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A bstract. The structure of Enchytraeidae communities of Ijeucobryo-Pinetum  and Peiucedano-Pine- 
tum  pine forests was analysed. One community-type was registered. Differences in species compo­
sition and dominance structure related to regional phvtosociological diversity and limiting influence 
of anthropogenous pressure on community density were observed.

INTRODUCTION

E nchytraeidae  are one of the  m ost a b u n d a n t g roups of soil m esofauna th a t 
take  p a rt in the m ineralization of organic m atter. They play a  particu larly  
im portan t role in oligotrophic pine forests w here earthw orm s are very rarely 
found. Despite the  fact th a t organic m atte r m ineralization in tensity  in the 
in testine  of enchy traeids is lower th an  th a t of lum bricids, the  contribu tion  of 
th e  form er to the flow of energy through the ecosystem  is high, th is  being due 
to th e ir  high abundance  and  m etabolism  rate. A b r a iia m s e n  (1973) show ed th a t 
even if the  total b iom ass of earthw orm s is bigger th a n  th a t  h a t of Enchytraeidae  
(in sp ruce  forests on fertile soils), the total body surface a rea  is h igher in the 
la tte r  a n d  it is their m etabolism  th a t has  larger significance to the  flow of energy 
th rough  su ch  ecosystem s.

There are  a  num ber of pap ers  concerning the occurrence of Enchytraeidae  in 
various types of coniferous forests and m ost of these papers describe Enchytraei­
da e  of Scandinavian  coniferous forests. N u r m in e n  (1976b) provides a  com pre­
hensive faun istic  survey of enchytraeids inhabiting  various h ab ita ts  in Norway, 
Sw eden an d  Finland, including 43 s ta n d s  in boreal pine forests and  31 s ta n d s  
in sp ru ce  forests. Za l e s s k a  (1982) and D ó z s a -F a r k a s  (1985) carried ou t fauni- 
stical ana lyses of sp ruce  forests located in the  vicinity of Moscow and  of a 
H ungarian  pine forest respectively. The species com position of Enchytraeidae  
com m unities of a spruce-larch-D ouglas fir p lan ta tion  w as stud ied  in Wales by 
O ’C o n n o r  (1957), while G ó r n y  (1975b) conducted  a sim ilar study  for Polish pine
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76 I. Pilipiuk

forest s tands. D ata  concerning the h ab ita t conditions required by different 
Enchytraeidae  species and  the diversification of Enchytraeidae  com m unities in 
pine forests are still scarce. Papers on the  ecology of th is  group of an im als are 
particu larly  w orth noticing (Ab r a h a m s e n  1972, N u r m in e n  1967a, P e t e r s e n  and 
Lu x t o n  1982).

A n u m b er of papers  d iscusses the  changes in Enchytraeidae  com m unities 
resu lting  from soil acidification and  liming (BęęTH, B e r g  at all 1980; H u h t a , 
H y v o n e n , Ka a sa l a in e n  a t all 1986; Lu n d k v is t  1977; P e r s s o n , H y v o n e n  at al. 
1985), n itrogen-phosphorus-po tassium  fertilization (H e u n g e n s  1980, H u h t a  
1984), u rea  fertilization (Ab r a h a m s e n  and T h o m p s o n  1979) and  copper pollution 
(B e n g t s s o n  and  R u n d g r e n  1982). Influence of silvicultural p ractices as  clear- 
cutting , bu rn ing  and  afforestation w as stud ied  by H u h t a  and  Ka r p in e n  at all 
(1967), H u h t a , N u r m in e n  and  V a l p a s  (1969) and  Lu n d k v is t  (1973).

The role of Enchytraeidae  and  o ther soil an im als in the  process of decom po­
sition w as s tud ied  by B e r g , Lo h m  at all (1980) and  by P e t e r s e n  and  L u x t o n

(1982). A b r a h a m s e n  (1973) and  M a k u l e c  (1983) d iscussed  the  im portance of 
Enchytraeidae  in  coniferous forest soils in bioenergetic term s.

The aim  of the  p resen t paper w as to study  Enchytraeidae  com m unities of pine 
forest in Poland. Species com position, density  and  dom inance s tru c tu re  were 
analysed. Species constancy  and  com m unity  sim ilarities also were surveyed. 
Vertical stra tification  and  the frequency of enchytraeids in m icrohab ita ts  were 
stud ied  as well.

The fauna  of the  s tud ied  coniferous forests w as analysed in term s of regional 
phytosociological diversity. Com parison of the Enchytraeidae according to de­
creasing an th ro p o p ressu re  (in historical term s) connected with different in ten ­
sity of silvicultural p ractices w as also studied.

Industria l pollution and  exposure to pests  were taken  into consideration  as 
well.

STUDY AREAS

The researches were carried out in pine forests located in five different regions 
of Poland. Polish pine forests of different regions differ in  phytosociological 
term s. The a reas  in B abim ost forest distr.. Bory Tucholskie and  Roztocze NP 
belong to the  suboceanic  pine forest h ab ita t type, while the  s ta n d s  in Puszcza 
Biała and  Puszcza Białowieska rep resen t the  subcon tinen ta l pine forest h ab ita t 
type (Ma t u s z k ie w ic z  1987).

The study  a reas  in Babim ost forest distr. are s itua ted  on form erly arab le  soils. 
The vegetation growing there  should  belong to the Leucobryo-Pine turn type forest, 
b u t in fact it h a s  been deform ed to a large extent. The vegetation of division 103 
h a s  degenerated so m uch  th a t it can  no longer be considered a  representative 
of th is  type of forest hab ita t.

Specim ens were collected from 15 s tan d s, th ree s ta n d s  have been  chosen  in 
each of the five areas. In all of the  s tudy  a reas  there  is m atu re  forest s tan d  
(90-120 years old).
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The s tu d ied  a reas  were the following:
Bory Tucholskie -  divisions 306b, 340a, 346.
Puszcza Biała -  divisions 34f, 38b, 62g.
Puszcza Białowieska -  divisions 538Bf, 667Bf, 668Af.
Roztocze NP -  divisions 38, 178, 198.
B abim ost forest distr. -  divisions 103, 105a, 105b.
The soils of the  stud ied  areas belong to the ru sty  soil an d  podzolic soil 

sub types. The h u m u s  can be classified as  m oder, m o d er/m o r and  mor. The san d  
found in these  soils belongs to the loose san d  type and  to veakly loam y sand  
type.

The inform ation concerning the type of soil, h u m u s and  san d  w as u sed  while 
analysing  the m aterials. A m ore detailed analysis of soil, h u m u s  and  san d  types 
in  each s ta n d  m u st, therefore, be provided.

R usty  soils were found in all s ta n d s  in Bory Tucholskie, Puszcza Biała and  
B abim ost forest distr. as  well as in the  668Af division s ta n d  in Puszcza 
B iałow ieska and  in division 178 in Roztocze NP. Podzolic soils were found in 
divisions 538Bf and  667Bf in Puszcza Białowieska and  in division 38 in Roztocze 
NP. Iro n -h u m u s podzolic soil w as found only in division 198 in  Roztocze NP. The 
“m oder” type of h u m u s  form ation was registered in divisions 306b, 340a  in Bory 
T ucholskie, divisions 34f, 38b in Puszcza Biała, in division 668Af in Puszcza 
B iałow ieska and  in division 178 in Roztocze. The “m o d er/m o r” h u m u s  w as found 
in  division 346 in Bory Tucholskie, division 62g in Puszcza Biała, division 667Bf 
in  Puszcza Białowieska and  division 105b in Babim ost forest distr., while the 
“m or” h u m u s  w as found in division 538Bf in Puszcza Białowieska, divisions 38 
a n d  198 in Roztocze NP and  in divisions 103 and  105a in B abim ost forest distr.

Loose san d  w as p resen t in the  soil profiles of all s ta n d s  in Bory Tucholskie, 
Puszcza Białow ieska and  Babim ost forest distr. as  well as  in division 198 in 
Roztocze NP. The veakly loamy sand  w as found in Puszcza B iała an d  in divisions 
38 an d  178 in Roztocze NP.

The classification of the  study  areas according to decreasing an th ropopres- 
su re  (in historical term s) -  connected with different in tensity  of silvicultural 
p rac tises  -  goes as  follows: Babim ost forest distr.. Bory Tucholskie, Puszcza 
Biała, Roztocze NP, Puszcza Białowieska. According to N unberg’s classification 
of Polish forests into different forest w holesom eness zones (Ko e h l e r  1971), 
B abim ost forest distr. and  Bory Tucholskie are s itua ted  in the zone of co n stan t 
exposure to pests, Puszcza Biała -  in the  zone of periodic exposure, while 
Roztocze NP and  Puszcza Białowieska rep resen t re s is tan t to pests. The situa tion  
changes, however, w hen the  influence of industria l an th ropop ressu re  is consi­
dered, M o lsk j at all divide the  area  of Poland into four zones of su lp h u r pollution 
(the basis  for th is  classification is the su lp h u r conten t in dry m ass  of pine cones) 
(B r e y m e y e r  1987). According to th is  classification, B abim ost forest distr. is 
located in  the  zone of the  g rea test pollution (zone 4), Puszcza Biała, Roztocze, 
an d  Bory T ucholskie belong to zone 2 and  Puszcza Białowieska is s itu a ted  in 
the  least polluted zone 1.
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MATERIAL AND MET! IODS

A total of 24708 Enchytraeidae  specim ens were collected. They were collected 
in the  years 1986-1988. Sam pling took place in spring  (April, May) an d  au tu m n  
(October, November). The research  sta rted  in the a u tu m n  of 1986 and  the  last 
sam ples were collected in the  spring of 1988. Each time 20 random  soil sam ples 
were tak en  from each s ta n d  with a  steel corer. The sam ples were 20 cm 2 in area  
a n d  10 cm  deep. In 1987 the  type of m icrohabitat w as also taken  into conside­
ra tion  in the sam pling. Bilberry, h ea th , m oss, g rass  and  litter were the  m ain  
types of g round  cover. Fern  and  lichens were also taken  into consideration  in 
som e of the  sites. In a u tu m n  of 1987 two m ethods of sam pling were used  in 
Puszcza Biała in order to com pare the  values of Enchytraeidae  com m unity  
densities; ap a rt from random  sam pling, four sam ples were taken  in each of the 
five m icrohab ita ts. Average values of com m unity densities obtained from one 
m icrohab ita t were m ultiplied by the total area  occupied by th is  m icrohabitat. 
The p roducts  counted  for each m icrohabita t were sum m ed to give the  value of 
com m unity  density  per 1 m 2. The da ta  on the area  occupied by each m icrohab ita t 
had  been  found in Ma t u s z k ie w ic z ’s  a t all. paper (1993).

In spring 1988 in all the  study  a reas  sam ples were collected from the bilberry 
pa tch  only. A part from th a t, quantitative sam ples were collected in order to 
com plete the m aterial. O ’C o n n o r ’s  a p p a ra tu s  w as used  for extracting specim ens 
(G ó r n y  1981), which were th en  life-determ ined. In order to exam ine vertical 
stratification, every sam ple from Puszcza Biała, Puszcza Białowieska and  Roz­
tocze NP w as divided into five s tra ta  which were th en  extracted  separately.

In order to estim ate the sim ilarities betw een Enchytraeidae  com m unities, 
M orisita’s  index w as used.

SPECIES COMPOSITION

17 Enchytraeidae  species were registered in the  stud ied  pine forests. E ight 
species were only found occasionally: each in one of the 15 s tan d  (Tab. I). 6 to 
9 species were noted in each area; 6 species were found in Puszcza Biała, Puszcza 
Białowieska, 8 species were observed in Roztocze NP, 9 -  in  Babim ost forest 
distr.. In Bory Tucholskie 10 species were found, b u t one w as uncertain .

The n u m b er of species registered a t one s tan d  ranges from 3 to 8. The g rea tes t 
differences were noted in B abim ost forest distr. (3 to 8 species). Exactly the  sam e 
nu m b er of 5 species w as found in all the sites in Puszcza Białowieska. The s tan d  
th a t  w as the  poorest in the nu m b er of species (division 105b of Babim ost forest 
distr.) w as inhab ited  by Cognettia sphagnetorum, M esenchytraeus pelicensis and  
Achaeta  e isen l  These th ree  “high-fidelity” species form the core of enchytraeid  
com m unities in all s tud ied  areas.

C. sphagnetorum  w as the m ost com m on species registered a t all s tan d s . This 
species show s a strong  preference for coniferous forests. It w as registered by 
A b r a iia m s e n  (1972) in all types of pine forests and  sp ruce  forests th a t  he 
exam ined. N u r m in e n  (1967b) also recorded th is  species a t all s tan d s in pine 
forests, a t a  vast m ajority  of the s ta n d s  in sp ruce forests as  well a s  in  a reas
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Table I. Enchytraeidae  species and their frequency in studied stands in pine forests.

S p e c i e s
P u s z c z a  B i a ł a

P u s z c z a
B i a ł o w i e s k a

R o z to c z e  N P B o r y  T u c h o l s k i e B a b i m o s t  f o r e s t  d i s t r .

3 4 f 3 8 b 6 2 g 5 3 8 B f 6 6 7 B f 6 6 8 A f 3 8 1 7 8 1 9 8 3 0 6 b 3 4 0 a 3 4 6 1 0 3 1 0 5 a 1 0 5 b

1 . Achaeta catnem ni G o g . +

2 . A. eiseni V e id . + + + + + + + + + 1 + + +

Achaeta  s p . + + + + + + + 1 + + 2 + + +

3 . Bryodrilus ehlersi U d e + + + + +

4 . Buchholzia appendiculala  (B u c h h .) +

Buchholzia s p . +

5 . Cognettia ariomala (C e r .) c f . +

6 . C . glcuxdulosa (M ic h  ) + + + + + +

7 . C . spagnctonim  (V e i d .) 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

8 . Enchytraeus buchholzi V e j d . + + + +

Etichytrneus s p . +

9 . Echytronia s p . +

1 0 . Fridericiu bulboides N ie l . e t  C h r is t . + +

Fridericia s p . + + 1

1 1 . Henlea perpusilla  F r ie n d . +

1 2 . H. ventriculosa d'U D EK +

-. Henlea s p . +

1 3 . Marianina argentea  (M ic h .) + + + +

1 4 . M. ccunbrensis O  C o n n . +

1 5 . M . riparia B r e t . +

Marianina s p . 1 2 2

1 6 . M esenchytraeusJlavus (Le v .) + + +
1 7 . M . pelicensis Is s e l . + + + 1 + + + + + + + + +
-. M esenchytrateus s p . + + + + + + + 1 + + + + 1 1 1

Number of species 6 6 8 1 0 9

Frequency
3 - 7 5 , 1 - 1 0 0 . 0 % ;  2 - 5 0 . 1 - 7 5 , 0 % ;  1 - 2 5 ,1 - 5 0 ,0 % ;  + - < 2 5 , 0 %

CD
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80 I. Pilipiuk

s itu a ted  in birch  forests and  m oorlands. A lthough C. sphagnetorum  h a s  been 
found to live in m any o ther hab ita ts  in Poland, including beech forests, sp ruce  
an d  spruce-fir forest s ta n d s  (Ka s p r z a k  1979) an d  ca rr  forests, linden-oak-hom - 
beam  forests, m ixed forests and  coniferous forests (Ma k u l e c  1983), b u t it is less 
a b u n d a n t there  th a n  in  coniferous forests. This species should, therefore, be 
considered selectively characteristic  for pine forests. This species’ frequency a t 
all the  s ta n d s  w as very high so th a t it should  be considered an  absolutely  
co n stan t species.

In the  stud ied  pine forests M. pelicensis w as a low-frequency (occasional) 
species, b u t it exhibited a  high degree of fidelity. It w as found in 13 s tan d s , and  
im m ature  individuals of the genus M esenchytraeus  Eis. were registered a t 15 
s tan d s . In Poland, th is  species has  been noted a t pine forest s ta n d s  (G ó r n y  
1975b), sp ruce forest s ta n d s  (Ka s p r z a k  1979), and  in  a  ca rr forest h a b ita t 
(Ma k u l e c  1983). It h a s  not been found in linden-oak-hornbeam  forest, beech 
forest and  m ixed coniferous forest. It w as rarely noted in pine forests and  spruce  
forests in Norway (Ab r a h a m s e n  1972) and Finland (N u r m in e n  1967b). In te rm s 
of fidelity, it is also a selectively-characteristic species in the stud ied  forests.

Frequency of A. eiseni w as also low, and  it w as considered accidental in m ost 
of the stan d s. The species exhibited high fidelity: it w as found a t 13 s tan d s , an d  
im m ature  individuals of the genus Achaeia  VEJD. were recorded a t 14 sites. 
M a k u l e c  (1983) registered th is  species in linden-oak-hornbeam  forest, c a rr 
forests, m ixed and  coniferous forest. Ka s p r z a k  (1979, 1981) noted it in linden- 
oak-hornbeam  forest, sp ruce  forest stand . It w as not recorded in pine forests of 
Norway (Ab r a h a m s e n  1972) and  Finland (N u r m in e n  1967b). In the stud ied  pine 
forests, it shou ld  be considered as an  accom panying species.

Despite a  few exceptions, the frequency of o ther species found in one or som e 
of the  s ta n d s  w as low. Those species were accidental species. It should  be noted, 
however, th a t the genus M esenchytraeus  w as an  accom panying genus in  the 
th ree  s ta n d s  in B abim ost forest distr. and  in one s tan d  in  Roztocze NP; the  genus 
Marionina w as noted a s  constan t at two s ta n d s  in Roztocze NP.

The constancy  of the occurrence of each species in the  five studied a reas  w as 
also analysed. C. sphagnetom m w as  an  absolutely constan t (euconstant) species 
in all the  areas. O ther species found in Puszcza Białowieska and  Puszcza Biała 
belonged to the  accidental species class. The da ta  on the constancy  of enchy- 
traeid  genera  show ed th a t the  genera Marionina M ic h , and  M esenchytraeus  were 
co n stan t genera  in Roztocze NP and  Babim ost forest distr. respectively.

The analysis of species com position for each object show s th a t Roztocze NP 
enchytraeid  com m unity  differs m ost considerably from o ther com m unities. 
There, individuals of the genera Marionina and Fridericia M ic h , are found in all 
s tan d s . The genus Marionina is an  elem ent of the core of th is  com m unity, such  
cores being com posed of species C. sphagnetorum, M. pelicensis  and  A. eisen i in 
all th e  objects.
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OCCURRENCE OF ENCHYTRAEID SPECIES IN DIFFERENT MICROHABITATS

The n u m b er of Enchytraeidae  species found in the five m icrohab ita ts varied 
from 4 to 12. The sm allest num bers were noted u n d er the least num erous 
m icrosites of ferns and  lichens (Tab. II). The g rea test nu m b er of species -  12 -  
species w as found under m oss. These da ta  were obtained from pa tches of 
vegetation and  litter in all s tands. If we were to analyse the nu m b er of species 
found in different m icrohab ita ts in each of the  areas, the  figures would only 
range from two to six species registered in one type of m icrohabitat.

Six species were found occasionally, in one m icrohab ita t a t one s tand . Henlea  
ventriculosa  w as found in one m icrosite a t two stan d s. C. sphagnetorum  and  M. 
pelicensis  a s  well a s  individuals of the genera A chaeta  and  Marionina were noted 
in all m icrohab ita ts. A. eiseni and  Marionina argentea  a s  well as  Fridericia sp. 
individuals were recorded in six m icrohabitats. Cognettiaglandulosa  and  Enchy- 
laeus buchho lzi-  in  five patches, Bryodrilus eh le rs i-  in th ree m icrosites, Henlea  
perpusilla  an d  M esenchytraeus flavus  in two m icrohab ita ts only.

Only the  species B. ehlersi can  be said to show preference for the  patch  of 
litter, since it w as recorded a t as  m any as five s ta n d s  in th is  m icrohabitat, while 
in  m oss and  g rass  it occurred only a t one s tand . A. eiseni occurred m ostly in 
m oss (in 8 stands), Achaeta  sp. individuals also preferred th is  type of m icroha­
b ita t. No differences in the frequency of each species were reported com paring 
the  d a ta  from  the  stud ied  m icrohabitats.

D ensities of Enchytraeidae  com m unities living in different m icrohab ita ts were 
com pared. The h ighest densities were m ost often recorded for com m unities living 
u n d e r the  plot of m oss (6 stands) (Fig. 1). No correlations were found while 
analysing seasonal fluc tuations in Enchytraeidae  com m unity densities u nder 
different g round  cover plots in Puszcza Białowieska and  Roztocze NP s tands. 
Both in spring  and  a u tu m n  enehytraeid com m unities living un d er different 
m icrosites an d  in different s ta n d s  were highly subject to fluc tuations in density  
(Fig. 2).

DENSITY OF ENCHYTRAEID COMMUNITIES

There are considerable differences in the abundance  of enehytraeid com m u­
nities, both  if d a ta  from different s tan d s  are considered and  as  far as  spring 
an d  a u tu m n  da ta  are concerned. (Tab. III). D ata on the  density  of enehytraeid 
com m unities gathered  from so m any s tan d s  twice a year can  only be of an  
approxim ate na tu re . In a  m ajority of s tands, the  h ighest densities were noted in 
spring. On a n  average the h ighest densities were reported  in Puszcza Białowie­
ska , the  densities of the Puszcza Biala and Roztocze com m unities were a little 
b it lower, respectively, while the  lowest densities were registered in Babim ost 
forest distr. an d  Bory Tucholskie. The differences betw een different s ta n d s  were 
often g rea ter th a n  those noted for different areas. The h ighest a u tu m n  densities 
were noted for Roztocze NP, a little lower densities were reported for Puszcza 
B iala and  th en  cam e Puszcza Białowieska, Bory Tucholskie and Babim ost forest 
distr. Generally, it can  be said  th a t higher densities of Enchytraeidae  were

h — Fragmenta Faunistica
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Table II. Frequency of Enchytraeidae  under different microhabitats.

M i c r o h a b i t a t B i lb e r r y G r a s s L i t t e r M o s s H e a t h F e r n L i c h e n s
L p . S p e c i e s n u m b e r  s i  a m i s 1 4 1 4 1 5 15 13 2 4

a r e a 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 i 2 3 4 5 i 2 3 4 5 1 2 3 4 5
a _ _

1. A chatea  cam erani C o g . b -

c _

a _ _ _ _ _ _ _ _ _ _ + - _ - _ + + + _ - _ + _ _

2 . A. eiseni  V e ld b + _ _ _ _ _ + _ _ _ _ _ _ _ _ + _ _ + _ _ _ 1 _ _ _

c + _ _ 1 _ _ + + 1 _ _ + _ _ _ - + _ 1 + 1 _ _ + -

a + _ 1 _ _ _ _ 2 1 + _ + _ _ + _ + + + _ _ _ _ _ +
- Achaeta  s p . b 1 _ + + _ 1 1 + _ - _ + + _ 1 - _ 1 - _ _ + 1 2 1

c + + _ 1 _ _ 2 _ 2 1 1 + _ + + + 1 + 2 1 1 _ + 1 1 1
a _

3 . Bryodrilus ehlersi U d e b _ _ _ _ _ _ _ _ _ _ + _ + _ _ _ _ _ _ _ _ _ _ _ _ _

c _ _ _ _ - _ _ + _ _ _ _ 1 + _ _ _ + _ _ _ _ _ _ _ _

a X _ _

4 . Bucholzia appendiculata  (B u c h h  ) b _

c _ _

a _ _

Buchholzia  s p . b _

c _

a _

5 . Cognettia cmomcila ( C e r )  c f . b _

c
a _ + _ _ _ - _ _ _ _ _ _ _ _ _ + _ _ + _ _ _ _ _

6 . C . glandulosa  (M ic h .) b _

c - + + _ _ _ + + _ _ _ _ + - - _ _ + _ _ _ _ _ _ _ _

a 3 3 3 3 3 3 1 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 3 2
7 . C . sphagnetorum  (V e jd .) b 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

c 3 3 3 2 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
a + + + + _ _ _ + _

8 . E nchytraeus buchhoLzi V e jd . b _ _ _ _ _ _ _ - _ _ _ + _ _ _ - + _ _ _ _ _ _ _ _ _

c _

a _ _

E nchytrateus  s p . b _

c _
a _ -

9 . Enchytronia  s p . b _
c _

a + _ _

10. Fridericia bulboides N ie l .  e t  C h r i s t . b _

c + -

I. Pilipiuk
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Friderica s p .
a
b
c

+ _ _ _ + _ _ _ __ + _ _ _ _ _ _ _ _ + _ _ _ _ _

+ - - _ _ _ _ _ _ + _ - _ _ + - _ _ _ 1 - _ - _ _ _

1 - _ _ _ _ _ _ _ _ 1 _ _ _ _ + _ _ _ + _ _ _ 1 _

1 1 . Henlea perpusilla  F r ie n d .
a
b
c

_ _ _ _ - - _ + _ _ _ _ _ _ _ + _ _ _ - _ _

_

1 2 . H . ventriculosa  d’UDEK.
a
b
c

_ _

_

_

H enlea  s p .
a
b
c

_ _

_

1 3 . Marianina argentea  (M ic h  )
a
b
c

_ _ _ _ 1 _ _ _ _ _ _ _ _ _ + _ _ _ _ _ _ _ _ _
+ _

+ _ _ _ _ _ _ _ _ _ 1 _ _ _ _ + _ _ _ _ + _ _ _ 1 _

1 4 . Af. ccunbrensis O ’C o n n .
a
b
c

_ _

_ _ _ _ + _

_

1 5 . M. rivaria  B r e t
a
b

_ _

_ _ _ _ + _

c _

- Marianina  s p .
a
b
c

2 _ _ _ 1 - - _ + + _ _ _ + 2 - _ _ - - _ - _ 2 +
2 _ _ 1 _ _ _ + 2 _ _ _ _ 2 _ _ - + 2 _ _ _ _ + _

3 _ _ _ + 3 _ _ _ 1 2 _ _ _ 1 1 _ _ _ + 1 _ _ _ 2 _

1 6 . M esenchytraeusJlavus  (Lev.)
a
b
c

1 7 . M . pelicensis  I s s e l .
a
b
c

_ + + _ - _ 1 _ + _ - 1 _ + _ _ 2 + + _ _ + - 2 +
_ + _ _ + _ _ 1 + _ _ + + + _ _ + + - _ _ + + _

+ _ _ _ 1 _ _ _ _ + _ _ _ + + 1 _ _ _ + + - _ _ + _

M esenchytraeus  s p .
a
b
c

+ + + + + + _ _ + _ + + _ i _ _ + + + _ _ + _ 1 1
+ - _ 1 1 + _ _ 1 2 + _ - 2 2 - + _ 1 2 + _ + +
+ _ + _ 1 _ _ _ + 1 2 2 _ 2 1 + 1 + + + 1 1

N u m b e r  o f  s p e c i e s 9 11 1 0 12 8 5 4

1 -  Roztocze NP 2 -  P. Biała 3 -  P. Białowieska 4 -  B. Tucholskie 5 -  Babimost forest distr.
a 38 34f 538Bf 306 103
b 178 38b 667Bf 340 105a
c 198 62g 668Af 346 105b
-  species no recorded 
Frequency
3 -7 5 .1 -1 0 0 % ; 2 -  50.1-75.0% ; 1 -25 .1 -50 .0% ; + -< 2 5 .0 %
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Enchytraeidae of pine forests in Poland 87

characteris tic  for Puszcza Białowieska, Puszcza Biała and  Roztocze with little 
differences am ong the three areas, while Boiy Tucholskie and  Babim ost forest 
distr. com m unities usually  had m uch  lower densities, b u t also sim ilar to each 
other.

The d a ta  on Puszcza Biala com m unity densities obtained by m eans of two 
different m ethods were very similar. In division 34b, the  d a ta  from random  
sam pling showed the density  to equal 20 000 in d iv iduals /m 2. According to the  
d a ta  obtained from sam pling m icrohab ita ts — each m ictohab ita t’s sha re  in the  
to tal a rea  w as taken  into account — the density  equaled 23 255 in d iv iduals /m 2. 
The figures for division 38b were 13 900 and  16 015 ind iv iduals /m 2 respectively, 
an d  the  figures for division 62g equaled 16 375 and  16 600 ind iv iduals /m 2 
respectively.

Table III. Enchytraeidae densities in stands in pine forests studied in 1987 (N • 103 indiv./m 2).

P. Biała P. Białowieska Roztocze NP B. Tucholskie Babimost forest 
distr.

div.
IV
X

34 f
38.53
20.00

38b
23.13
13.90

62g
17.15
16.38

5 3 8 Bf 
22.88 
18.78

667Bf
2533
10.33

668Af
20.43
23.80

38
20.43
23.80

178
31.50
21.13

198
12.35
20.48

306
16.30
12.13

340
15.25
14.28

346
10.50
13.05

103
22.03
9.55

105a
20.80
12.13

105b
14.13
14.90

X 29.26 19.24 17.75 20.83 17.83 22.11 22.11 26.31 16.41 14.21 14.76 11.78 15.79 16.46 14.51

THE STRUCTURE OF DOMINANCE OF THE COMMUNITIES

In all the  s ta n d s  studied, the dom inance s tru c tu re  of Enchytraeidae  com m u­
n ities w as sim ilar (Fig. 3), C. sphagnetom m  being the  dom inan t species in all 
th e  s tan d s. This species’ share  in a com m unity  ranges from 67% to 99.7%  in 
various s tands. Roztocze NP w as the only area  w here th is  species constitu ted  
less th a n  90% of the com m unities. For the o ther species, only a few constitu ted  
m ore th a n  1% of a  given com m unity: individuals of the genus M esenchytraeus  
accounted  for 1.6% of the com m unity from division 62g in Puszcza Biala. In 
Roztocze they accounted  for 1.1% and 2.5% of the com m unities living in divisions 
198 an d  178 respectively. This genus reached  its h ighest dom inance in Babim ost 
forest distr., varying from 3.1% to 7.7% in various stan d s. M. pelicensis  also 
reached  the h ighest dom inance there: from 1.2% to 4.1%.

A chaeta  w as an o th er Enchytraeidae  genus, w hose dom inance indices exce­
eded 1%. Individuals of th is genus constitu ted  from 3% (a s tan d  in Puszcza Biala) 
to 4.8%  (a s tan d  in Bory Tucholskie) of a com m unity. In divisions 340 and  346 
in  Bory Tucholskie, the  dom inance index for the  species A. eiseni ranged from 
1.7 to 4.2%.

Only in one s tan d  in division 306 of Bory Tucholskie, the dom inance index 
for the  genus Henlea M ic h , w as 2 .5 % .

Marionina w as one m ore genus whose share  in a  com m unity m ight ou treach  
1%, which w as the  situa tion  in one of the s ta n d s  in division 105b of B abim ost 
forest distr. Here th is genus accounted 3.5%  of the  com m unity. The h ighest

http://rcin.org.pl
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Fig. 3. The structure of dominance of Enchytraeidae communities of stands studied: 1 -  C. sphagnetonim, 2 -  Marianina sp., 3 -  Fridericia 
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90 I. Pilipiuk

dom inance figures for th is  g en u s  were noted in Roztocze NP, ranging from 6.8% 
in division 178 and  7.9%  in  division 38 to 15.8% in division 198. The species M. 
argentea  form ed 1.1% of the  com m unity  of division 38 an d  2.3%  of the  
com m unity  of division 198 in th is  area.

The sh a re  of the  genus Fridericia reached  above 1% of a  com m unity  only in 
Roztocze NP. In th is  area  it varies from 1 to 8%.

The d a ta  from the  stud ied  objects showed th a t C. sphagnetorum , M esenchy- 
traeus sp. and  M. pelicensis  a s  well a s  A chaeta  sp. an d  A. eiseni were the m ost 
im portan t species and  genera  a s  far as  the  s tru c tu re  of dom inance w as concer­
ned. The Roztocze enchytraeid  com m unities displayed the m ost d istinct dom i­
nance  s tru c tu re , w ith a  high percentage of the genera  Marianina and  Fridericia.

ESTIMATION OF SIMILARITY OF THE ENCHYTRAEID COMMUNITIES

M orisita’s form ula w as the  b asis  for estim ating sim ilarities betw een enchy­
trae id  com m unities of the  stud ied  areas. The d a ta  on species com position and  
dom inance s tru c tu re  indicated  a  high sim ilarity betw een the com m unities. The 
com m unities’ sim ilarity g raph  (Fig. 4) su p p o rts  th is  thesis. The figure shows

34 f 38b 62g 53 8 Bf 667Bf 668Af 38 178 198 306 340 346 103 105a 105b

34f 0.99 0.99 0.99 0.99 0.99 0.98 0.89 0.99 0.99 0.99 0.99 0.99 0.99 0.97

38b 0.99 0.99 0.99 0.99 0.98 0.90 0.90 0.99 0.99 0.99 0.99 0.99 0.97

62g 0.93 0.99 0.99 0.99 0.99 0.91 0.99 0.99 0.99 0.99 0.99 0.98

5 3 8 Bf 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.99 0.98

667Bf 0.99 0.98 0.99 0.90 0.99 0.99 0.99 0.99 0.99 0.97

668Af 0.98 0.99 0.90 0.99 0.99 0.99 0.99 0.99 0.97

38 0.99 0.95 0.99 0.98 0.98 0.99 0.99 0.98

178 0.94 0.99 0.99 0.99 0.99 0.99 0.99

198 0.91 0.90 0.92 0.92 0.91 0.94

306 0.99 0.99 0.99 0.99 0.98

340 0.99 0.99 0.99 0.98

346 0.99 0.99 0.98

103 0.99 0.99

105a 0.98

105b

Fig. 4. Enchytraeidae comm unities similarity graph (Morisita’s index applied).
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Enchytraeidae of pine forests in Poland 91

M orisita’s  coefficiency index to range from 0 .99 to 0.89, which m eans th a t all 
com m unities were very similar. The differences betw een s ta n d s  s itu a ted  w ith in  
one object were very slight, the  figures being 0 .99 from m ost of the  cases. Bigger 
differences can  only be seen in Roztocze NP. The com m unity from division 198 
differed a  little from the com m unities of o ther s ta n d s  in th is  object, w ith the  
figures equaling 0 .95 and  0.94. This com m unity  w as m ost different from the 
com m unities inhabiting the rem aining objects. The index of coefficiency of th is  
com m unity  in relation to the  rem aining com m unities varies from 0.95 to 0.89. 
A nother com m unity  th a t w as a little different from o thers w as the  com m unity 
from 105th division of Babim ost forest distr. The coefficiency index of th is  
com m unity  in relation to m ost of the rem aining com m unities equals 0 .98 and  
0.97. The d a ta  obtained give fu rther evidence for the  differences in the s tru c tu re  
of dom inance.

VERTICAL DISTRIBUTION OF ENCHYTRAEIDAE

In o rder to analyse the vertical d istribu tion  of Enchytraeidae  in the stud ied  
s tan d s, percen tages of Enchytraeidae  specim ens found in five horizons of soil 
were com pared. In the course of research  the vertical d istribu tion  of all speci­
m ens found in a  given s tand , vertical stra tification  of enchytraeids collected from 
u n d er different m icrohabita ts, and vertical d istribu tion  of species were analysed.

In the first horizon which corresponded to the  L layer of the  soil, 47 to 63% 
of specim ens were found. 16 to 34% of specim ens occurred in  the  second horizon 
(F layer), from  7 to 14% of enchytraeids were collected from the th ird  horizon (H 
layer), while the  rem aining two horizons (A1 and  A2 layers) harboured  4 to 10% 
of specim ens.

The vertical d istribu tion  of enchytraeids in relation to soil type, m echanical 
properties of the  soil and  the type of litter w as also analysed. This analysis 
revealed th a t  in podzols with loose sand  an d  “m or” h u m u s  (division 538 in  
Puszcza Białowieska and  division 198 in Roztocze) 31-32%  of specim ens were 
found in the  lower th ree  horizons. W hen soils with veakly loam y san d  and  “m or” 
h u m u s were considered, the  three horizons harboured  15-21%  of enchytraeids 
(Fig. 5).

The analysis of vertical d istribu tion  of enchy traeids living u n d er different 
m icrosites of litter an d  vegetation w as based  on the d a ta  from three s ta n d s  in 
Puszcza Biała, Puszcza Białowieska and  Roztocze NP. No correlations were found 
betw een vertical d istribu tion  of enchytraeids and  m icrohab ita ts which would be 
p resen t in  all the  s tan d s. Only in the  sam ples taken  from u n d e r pa tches of litter 
in Roztocze can  be seen  a m ore uniform  d istribu tion  of enchytraeids in the  soil 
profile. 30-42%  of specim ens were found in the  first horizon there. However, the  
respective d a ta  for Puszcza Białowieska were 49-56%  (Fig. 6).

No seasonal fluc tuations were found, either, w hen vertical d istribu tion  of 
enchy traeids w as exam ined in s ta n d s  in Puszcza Biała, Puszcza Białowieska and  
Roztocze in  spring  an d  a u tu m n  (Fig. 7).
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Fig. 5. Vertical distribution of E nchytraeidaeof stands in Puszcza Białowieska, Puszcza Biała and
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Fig. 7. Seasonal differences in vertical distribution of Enchylracidae in: a -  Puszcza Białowieska.
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ROZTOCZE

~ ~ 1

Fig. 8. Vertical distribution of Enchytraeidae species of stands studied in: a -  Puszcza Białowie­
ska, b -  Puszcza Biała, c -  Roztocze NP.
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The vertical stra tification  of som e of the m ore n u m erous Enchytraeidae  
species w as also exam ined (Fig. 8). C. sphagnetorum, AL pelicensis  an d  indivi­
du a ls  of the  genus M esenchytraeus  were found predom inantly  in the  upper 
horizons. 60-80%  of individuals of these species were found in the  first horizon. 
E nchytraeids of the genera  A chaeta , Marianina and Fridericia a s  well a s  B. ehlersi 
u sually  inhabited  the  deeper s tra ta .

DISCUSSION 

S p ecies com position

The list of enchytraeid  species registered in the stud ied  pine forests should  
include three m ore species know n to inhabit pine forests, so th a t  to ta l of 20 
Enchytraeidae  species can  be said  to occur in Poland. The following are the 
species th a t  were not recorded in the  stud ied  pine forests: A chaeta  bohemica  
(V e j d .), HemienchytraeiLS bifurcatus N iel  et C h r is t ., (Ma k u l e c  1983) and  Buch- 
holzia Jallax  M ic h . (G ó r n y  1975b). The num ber of species registered in  the 
stud ied  pine forests varied from 6 to 9: each of the Peucedano-Pine turn type 
forests w as inhabited  by 6 species, while 8-9  species were observed in the 
Leucobryo-Pine turn type forests. G ó r n y  (1975b) registered 7 enchytraeid  species 
in  the  Peucedano-Pine turn type forest in Kam pinos NP, while M a k u l e c  (1983) 
recorded 8 species in a  pine forest also s itua ted  in K am pinos NP. C om pared with 
the  da ta  on the n u m b er of species found in Polish pine forests is high. Three 
enchytraeid  species were registered in pine forests by BęęTH, B e r g  a t al. (1980); 
H u h t a , H y v o n e n , Ka a sa l a in e n  (1986), while S p r in g e t t  (1963) recorded four 
species. Lu n d k v is t  (1983) found 6 species of Enchytraeidae  in Sw edish pine 
forests and  so did A b r a iia m s e n  and  T h o m p s o n  (1979) in the ir research  over a  
p ine-spruce forest. N u r m in e n  (1967a, b) recorded 6 species a t 43 s ta n d s  w ithin 
the  sam e vegetation type, one to four species being registered a t each stand . 
A b r a h a m s e n  (1972) recorded 8 species in the  S ou th -E aste rn  Norway (2-7 species 
a t each stand). D ó z s a -F a r k a s  (1985) found as  m any a s  9 species in a  H ungarian  
pine forest. The h ighest num ber of enchytraeid  species in the forests s tud ied  in 
th is  research  were noted for Bory Tucholskie and  Babim ost forest distr.

The following species were found in Scandinavian boreal pine forests, b u t not 
in  Polish pine forests: Cognetiia laponica N u r m ., M esenchytraeus g landulosus  
(Lev.), Enchytraeus norvegicus A b r a h . Marianina simillina N ie l  et C h r is t , w as 
noted in English pine forests. Of the  m entioned above species, AL glandulosus  
and  E. norvegicus have been found in Poland, b u t they were not recorded during 
th is  study. Common to the a reas  m entioned above is a  num ber of species th a t 
also occur in Polish pine forests as  C. sphagnetorum , Af. Jlavus, M. pelicensis, A. 
eiseni and  B. ehlersi

H ungarian  pine forest (D ó z s a -F a r k a s  1985) differs considerably in species 
com position from Polish pine forests. In th is  forest, th ree  species of the  genus 
Fridericia were registered which are not found in pine forests of Poland and  the 
N orthern  Europe. In Poland, only one species of th is genus -  F. bulboides -  w as
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found in Roztocze NP. The species Stercutus niveus M ic h , h as  only been found 
in H ungarian  pine forest and  not in any o ther pine forest.

Species com position of Enchytraeidae  com m unities changes with geographi­
cal la titude . It also seem s th a t the  nu m b er of enchytraeid species increases as  
the clim ate gets w arm er, since the h ighest num bers of enchytraeid species have 
been registered in suboceanic pine forests in Poland and  Hungary. In Puszcza 
K am pinoska, located on the border of suboceanic and  subcon tinen ta l pine forest 
zones, 7 and  8 species were found.

O ccurrence o f enchytraeid  sp ec ies  under different m icrohabitats

The re su lts  obtained seem  to confirm  G o r n y ’s  earlier findings (1975b): the  
g rea tes t n u m b er of species live u n d er the m icrosite of m oss, fewer species are 
found u n d e r litter and  bilberry and  the fewest -  u n d er heath . However, G ó r n y  
did no t find any  species th a t would prefer any m icrosite of vegetation or litter. 
He analysed  da ta  from two s tan d s  in one area  (Puszcza Kampinoska), while the  
p resen t d a ta  were gathered a t 15 s ta n d s  in 5 objects. W hen num bers of species 
registered u n d e r one patch  in a given area are com pared, it can  be seen th a t  
there  are wide fluctuations in the nu m b er of species and  one cannot conclude 
th a t  som e m icrohab ita t is particularly  preferred by enchytraeids. A b r a h a m s e n  
(1972) suggests th a t there  m ay be correlations betw een vegetation type and  the 
occurrence of some Enchytraeidae  species. He also speaks of a  positive correla­
tion  betw een the  num ber of p lan t species and the nu m b er of Enchytraeidae  
species.

The differences in density  betw een Enchytraeidae  com m unities of different 
m icrohab ita ts  in the  sam e s tand  and  betw een com m unities living u n d e r the  
sam e m icrohab ita t in different s ta n d s  seem  to confirm  G o r n y ’s  findings (1975b). 
However, G ó r n y  is of the opinion th a t the species com position and  the s tru c tu re  
of com m unities living in two study  areas, where the proportions of the p lots are 
different, are sim ilar to each other, the only difference betw een the two a reas  
being abso lu te  values of density: the density  recorded a t one of the area  w as 
twice as  high as  th a t of the o ther area. Such differences were not recorded in 
the  p resen t study.

D ensity

The estim ation  of density  of Enchytraeidae  com m unities con tains som e 
errors. On com parison, da ta  on density  obtained by random  sam pling and  the 
“m icrohab ita” m ethod show both  m ethods to produce sim ilar resu lts . It seem s, 
however, th a t  the  la tte r  m ethod gives overestim ated resu lts . This is due to the 
fact th a t it is im possible to exactly estim ate each m icrohab ita t’s proportion in 
the  total area. The sum  of each m icrosite’s sh a re s  som etim es exceeds 100%. 
Differences in density  resu lting  from fluctuations of the  area  of the  m icrohab ita ts 
are  obvious, since p lan ts  influence conditions in the  soil, especially m oisture. It 
seem s, though, th a t it is safer to use the random  sam pling m ethod w here 
Enchytraeidae  show  clustered  d istribu tion  tendencies and do not prefer any  
pa rticu la r m icrohabitat.
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The nu m b er of sam ples in each series w as sufficient, b u t sam ples were taken  
only twice a  year, which does not suffice lo provide a  com plete p icture of seasonal 
fluc tuations in the  abundance  of Enchytraeidae. More frequent sam pling w as 
im possible with the  objects being d istan t from one another. This m ethod, 
however, enables researchers to com pare data  from  m any s ta n d s  in a  relatively 
sh o rt time.

G ó r n y  (1975b) also reported  considerable varia tions in  the  ab u n d an ce  of 
Enchytraeidae  (2800 to 5600 ind iv iduals/m 2) a t two s ta n d s  in  Puszcza Kam pi­
noska. Ma k u l e c ’s  average Enchytraeidae  density  figures (1983) were 16 83 0 - 
54 320 in d iv iduals /m 2. Average densities in Norvegian pine forests (Abr ai ia m s e n  
1972) were from 980 to 47 800 ind iv iduals/m 2. The h ighest density  -  81 280 
in d iv id u a ls /m 2 -  w as noted for a Pinus litter Enchytraeidae  com m unity  by 
S p r in g e t t  (1963). High densities -  about 40 000 in d iv id u a ls /m 2 -  were noted  in 
F innish  pine forests by H u h t a , H y v o n e n , Ka a sa l a in e n  a t al. (1986). O ther papers 
report lower densities. Lu n d k v is t , for instance, no ted  densities ranging  from 
6000 to 23 000 in d iv iduals /m 2 in coniferous forests of cen tral Sweden; P e r s s o n , 
BAAth a t al. (1980) reported  abou t 16 000 in d iv iduals /m 2 in a  120-years’-old 
pine forest; D ó z s a -F a r k a s  noted a density  of 15 000 in d iv id u a ls /m 2 in a 
H ungarian  pine forest. H u h t a , N u r m in e n , V a l pa s  (1969) reported  varia tions in 
density  ranging from 5000 to 12 400 ind iv iduals/m 2. The fluc tuations in density  
registered in th is  s tu d y  are by no m eans different from those found in  o ther 
papers. O ’C o n n o r  suggests th a t the  big fluctuations observed resu lt from  the 
tendencies am ong Enchytraeidae  to live in groups. The fluc tuations are  also 
rela ted  to periods of high or low soil m oisture th a t  had  occurred ju s t  before the 
sam pling (Ab r a iia m s e n  1972). The watering of m icrohab ita ts of m oss and  
bilberry th roughou t the vegetational season  resu lted  in  a  triple increase in 
Enchytraeidae  density  as  com pared with the control m icrohab ita ts  (G ó r n y  
1975a).

Structure o f enchytraeid com m u n ities

W ell-marked dom inance of C. sphagnetom m  is a  phenom enon peculiar to 
pine forests. P e r s s o n , BAAth (1980) report th a t C. sphagnetorum  dom inance 
index reaches 99.9%  in a 120-years’-old pine forest. S im ilar d a ta  are reported  
by A br a i ia m s e n , T h o m p s o n  (1979) -  95-100% , L u n d k v is t  (1983) -  99%, P e t e r ­
s e n , Lu x t o n  (1982) -  96%, Lu n d k v is t  (1982) -  90-100% , A b r a h a m s e n  (1972) -  
98-99% , N u r m in e n  (1967a) -  85-100% . A  little lower dom inance indices o f  C. 
sphagnetorum  are reported  by D ó z s a -F a r k a s  (1985) -  78.7%  an d  S p r in g e t t  -  
42% in pine forest litter. In a  Polish pine forest, G ó r n y  (1975b) obtained for th is  
species dom inance index of 82-96% , and  M a k u l e c  (1983) -  94.5%  on the 
average. The resu lts  obtained in th is study  are very close to those found in o ther 
papers. Differences in the  s tru c tu re  of dom inance occur m ainly in  case o f  these  
species which dom inance indices are below 1%, w hich, in  tu rn  is due to high 
indices reported  for C. sphagnetorum. A b r a h a m s e n  (1972) says th a t  the  a b u n ­
dance of o ther species typical of pine forests never exceeds 10% an d  often ra te s
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below 1%. In the forests studied, the ab u n d an ce  of only a  few species exceeded 
1%. These are: A. eiseni, M. argentea  an d  M. pelicensis.

H igher dom inance indices of species o ther th a n  C. sphagnetorum  are reported  
by N u r m in e n  (1967a): in  a  pine forest B. ehlersi accounted  for up to 50% of a 
com m unity, while M .Jlavus  constitu ted  10-15%. S pr in g e t t  (1963) also reported 
a  different s tru c tu re  of dom inance for pine forest litter, where M. simiLlina 
constitu ted  55% of the com m unity, M. glandulosiis  -  2% and  A. eiseni -  1%. A 
com pletely different s tru c tu re  of an  enchytraeid  com m unity w as reported  by 
P i p e r , Ma c L e a n  and  C h r is t e n s e n  (1982) for a  Pinus pum ila  pine association 
located on the  border betw een taiga and  tund ra : M esenchgtraeus diverticulatus 
Pn e r , M a c Le a n  et C h r is t . -  51% and  M esenchgtraeus  species -  49%.

The sim ilarity of the  com m unities stud ied  is very high, both  w hen d a ta  from 
s ta n d s  situa ted  in one object are com pared and  while com paring different 
objects. This confirm s A b r a h a m s e n ’s  assertion  ( 1 9 7 2 )  th a t pine forest E nchy­
traeidae  com m unities are poorly differentiated. Differences in  species com posi­
tion  are noticeable in the  com m unities of richer vegetation types.

W hile exam ining vertical stratification of Enchytraeidae  of the  s ta n d s  stud ied , 
differences in soil com position, developm ent of soil layers and  the type of h u m u s 
form ation should  be considered. G ó r n y  (1975b) reports th a t  80-93%  of speci­
m ens are found in the  L, F, H, layers and  3-12 % -  in  the  A1A2 horizons. Those 
d a ta  are sim ilar to the  findings of th is  s tudy  : 80-93%  of specim ens were collected 
from the L-H horizons, while 7-14%  -  from the A1A2 horizons. These da ta  differ 
to som e extent from those reported  by Ab r a iia m s e n  (1972). In a  Norwegian pine 
forest, 40% of specim ens were found at a dep th  of 0 -2  cm, 27% -  a t a  dep th  of 
2-4 cm  and  abou t 15% -  a t a  depth of 4 -6  cm. This is probably due to differences 
in the  genetic horizons of the soil. F u rth e r evidence is provided here th a t C. 
sphagnetorum  and  M. pelicensis  inhab it the  u p p er layers of the soil, while 
individuals of the  genera  Marionina, A chaeta  an d  B. ehlersi usually  reside 
deeper in the  soil. The absence of vertical m igrations during the vegetational 
season  is also confirm ed. Vertical m igrations m ay be caused  by changes in soil 
m oisture . Species like C. sphagnetorum, M. pelicensis, M .Jlavus and  E. buchholzi 
are  considered hum us-re la ted  epigean species, while the genera Achaeta  and  
Marionina and  the species E. parva  are considered m ineral soil-related euedap- 
hic species. Sim ilar d a ta  on vertical stra tification  were obtained by S p r in g e t t  
(1963). She reports  th a t individuals of the gen u s M esenchgtraeus  and  the species 
C. sphagnetorum  are th e  m ost n u m erous ones found in the  litter, M arionina sp. 
are m ost a b u n d a n t in the  h u m u s  layer and  Achaeta  sp. -  in the  m ineral soil. 
However, m any species are know n to inhabit various layers, so we can  only speak  
of tendencies here, and  no t of stric t correlations. G ó r n y  (1975b) registered B. 
ehlersi and  Achaeta  sp. only in the litter and  the  decom posed m atte r  layer, while 
only C. sphagnetorum  occurred below the  organic layer.

The occurrence of enchy trae ids in relation to soil, san d  and  h u m u s  type w as 
analysed. A b r a iia m s e n  (1972) describes correla tions betw een soil s tru c tu re  and  
the  occurrence of enchytraeid  species inhab iting  m ineral soil. He gives the 
exam ple of E. parva, w hich is m ost a b u n d a n t in  sandy  soil where particles are 
u sually  0 .02 -0 .6  m n  and  of E. nori^egicus, w hich is m ost a b u n d a n t where
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p a r t i c le s  a r e  0 . 6 - 2 . 0  m n .  O ’C o n n o r  ( 1 9 5 7 )  s u g g e s t s  t h a t  t h i c k  c u t i c le  of Achaeta  
in d iv id u a l s  i s  p r o b a b ly  a n  a d a p t a t io n  fo r  l iv in g  in  c o m p a c t e d  s o i l  c o m p o s e d  o f  
s m a l l  p a r t ic le s .  H o w e v e r , in d iv id u a ls  o f  t h i s  g e n u s  w e r e  n o t  r e p o r te d  to  o c c u r  in  
g r e a t e r  n u m b e r s  in  s o i l s  w ith  t h e  m o r e  c o m p a c t  v e a k ly  lo a m y  s a n d  t h a n  in  s o i l s  
w h ic h  h a d  lo o s e  s a n d  in  t h e ir  p r o file .

An a ttem p t to find differences in the  occurrence of enchy traeids related  to 
soil type, the  type of sand  in soil profile and  the type of h u m u s  w as unsuccessfu l. 
This id probably due to relatively sm all differences in m echan ical com position 
th a t  exist betw een podzolic and  ru sty  soils a n d  betw een loose and  veakly loam y 
sand . W hatever the  differences, enchy trae ids do no t perceive them . Some 
tendencies concerning vertical d istribu tion  w ere found while com paring podzols 
w ith “m or” h u m u s  and  loose sand  in profile and veakly loam y san d  podzols 
(“m or” hum us). More stud ies  should  be carried  out in order to confirm  the resu lts  
obtained.

CONCLUSION 

R egional d iversity

The Leucobryo-Pinetum-type forest com m unities have a  g rea ter n u m b er of 
species. Both the total n u m b er of species and  the n um bers  of species registered 
in each a rea  were g rea ter th a n  those of the Peucedano-Pine turn- type forests.

The d a ta  on species com position, constancy  and  fidelity of each species, 
s tru c tu re  of dom inance and  the graph  of sim ilarity indicate th a t there  is only 
one type on enchytraeid  com m unity in the pine forests stud ied . It is c h a ra c ­
terized by m arked  dom inance of C. sphagnetorurri The core of th is  com m unity- 
type also consists of M. pelicensis  an d  M esenchytraeus  sp. as  well as  A. eiseni 
and  Achaeta  sp. This com m unity-type is m ost considerably changed in Roztocze 
NP where the  genera Marionina and Fridericia occur, C. sphagnetorum  still being 
the  dom inant. Despite these  differences, sim ilarity indices are  very high and  no 
com m unity-type can  be considered characteristic  of suboceanic pine forest or 
subcon tinen ta l pine forest only.

Lower densities noted in Bory Tucholskie and  B abim ost forest distr. are no t 
characteris tic  for the  Leucobryo-Pinetum-type  forest Enchytraeidae  com m unities 
since the densities recorded in Roztocze NP, which is also a suboceanic  pine 
forest, are sim ilar to those noted in the  Peucedano- Pine turn -  type forests.

Influence o f anthropopressure

B ecause various effects of an th ropogenous practices an d  of phytosociological 
regional differences are superim posed  on one another, it is alm ost im possible to 
exam ine each one separately. The safest m ethod in th is  case is to com pare a reas  
belonging to one vegetation type.

O ur stud ies show th a t  an th ropogenous p ressu re  does not re su lt in  poorer 
species com position. However, in a reas  w here the p ressu re  w as very strong  (Bory 
Tucholskie, Babim ost forest distr.) lower densities of Enchytraeidae  were reco r­
ded. Slight differences in the  s tru c tu re  of dom inance can  hard ly  be ascribed  to
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an th ropogenous p ressu re . The analysis of sim ilarity indices does not suggest 
any  influence of an thropogenous p ressu re  either.

It seem s, therefore, as  strong an  an th ro p o p ressu re  observed in the  objects 
s tud ied  does not influence the s tru c tu re  of enchytraeid  com m unities, b u t it h a s  
a n  adverse effect on the densities. D ifferences in species com position and  the 
s tru c tu re  of dom inance are related to local soil conditions and  regional phyto- 
sociological diversification.
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STRESZCZENIE

[Tytuł: Enchytraeidae  (Oligochaeta) borów świeżych Polski]

B adaniam i objęto s tru k tu rę  zgrupow ań Enchytraeidae w  sosnow ych borach  
świeżych Peucedano-Pinetum  i Leucobryo Pinetum  położonych w pięciu różnych 
regionach Polski, Stwierdzono występowanie 17 gatunków . Analiza sk ładu  
gatunkow ego, stałości i w ierności w ystępow ania poszczególnych gatunków , 
s tru k tu ry  dom inacji oraz diagram  podobieństw  wykazały istn ien ie jednego 
zgrupow ania Enchytraeidae  w borach  świeżych. Charakteryzuje się ono wysoką
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dom inacją C. sphagnetorum  W skład trzonu tego zgrupow ania w chodzą także 
M. pelicensis  i A. e isen t

Nie stw ierdzono różnic w frekwencji gatunków  w próbach  z różnych płatów 
roślinności. Średnie zagęszczenie w ahało się od 11 780 do 29 260 o so b ./m 2. 
Przeprow adzona analiza rozm ieszczenia pionowego Enchytraeidae  w zależności 
od typu gleby, ściółki i w różnych p łatach  roślinności nie w ykazała znaczących 
różnic ilościowych. Istnieją na tom iast różnice w stratyfikacji pionowej poszcze­
gólnych gatunków .

Boiy Leucobryo-Pinetum  charak teryzu ją  się większym  bogactw em  g a tu n k o ­
wym niż PeucedanoPinetum . Stopień nasilen ia an tropopresji w badanych  bo ­
rach  nie m a wpływu n a  s tru k tu rę  zgrupow ań wazonkowców, wpływa na tom iast 
ograniczająco n a  ich zagęszczenia.
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