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Communities of Enchytraeidae (Oligochaeta) in the pine forest 
succession sere of Puszcza Białowieska

A bstract. The s tru c tu re  of Enchytraeidae  com m unities inhab iting  the soil in pine forest s ta n d s  of 
various ages s itu a ted  in Puszcza Białowieska has been analysed. The g rea test tran sfo rm ations in 
Enchytraeidae  com m unities have been observed in younger s tan d s. O lder stages of the  sere  are  
characterized  by stabilization of the com m unities, w hich is associated  w ith the es tab lish m en t of 
specific soil conditions resulting from h u m u s formation.

INTRODUCTION

E nchytraeidae  are am ong the m ost ab u n d an t g roups of soil m esofauna. They 
are  particu larly  im portan t in m esotrophic pine forests, where earthw orm s occur 
in  very sm all num bers. Coniferous litter decom position is accom plished m ainly  
by  sm a ll so il o rg an ism s su c h  as e n c h y trae id s , m ite s  a n d  s p rin g ta ils . 
Enchytraeidae  participate  in the process of hum ification, con tribu ting  to the  
form ation of m ineral-organic complexes constitu ting  the m oder type of hum us. 
T heir con tribu tion  to the m ineralization processes is considerable a s  they  occur 
in  ab u n d an ce  and  have a high m etabolic rate. The aim  of th is  s tu d y  w as to 
a n a ly s e  th e  s t r u c tu r a l  t ra n s fo rm a t io n s  of Enchytraeidae  c o m m u n itie s  
developing in  the  course of succession of the  pine forest. The changes were 
assessed  by exam ining species composition, abundance , s tru c tu re  of dom inance 
a s  well as  ac tu a l and  potential species diversity.

The papers dealing with the occurrence of enchytraeids in Polish pine forests 
a re  c o n c e rn e d  w ith  th e  sp ec ie s  co m p o sitio n  a n d  a b u n d a n c e  of th e ir  
com m unities. Papers by Górny  (1975) and  Makulec  (1983) are  concerned w ith 
th e  occurrence of enchytraeids in Puszcza K am pinoska. A paper by P ilipiuk 
(1993) provides a  m ore detailed insight into the s tru c tu re  of Enchytraeidae  
com m unities  in five forest com plexes rep resen ting  e ither the  subocean ic
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(Leucobryo-Pinetum -  Babim ost forest district, Bory Tucholskie, Roztocze NP) or 
su bcon tinen ta l (Peucedano-Pinetum  -  Puszcza Biała an d  Puszcza Białowieska) 
asso c ia tio n  types. There is, however, lack of d a ta  on the  o ccu rrence  of 
enchy trae ids in  s ta n d s  of various ages in Poland, such  th a t could allow to trace  
the  course of succession. Such studies have been carried out in S cand inav ia  by 
H u h t a , Ka r p in e n , N urm inen  and  Valpas (1967) and  H u h t a , N urm inen  a n d  V alpas 
(1969). They were, however, concerned only with abundance  changes an d  did 
no t con ta in  da ta  on species composition. Lo h m , Lu n d k v ist , Pe r s s o n  an d  W iren  
(1977) have conducted  a  m ore detailed study  of enchytraeid com m unities in  pine 
forest s ta n d s  of various ages.

By analysing enchytraeid  com m unities in s tan d s  of various forest ages one 
can  exam ine changes occurring in  the  ecosystem  un d er study  in  the  p rocess of 
succession . C hanges in  soil conditions, observed in  the  course  of succession , 
are accom panied by changes in the species com position, ab u n d an ce  an d  
dom inance s tru c tu re  of Enchytraeidae  com m unities.

AREAS, METHODS AND MATERIAL

The stu d y  w as conducted in four succession  stages of the pine forest sere in 
Puszcza Białowieska, which represen ts the  subcontinen ta l (Peucedano-Pinetum) 
h ab ita t type of the  pine forest. The stages analysed were: cu ltu re  (2-3 years), 
young s ta n d  (15-20 years), pole wood (40-60 years) and  m atu re  forest (100-110).

20 sam ples, 20 sq. cm  in  area  and 15 cm deep, were tak en  a t each s tu d y  site. 
The specim ens were th en  extracted according to O’Connor’s m ethod. In o rder to 
drive the enchytraeids ou t of the  sam ples, they were heated from  above w ith 40 
W bu lbs, resu lting  in the anim als moving down to tubes  filled w ith cold w ater 
en tering  the sam ples from below. The m aterial obtained in th is  way consisted  
of 2317 individuals, which were subsequently  life-determ ined. The m ateria l 
com prised 465 specim ens from the cu lture  stage, 389 from young s ta n d s , 659 
from  the pole wood and  804 from m atu re  forests.

The following indices were used  to describe the com m unities stud ied : 
S o rensen’s index of species com position simillarity, M orisita’s  index (modified 
by Horn) of dom inance s tru c tu re  sim ilarity, an  index of dom inance, and  
Shannon-W eaver’s index of general diversity. The following m odels of species 
ab u n d an ce  d istribu tion  in a  com m unity were also tested: geom etrical series, 
b rocken  stick  model, logarithm ic series, lognorm al series and  negative binom ial 
d istribu tion . They are described in detail in a  paper by T r o jan  (1992).

RESULTS

10 species of enchytraeids were recorded in the s tan d s  stud ied  in th e  four 
age c lasses of forest (Tab. I). An earlier study  of the m atu re  forest in Puszcza 
B iałowieska yielded 6 species, with a t least 5-6 found per site. S tudies of o ther 
Peucedano-Pinetum  forests: in Puszcza Biała (Pilipiuk 1993) an d  in B iałołęka 
D w orska (Kasprzak  1981) also resulted  in finding 6 enchytraeid  species. In the ir
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earlier s tu d ies  of Puszcza Kam pinoska, G ó r n y  (1975) found 6 species, and  
M a k u l e c  (1983) -  8  species. The total num ber of Enchytraeidae  species ever 
recorded in th ese  forests is now 16. All the  above da ta  perta in  to older s tan d s. 
O n the  o ther han d , Lohm  et al. (1977) found only 2 Enchytraeidae  species in 
p ine forest s ta n d s  of various age. Cognettia sphagnetorum  w as a species which 
occurred  in all Polish pine forests of the  Peucedano-Pinetam  type. This species 
is co n s tan t for coniferous forests, exhibits broad  environm ental range, reacting 
q u i c k l y  to  t h e  c h a n g in g  c o n d it io n s , r e p r o d u c e s  a s e x u a lly  t h r o u g h  
fragm entation. O ther species frequently occurring in pine forests include: 
M esenchytraeus pelicensis  and  Bryodrilus ehlersi as well as  species of the  genus 
Achaeta.

Table I. Species com position and density of Enchytraeidae in pine forest s tan d s  of various ages
in Puszcza Białowieska.

S p ie c ie s
C u ltu r e Y oung s ta n d Pole w ood M a tu re  s t a n d

n / m 2 % n / m 2 % n / m 2 % n / m 2 %
M esenchytraeus

50 0 3pelicensis  Is s e l .

M esenchytraeus  sp . 125 1,29 775 4.71 375 1,87

Buchholzia sim plex 50 0 51
Nie l . e t  C hrist .

Buchholzia  sp . 25 0,26

Bryodrilus ehlersi U de 25 0,26

Cognettia sphagnetorum  
(Ve j d .)

11625 100 9400 96,65 15525 94,23 19325 9 6 ,14

Marianina  sp . 50 0,51 125 0,76

Fridericia ratzeli E is. 25 0,26

Fridericia sp . 25 0,26

A chaeta  sp . 400 1,99

T o ta l 11625 9725 100 16475 100 20100 100

A com parison of the num ber of species registered in the  s ta n d s  stud ied  reveals 
th a t  the h ighest n um ber of species w as registered in young s ta n d s  (8), and  the 
lowest -  in  pine cu ltu res  (1). The pole wood accom m odate fewer species -  4, and  
m atu re  s ta n d s , 3. The species com position of Enchytraeidae  com m unities 
differed am ong the age classes (Tab. I). While leaving aside the reduction  of the  
n u m b er of species to ju s t  one species in the first stage of succession, it can  be 
noticed th a t  young s tan d s  create conditions for the survival of 7 m ore species. 
In the  su b seq u e n t stages of succession, the s tru c tu re  of the  com m unity  is 
reduced  due to elim ination of accessory species occurring in  the  young s tan d  
stage, although  there  appear new species th a t do not occur in earlier stages.

The sim ilarity  of species composition, expressed as Soerensen’s index, is the 
h ighest for com m unities inhabiting the soil in the pole wood and  m atu re  forest 
(57% ), reaching  m inim um  values for cu lture  and young s tan d  Enchytraeidae  
c o m m u n i t i e s  (22%).  T h u s ,  a s  t he  e c o sy s te m  m a t u r e s ,  Enchytraeidae  
com m unities become m ore and  m ore sim ilar with respect to species com position.
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The com m unities u nder study  are characterized by a  relatively uniform  
s tru c tu re  of dom inance. The share  of the dom inant species is subject to little 
varia tion  in individual s tands. Cognettia sphagnetorum  is the  dom inan t a t all 
th e  s tan d s , constitu ting  from 94% to 100% of the com m unity. The core of the  
com m unity  in all succession  stages except the cu ltu re  stage is also form ed of 
species of the  genus M esenchytraeus  (Tab. I). In all b u t the  first stage of 
succession , the core consists of the sam e species, while changes take place in 
the  group of species of sm aller sh a res  in the s tru c tu re  of dom inance.

All the  com m unities studied were show n to possess very sim ilar s tru c tu re s  
of dom inance, expressed as  M orisita’s index, which equalled 0 .99 in all cases.

A n  a s s e s s m e n t  w a s  m a d e  of th e  d eg ree  of c o r re s p o n d e n c e  o f th e  s t r u c tu r e  of 
th e  Enchytraeidae c o m m u n it ie s  u n d e r  s tu d y  to  th e  five m o d e ls  o n  w h ic h  
s t r u c tu r a l  a n a ly s is  w a s  b a s e d  (T ro ja n  1992). A n  a s s e s s m e n t  o f th e  p ro b a b il i ty  
t h a t  th e  e m p ir ic a l d is t r ib u t io n s  w ill c o r re s p o n d  to  th e  m o d e ls , c o n d u c te d  u s in g  
th e  c h i- s q u a re  te s t ,  sh o w e d  th a t  th e  s t r u c tu r e s  o f c o m m u n it ie s  fro m  c e r ta in  
s t a n d s  b e a r  so m e  s im ila r ity  to  th e  th e o re tic a l d is t r ib u t io n s  (Tab. II).

Table II. The probability of correspondence of the stru c tu res  of Enchytraeidae  com m unities 
to theoretical models of species abundance  d istribution .

S tand  age szpg mppz szlog szln rdn
C ulture 1 . 0 0 - - - -

Young stand 0 . 0 0 0 . 0 0 0 . 0 0 - 0 . 0 0

Pole wood 0 . 0 0 0 . 0 0 0.57 - 0.14
M ature stand 1 . 0 0 1 . 0 0 - 1 . 0 0 1 . 0 0

szpg= geom etrical series
mppz= broken stick model
szlog= logarithm ic series
szln= lognorm al series
rdn= negative binom ial d istribution

The correspondence of the  em pirical abundance  d istribu tion  to the  negative 
binom ial d istribu tion  enables to estim ate the  potential n u m b er of species for the  
com m unity  inhabiting  the soil in  m atu re  stands. It w as show n th a t  the  num ber 
of species registered best reflects the  ac tual species capacity since the  ac tual 
nu m b er of species is equal to the  prediction. Such estim ation canno t be provided 
for o ther succession  stages due to the  sm all degree of correspondence betw een 
the  em pirical and  theoretical d istributions.

C om m unities of enchytraeids inhabiting younger s ta n d s  are characterized  by 
sm aller density  th a n  those from  older s tan d s. The lowest ab u n d an ce  of 
enchy trae ids w as noted in young s tands, the highest in  m atu re  forest. The 
com m unity  reaches optim um  living conditions in the m ost m a tu re  stage of the  
sere (Tab. I).

Species diversity of enchytraeids is substan tia lly  influenced by s tru c tu ra l 
relations. The ac tua l diversity (Hj equals 0 in the first stage and  never exceeds
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0.4  in  the su b seq u e n t stages. G reater changes are observed in  potential diversity 
(Hmax). It reach es  a  m axim um  in the young s tan d  stage to decrease considerably 
in  th e  su b seq u e n t stages. The degree of realization of the hab ita t po ten tial for 
the  developm ent of com m unity diversity is low, not exceeding 20% th ro u g h o u t 
the  sere (Tab. III).

Table III. Species diversity of E nchytraeidae  com m unities.

S tand  age H' H’max
C ulture 0 . 0 0 0 . 0 0

Young stand 0.36 3.00
Pole wood 0.38 2 . 0 0

M ature stand 0.28 0.16

where:
H’ -  S hannon and Weaver's index 
H 'm ax -  value of H’

T hree succession  stages -  young stands, the  pole wood and  m atu re  s ta n d s  -  
are  h a b ita ts  of h igher potential species diversity. It is indicated th a t species 
diversity, expressed  as the m axim um  values of the IT index -  H’m ax, can  be 
h igher in each  of these  s tands. The com m unities inhabiting these s ta n d s  realize 
the  potential to a  sm all extent.

CONCLUSIONS

1. E nchytraeidae  com m unities occurring in the  soil of m atu re  pine s ta n d s  in 
Puszcza Białow ieska are sim ilar to com m unities inhabiting subcon tinen ta l 
(Peucedano-Pineturh) pine forests as regards species com position and  dom inance 
stru c tu re .

2. Secondary succession  is associated with transfo rm ations of Enchytraeidae  
com m unities.

3. In the  in itial stage of succession (culture), w hen the  soil is m ost degraded, 
only one E nchytraeidae  species survives. The species is dom inan t in the 
su b seq u en t stages.

4. The g rea tes t nu m b er of species occur in  young stands. The p aram eter 
decreases afterw ards.

5. The s tru c tu re s  of dom inance in  th ree  succession  stages are sim ilar.
6. The ab u n d an ce  of enchytraeid com m unities is h igher in older s ta n d s  th a n  

in  earlier s tages  of succession.
7. Species diversity is the lowest in the  m ost m atu re  stand .
8. The g rea tes t transfo rm ations of enchytraeid  com m unities take  place in the  

earlier stages of the  sere: cu lture  and  young stands. In older stages the 
com m unity  becom es stabilized. This is related  to stab ilization  of h a b ita t
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conditions, type of h u m u s  and  rate of its form ation, which prevents su d d en  
changes in soil conditions.
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STRESZCZENIE

(Tytuł: Zgrupow ania Enchytraeidae  w szeregu sukcesyjnym  borów świeżych 
Puszczy Białowieskiej.]

Analizow ano zm iany, jak im  podlegają w trakcie  sukcesji zg rupow ania  
wazonkowców. W tym celu porów nano skład gatunkow y i s tru k tu rę  zgrupow ań 
tych zwierząt w różnowiekowych drzew ostanach sosnowych. B adaniam i objęto 
4 s tad ia  sukcesyjne boru  świeżego Peucedano-Pinetum  w Puszczy Białowieskiej. 
Stwierdzono, że największe przekształcenia zgrupow ań Enchytraeidae  m ają  
m iejsce w m łodszych stad iach  szeregu sukcesyjnego. W ykształcenie w arstw y 
h u m u s u ,  j a k i e  n a s t ę p u j e  w s ta rs z y c h  d rz e w o s ta n a c h , p rz e c iw d z ia ła  
gw ałtow nym  zm ianom  w arunków  glebowych i sprzyja pow staniu  bardziej 
stab ilnych  zgrupow ań wazonkowców o najniższej różnorodności gatunkow ej i 
najwyższej liczebności.
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