oisture for the forests u n d er study  is given 
after MATUSZKIEWICZ 1981 and  SZUJECKI2001. It accounts for soil type and  soil acidity.

Table I. Characteristic of study  area.

No. Stand D escription Soil type pH Fertility M oisture
1 A sw am p alder forest Ribeso nigri-A lnetum , div. 

514, H ajnówka forest inspectorate
peat 6.0 eu tro­

phic
sw am p

2 V bog-pine forest Vaccinio uliginosi-Pinetum, d iv. 572, 
M ichnówka reserve, H ajnówka forest inspectorate

peat-gley 4.4 oligo-
trophic

sw am p

3 B bog birch forest Thelypterido-Betuletum pubescentis, 
div. 661, H ajnówka forest inspectorate

peat-gley 5.7 m esot-
rophic

sw am p

4 C l ash-alder carr Fraxino-Alnetum, div. 315, Bia­
łow ieża  National Park

peat-m ucky 6.1 eu tro­
phic

w et

5 C2 ash-alder carr Fraxino-Alnetum, div. 599, Hajnówka 
forest inspectorate

gley 5.9 eutro-
phic

w et

6 C3 ash-alder carr Fraxino-Alnetum, div. 600, Hajnówka 
forest inspectorate

mucky 
black earth

6.7 eu tro­
phic

w et

7 O l linden-oak-hornbeam  forest Tilio-Carpinetum, div. 
633, H ajnówka forest inspectorate

leached
brow n

5.1 eu tro­
phic

m oist

8 0 2 linden-oak-hornbeam forest Tilio-Carpinetum, div. 334, 
Dębowy Grąd reserve, Hajnówka forest inspectorate

gleyed
lessive

5.5 eu tro­
phic

m oist

9 0 3 linden-oak-hornbeam  forest Tilio-Carpinetum, div. 
399, B iałow ieża National Park

brown 6.9 eu tro­
phic

m oist

10 0 4 linden-oak-hornbeam  forest Tilio-Carpinetum, div. 
399, B iałow ieża N ational Park

lessive 6.9 eutro-
phic

m oist

11 M l m ixed  coniferous forest Calamagrosti arundinaceae- 
Piceetum, d iv. 699, H ajnówka forest inspectorate

leached
brow n

4.9 m eso-
trophic

m oist

12 M2 m ixed  coniferous forest Calamagrosti arundinaceae- 
Piceetum, div. 288/318 , Białowieża N ational Park

podzolized
rusty

3.8 oligo-
trophic

slightly
m oist

13 PI Scots p ine forest Peucedano-Pinetum, d iv. 538, 
H ajnówka forest inspectorate

podzolic 4.4 oligo-
trophic

slightly
m oist

14 P2 Scots pine forest Peucedano-Pinetum, d iv. 667, 
H ajnówka forest inspectorate

podzolic 4.4 oligo-
trophic

slightly
m oist

15 P3 Scots pine forest Peucedano-Pinetum, d iv. 668, 
H ajnówka forest inspectorate

rusty 4.2 oligo-
trophic

slightly
m oist
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Enchytracidae in the Białowieża Primeval Forest 3

MATERIAL A N D  METHODS

F ieldw ork  w as carried  ou t in the years 1986-2001 w ith  ind iv idual sites s tu d ied  for a 
m ax im u m  of tw o years. Tw o series of sam ples w ere obtained  each year, in sp ring  
(A pril-June) and  a u tu m n  (Septem ber-O ctober). There w ere 40 sam ples taken at each 
site , w h ich  w ere 20 cm 2 in area and  16 cm deep. The enchy trae ids w ere extracted  u s ­
in g  a m od ified  O 'C o n n o r m ethod  and  identified  w hile  still alive. A total of 16,117 
in d iv id u a ls  w ere  collected.

P rincipal C om ponen ts A nalysis w as app lied  to asses hab ita t preferences of the 
species using  y ' = ln(ay+c) w here  a = l, c= l transfo rm ation  of species da ta  (CA N O CO  
prog ram m e).

The fo llow ing indices w ere used  to describe the soil com m unities of Enchytracidae: 
species richness (M argalef 1957), Shannon-W iener's index of general species d iversity  
(SHANNON, W e a v e r  1949) a n d  M orisita 's index of sim ilarity  m odified  by HORN (1966), 
The basis for g ro u p in g  w as the m ethod  described by MOUNFORD (1962).

RESULTS 

Species com position

A total of 36 species w ere recorded  in all com m unities of Enchytracidae in the Bia­
łowieża Primeval Forest (Table II). C om m unities from  broad-leaved  forests w ere richer 
in species, w ith  27 species found in the linden-oak-hornbeam  forest, 24 in the bog 
b irch  forest, 21 in the ash-a lder carr and  19 in the sw am p  a ld er forest, than  those in ­
hab itin g  coniferous forests (8 species in the mixed coniferous forest, 6 in the Scots pine forest 
and 3 in the bog pine forest. The number of species recorded from a site varied from 3 in the 
bog pine forest (V) and the mixed coniferous forest site within the Białowieża National Park 
(stand M2) to 24 in the bog birch forest (B). All o f the species found in the Białowie ża Prime­
val Forest in this study had been previously recorded from broad-leaved forests, w ith  26 
occurring  only  in this type  of forest and  10 repo rted  from  bo th  b road-leaved  and  co­
n iferous forests. N o species w as lim ited to coniferous forests. Cognettia sphagnetorutn 
w as the only  species found  in all types of forests u n d er study . A total of 9 and  1 sp e ­
cies w ere  found  to occur in all types of b road-leaved  and  coniferous forest respec­
tively. Tw o species (Stercutus niveus and  Fridcricia bulbosa) w ere found  only  in the lin- 
den -oak -ho rnbeam  forest, and  four (Ccrnosvitoviella goodhui, Cernosvitoviclla palustris, 
Marionina riparia and  Hcmifridericia parva.) only in the sw am p a lder forest.

The index  of species richness w as h ig h est in the bog  b irch  forest Enchytracidae 
co m m u n ity  (3.11) an d  the lin d en -o ak -h o rn b eam  fo rest co m m u n ity  from  s tan d  0 3  
(2.84). It w as h ig h e r than  2.0 in the lin d en -o ak -h o rn b eam  fo rest co m m u n ity  from  
s tan d  0 4  an d  in the a sh -a ld e r forest. L ow er species richness (above 1.0) ch a rac te r­
ized  co m m u n itie s  from  the o th e r lin d en -o ak -h o rn b eam  fo rest sites an d  from  the 
sw am p  a ld e r forest. C om m u n ities  from  the scots p in e  forest, bog p in e  fo rest and  
m ixed  coniferous forest stand within the Białowieża National Park (M2) had very low spe­
cies richness (< 1.0) (Table II).
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4  I. Pilipiuk

Table II. Species com position  and dom inance index of enchytareid com m unities at the study area.

Species
Sites

O l 0 2 0 3 0 4 B Cl C2 C3 A M l M2 PI P2 P3 V
Stercutus niveus M ich . 0.00 0.00 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M esenchytraeus armat us 
(Lev.)

0.00 0.00 0.14 0.00 1.85 0.67 0.44 0.50 0.75 0.00 0.00 0.00 0.00 0.00 0.00

M. pelicensis Issel. 2.21 1.48 0.00 0.03 0.00 0.00 0.00 0.00 1.19 13.50 0.00 0.40 0.00 0.00 0.00
Cernosvitoviella atrata 
(B ret.)

0.00 0.00 0.00 0.00 0.60 0.13 0.00 0.17 0.79 0.00 0.00 0.00 0.00 0.00 0.056

C. goohui H e a ly 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
C. palustris  H e a ly 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Bucliholzia appcndiculnta 
(B u ch h .)

0.00 0.00 4.07 3.85 1.64 0.27 0.88 0.25 0.00 0.00 0.05 0.00 0.00 0.00 0.00

B.fallnx M ich . 0.88 0.00 0.14 8.59 4.91 0.40 0.44 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bryodrilus ehlersi U de. 0.00 0.00 0.00 0.00 0.17 0.27 0.00 0.17 0.00 0.00 0.00 0.00 0.00 0.44 0.00
Cognettia glandulosa 
(M ich .) 0.00 0.00 0.00 0.00 9.87 0.00 0.00 0.00 4.14 0.00 0.00 0.20 0.06 0.44 0.056

C. sphagnetorum  (Vejd.) 64.70 74.80 1.76 9.31 4.96 27.60 16.2 54.80 82.20 74.90 99.50 98.70 99.66 99.07 99.89
M arionina argcntca (MiCH.) 0.00 1.14 0.41 0.52 6.08 0.00 0.00 0.00 3.31 0.10 0.00 0.00 0.00 0.00 0.00
M. riparia B ret. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.00 0.00 0.00
Enchytraeus albidus H e n le 0.00 0.00 0.14 0.06 0.34 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00
£. bttcldiolzi Vejd. 0.33 0.46 2.30 0.38 1.34 0.00 0.15 0.00 0.04 0.00 0.00 0.30 0.14 0.00 0.00
Fridericin bisetosa (Lev.) 0.55 1.83 25.20 2.95 3.62 0.81 2.78 0.42 0.18 0.00 0.10 0.00 0.00 0.00 0.00
F. bulboidcs N ie l.& C h r ist. 0.22 0.23 1.08 0.03 1.47 0.81 0.73 1.00 1.01 0.00 0.00 0.00 0.00 0.00 0.00
F. bulbosa (R osa) 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. connata B ret. 0.00 0.00 3.35 0.00 0.00 0.13 0.15 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. galba (HOFFM.) 0.00 0.00 0.00 0.06 0.13 2.69 0.29 1.75 0.04 0.00 0.00 0.00 0.00 0.00 0.00
F. gracilis B u lo w 0.00 0.00 0.00 0.09 0.13 0.13 0.00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. leydigi (Vejd.) 0.00 0.00 0.00 0.03 0.04 0.00 0.58 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. maculala I sse l 0.00 0.11 0.00 0.06 0.00 0.00 1.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. paroniana ISSEL 0.00 0.00 0.54 0.00 0.17 0.00 0.29 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. pcrrieri (Vejd.) 0.00 0.00 0.00 0.98 0.60 0.81 1.17 0.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F. ratzeli E isen 3.32 0.23 0.81 0.61 0.17 1.08 0.00 0.25 0.04 0.10 0.00 0.00 0.00 0.00 0.00
F. tubulosa D ó z sa -F a rk a s 0.00 0.00 0.14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Enchytronia parva  N ie l.&  
C h r ist.

0.00 0.00 0.41 9.25 0.26 0.00 0.15 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Henlea heleotropha S tep h. 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00 0.22 0.00 0.00 0.00 0.00 0.00 0.00
H. nasuta E isen 0.11 0.00 10.40 1.59 1.72 3.09 4.68 7.83 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H. perpusilla  F r ien d 0.22 0.68 0.00 0.52 21.1 12.50 13.50 5.58 2.95 0.00 0.00 0.00 0.00 0.00 0.00
H. sim ilis  NIEL.& CHRIST. 0.00 0.00 0.00 0.00 3.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
H. ventriculosa D ’U dek. 1.55 0.00 0.54 1.01 5.39 1.88 0.88 0.33 0.04 0.00 0.00 0.00 0.00 0.00 0.00
Hemifridericia parva 
N ie l.& C h r ist

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.00 0.00

Achaeta bohemica (Vejd.) 0.33 0.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.00 0.00 0.00 0.00
A. eiseni Vejd. 0.00 1.14 0.41 0.23 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.40 0.14 0.05 0.00
M esenchytraeus sp. 12.60 0.91 0.00 1.59 0.69 2.42 0.29 5.83 0.66 5.27 0.05 0.00 0.00 0.00 0.00
Cernosvitoviella sp. 0.00 0.00 0.00 0.00 0.04 0.94 0.88 0.17 0.13 0.00 0.00 0.00 0.00 0.00 0.00
Bucliholzia sp. 0.00 0.00 0.51 0.64 0.30 0.67 1.75 1.17 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M arionina sp. 1.88 2.85 1.49 0.43 0.00 9.27 14.90 3.50 0.00 0.10 0.00 0.00 0.00 0.00 0.00
Enchytraeus sp. 1.44 0.34 3.12 1.79 3.10 3.36 1.61 0.50 0.53 0.00 0.00 0.00 0.00 0.00 0.00
Fridericia sp. 8.19 8.22 40.70 52.10 25.80 27.8 35.10 12.8 1.54 2.90 0.26 0.00 0.00 0.00 0.00
Henlea sp. 0.00 0.00 0.40 0.03 0.30 1.34 0.88 0.92 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Achaeta sp. 1.47 4.90 1.90 3.15 0.02 0.94 0.00 0.08 0.00 1.87 0.05 0.00 0.00 0.00 0.00

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
N u m b er o f sp ecies 11 11 18 21 24 16 17 19 19 6 3 5 4 4 3
d en sity  in d iv ./m 2 22600 21900 11510 24700 29000 9300 8500 15000 14175 24175 31950 20830 17830 22110 22375
Index o f sp ecies richness 1 .34 1 .33 2. 84 2 .5 8 3 .11 2. 27 2 .4 5 2. 54 1 .29 0. 87 0 .5 3 0. 54 0. 42 0. 41 0. 27
index of d iversity 2. 18 1 .5 9 2. 91 2. 66 3. 01 3. 08 2. 98 2. 48 1 .0 6 1 .30 0. 06 0 .1 8 0. 04 0. 09 0. 01
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Enchytraeidae in the B iałow ieża Primeval Forest 5

The frequency and average abundance at each site were calculated for each species to aid 
in determ ining their habitat preferences w ith regard to the type of p lant association, type of 
soil, m oisture and acidity.

H abitat p references o f sp ec ies  o f Enchytraeidae  in  the forests o f the B ia łow ieża  Prim eval Forest

PCA  d iag ram  co n ta in  28 species, w hich  occur on m ore than  one site and  15 sites. 
(Fig. 1). PCA  -  o rd in a tio n  d iag ram  p o in t ou t, th a t the d irection of the arrow  indicates 
the d irec tion  in w h ich  the abundance  of the co rrespond ing  species increases m ost, and  
the len g th  of a rro w  equa ls the rate  of change in tha t direction.

O f all the species stu d ied , the fo llow ing w ere  m ost a b u n d an t in  the sw am p  and 
w et decid u o s forest: M. armatus, C. ntrata,M. argentea, F. gcilba, F. leydigi, H. heleotropha 
an d  H. perpusilla. T here  w ere  few  species w hich  p refer the m ore fertile linden-oak- 
ho rn b eam  forest (0 3 , 0 4 )  and  bog b irch  forest: B. appendiculata, B. fallax, E. albidus, E. 
buchholzi, F. bisetosa, F. bulboides,, F. gracilis, F. paroniana, F. penieri, E. parva, FL nasuta 
and  H. ventriculosa.

Three species w ere  m ost ab u n d an t in m ixed coniferous forest (M l) an d  less fertile 
linden -oak -ho rnbeam  forest (O l, 0 2 )  on  leached b row n  soil and  gleyed lessive soil: M. 
pelicensis, A. bohemica an d  A. eiseni. In the Scots p ine  forest , m ixed coniferous forest 
an d  the bog  p in e  forest on  soil pH  3.8-A.9, the m ost ab u n d an t species w as C. sphagne- 
torum. This species is the  m ainstay  of all enchy trae id  com m unities inhab iting  conifer­
ous forests. It w as sim ilarly  frequent, b u t less ab u n d an t, in the linden-oak-hornbeam  
forest an d  the sw am p  a ld e r forest.

O ccurrence of E nchytraeidae  at d ifferen t so il pH  values

The range of soil p H  values a t the s tu d y  sites w as 3.8-6.9. The low est n u m b er of 
species (3) w ere  fo u n d  in  the soil w ith  the low est p H  3.8. As pH  increased, the n u m b er 
of species also rose (The correlation  coefficient r = 0.89 is significant a t p<  0.05). The 
correlation  b e tw een  soil pH  and  m ean  density  of enchytraeid  com m unities w as sig­
nificant too ( r = -0.52). As pH  decline, m ean density  rose.

The h ighest nu m b er of species (24) w as found  in at pH  5.7. A t pH  above this value 
(5.9-6.9), the n u m b er of species w as a little low er, ranging from 16 to 20 at one site on 
average (Fig. 2). C. sphagnetorum  w as the only species w hich w as ab u n d an t and  occurred 
frequently  at low  p H  (3.8-4.9). O ther species occurring m ost frequently  and  abundan tly  
a t pH  4.9, ap art from  C. sphagnetorum, w ere M. pelicensis and  A. bohemica Of 11 species 
found in soils w ith  a p H  of 5.1, it w as F. ratzeli w hich found the m ost favourable condi­
tions, w hile A. eiseni benefited the m ost from  a pH  of 5.5. Tw elve out of 24 species found 
in a soil w ith  a p H  of 5.7 had  op tim um  conditions there. A t the h igher pH  5.9 -  6.7 two 
species w ere the m ost abundan t. Soils w ith  a pH  of 6.9. p rov ided  an  op tim um  habita t in 
tenns of density  for 6 ou t of 26 species registered there (Fig. 2).

The above find ings show  that op tim u m  pH  varies w ith  the species an d  ind iv id u a l 
pH  ranges hav e  d iffering  w id ths. The largest n u m b er of species (12) found  the m ost 
favourable cond itions at a p H  of 5.7.

Of 36 species found at the study sites in the Białowieża Primeval Forest, the lowest number 
of species (3) w ere found  in the m ixed coniferous forest at p H  3.8 and  in the bog pine
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6 I. Pilipiuk

forest a t pH  4.4. The largest num ber of species (24) w ere found  in the soil of the bog 
birch  forest. In m oist soils, soil pH  has a negative (lim iting) influence on species, as can 
be observed in the bog  pine forest. Thus, the least favorable conditions can be observed 
in acid (pH<5.0) an d  slightly m oist sites, and the m ost favorable -  in w et, sw am p  and 
less acidic (pH>5.0) soils. The form er category includes Scots p ine and  m ixed coniferous 
sites, w hile soils of the o ther category are associated w ith  ash-alder carrs, sw am p alder 
forests and  bog birch forests. The linden-oak-hornbeam  stands u n d er s tu d y  differed in 
term s of soil acidity, w ith  p H  rang ing  from 5.1 to 6.9. Still, these forests w ere less m oist 
com pared  to o ther broad-leaved  forest types. In the linden-oak-hornbeam  forest g row ­
ing on fertile b ro w n  soil and  lessive soil, the num ber of enchytraeid  species w as high, 
rang ing  from  18 to 21.

o
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0 4OA
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Fig. 1. PCA -ord ination  diagram . Biplot o f species and sites. Species are represented by arrow s, sites by  
circles. E igenvalues o f first and second axes are 0.494 and 0.136 respectively. Abbreviations: A. boh - A. 
bohem ica, A. eis - A. eisen i, B. app - B. appendiculata, B. fal. - B. fallax, B. ehl - B. ehlersi, C. atr - C. atrata, C. 
gla - C. glandulosa, C. sph  - C. sphagnetorum , E. alb - E. albidus, E. buc - E. buchholzi, E. par - E. parva, F. 
bis - F. b isetosa, F. bul - F. bulboides, F. con - F. connata, F. gal - F. galba, F. gra - F. gracilis, F. ley  - F. leyd ig i, 
F. m ac - F. maculata, F. par - F. paroniana, F. per - F. perrieri, F. rat - F. ratzeli, H. hel - H. heleotropha, H. 
nas - H. nasuta, FI. per - H. perpusilla, H. ven  - FI. ventirculosa, M. arg - M. argentea, M. arm - M. arm atus, 
M. pel - M. pelicensis. A bbreviations of species names: three first letter w as used according Table II - eg. A. 
boh - A., bohem ica  etc.
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Species
pH

3.8 4.2 4.4 4.9 5.l|~5~5 5.9 6.0 6.1 6.7 6.9
S. niveus 
M. armatus 
M. pelicensis  
C. at rat a 
C. goodhui 
C. palustris  
B. appendiculata
B. fallax
B. ehlersi
C. glandulosa
C. sphagnetorum  
M. argentea  
M. riparia 
E. albidus
E. buchholzi
F. bisetosa  
F. bulboides 
F. bulbosa  
F. connata  
F. gatba
F. gracilis 
F. leydigi 
F. mac ulata 
F. paroniana  
F. perrieri 
F. ratzeli 
F. tubulosa 
E. parva 
H. heleotropha  
FI. nasuta 
FI. perpusilla  
FI. similis 
H. ventriculosa  
FI. parva  
A. bohemica 
A. eiseni

n u m b er of sp e c ie s

num ber of s p e c ie s  p e r  site

Fig. 2. Species density in relation to soil pH.
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E nchytraeidae  com m unities in d ifferen t types o f forest

L in d en -o ak -h o rn b eam  forests. L inden-oak-hornbeam  forests su p p o rt a g rea t vari­
e ty  of h ab ita t types, so th a t the com m unities of Enchytraeidae com pared  in  this s tudy  
inhab ited  v a rious types of soil differing  in fertility  and  acidity. This w as reflected in 
the species com position  and  dom inance struc tu res of these com m unities. There w ere a 
to tal of 27 species of Enchytraeidae found  in the soil of 4 sites in linden-oak-hornbeam  
forests and  the n u m b er of species p er site ran g ed  from  11 to 21. The largest n u m b er of 
species w ere found  at sites located w ith in  the B iałow ieża N ational Park. The average 
d ensity  of Enchytraeidae a t site 0 3  (11,500 in d iv ./m 2) w as tw ice low er than  at the other 
sites in  this type  of forest (Table 2). L inden-oak-hornbeam  forests are m ore fertile in 
the Białow ieża N ational Park  and  the soil is less acidic there. The com m unity  inh ab it­
ing  b ro w n  soil, w h ere  F. bisetosa is the d o m in an t (25%), s tands o u t m ost considerab ly  
from  the o thers in the linden-oak-hornbeam  forests. O ther a b u n d a n t species in this 
com m unity  inc lude  H. nasuta and  B. appendiculata and  sexually  im m atu re  ind iv iduals  
of the genus Fridericia (41%). In the com m unity  inhab iting  lessive soil in a linden-oak- 
h o rn b eam  forest, y o u n g  ind iv id u a ls  of the genus Fridericia are  the m ost ab u n d an t 
(52%). This co m m unity  is also characterized  by  a low  con tribu tion  of C. sphagnetorum  
(9%) w ith  sim ilar shares of £. parva and  B. fall ax. M ore p ro n o u n ced  dom inance of C. 
sphagnetorum  (65%) is seen in the com m unity  from  linden -oak -ho rnbeam  site O l. 
O ther a b u n d a n t species in th a t com m unity  include F. ratzeli an d  M. pelicensis an d  ju ­
venile form s of the genera Mesenchytraeus and  Fridericia The h ig h est share  of C. sphag­
netorum  (75%) w as fo u n d  in  the com m unity  from  site 0 2 . O ther im p o rtan t species in 
th a t com m unity  are F. bisetosa, M. pelicensis, A. eiseni, M . argentea an d  sexually  im m a­
tu re  in d iv id u a ls  of the genera Fridericia and  Achaeta Thus, in d iv id u a ls  of the genus 
Fridericia have  the largest share  in term s of abundance  in Enchytraeidae com m unities of 
linden -oak -ho rnbeam  sites w ith in  the Białowieża N ational Park, w hile  C. sphagneto­
rum  is d o m in an t a t m ore acidic linden-oak-hornbeam  sites on leached b ro w n  soil or 
g leyed  lessive soil. The values of M argalef's index of species richness vary  from  1.33 to 
2.84. S hannon-W iener's  index  of species d iversity  ranges from  1.59 to 2.91. Both in d i­
ces reach the ir m ax im um  values in the com m unity  from  the linden-oak-hornbeam  
forest g row ing  on  b ro w n  soil. L inden-oak-hornbeam  forest sites w ith in  the Białowieża 
N ational P ark  m ay thus be u sed  as reference in stud ies of the fauna of linden-oak- 
ho rn b eam  forests.

A sh -a ld e r carrs. T w enty-one species of Enchytraeidae w ere iden tified  in ash-alder 
carrs in  the B iałow ieżą Prim eval Forest, w ith  16-19 species found  p e r site. M ean d e n ­
sities of Enchytraeidae a t tw o ash-a lder sites w ere  low: 8,550 an d  9,300 in d iv ./m 2 re ­
spectively , w hile  at the th ird  one, w hich  grew  on black earth  soil an d  w as the driest, 
th is va lue  w as m uch  h igher, reach ing  15,000 in d iv ./m 2 (Tab. 1). A characteristic  fea­
tu re  of ash -a lder carr Enchytraeidae com m unities develop ing  in d ifferen t types of soil is 
the dom inance  of C. sphagnetorum, from  16% to 55%. O ther species of considerab le  
ab u n d an ce  are tw o species of the genus Henlea: H. perpusilla and  H. nasuta and  y o ung  
in d iv id u a ls  of the genus Fridericia, the latter being d o m in an t a t site C2, an d  hav ing  a 
share  equal to th a t of the d o m in an t species C. sphagnetorum  a t site C l. The values of 
M argalef's  index  of species richness for ash -a lder carr Enchytraeidae com m unities
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ran g ed  from  2.27 to 2.54. A com parison  of these com m unities show s th a t w hile  the 
h ig h es t species richness w as observed  at the site w ith  the soil w ith  the h ighest pH , it is 
co n siderab le  m o istu re  of the soil that has the greatest effect on the d eve lopm en t of 
com m unities. S hannon-W iener's  index of general d iversity  reached m axim um  values 
in com m u n ities  from  ash -a lder carr sites w ith in  the Białowieża N ational Park, w here  it 
w as 3.08, and  from  site C2, w here  it had  a sim ilar value (2.98). It w as low er (2.48) in 
the co m m u n ity  from  the th ird  ash -a lder site investigated .

M ixed  co n ife ro u s  forests. E ight species of Enchytraeidae w ere found  in com m u n i­
ties inh ab itin g  m ixed coniferous forest sites. The h ighest average density  across all 
co m m u n ities  s tu d ied  in the Białow ieża Prim eval Forest w as de te rm ined  for the com ­
m u n ity  from  m ixed coniferous forest site M2 w ith in  the Białow ieża N ational Park  
(31,950 in d iv ./m 2). The o ther com m unity  inhab iting  a m ixed coniferous forest site 
(M l) h a d  a d ensity  of 24,175 in d iv ./m 2, w hich  is also a h igh  value. These com m unities 
are  charac terized  by  a m arked  dom inance of C. sphagnetorum. M. pelicetisis w as qu ite  
a b u n d a n t in com m unities from  m ixed coniferous forests g row ing  on leached b row n  
soil an d  the co m m unity  from  a m ixed coniferous forest site on very acidic podzo lized  
ru sty  soil w as com posed  alm ost entirely  of C. sphagnetorum  (99%). The index of species 
richness ranged  from  0.53 to 0.87.

The index  of d iv e rs ity  w as very  low  for the com m unity  from  the site in the Bia­
łow ieża N ational P ark  (0.06), w hile for the o ther site it w as 1.3.

P in e  forests. Six species of Enchytraeidae w ere found in com m unities from  Scots 
p ine  forests, w ith  4-5  species occurring  at in d iv idua l sites. A verage density  ranged  
from  17,830 to 22,110 in d iv ./m 2.

The species-poor com m unities from  scots p ine  forests are characterized  by very  
m ark ed  d om inance  of C. sphagnetorum. M. pelicensis had  a sm all share  in these com ­
m unities. The index  of species richness w as low, rang ing  from  0.41 to 0.54. The index 
of d iversity  w as also low  (0.04-0.18).

S w am p  a ld e r fo rest. The enchytraeid  com m unity  inhabiting  the sw am p a lder for­
est site consisted  of 19 species, w ith  an  average density  of 14,175 in d iv ./m 2. C. sphag­
netorum  w as the d o m in an t species, b u t M. armatus, C. glandulosa and  H. perpusilla w ere 
also qu ite  ab u n d an t. The index of species richness w as low er there than  in o ther 
com m unities in h ab itin g  b road-leaved  forests (1.29). The index of d iversity  w as also 
low er th an  at o ther b road -leav ed  forest sites (1.06). D espite a relatively  h igh  n u m b er 
of species, the d ivers ity  statistic  for this com m unity  w as low , w hich  show s tha t the 
soil of a sw am p  a ld e r forest p roduces w orse conditions for Enchytraeidae than  the soil 
in  ash -a lder carrs an d  linden-oak-hornbeam  forests.

Bog b irch  forest. The h ighest nu m b er of species p er site (24) w as recorded  at the 
bog b irch  site. A verage  d ensity  w as also h igh, at 29,000 in d iv ./m 2. The d o m in an t spe­
cies w as H. perpusilla (21%); o ther a b u n d an t species w ere B. fallax, M . argentea and  H. 
ventriculosa H ow ever, it w as ind iv id u a ls  of the genus Fridericia tha t had  the grea test 
share  in the  com m u n ity  (26%). The species richness index for this com m unity  w as 
very  h igh  (3.11). The species d iversity  index w as also very  h igh, at 3.01. Thus, the bog 
b irch  forest creates good  conditions for enchytraeids, as can be seen from  the find ing  
of a large n u m b er of species, h igh  density  and  d iversity .
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Bog p in e  forest. The Enchytraeidae com m unity  from  the bog p ine  forest w as the 
p o o rest in species an d  w as characterised  by a m arked  dom inance of C. sphagnetorum.
C. atrata an d  C. glandulosa com plete the list of species found  at the site. A verage d e n ­
sity  w as qu ite  h igh, a t 22,375 in d iv ./m 2. The species richness index an d  the species 
d iversity  index reached  their low est values for all com m unities s tu d ied  in the Bia­
łow ieża P rim eval Forest, at 0.27 and  0.01 respectively.

Sp ecies com position  sim ilarity

A nalysis of sim ilarity  of species com position  of Enchytraeidae com m unities based  
on  S orensen 's index  sh ow ed  that they can be d iv ided  into tw o d issim ilar g ro u p s, co r­
resp o n d in g  to b road -leaved  and  coniferous forests (Fig. 3). W ithin  each su b g ro u p , the 
h ighest sim ilarity  (at 0.89) w as determ ined  for tw o sites each in ash -a lder carrs an d  
scots p in e  forests. In the "b road -leaved  forest" g roup , a h igh  degree of sim ilarity  of 
species com position  w as seen betw een  all com m unities from  ash-a lder carrs (0.82) and  
the bog b irch  forest (0.77). L inden-oak-hornbeam  com m unities w ere less sim ilar. 
These can also be d iv id ed  into tw o g roups, w ith  the sim ilarity  index for sites O l and  
0 2  equalling  0.73 and  for sites 0 3  and  0 4  (both w ith in  the B iałow ieża N ational Park) 
0.68. The form er g ro u p  of linden-oak-hornbeam  sites is s im ilar to the sw am p  a ld er site 
(0.53), and  the la tte r is s im ilar to the g roup  com prising  ash-a lder carrs and  the bog- 
b irch  forest at 0.65. T hus, Enchytraeidae com m unities of b road -leaved  forests form  tw o 
in d ep en d en t g roups. O ne includes linden-oak-hornbeam  sites O l an d  0 2  an d  the 
sw am p  a ld er site, and  the o ther consists of ash-a lder carrs, the bog birch site  and  tw o  
linden -oak -ho rnbeam  sites w ith in  the Białowieża N ational Park. A su m m ary  index  of 
species com position  sim ilarity  for all b road-leaved  sites w as 0.43. In the coniferous 
forest site g roup , the g rea test sim ilarity  w as seen betw een  scots p ine forests, a t 0.71, 
w ith  the bog p ine  forest being  m uch less sim ilar, at 0.55. C om m unities from  m ixed 
coniferous forest sites are no t sim ilar to one ano ther or to com m unities from  the o th er 
coniferous forest sites (0.39 and  0.29 respectively). The index of sim ilarity  for all sites 
investiga ted  w as 0.21. The d ifferences in species com position  sim ilarity  or the find ing  
of no  com m on species reflect the considerable d iversification  of the com m unities an d  
ind icate  their dependence  on the type of habitat. There is a d istinct corre la tion  b e ­
tw een  ash -a lder carrs and  the bog birch forest, w hich are m oist, no t acidic and  fertile, 
on  the one h an d , and  the acidic, oligotrophic and  ra th e r d ry  scots p ine  forests on the 
o ther. C om m unities from  linden-oak-hornbeam  sites are m uch  m ore d iversified  in th is 
respect an d  d iv ide  in to  tw o g ro u p s associated w ith  d ifferen t soil pFI values. Thus, one  
g ro u p  is form ed by  com m unities from  sites O l and  0 2 , w ith  pH  values of 5.1 an d  5.5 
respectively , w hile  com m unities from  linden-oak-hornbeam  sites of p H  6.9. form  a 
sep ara te  g ro u p  on  the d iag ram  of species com position  sim ilarity . A sim ilarity  index of
0.65 characterizes a large g ro u p  of b road-leaved  forest sites w ith  a pH  range of 5.9-6.9. 
The sw am p  a ld e r site (pH  6.0), is an  exception here  as it is s im ilar (0.53) to the lin d en - 
oak -ho rnbeam  sites w ith  p H  5.1-5.5. A m ong com m unities from  coniferous forest sites, 
an  index  of 0.53 characterizes scots p ine forests and  the bog p ine  forest w ith  pH  4.2- 
4.4. C om m unities from  m ixed coniferous forest sites of bo th  p H  3.8 and  a h ig h er p H  o f
4.9 are n o t sim ilar.
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Fig. 3. Similarity of species com position  at the study sites (Sorensen index).

The d iag ram s of sim ilarity  of species com position  and  stru c tu res  of dom inance  of 
Enchytraeidae com m unities are different

Sim ilarity o f the structures o f dom inance of E nchytraeidae  com m unities

A nalysis of sim ilarity  of dom inance struc tu res of Enchytraeidae based  on M orisita 's  
index revealed  the p resence of a few g ro u p s (Fig. 4). The h ighest index (0.99) of sim i­
larity w as ob tained  for the com m unities from  Scots p ine forests, the bog p ine  forest 
and  the m ixed coniferous forest (site M2) an d  the com m unities from  the sw am p alder 
forest an d  the linden-oak  ho rnbeam  forest. The com m unity  from  m ixed coniferous site 
M l w as very  sim ilar to those from  the sw am p a lder forest and  the linden-oak- 
hornbeam  forest (site 0 2 ), a t 0.98. The index w as also h igh  for the com m unities from  
tw o ash-a lder sites (C l and  C2), a t 0.94. The sam e degree of sim ilarity  of dom inance 
struc tu res w as obtained  for the com m unities from  the sw am p  a lder forest, linden-oak- 
hornbeam  site 0 2 , m ixed coniferous sites, scots p ine forest sites and  the bog p ine  for­
est. These habita ts are qu ite  d iversified  in term s of soil acidity , m o istu re  and  fertility. 
A slightly  low er degree of sim ilarity  (0.93) w as seen betw een  tw o sites: linden-oak- 
hornbeam  site O l and  ash-a lder carr site C3. These tw o com m unities w ere qu ite  sim i­
lar (0.88) to the com m unities from  the 8 sites listed above (sw am p a lder forest, linden-
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oak-h o rn b cam  0 2 , m ixed coniferous forests, Scots p ine forests, bog p ine  forest). A 
sep ara te  g ro u p  w as form ed by  tw o linden-oak-hornbeam  sites: 0 3  and  0 4 , w ith  sim i­
larity  at 0.93. The ash -a ld er carr sites C l and  C2 are  m ost sim ilar to the bog  b irch  site 
(0.76), and  th is en tire  g ro u p  is m ost sim ilar to the tw o linden-oak-hornbeam  sites from 
w ith in  the B iałow ieża N ational Park (03 , 0 4 ), at 0.71.

There is little sim ilarity  betw een  this g ro u p  of com m unities and  the one d iscussed  
earlier (0.26).

C3 01 A 0 2  M1 P1 P2 P3 M2 V 03  0 4  C1 C2 B

95

85

75

65

55

45

35

25

Fig. 4. Sim ilarity o f dom inance structure of enchytraeid com m unities at the study sites (M orisita index).

The d iag ram  of dom inance  struc tu re  is considerab ly  influenced by  the d o m in an t 
species C. sphagnetorum. A n index of 0.99 w as ob tained  for the com m unities from  the 
scots p ine forest sites, m ixed coniferous forest site M2 an d  the bog p in e  forest site, 
w here  C. sphagnetorum  m ade up  97-99% of the com m unity . A no ther g ro u p  on the 
d iag ram  w as fo rm ed  by the sw am p a ld er site, linden -oak-hornbeam  site  0 2  an d  
m ixed con iferous site M l (an index of 0.98), w here  the share  of C. sphagnetorum  ranged  
from  75% to 82%. A th ird  g ro u p  consisted  of the com m unities from  linden-oak- 
ho rn b eam  site  O l and  ash-a lder carr site C3, w ith  the share  of C. sphagnetorum  rang ing  
from  55% to 65%, an d  sim ilarity  of dom inance stru c tu res  a t 0.93. The com m unities
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from  ash -a ld e r sites C l and C2 have low er shares of C. sphagnetorum  (16-28%) and  a 
s im ila rity  index  of 0.94. This g ro u p  also includes the com m unity  from  the bog  birch  
forest (index value  0.76), w here  ano ther species, H. perpusilla, is the dom inan t. A lso in  
the last g ro u p , consisting of the linden-oak-hornbeam  sites from  the Białow ieża N a­
tional P ark , w ith  a sim ilarity  index of 0.83, C. sphagnetorum  has a share  of only 9.3% at 
one site an d  F. bisetosa is the do m in an t species at the o ther one.

Sp ecies d iversity

The h ig h est index of general d iversity  w as ob tained  for the com m unities from  the 
ash -a ld er carr site C l in the B iałowieża N ational Park  (3.08) and  the bog birch site 
(3.01). S lightly  low er values w ere  recorded  at the C2 ash-a lder site (2.98) and  the lin­
d en -o ak -h o rn b eam  site (03) on b ro w n  soil (2.91) (Table 2). C om m unities w ith  a d iv e r­
sity  index of 2.18-2.66 inhab ited  the linden-oak-hornbeam  site on lessive soil (04), 
a sh -a ld er carr site C3 and  linden-oak-hornbeam  site O l. The next g ro u p , w ith  the in ­
dex ran g in g  from  1.06 to 1.39, consisted of the com m unities from  the sw am p alder 
forest, m ixed  coniferous site M l and  linden -oak-hornbeam  site 0 2 . For scots p in e  for­
ests, bog p ine  forest and  m ixed coniferous site M2, the index w as below  zero. The 
g rea test d iversities of enchy traeid  com m unities w ere in the soils of the bog b irch  for­
est and  the linden-oak-hornbeam  forest. T hus, the bog birch  forest is the m ost im p o r­
tan t re fu g iu m  of Enchytraeidae, w ith  the largest n u m b er of species, the  m ost a b u n d a n t 
com m u n ity  and  the g reatest d iversity  of all the sites stud ied . T hus, it can be sta ted  
th a t of all fo rest hab ita ts in the B iałowieża P rim eval Forest, the bog b irch  forest offers 
the best cond itions for enchytraeids.

DISCUSSION

The species recorded  at the s tu d y  sites rep resen t 40% of Enchytraeidae species re­
ported  from  P oland and  60% of the fauna of Polish  low land  forests. Thus, the  Bia­
łow ieża Prim eval Forest is a significant re fug ium  for this g ro u p  of an im als. Species 
occurring  in only  one h ab ita t type are no t characteristic  only of that h ab ita t type, even 
though  they  are u n d o u b ted ly  rare species. For exam ple, S. niveus and  F. bulbosa w ere 
found only  a t linden-oak-hornbeam  sites. S. niveus has no t been  recorded  in P oland  
from  any  o ther site. Still, it has been repo rted  from  broad-leaved  forests an d  m eadow s 
in o ther areas, so it can h a rd ly  be reg a rd ed  as characteristic  of the linden-oak- 
hornbeam  forest. F. bulbosa is also found  in the sw am p  a lder forest, in m ead o w s and 
fields of sedge. The follow ing four species w ere  only  found  in the sw am p  a ld er forest:
C. goodhui, C. palustris, M. riparia and  H. parva. C. palustris and  C. goodhui occur in 
m arshy  an d  pea t soils. M. riparia occurs in  w a te r an d  w et habita ts. H. parva is also 
know n from  p ea tlan d s and  pea t m eadow s as, accord ing  to KASPRZAK (1986), from  
very  d iverse  forest and  open-area habitats.

C om parison  of forest w ith  d ifferent n u trien t levels accounted  for d ifferences in the 
n u m b er of sites. Still, it shou ld  be p o in ted  ou t th a t only  tw o sites w ere  classified as 
m esotrophic. The num bers of enchy traeids at these sites w ere  sign ifican tly  h igher
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com pared  to o ligo trophic  sites. A h igh  sim ilarity  of species com position  and  struc tu re  
of the com m unities from  ash -a lder carrs (PILIPIUK 2001) and  scots p ine  forests 
(PlLIPIUK 1993) p ro m p ted  a com parison  of com m unities from  differen t types of forest.

The s tu d y  carried  ou t in the Białow ieża Prim eval Forest w as the m ost co m p reh en ­
sive, inc lud ing  7 types of forest. A nother area w here enchy traeids w ere s tu d ied  in 
d ifferen t types of forest is the K am pinos Forest. S tudies in th a t area involved  ash -a lder 
carrs, linden -oak -ho rnbeam  forest, m ixed coniferous forest and  Scots p ine  forest 
(M AK ULEC 1983) and  the sw am p a lder forest, linden-oak-hornbeam  forest an d  m ixed 
coniferous forest (PILIPIUK 1997) O ther stud ies concentrated  on specific forest types: 
the linden -oak -ho rnbeam  forest ( K a s p r z a k  1975), the sw am p a lder forest ( K a s p r z a k  

1977) and  Scots p ine forests and  ash-a lder carrs (see above). A com parison  of the fin d ­
ings of the p resen t s tu d y  w ith  da ta  from  o ther regions of P oland indicates th a t com ­
m unities from  ash-a lder carrs are the m ost sim ilar to one ano ther in term s of species 
com position  of all com m unities from  broad-leaved  forest sites. This m ay be d u e  to the 
fact th a t ash -a ld er carrs, being an  azonal vegetation  type, show  little d iversification, 
b u t also im p o rtan t is the considerab le  m obility  of enchy trae ids a long w a te r courses. 
C om m unities from  Scots p ine  forests also have sim ilar species com position , w hich  is 
because these forests, g row ing  on oligotrophic acidic soils, create sim ilar cond itions 
for this g ro u p  of anim als. The factors w hich have the grea test influence on the deve l­
o pm en t of an  Enchytraeidae p o p u la tio n  in a forest env ironm en t include edaph ic  cond i­
tions, i.e. the  quality  of food su p p lied  as leaf fall and  the associated  m icroflora, w hich  
has an  effect on the species com position.

A nother im portan t abiotic factors are soil acidity and m oisture. H ealy (1980), H ealy 
& Bolger (1984), D idden  (1993) m entioned pH  as one of the m ost im portan t environ­
m ental factors for the d istribu tion  of enchytraeid species. These findings w ere corrobo­
rated in m ore controlled experim ents by H agvar & A braham sen (1980) on colonisation 
of sterile soil sam ples w ith  adjusted pH  values. This factor has a negative effect on spe­
cies com position, bu t does no t affect density, w hich is h igh in acidic soils. Soil acidity 
appears to be m ore im portan t than m oisture as com m unities of Enchytraeidae in the rela­
tively d ry  soils of Scots pine forests and the bog pine forest are very sim ilar. Theoreti­
cally, w ith  increasing m oisture, the num ber of species should  also increase. Still, in the 
acidic soil of the bog pine forest, the num ber of species is very low. Similarly, few  spe­
cies w ere found  in linden-oak-hornbeam  forests w ith low er pH .

The best cond itions for the d evelopm en t of m ulti-species and  a b u n d a n t com m uni­
ties are affo rded  by  the bog birch forest w ith  a good n u trien t base, ad eq u a te  m o istu re  
and  no t very  acidic soils. Since da ta  w ere available only  on ind iv id u a l com m unities 
from  the bog  b irch  forest, sw am p alder forest and  bog pine forest, it is difficult to d e ­
term ine w h e th e r these com m unities are typical of those types of forest. T hus, ou r ef­
forts concen tra ted  on d e te rm in ing  the extent of d issim ilarity  betw een  these com m u n i­
ties an d  those occurring  in o ther types of forest. D eterm ination  of com m unities char­
acteristic of specific types of forest w ou ld  requ ire  stu d y in g  Enchytraeidae com m unities 
in d ifferen t types of forest in Poland. The findings could then be used  as a reference 
for m on ito ring  or v a lua tion  pu rposes.
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CONCLUSIONS

The com m u n ity  inhabiting  the soil of the bog b irch  forest is the richest in species 
an d  very  ab u n d an t. The d iversity  index of Shannon and  W iener also reaches a h igh 
va lu e  for this com m unity . This is due  to the fertility, m oisture  and  acid ity  of the soil.

H ig h  soil acid ity  is the factor w hich has the m ost m arked  negative  effect on the 
n u m b er of species, irrespective of m oisture. The nu m b er of species increase w h en  pH  
rose, at p H  h ig h er than  5.5 nu m b er of species is tw ice as num erous.

N e ith e r h igh  acidity  nor very  h igh  m oisture, nor excessive d ry in g  of the soil have a 
lim iting  effect on the abundance  of Enchytraeidae, w hich  show s th a t the an im als p e r­
form  their functions even in such soils.

The m ost sim ilar com m unities in term s of species com position  inhab ited  ash-a lder 
carrs an d  Scots p ine forest sites. C om m unities from  linden -oak -ho rnbeam  sites are 
very  d iversified  and  fall into tw o g roups. The species com position  of com m unities 
from  b ro ad -leav ed  forests is no t sim ilar to tha t of com m unities from  v arious types of 
coniferous forest.

The h ig h est sim ilarity  of dom inance struc tu res w as seen b e tw een  the com m unities 
from  coniferous forests on soil w ith  p H  3.8^4.4 and  com m unities from  the m ixed  co­
n iferous forest, the sw am p a lder forest and  one linden-oak-hornbeam  site.

The com m unities of Enchytraeidae inhabiting  ash -a lder carrs an d  Scots p in e  forests 
can  be reg a rd ed  as characteristic of these types of forest. This is no t possib le  in the 
case of the linden -oak-hornbeam  forest d u e  to the considerable h ab ita t d iversification , 
w ith  a lot d ep en d in g  on the type of soil and  pH .
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STRESZCZENIE

[Tytuł: Fauna w azonkow ców  (Oligochaeta, Enchytraeidae) w  lasach P uszczy B iałow ie­
skiej]

Badano zależność sk ładu  gatunkow ego  i s tru k tu ry  zg ru p o w ań  w azonkow ców  od 
typu  zb iorow iska roślinnego, w ilgotności i żyzności siedliska, jego kw asow ości o raz  
typu  gleby. O ceniano podob ieństw o  sk ładu  gatunkow ego  i podob ieństw o  zg ru p o w ań  
biorąc pod  u w agę  te czynniki. W celu określenia preferencji środow iskow ych  p o ­
szczególnych ga tu n k ó w  analizow ano  ich frekw encję i zagęszczenie na badanych  s ta ­
now iskach.

Skład gatu n k o w y  zg ru p o w ań  w azonkow ców  lasów  Puszczy Białowieskiej obejm u­
je 36 gatunków . W szystkie stw ierdzone  gatunki no tow ano  w  lasach liściastych, z cze­
go 26 w ystępow ało  w yłącznie w  tego typu  lasach a 10 zarów no  w  lasach liściastych 
jak i w  borach. C. sphagnetorum  był jedynym  gatunk iem , k tóry  w ystępow ał w e 
w szystk ich  bad an y ch  typach lasów .

C zynnikiem  najbardziej ograniczającym  liczbę w ystępujących gatunków  jest w ysoka 
kw asow ość gleby niezależnie od wilgotności. N ajm niej ga tu n k ó w  (3) s tw ie rd zo n o  w  
glebie o najn iższym  pH  3,8. W m iarę w zro stu  w artości pH  liczba s tw ierdzonych  g a ­
tunków  rosła. N ajw yższą liczbę g a tu n k ó w  (31) stw ierdzono  przy  p H  6,0. Pow yżej tej
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w artośc i p H  od 6,1 do 6,9 liczba ga tu n k ó w  jest nieco niższa i w ynosi od 24 do 26. 
O p tim u m  pH  gleby dla poszczególnych  gatunków  m a różne w artości a jego zakres 
ró żn ą  szerokość. Najwięcej ga tunków  -  8 znalazło  op tim u m  by tow ania  p rzy  zakresie 
pH  5,7-6,0.

N ajn iższe  średn ie  zagęszczenie (8550 o so b ./m 2 i 9300 o so b ./m 2). s tw ierdzono  na 
d w ó ch  stanow iskach  w łęgach. N ajw yższe zagęszczenie stw ierdzono  w borze m ie­
szan y m  (M2) p rzy  najniższym  p H  3,8 -  (31950 o so b ./m 2) oraz w b rzezin ie  bagiennej 
(29 tys. o s o b ./m 2). W skrajnie różnych  pod  w zględem  w ilgotności a podobnych  pod 
w zg lęd em  kw asow ości borze św ieżym  i borze bag iennym  zagęszczenie w azonkow - 
ców  jest b a rd zo  podobne.

A naliza  podob ieństw a sk ładu  gatunkow ego  zg ru p o w ań  w azonkow ców  p rz e p ro ­
w ad zo n a  w  oparciu  o w skaźn ik  S orensena w ykazała, że dzielą się one na dw ie n iep o ­
dobne do  siebie g ru p y  -  lasów  liściastych i borów . W ew nątrz  każdej z g ru p  najw yższe 
p o d o b ień stw o  (w artość w skaźn ika  0,89) w ykazują  zg ru p o w an ia  z lęgów  i z borów  
św ieżych.

N ajbardziej różnorodne  zg ru p o w an ia  w azonkow ców  zasiedlają gleby b rzeziny  i 
g rąd u . Brzezina bagienna jest środow isk iem  leśnym  stw arzającym  najlepsze w aru n k i 
dla rozw oju  zg ru p o w ań  w azonkow ców . Składa się na to żyzność gleby, w ilgotność i 
kw asow ość. Zasiedlające glebę tego typu  lasu zg rupow an ia  w azonkow ców  są najbo­
gatsze w  g a tunk i i bardzo  liczebne. C harak teryzują  się też w ysoką różnorodnością .

Ani w ysoka kw asow ość ani skrajne wartości wilgotności gleby nie są czynnikam i 
ograniczającym i liczebność w azonkow ców . W glebach kwaśnych, m okrych i o niskiej 
w ilgotności w ystępują zgrupow ania w azonkow ców  o dużym  zagęszczeniu . W azon- 
kowce są grupą zw ierząt glebowych, które mogą pełnić swoją rolę saprofagów  w  gle­
bach oligotroficznych, w  których liczebność dżdżow nic jest bardzo niska. Tw orzą zg ru ­
pow ania charakterystyczne dla niektórych typów  lasów, takich jak łęgi czy bory sosno­
we. W iększość zgrupow ań w azonkow ców  zasiedlających gleby różnych typów  lasów 
jest odm ienna.
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