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Abstract. Paper presents som e geobotanieal and soil research, which are carried out in pine forest, 
situated in the five geographical regions of Poland (Wielkopolska. Bory Tucholskie, Puszcza Biała, 
Puszcza Białowieska and Roztocze). The aim of the study was to make a phytosociological diagnosis, 
estimation of soil condition and analysis of phytocenoscs for zoocenological purposes. Studied plant 
comm unities are represented by two regional association: [jencobryo-Pinetum and Peucedano-Pine- 
tum and two types of soil: podzolic and rusty soil belonging to the podzolic earthe. Physical and 
chemical soil properties, phytosociological data, as well as results of floristic composition of different 
regeneration stage of pine forest are presented.

AN INTRODUCTION

The s tudy  a re a s  chosen  have been described in geobotanieal and  pedologie 
term s to the ex ten t th a t  w as required by zoocenological stud ies. The a reas  are 
s itu a ted  in  five reg ions of Poland, th ree a reas  in each: Babim ost forest d istric t 
in the  region of W ielkopolska (stand 1 is located in forest section 105, s tan d  2 -  
in forest section 105a, s tan d  3 -  in section 103); Roztocze National Park  in the 
region of Roztocze (stand  1 in section 287, s tan d  2 in  section 278, s tan d  3 in 
division 155); Osie forest district in Bory Tucholskie (stand 1 in section 340, 
s ta n d  2 in section 306, s tan d  3 in section 346); Ostrów M azowiecka forest d istric t 
in  Puszcza B iała (stand  1 in section 62, s tan d  2 in section 38, s tand  3 in section 
34); H ajnów ka forest d istrict (Starzyna subdistrict) in Puszcza Białowieska 
(stand  1 in  section 668, s tan d  2 in section 667, s ta n d  3 in section 538).

The s tudy  consisted  of:
-  a  phytosociological analysis -  based on phytosociological releve protocols 

ob tained  according to B raun-B lanquet’s technique. This study  provided d a ta  for
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a  general description of the  phytocenoses, syn taxonom ic evaluation, com pari
sons betw een phytocenoses of different regions as well a s  betw een phytocenoses 
exhibiting various degrees of regeneration.

-  a pedologie analysis -  th is  provided a  descrip tion of soil conditions in the  
s ta n d s  stud ied , including som e of the chem ical charac te ris tics  of the  soils (to be 
used  in the analysis of the  da ta  on soil fauna).

-  an  analysis of the  s tru c tu re  of the  phytocenoses -  th is  study  used  d a ta  
collected from a netw ork of “checks”. The purpose  of th is  analysis w as to exam ine 
the spatia l diversity of the  ground  layers of the p lan t associations.

PHYTO SOCIOLOGICAL ANALYSIS OF TI IE STUDY AREAS.

As far as  the  hab ita t type is concerned, all the s ta n d s  stud ied  are  s itua ted  in 
pine forests. For the sake of a  phytosociological analysis, releve protocols were 
taken  a t each s ta n d  (Tab. 1). The p lan t com m unities rep resen t m ore or less 
transform ed  d istu rbed  form s of two regional p lan t associations: the  suboceanic 
type of pine forest (Wielkopolska, Roztocze and  Bory Tucholskie) and  the 
subcon tinen ta l type of pine forest (Puszcza Biala and  Puszcza Białowieska). The 
subcon tinen ta l type of pine forest, seen  predom inantly  in m ixed forests of the 
con tinen ta l clim ate zone, is characterized by a m uch  g rea ter n u m b er of p lan t 
species growing in various m icrohab ita ts and  by a g rea ter proportion of the 
so-called “Sarm atian" p lan t species th a n  th a t  found in suboceanic  pine forests 
growing m ostly in C entral Europe.

A part from differences betw een the varieties of pine forests in  Europe, there 
also are  differences betw een p lan t com m unities of the  sam e type growing in 
different regions as  well as  betw een phylocenoses s itu a ted  w ith in  one region. 
The la tte r are due to biogeographical factors (species occupying a reas  of unequal 
sizes), h ab ita t conditions (certain differences in  soil fertility and  hum idity) and  
anthropogenic im pact.

The pine forest com m unities in Babim ost forest d istric t, W ielkopolska, are 
s itu a ted  in the  m ezoregion of B ruzda Zbqszyiiska on the border of the  Kotlina 
Kargowska mezoregion. These com m unities exhibit a  considerable degree of 
an th ropopression . The pine forests of the three com m unities are  of approxim a
tely the sam e age (100 years old) and grow on form erly arable soils, consequences 
of which can  be seen both  in the floristic com position, the s tru c tu re  an d  the soil 
profiles. The com m unities can  be classified as  regenerating pine forests of the 
suboceanic  type with various degrees of transform ation .

S tand  1 (forest section 105) com prises a  pine forest in  the  stage of advanced 
regeneration. The forest does not differ considerably from a  typical pine forest 
of the suboceanic type {I^eucobiyo-Piiietuin). The floristic com position of th is  
s ta n d  is slightly poorer th a n  could be expected in th is  region, w ith a  m oderate 
transfo rm ation  of its s tru c tu re  (too high a proportion of D eschanipsia Jlexaosa, 
lack of spatial hom ogeneity of the g round  cover and  signs of a  recen t m echanical 
dam age to the bryophytc layer). The underg round  w ater level in th is  forest is 
ra th e r  high for a pine fcrcet, owing to which Molmia cocrulea can  grow here.
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Tabic I. The floristic composition of the plant associations studied

15

Ijeucobn/o-Pinetum Peucedano-Pinetum
Number of stand 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Region 0 W W W R R R T T T K K K B B B
Nr of stand in the region 0 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Cover of tree layer 0 60 60 60 60 70 70 80 85 70 60 70 60 50 50 60
Cover of shrub layer 0 30 25* - 5 10 30 + 10 + 20 20 40 20 25 30
Cover of herb layer 0 80 70 5 80 80 90 70 30 70 70 80 70 60 70 70
Cover of bryophyt. layer 0 90 40 80 99 95 95 90 99 99 90 90 99 90 90 80
The number of species 0 18 17 8 36 29 36 30 18 21 41 39 49 57 46 40

Trees
Piniis silvesLris a 4 4 4 4 4 4 5 5 4 4 4 4 3 3 3
Punts siluestris b 3 4 /+ - 1 + 1 - 1 _ 1 2 + - - 3
Pmus silvesLris c 2 + + ‘ 1 + - + 1 + - + - - + -

Betula verrucosa a - - - - - - - - - 2 _ - 1 1 3
Betula verrucosa b - - - - - + - - - + - - - + _

Betula vernicosa c + + - + - + + - + - + + _ + _

Qaercus robur a + + 1
Quercus robur b - - - - - + - - - - - - + - 1
Quercus robur c - + - + + + - - - + + + + + +
Sorb us aucuparia b - - - - + + + + -

Sorbus aucupaiia c - - + + + r - - - + + + - + +
Picea excelsa a - - - 1 1 3 + 2 2
Picea excelsa b - - - - 2 2 2 2 3
Picea excelsa c + + +
Abies alba b - - _ + + +
Abies alba c - - - - + - - - - - - _ - _ _

Faqus silvatica a - - - - - + - - - - - _ - _ _

Facius silvatica b - - - + + 1
Faqus silvatica c - - - - + - - - - - - - - - -

Pop ulus tremula a +
Pop ulus tremula c - - - - - r - - - - - + + - -

Differential species of the regional associations
Leucobnium qlaucum d + + 2 3 2 2
Solidaqo vi/qa-aurea c - - - - - - + - - + + + + + _

Anthericum ramosum c - - - - - - r - - _ + + + + -

Peucedanum oreoselinum c - - - - - - - - r - - + + + -

Convallaria maialis c + - + + 1 -

Polqqonatum odoratiun c + + + + -

Rubus saxatilis c _ _ - - - - - - - + - - + + +
Scorzonera humilis c + + + _

Other species
Dicranum undulatum d 3 3 3 2 3 3 3 4 3 3 4 3 2 3 1
Entodon schreberi d 3 4 2 5 4 3 3 2 3 4 3 4 3 3 4
Calluna vulqaris c 1 2 - + + + + 1 2 1 2 + + 1 r
Vaccinium mqrtillus c 2 3 - 4 4 3 3 + 3 2 3 3 2 3 3
Vaccinium vitis-idaea c 2 3 - 2 2 2 1 2 2 1 2 + 1 1 +
Festuca ovina c r - - + + + 1 + + 3 2 1 + 1 1
Melampqrum pratense c + - - 2 3 3 2 + 1 2 2 + 1 1 +
Franqula alnus b - - - + + - - - - + + + _ _ _

Fran quia alnus c + + - 1 + + + - - + - + - + +
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Junipenis communis b - - - 1 r - 1 + + 2 2 3 _ - -
Juniperus communis c - - - + - - - - + + + - + + +
I fylocomium splendens d - - - - + + + + + 1 + + 3 3 2
D escham psia flexuosa c 5 3 1 - - 2 2 1 2 + - 2 - + -
Carex e rice to rum c r + - r - - + + + + + - r - +
Rumex acetosella c - + - r - r + - - + + + + + +
Luzula pilosa c - - - + + 1 1 - - + + 1 + + 1
Dryopteris spinulosa c - - - + r + + - - + + + r + -
Agrostis vulqaris c - - - r - + + - -+ + + + + + +
Poly trichum juniperinum d - - - + - + - - 1 + + + + + +
Dicranum scoparium d + - - + + + + 1 + +
Polytrichum commune d - - - + + + - - + - 1 + - + +
Luzula multiflora c - - - + + - + - + + + + - + -
Calamaqrostis anm dinacea c - - - + - - + - - + + + 2 2 +
Carex pilulifera c - - - - + + + - - + + + + - +
Trientalis europaea c - - - - - + - - - 2 + 2 1 1 +
Pohlia nutans d + + 3 - - - 1 + 1
Anthoxanthum odor a turn c - - - - - - r - - + 1 + + - +
Corylus avellana c - - - r r + r r
Polytrichum attenuatum d - - - - + - + - + + + - - -
Sieqlmqlia decum bens c - - - r - - - - - + + + + - -
Hieracium pilosella c + + + + + -
Cy Lis us ruthenicus c + + + + + -
Veronica officinalis c + + - + + +
Pteridium aquilinum c 1 + - 1 1
C ytisus ratisbonensis c - - - + - - - - - + + + - - -
Cladonia sp. d - + + - - - - + - - - - - - -
Chamacnerion anqustifolium c - - - r - r - - - - - + - - -
Calamaqrostis epiqeios c - - - - + - - - - - + - + - -
Cladonia ranqiferina d + 2 + +
Maianthemum bifolium c - - - - - + - - - - - - + 1 -
Carex fusca c + + - + - - -
Ijycopoclium clauatum c + 1 - - - +
Hieracium umbellatum c - - - - - - - - - r - r - r -
Ptilium crista-castrensis d + + + -
Mnium sp. d + + +

M oreoverinone or two releves: Alnus glu tinosab  w 4 (r). Campanula rotundifoliaw  2 (r). Carex digitata  
w 13 (+), C. leporina w 10 i 12 (+), Carpinus bctulus w  13 i 15 (r). Chim aphilaum bellata  w 11 i 12 (+), 
Cladonia silvatica  w 7 (+) i w 8 (1), Dactylis glomerata w 1 (r). Dianlhus arenarius w 13 (+), Festuca 
rubra w 10 i 12 (+), Fragaria vesca  w 13 i 14. (+). Galcopsis te tra h itw 5  (r), Galium mollugo w 13 (+), 
Genista tinctoria, w 14 i 15 (+), Geranium sanguineum w  13 (+), Goodyera repen sw  14 (+), Hieracium 
murorum w 13 (r). Ilolcus mollis w 12 (+). Hypericum perforatum  w. 15 (+), Lycopodium annotinum w  
6 (+), L. complanatum  w 12 (+), Malus silvestris  c w 6 (r). Melica nutans w 13 (+). Milium ejfusum  w 
13 (+), Moehringia trinervia w 14 (+). Molinia coerulea w 1 i 15 (+), Nardus stricta w 4 i 5 (+). Oxalis 
acetosella  w 5 (+), Pirola secunda  w 15 (+), Pints communis w  11 i 12 (+), P oapratensis v. angustifolia 
w 13 i 15 (+), P. trivialisw  15 (+), Potentilla erecta  w 12 i 14 (+). Pninus serotina  w 4, i 6 (+), Pulsatilla 
p ra te n s is w 7  (+), P. teklae  w 13 (+), Rubus plicatus w. 6 (r). Senecio silvaticus w 15 (+), Silene nutans 
w 13 (r). Stellaria graminea w 15 (+), Trifolium alpcstre  w 7 (+), Urticadioica w 13 i 14 (r), Vaccinium 
uliginosumw  4 (+), Veronica cham aedrys w 13 i 14 (+). I'io/a sp., w 12 i 13 (+), Vincetoxicum ojjicinale 
w 13 (+).
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S tand  2 (section 105a) exhibits a  m u ch  greater degree of transfo rm ation  
m ostly in spa tia l struc tu re . It seem s th a t  in addition to  the  “prim ary” process of 
forest regeneration  following afforestation of an  arable land, two o ther k inds of 
regeneration can  be seen  a t th is  stand: regeneration following a sm all forest fire 
and  regeneration  after a  m echanical dam age the p lan t cover caused  by silvicul
tu ra l  p ractices.

The p lan t com m unity of s tan d  3 (section 103) rep resen ts  the  stage of g rea ter 
degeneration so th a t it is im possible to classify th is  association a s  a  Leucobryo- 
Ptnetum  p ine forest, even though it definitely rem ains in  a  dynam ic relationship  
with th is  association  type. The m ajor signs of transform ation  a t th is  s tan d  are: 
lack of sh ru b  layer in large areas, an  alm ost complete absence of g round cover 
(a few aggregations of D eschampsia Jlexiiosa) and  the re su lta n t poor floristic 
com position of th is  s tan d s  as well as  atypical proportions of species in the  
bryophyte layer.

The pine forest sites studied in Roztocze (the m ezoregion of Middle Roztocze), 
located in Roztocze National Park, are prim e representatives of the  suboceanic 
type of pine forest in its region-specific variety. C haracteristic  of th is variety is 
the  occurrence of fir, spruce and  beech, m ostly in the  layer of sh ru b s . S tan d s 1 
and  2 have floristic com position and  s tru c tu re  typical of the  pine forest of th is  
region, while s ta n d  3 rep resen ts  a dynam ic phase  of th is  com m unity type where 
a  high proportion  of the sh ru b  layer slightly changes quantitative relations in  
the  g round  cover.

The pine forest com m unities s tud ied  in Bory Tucholskie (Osie forest district) 
rep resen t the  Pom eranian variety of the  suboceanic pine forest type. Since the 
stu d y  a rea  is s itu a ted  n ea r the easte rn  border of th is  association, p lan t species 
distinctive of the suboceanic type of pine forest are not ab u n d an t. The m ajority 
of the  forests have been  m arkedly distorted  from their n a tu ra l s ta te  by intensive 
silv icultural practices. From  among the th ree s ta n d s  selected in th is  region, two 
(stands 1 an d  3) are  typical pine forests, while s tan d  2 can  be classified as a 
Cladonio-Pine turn forest w ith its sm all proportion of Vaccinium myrtilLus and  a 
high proportion  of lichens of the genus Cladonia.

The pine forest stud ied  in Puszcza Biała (the m ezoregion of Międzyrzecze 
Łomżyńskie) are  s itu a ted  in Ostrów Mazowiecka forest d istrict, the  subd istric t 
of Dybki. They rep resen t the  “Sarm at ian” variety of the  subcon tinen ta l type of 
p ine forest (Peucedano-Pinetum ). A characteristic  feature of these  com m unities 
is a  high proportion of g rass species (Agrostis vulgaris, Sieglingia decum bens  and  
A nthoxanthum  odoratum) and  of jun iper. This m ay be due to the  fact th a t  un til 
qu ite  recently  cattle  w as p u t out to p as tu re  in those forests.

The associa tions of pine forests stud ied  in Puszcza Białowieska are located 
in the  m ezoregion of W ysoczyzna Bielska (the d istric t of Hajnówka, th e  su b d i
s tr ic t of Starzyna). They rep resen t the  subboreal variety of the  subcon tinen ta l 
type of pine forest (Peucedano-Pinetum) with sp ruce in  forest s ta n d s  and  in  the 
s h ru b  layer. A peculiarity  of the pine forests of Puszcza Białowieska is the 
occurrence of hazel and  hornbeam  trees since these  species are m ostly found 
in  deciduous forests. However, the  specim ens of these  tree species are not 
a b u n d a n t an d  very small. The s tru c tu re  and  floristic com position of s ta n d s  1

2 — Fragmenta Faunistica
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and  2 are typical of the  association type m entioned above, while s ta n d  3 is in 
the  phase  of regeneration  following clear-cu tting  of the adjacent forest division, 
which has resulted in the thinning out of the bryophyte layer and poorer floristic 
composition of the stand  studied.

SOIL CONDITIONS IN THE PINE FORESTS STUDIED

All the soils s tud ied  have developed from the  sam e type of lithologic m aterial, 
i.e. sands, which, however, differ in the ir m orphogenesis. The sa n d s  in  Puszcza 
B iała are connected with glacial accum ulation, the  sa n d s  in  Roztocze w ith fluvial 
accum ulation , while the  san d s  in the  rem aining th ree regions (Puszcza Biało
w ieska, Bory Tucholskie and  Babim ost in W ielkopolska) are connected with 
glaciofluvial sedim entation.

C om pared w ith the soils derived from glaciofluvial san d s, the  soils w hich have 
developed from glacial sa n d s  contain  slightly larger p roportions of the  skeletal 
fractions (i.e. particles larger th a n  1 mm) and  of the  fine sand  fraction (i.e. 
particles betw een 0.5 m m  an d  1 m m  in diam eter). A h igher proportion  of fine 
san d  in  these  soils is indicative of a  richer m ineral com position, w hich, in  tu rn , 
is connected with the  occurrence of g rea ter food reserves for p lan ts . As to 
m echanical com position, the  upper horizons of the  soils form ed from glacial 
sa n d s  as  well as  of some of th e  soils derived from fluvial sa n d s  con tain  coarse 
sand , while the  lower horizons of these  soils can  be classified a s  loose sands. 
The soils form ed from glaciofluvial sa n d s  have the  loose san d  tex tu re  th ro u g h o u t 
th e ir  soil profiles.

Irrespective of the  litho-petrographic characteris tics  of the  geological m a te 
rial, in w hich the  soils s tud ied  have originated, all of them  are acid w ith low base 
sa tu ra tion . The upper horizons are m ore acid th a n  the lower ones.

The fact th a t the  soils s tud ied  do not differ m uch  in th e ir  physicochem ical 
characteris tics  can  be ascribed to sim ilar conditions of soil form ation: sim ilar 
lithologic and  higro-therm al conditions as  well as  sim ilarities betw een p lan t 
associa tions growing on these  soils.

In term s of soil typology, all the soils stud ied  belong to the  class of Spodosols 
an d  fall into two soil types: podzolic soils (4 stands) and  ru sty  soils (11 stands). 
All of them  are acid soils of low base sa tu ra tion . The u p p e r soil horizons are 
m ore acid th a n  the  lower soil horizons (Tab. II). The ec tohum us th a t  develops in 
the  soils s tud ied  belongs e ither to the  m or type (with the litter, ferm entation  and  
ep ihum us horizons) or to the  m oder type (with the litter and  d e tritu s  horizons). 
In term ediate form s of ec tohum us can  develop as  well. The soils of B abim ost 
forest d istrict, W ielkopolska, are clearly d istinct from the  soils of the  o ther 
regions because they were used  for farm ing pu rposes up  to  the  end of the  19th 
century , an d  now con tain  a plow horizon.
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Table II. Soil properties in the stands studied.
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Region
Stand 
(nr for. 

sec.)

Soil type 
(humus 

type)

Soil
horizon

Depth
(cm)

Sand
type Chemical characteristics

PH 
in KCl

n o 3
(mg/11

n h 4
(mg/11

C org. 
(%1

Babimost 1(105) rusty Ah 0-3 l.s. 3.0 5.0 48 2,25
proper Ahp 3-30 l.s 4.1 4.4 31 0,31
[moder- Br 30-70 l.s 4.2 3.2 30 0,13. . C >/U 1, b ■1,3 3.2 20 0.11

Babimost 2(105a) rusty Ah 0-3 l.s. 3.3 3,3 166 4,27
proper Ahp 3-20 l.s. 3.2 4,4 120 4,65
|mor) Br 20-60 l.s. 4 .3 3,2 24 0,52...L >60 . l.s. 4,7 3.2 20 0.11

Babimost 3 (103) rusty A1 0-5 l.s. 3 ,3 3.3 66 2,27
proper Br 5-25 l.s. 3 ,9 1.9 10 0,31
|mor| BrC 25-60 l.s. 4 .5 1,9 14 0,31

. .L >60 . l.h. _ 4.7 4.2 12 0 .05
Roztocze 1 (287) spodosol A1A2 0-11 l.s. 3.2 3,4 23 1,21

ran A2 11-23 l.s. 3 ,8 2,6 18 0 ,38
humic BH 23-31 l.s. 4 ,0 2,3 29 0 ,63
lmor| BHS 31-40 l.s. 4 ,5 2,3 17 0 ,20

BS 40-80 l.s. 4 ,6 2,3 17 0 ,08. .. L >80 .„Lb, 4 .6 1.6 17 0.01
Roztocze 2 (278) rusty A1 0-23 c.s. 3,1 4,8 19 0 ,93

proper Br 23-54 c.s. 4,2 3,5 20 0 ,43
Imoder) BrC 54-104 c.s. 4 ,4 2,8 18 0,08

C >104 1 .: . 4.6 3.1 18 0.02
Roztocze 3 (155) podzolic A1A2 0-11 C.S. 3,8 2,5 26 1,34

proper A2 11-20 l.s. 3.8 2,7 19 0,97
lmor| B 20-27 l.s. 4,2 2,2 23 0,30

BC 27-72 l.s. 4.4 2,4 15 0,24
C l.s. LB 1.5 24 0.04

Bory 1 (340) rusty A1
„

0-12 l.s. 3,3 3,6 19 1,33
Tucholskie proper Br 12-64 l.s. 4 ,2 2,8 16 0,79

imiAkTl _L' . ... >64 Lb, . 1,1 3.2 17 0.35
Bory 2 (306) rusty A1 0-11 l.s. 3,3 3,5 20 1,39
Tucholskie proper Br 11-53 l.s. 4,1 2,6 16 0,55

L u i 'jd a i . l > f c Lb, 4 .5 2.7 16 0.20
Bory 3 (346) rusty A1 0-9 l.s. 3,4 4,8 18 2,20
Tucholskie proper Br 9-54 l.s. 4 ,3 3.6 17 0,67

Im u d u l C >54 Lb, 1,5 2.3 18 0.31
Puszcza 1 (62) rusty A1 0-12 c.s. 3,1 2,9 30 2,53
Biata proper Br 12-72 c.s. 4 ,3 2.4 33 0,58

|mor- BrC 72-90 l.s. 4 ,6 1,8 24 0,02... C Lb, 4 ,5 3.0 18 0.05
Puszcza 2 (38) rusty A1 0-14 c.s. 2.7 6,8 23 3,91
Biała proper Br 14-54 c.s. 3,4 3,2 17 0,97

|moder| BrC 54-90 l.s. 4 ,5 2,5 15 0,07
L >90 Lb, 1 .6 1 .5 24 0 05

Puszcza 3(34) rusty A1 0-9 c.s. 3,5 3,5 22 2,70
Biała proper Br 9-64 c.s. 4 ,2 3,0 19 0,79

[moderl BrC 64-88 l.s. 4,2 2,2 13 0,13
L >88 Lb, 175 2 ,3 18 0.09

Puszcza 1 (668) rusty A1 0-9 l.s. 3,1 3,4 46 1,33
Białowieska proper Br 9-30 l.s. 4.2 2.8 16 0,48

jmoderl BrC 30-80 l.s. 4 ,4 2,4 12 0,13
c >60 L b ,. _ L6 2 ,6 28 0.06

Puszcza 2 (667) podzolic A1A2 0-16 l.s. 3,2 3,1 20 1,32
Białowieska proper B 16-28 l.s. 3 ,8 2,3 46 0,73

Irnor- BC 28-75 l.s. 4 ,3 2,3 36 0,31
-moderl L . as Lb. 4 .5 3.7 46 0.03

Puszcza 3 (538) podzolic A1A2 0-1 1 l.s. 2 ,8 5,6 32 2,70
Białowieska proper A2 11-17 l.s. 3,9 2,9 40 1,13

|mor| B 17-29 l.s. 3 ,4 2,3 25 0,55
BC 29-64 l.s. 4 ,5 2,8 30 0,28
C 64 l.s. 5.0 2.3 23 ..CLQ3

Type of sand: l .s .-  loose sand, c .s .-  coarse sand.
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SPATIAL DIVERSITY OF THE GROUND LAYERS OF THE FOREST PHYTOCENOSES
STUDIED

An investigation of the  spatial diversity of the  g round  layers of p lan t a ssoc ia 
tions growing in  the  study  a reas  w as carried ou t in four regions: Roztocze, Bory 
Tucholskie, Puszcza Biała and  Puszcza Białowieska. At each s tan d , a  plot 
representative of the  whole association w as selected and  in  th is  p lot a  “grid” 
(25x 25m) w as chosen. The “grid” w as th en  divided into 25 basic resea rch  fields 
(5x 5 m) squares). A releve protocol w as tak en  a t each of the  basic  fields (25 
protocols a t a  stand). The protocols com prised the layers of sh ru b s , h e rb s  an d  
bryophytes.

The investigation consisted  of:
-  a n  analysis of coefficiency of releve protocols tak en  a t each “grid” (the d a ta  

from all the  s ta n d s  in one region were analysed collectively). The analysis w as 
based  on Czekanow ski’s  coefficient (Fig. 1-4) and  served to draw  the  bo rders  of 
spatia l g roups of basic research  fields (Fig. 5).

-  an  analysis of average coefficiency index values obtained for th e  25 basic  
research  fields a t each of the  s tan d s  (Tab. III).

-  an  analysis of frequency of species w ithin each s ta n d  -  frequency index w as 
calcu lated  for each “grid” (Tab. IV).

-  an  analysis of abundance  and  spatial d istribu tion  of selected p lan t species 
[Vaccinium myrtillus, Calluna vulgaris and  M elam pyrum pratense) and  g roups of 
species (ferns and  grasses), as  well as  of certain  charac te ris tics  of the  phytoce- 
nosis s tru c tu re  (Fig. 6 -8 , Tab. V).

-  an  analysis of coefficiency of s tan d s, based  on the  d a ta  concern ing  the 
frequency of various species in the  “grids” (Fig. 9, Tab. VI).

Table III. Average values of coefTiciency indices

Region Number P
average coefficiency index S

Roztocze 1 77.1 6 .8

Roztocze 2 78.9 6.5

Roztocze 3 67.3 8.0

Bory Tucholskie 1 70.3 9.1

Bory Tucholskie 2 75.5 7.2

Bory Tucholskie 3 77.7 6.2

Puszcza Biała 1 73.2 7.8

Puszcza Biała 2 69 .7 7.8

Puszcza Biała 3 69.1 8.5

Puszcza Białowieska 1 69 .8 8.1

Puszcza Białowieska 2 69.1 7.9

Puszcza Białowieska 3 70.0 8.3
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Table IV. The frequency of species within the “grids"

21

Frequency
Roztocze BoryTucholskie P. Biała P. Białowieska Average values 

classes

1 2 3 1 2 1 1 2 3 1 2 3 L-P P-P both

1-2 9 9 17 12 7 4 16 14 11 21 13 13 9.7 14.7 12.2

3-5 3 2 3 1 1 7 5 7 5 5 12 5 2.8 6.5 4.7

6-8 1 1 1 4 2 0 4 5 8 6 4 0 1.5 4.5 3.0

9-11 1 1 4 0 1 2 4 2 2 3 4 3 1.5 3.0 2.2

12-14 1 0 1 1 1 0 0 0 2 1 1 0 0.7 0.7 0.7

15-17 0 2 2 1 1 2 1 4 3 2 5 2 1.3 2.8 2.1

18-20 1 3 2 1 1 3 0 2 0 1 0 3 1.8 1.0 1.4

21-23 1 1 1 2 0 3 1 1 0 7 5 2 1.3 2.7 2.0

24-25 5 5 7 6 6 6 9 8 9 7 8 4 5.8 7.5 6.7

Nr sp. 22 24 38 28 20 27 40 43 40 53 52 32 26.5 43.3 34.9

L-P -  Leucobryo-Pinetum, P-P -  Peucedano-Pinctum

Table V. Some characteristics of the ground layer structure of the phytocenoses studied. Average 
data from 25 basic research fields situated in a stand

Stands a b c d e f

Roztocze 1 50.7 - 16.9 + 18 10

Roztocze 2 31.5 2.6 24.7 + 28 16

Roztocze 3 18.4 + 16.0 25.5 24 29

Bory Tucholskie 1 27.8 13.3 0.1 9.9 41 10

Bory Tucholskie 2 0.4 16.8 + 2.2 71 8

Bory Tucholskie 3 38.6 6.1 4.7 0.1 45 9

Puszcza Biała 1 17.1 18.4 27.1 16.9 38 2

Puszcza Biała 2 13.9 20.0 12.7 6.2 55 4

Puszcza Biała 3 36.7 3.1 2.4 5.5 44 4

Puszcza Białowieska 1 12.3 14.8 0.3 31.1 33 16

Puszcza Białowieska 2 37.4 3.4 3.3 33.9 38 10

Puszcza Białowieska 3 44.5 + 1.9 2.1 9 38

a -  percentage of Vaccinium myrtillus, b -  percentage of Calluna vulgaris, c -  percentage of Melam- 
pyrum  pratense, d -  total area occupied by grasses, e -  percentage of bryophytes minus percent
age of herbs, f -  area not occupied by bryophytes.
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R o z to c z e

Fig. 1. Roztocze -  a dendrogram grouping 75 basic research fields (5 x 5m) estimated after 
Czekanowski’s coefficient and the farthest neighbour clustering method. Spatial groups of basic 
research fields are separated. Stands are marked with Roman numerals, and the basic research 
fields, with a  combination of a lower-case letter and a numeral. The division of the fields into groups

was done on two distinct bases.
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Fig. 2. Bory Tucholskie -  a  dendrogram of 75 basic research fields. For details see Figure 1.
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Fig. 3. Puszcza Biała -  a dendrogram of 75 basic research fields. For details see Figure 1.
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P u szcza  B ia łow iesk a
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Fig. 4. Puszcza Białowieska -  a dendrogram of 75 basic research fields. For details see Figure 1.
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Fig. 5. Division of the basic research fields into spatial groups, based on Figures 1-4
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Table VI. A matrix of coefficiency indices of the stands. Czekanowski’s coefficient values obtained 
from the data on frequency of species in the “grids"

R1 R2 R3 T l T2 T3 BK1 BK2 BK3 B1 B2 B3

R1 100 77 60 60 51 57 56 40 48 37 39 48

R2 77 100 69 62 56 60 56 44 49 47 47 49

R3 60 69 100 57 45 61 52 48 53 49 53 57

TI 60 62 57 100 72 69 73 59 63 52 51 56

T2 51 56 45 72 100 62 53 39 46 36 34 34

T3 57 60 61 69 62 100 56 52 50 47 49 52

BK1 56 56 52 73 53 56 100 68 76 61 61 57

BK2 40 44 48 59 39 52 68 100 76 56 56 49

BK3 48 49 53 63 46 50 76 76 100 60 59 53

BI 37 47 49 52 36 47 61 56 60 100 84 55

B2 39 47 53 51 34 49 61 56 59 84 100 61

B3 48 49 57 56 34 52 57 49 53 55 61 100

R -  Roztocze, T -  Bory Tucholskie, BK -  Puszcza Biała (Kurpiowska), B -  Puszcza Białowieska.

A nalysis o f h om ogen eity  o f the plant a ssocia tion s stud ied .

Two conclusions can  be draw n from the  analysis th a t  hold true  for each  
region:

-  a lthough  the  basic research  field of 25 sq.m . is a  relatively sm all p a rt of a  
phytocenosis, su ch  a reas  are usually  representative of the  “grids” they  are  
s itu a te d  in  and , in m ost cases, show a g rea ter sim iliarity to o ther basic research  
fields located  in  the  sam e “grid” th a n  to fields s itu a ted  in  o ther s ta n d s  of the  
sam e region (Fig. 1-4). Only in 4 cases out of 300 were the  basic research  fields 
m ore sim ilar to  a reas  located in some o ther “grid” ra th e r  th an  to any  a rea  
s itu a te d  in “th e ir  grid”. This m eans th a t inform ation abou t certain  specific 
s tru c tu ra l fea tu res of a  given phytocenosis can  be elicited from an  area  as  sm all 
a s  25 sq.m .

-  it w as observed th a t  the  basic research  fields which exhibit a  high degree 
o f sim ilarity  form  a  whole com posed of a  dozen or so fields (Fig. 5). T hus, the  
in n er  s tru c tu re  of a  phytocenosis shows, w ith in  w hich plots a s  large a s  several 
h u n d re d s  of sq u are  m eters  can be seen. A part from large s tru c tu re s , sm aller 
ones can  also be observed, with an  area  of several dozens of square  m eters. The 
sm alle r s tru c tu re s  often arise  in connection w ith irregular d istribu tion  of the  
cover of sh ru b s . One shou ld  also expect even sm aller s tru c tu re s  to exist in  a  
phytocenosis. These s tru c tu re s , however, canno t be observed with the  basic  
resea rch  field a s  large a s  25  sq.m.
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A com parison of the  degree of complexity of the  p lan t com m unities s tud ied  
show s th a t  s ta n d s  1 an d  2 in  Roztocze have m uch  m ore hom ogenous s tru c tu re s  
th a n  any of the  rem ain ing  stan d s. On the  o ther han d , s ta n d s  2 and  3 in  Puszcza 
B iała a s  well as  s ta n d s  1 an d  2 in  Bory Tucholskie and  s ta n d  3 in  Roztocze 
exhibit a  high degree of heterogeneity. The diversity of the  spatia l s tru c tu re , a s  
observed w ithin one “grid”, m ay be of a  “patchw ork” n a tu re  -  w hen sim ilar s tu d y  
fields are  s itu a ted  in different p a rts  of a  “grid”, or of a  “c lu ste r” n a tu re  -  w hen 
sim ilar study  fields group together to divide a  “grid” into d istinct p a rts . The 
form er type of spatia l diversity is observed in th e  m ajority  of the  s ta n d s , while 
th e  la tte r is found a t s ta n d  1 in Puszcza B iałow ieska w here th e  “u p p e r” study  
fields are located a t the  top of a  local elevation w ith a  h igher proportion  of 
xero therm al species, while the  “lower” fields w ith poorer floristic com position 
a re  s itu a ted  literally lower. S tand  3 in Puszcza B iala and  s ta n d  2 in  Puszcza 
B iałow ieska are less characteris tic  exam ples of the  aggregation type of spatia l 
diversity.

The d a ta  on average coefficiency of the  study  fields in  one “grid” (Tab. Ill) 
provide a  b asis  for classification of the s ta n d s  stud ied  into g roups of increasing  
degree of s ta n d  heterogeneity:

-  the  m ost hom ogenous: s ta n d s  1 and  2 in Roztocze,
-  less hom ogenous: all the  s ta n d s  in Bory Tucholskie and  s ta n d  1 in  Puszcza 

Biala,
-  the  least hom ogenous: all the  s tan d s  in Puszcza Białowieska, s ta n d s  2 an d  

3 in  Puszcza Biala and  s ta n d  3 in Roztocze.

D ifferences in  th e  frequency o f p lant sp ec ies  registered  in  th e  areas stud ied .

Two g roups of p lan t species can be easily d istingu ished  in  the  species 
com position s tru c tu re  of pine forest phytocenoses. The first group com prises 
species th a t are  found alm ost in every basic research  field (the 5 x 5  square), 
while the  o ther group consists  of rare  species i.e. those w hich are found in  1 or 
2 basic research  fields only (Tab. IV). The n u m b er of species in  the  second group 
is twice bigger th a n  in  the  first group. Taken together, bo th  g roups accoun t for 
m ore th a n  fifty per cen t of the  p lan t species found in pine forests. A m ore detailed 
analysis will reveal th a t from am ong herbaceous p lan t species, 2 to 6 are  found 
in  every basic study  field, m ore species being registered in  the  subcon tinen ta l 
[Peucedano-Pinetuni) th a n  in  the  suboceanic (Leucobryo-Pinetum) type of pine 
forest. As far a s  bryophyte species are concerned, two species occur alm ost in  
every basic research  field in  a  “grid”.

The n u m b er of species w hich are  regularly found in a  phytocenosis m ay vary. 
The species reg istered  in all the  four regions are: two m oss species (Dicranum  
undulatum  an d  Entodon schreberi), two species of dw arf sh ru b s  (Vaccinium  
myrtiUus an d  V. vitis-idaecd and  one an n u a l herbaceous p lan t (M elampyrum  
pratense).

The Peucedano-Pinetum  type of pine forest w as show n to have m uch  richer 
floristic com position th a n  the  Leucobryo-Pinetum  forest type ( Tab. IV). The pine 
forest in Puszcza B iałowieska have particu larly  rich floristic com position except
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sta n d  3, w hich is indicative of a  d istu rbance  of phytocenosis s tru c tu re  a t th is  
s tand .

P ercentages o f se lected  plant sp ec ies  in  th e  study  areas

A detailed  analysis w as carried ou t of the  occurrence of the  following p lan t 
species an d  g roups of species: w hortleberry (Vaccinuim myrtiLlus), h ea th e r 
(Calluna vulgaris, M elampyrum pratense), fern species (in fact, one fern  species 
w as found, nam ely, Dryopteris spinulosa) and  various g rass  species (Fig. 6 -8  
an d  Tab. V) .

VACCINIUM MYRTILLUS 
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Fig. 6. Distribution of Vaccinium myrtillus in the research fields (6-grade quantitative scale by
Braun-Blanquet)
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CALLUNA VULGARIS
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Fig. 7. Distribution of Vaccinium myrtillus in the research fields (6-grade quantitative scale by Bra-
un-Blanquet)

W hortleberry  ( Vaccinium myrtillus) is a  very im portan t species found in  the 
g round  cover of the  forest phytocenoses studied. Only a t s ta n d  2 in  Bory 
Tucholskie does th is  species play a m inor role, which is a  consequence of specific 
conditions of th a t s tand , and  m ay serve as  a  b asis  for classifying it as  a  varie ty  
of the Cladonio-Pinetum  pine forest type. At any of the  o ther s ta n d s , w hortleberry
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specim ens occupied from some 15 per cent to m ore th a n  50 per cen t of the  whole 
area. W hortleberry w as e ither quite uniform ly d istribu ted  w ith in  th e  a rea  (as 
w as revealed by th e  releve protocols), especially a t s ta n d  1 in  Roztocze and  s tan d  
3 in Puszcza Białowieska, or it tended  to form  aggregation (stand  1 in  Boxy 
Tucholskie, s tan d  1 and 2 in Puszcza Biała and  s ta n d  1 in Puszcza Białowieska).

MELAMPYRUM PRATENSE
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Fig. 8. Distribution of Vacciniiun myrtillus in the research fields (6-grade quantitative scale by Bra
un- Blanquet)

T he proportion of h ea th e r ( Calluna vulgaris) varies considerably from s tan d  
to s tan d . At s ta n d  1 in Roztocze, there  are no specim ens of th is  species because  
for som e reason  it h a s  become extinct. At the o ther s tan d s , th e  proportion  of
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h e a th e r  varies from “sp a rse” to abou t 20 per cent of the  g round  cover. This 
species h a s  aggregated distribu tion .

M elam pyrum  pra tense  specim ens were registered in  all the  phytocenoses 
stud ied , the ir con tribu tion  varying from very sm all to 27 per cent of the  ground 
cover. W ith the  5 x 5m  basic research  fields, the  spatia l d istribu tion  of th is  
species w as usually  regular. However, da ta  from some s ta n d s  show  th a t it can  
form  large aggregations occupying an  a rea  of several h u n d red  square  m eters.

The proportion of ferns in the  phytocenoses stud ied  w as sm all. Dnjopteris 
spinulosaw sis  occasionally registered a t a couple of s tan d s. A nother fern  species 
th a t  occurred in phytocenoses of the  type stud ied  is Pteridium aquilinum  This 
species w as registered in some of the  phytocenoses stud ied , b u t it w as no t found 
w ith in  any of the “grids”. This is due to the  fact th a t th is  species usually  grows 
in  large aggregations an d  it is e ither by chance or due to the  resea rch er’s  decision 
th a t  a  “grid” w ith an  a rea  of 625 sq.m . will or will no t cover the  whole 
aggregations. The “grids” should  be m uch  larger, if one tried  to analyse the  
occurrence of th is  species.

The percentages of g rass  species in the  phytocenoses stud ied  also vary 
considerably. A phytocenosis w ith a  larger or sm aller proportion of g rass  species 
can  be found in  any of the regions. In general, the  proportion  of g rasses  is larger 
in  Puszcza Białowieska and  Puszcza Biała th an  in the  rem aining two regions. If 
th e  g rass  species were classified into latifolious (e.g. Calamagrostis arundinacea) 
an d  narrow -leaved (e.g. D escham psiaJlexiiosa  and  Festuca ouina) an d  only the 
first group were analysed, differences betw een regions w ould becom e even m ore 
evident. A lthough the  tendency  of g rasses to form agregations is very noticeable 
in  the  phytocenoses, it is no t confirm ed by the  m ateria ls  collected, because  such  
c lu ste rs  are  u sually  sm all, and  a sm aller basic research  field would be required  
if one decided to c a n y  ou t an  analysis of g rass  populations.

Sim ilarity  o f th e  plant a ssocia tion s studied  
(based on th e frequency o f sp ec ies  in  th e  “grids”)

A com parison of 12 s ta n d s  w as carried out using  m ethods of num erical 
taxonom y. The analysis w as based  on da ta  concerning the  frequency of p a rti
cu la r p lan t species in the  “grids” (Tab. VI and  Fig. 9). The da ta  collected m ake 
possible a  general evaluation of the  degree of sim ilarity in the  associa tions’ 
s tru c tu re  and  floristic com position. The phytocenoses stud ied  fall into two 
groups, w hich correspond to the suboceanic and  subcon tinen ta l types of pine 
forest and  into o ther four g roups which correspond to the four regions stud ied . 
This fact confirm s the previous findings based  upon  less precise d a ta  obtained  
from releve protocols.

FLORISTIC DIFFERENCES IN REGENERATION PHASES OF THE CONIFEROUS FORESTS
STANDS

In order to specify the n a tu re  of floristic differences betw een regeneration  
p h ases  of those coniferous forest p lan t com m unities th a t are m anaging  by 
silv icultural p ractices, com parative analyses of the floristic com position of p lan t
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com m unities in various stages of conifer p lan ta tion  developm ent were carried 
out in th ree regions (Bory Tucholskie, Puszcza Biała, Puszcza Białowieska). 
A part from the  releve protocols taken  in m atu re  pine forest s tands, ano ther series 
of releve protocols w as tak en  in a reas  representing  th ree p h ases  of forest 
regeneration: clear cu t area  seedling pine, young s tand  of pine in the  age of abou t 
10 years  an d  pine pole woods of pine in the age of abou t 60 years. Three 
rep resen ta tives of each regeneration phase  were selected. The researchers 
usua lly  selected s tan d s  located n ear a m atu re  coniferous forest phytocenosis.

i________ i i__________ i__________ i i__________ i__________ i__________ i__________ i

2 R o z t o c z e
 3_________________
\ Bory 
3 T -ucno l sk i e

\ P u s z c z a
2 B i a ł a

12 P u s z c z a
3 B ia łowieska

i i i i i i i i i i r

Fig. 9. Basic research fields coefficiency graph based on data concerning the frequency of species
in the "grids" -  a dendrogram

The analysis of diversity of phytocenoses representing  various stages of 
growing of a  m anaging forest (Tab. VII) show s th a t the differences are relatively 
sm all even if the  s ta n d s  com pared are as different in te rm s of the ir appearance 
a s  a  m atu re  forest and  a c lear-cuting one seedling of pine. The c lear-cu t area  
a s  well as  som e of the young s tan d s  contain  a  relatively h igher proportion of 
those  p lan t species which grow on new ly-planted sandy  grounds as  Carex 
ericelorum, C. leporina, Calamagroslis epigeios, som etim es also Spergula verna- 
lis, Corenephorus canescens, Senecio sUvaticus or Arctostaphylos uva-urst

Tabic VII. Comparation of fioristic composition of pine forests in various regeneration phases 
(Index: total coverage from three rclcves varies from 0.5 to 15)

Number 1 2 3 4 5 6 7 8 9 10 11 12
Region Bory Tucholskie Pu szcza Biała Puszcza Białowieska
Phase I II III IV I II II IV I II III IV

Species typical for different regeneration phases
Rumex acelosella 2.5 1.0 0.5 - 4.5 1.0 1.5 1.5 1.5 1.0 1.5 0.5
Carex ericetorum 2.0 - 0.5 0.5 2.0 0.5 0.5 0,5 1.0 1.0 - -

Carex leporina 1.5 0.5 - - 1.5 - 0.5 1.0 1.0 - - -

Spergula vernal is 1.0 0.5 - - 2.0 - - - 0.5 - - -

Senecio silvaticus 0.5 - - - 3.5 - - - 0,5 - - 0.5
Calanxagrostis epigeios - - - - 4.0 - - 0.5 1.5 1.0 - -

3 — Fragmenta Faunistica
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Corynephorus canescens 1.5

Calluna vulgaris 4.5 5.0 3.5 3.5 2.0 5.0 2.5 3,5 8.0 4.5 3.0 1.5

Dicranum undulatum - 11.0 9.0 1 1.0 0.5 8.0 8.0 10,0 3.5 8.0 8.0 6.0

Entodon schreberi - 2.0 11.0 8.0 - 7.0 9,0 11,0 3,5 6.0 11,0 10.0

Melampyrum pratense - - 1.0 3.5 0.5 0,5 2,5 4.0 1,0 0.5 2.0 2.5

Vaccinium myrtillus - 1.0 4.5 6.5 1.5 2,5 6.0 8.0 3,5 1.5 6.0 8.0

Juniperus communis 0.5 - 2.0 2.0 1.0 1.5 2,0 7,0 - 0.5 1,5 1.0
Hylocomium splendens - - 0.5 0.5 - - 1.0 1,5 1.0 1.0 7.0 8.0

Frequent species in all phases
Vaccinium vitis idaea 3.0 3.5 4.5 5,0 3.0 2.5 4.5 3.5 3.0 3.0 3.0 2.5

Festuca ovina 1.0 1.0 1.5 1.5 4.5 5.0 6,0 6.0 2.0 3.0 2.0 2.5

Luzula pilosa - 0.5 0.5 1.0 1.5 1.0 1,0 2.0 1.5 1,0 1.0 2.0
Lirzula multiflora 0.5 0.5 0.5 1.0 2.0 1.0 1.5 1.0 1.5 0.5 0.5 0.5

Polytrichum juniperinum - - 1.5 1.0 - 4.0 2.0 1.5 3.0 1.5 - 0.5
Differential species of regional pine forest ty pes

D escham psia Jlexuosa 7.0 3.5 4.5 5.0 1.0 - 0.5 2.5 - - 0.5 0.5
Anthoxanlhum odor at um - - 0.5 - 2.5 1.5 3.0 2.0 - - - 0.5
Cytisus ratisbonensis - - - - 0.5 1,0 1.5 1.5 - - - -
Agros Lis vulgaris - - - 0,5 3.5 1.0 2.5 1,5 2.5 1.5 1,0 1.0
Viola sp. - - - - 0.5 1.5 1,0 0,5 1.0 1,0 1.5 0.5
Uieracium pilosella - - - - 2.0 1.0 1.0 1.5 1,5 1.5 - 1,0
Veronica ojficinalis - - - - 2.0 1.0 0.5 0.5 1.5 1.0 - 1.0

Calamagnostis a  rund in. - - 1.0 0.5 2.0 7.0 1.5 1.5 5.0 4.5 6.0 4.5
Convallaria maialis - - - - 1.5 2.5 1,0 0.5 1.5 2,0 2.5 1,5

Peucedanum oreoselinum - - - - 0.5 0.5 1.5 0.5 1.0 0.5 1,5 1.0
Scorzonera humilis 0,5 0.5 - - 0.5 0.5 1.5 0.5 0.5 0.5 1.5 1.0
PolygonaLum odoratum - - - - 0.5 1.0 1,5 - 0.5 1.0 1,0 1.0
Solidago virga-aurea - - - 0.5 1.0 1.0 1.5 0,5 1.0 - 1.5 1.0
C ytisus ruthenicus - - - - 1.0 0.5 0.5 1.5 3.0 2.5 1,5 1.0
Rubus saxatilis - - - - - 0.5 - 0,5 1.5 1.0 1.5 1.5
Trientalis europaea - - - - 0.5 1.5 1.0 4.0 1,5 1.0 2.5 2.5

1 -  Bory Tucholskie (for. distr. Osie. for. sect.: 319b. 15c, 3c), phase I;
2 -  Bory Tucholskie (for. distr. Osie. for. sect.: 319a. 3b. 4b). phase II;
3 -  Bory Tucholskie (for. distr. Osie, for. sect.: 306c. 347c. 347fl, phase III;
4 -  Bory' Tucholskie (for. distr. Osie. for. sect.: 306d. 340. 346), phase IV;
5 -  Puszcza Biała (for. distr. Ostrw Maz., for. sect.: 62g. 34f, 32), phase I;
6 -  Puszcza Biała: 62d, 49f. 34c), phase II;
7 -  Puszcza Biała: 48b, 46a, 63c). phase III;
8 -  Puszcza Biała: 34f, 62g. 38b), phase IV;
9 -  Puszcza Białowieska (for. distr. Hajnówka, for. sect.: 668Cc, 634Ec, 538BI), phase I; 

10 -  Puszcza Białowieska: 668Ad, 538Bc, 538D), phase II;
1 1 -  Puszcza Białowieska: 634Ef, 668A, 538Ba). phase III;
12 -  Puszcza Białowieska: 668AJ". 667Bf, 538Bf). phase IV.
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C haracteristic  of the c lear-cu t area  associations is the  absence of a  dense 
bryophyte layer as  well as  of the m oss species of Dicranum undulatum  and  
Entodon schreberi so comm only found in coniferous forests. M elam pym m  
pra tense  follows a sim ilar p a tte rn  of being co n stan t and  num erous in older pine 
forest s tan d s, a  little less num erous b u t still constan t in younger s ta n d s  and  
usua lly  ab sen t from the clearing associations and  young grow ths of pines. 
Similarly, the fern Dryopteris spinulosa  grows in m edium -age and  m atu re  forest 
s tan d s . W hortleberry (Vaccinium myrtilliLS) is found alm ost in all the  plots, b u t 
it can  grow luxurian tly  only in m edium -age and  m atu re  forest s tands.

Generally, it can  be said th a t unlike deciduous forests, coniferous forest p lan t 
com m unities of clearings and  young s ta n d s  are not d istinct in phytosociological 
term s. C om m unities growing in such  s ta n d s  are com posed of som e of typical 
p ine forest species and  of a  few species specific to sandy  grounds. The floristic 
differences betw een regional varieties of pine forest are larger th a n  the differen
ces betw een forests in different regeneration p h ases  s itua ted  in one region.

Instytut Geografii i Przestrzennego 
Zagospodarowania PAN 
ul. Krakowskie Przedmieście 30
00-927 Warszawa, Poland

STRESZCZENIE

P raca  przedstaw ia wyniki b ad ań  geobotaniczno-glebowych, jak ie  zostały 
w ykonane n a  pow ierzchniach badawczych Insty tu tu  Zoologii PAN. Zakres ich 
był określony z uwagi n a  potrzeby analizy zoocenologicznej. B adan ia  przepro
w adzono w pięciu regionach Polski: w W ielkopolsce (nadl. Babimost), n a  Rozto
czu (Roztoczański Park  Narodowy, w Borach T ucholskich (nadl. Osie), w Puszczy 
Białej (nadl. Ostrów Mazowiecka) i w Puszczy Białowieskiej (nadl. Hajnówka). 
Obejmowały one następu jące  etapy:

-  diagnozę fitosocjologiczną, której celem była ogólna charak terystyka  fitoce- 
noz, kwalifikacja syntaksonom iczna i porów nanie m iędzyregionalne pomiędzy 
dojrzałym i fitocenozami (Tab. I);

-  ocenę w arunków  glebowych, której celem była klasyfikacja badanych  gleb, 
określenie typu próchnicy nadkładow ej oraz oznaczenie niezbędnych z pun k tu  
w idzenia badan ia  fauny glebowej właściwości fizyko-chemicznych (Tab. II);

-  analizę fitocenoz, m ającą za zadanie scharakteryzow anie zróżnicow ania 
przestrzennego w arstw  przyziem nych zbiorowiska roślinnego (Tab. III, IV, V i VI);

-  analizę zm ian sk ładu  florystycznego różnych faz regeneracji zbiorowiska 
bo ru  po dokonanym  wyrębie drzew ostanu (Tab. VII).

B adane zbiorowiska reprezentow ały mniej lub bardziej odkształcone postacie 
dw u regionalnych zespołów borów sosnowych świeżych: Leucobryo-Pinetum  
(Wielkopolska, Roztocze i Bory Tucholskie) i Pseucedano-Pinetum  (Puszcza Biała 
i Puszcza Białowieska). Zespół Pseucedano-Pinetum, związany z obszaram i o 
kontynentalnym  klimacie w strefie lasów m ieszanych, charakteryzow ał się
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w yraźnie większym bogactw em  ilorystycznych płatów, w tym  szczególnie u d z ia 
łem gatunków  o tzw. zasięgu sarm ack im  typie, niż środkow oeuropejski zespół 
Leucobryo-PineturrL

W szystkie badane gleby w ykształcone zostały w podobnych w aru n k ach  lito- 
logiczno-petrograficznych. Podłożem dla ich rozwoju były piaski, różniące się 
je d n a k  pod względem genezy (piaski m orenowe i glacjofluwialne -  Puszcza Biała, 
p iaski glacjofluwialne -  Puszcza Białowieska, Bory Tucholskie, i piaski fluw ialne 
-  Roztocze) oraz sk ładu  m echanicznego (od piasków luźnych do słaboglinias- 
tych).

Niezależnie od właściwości litologiczno-petrograficznych m ateria łu  geologicz
nego, wszystkie gleby charakteryzow ały się kw aśnym  odczynem  (pH < 5,5), 
m ałym  stopniem  nasycenia  kom pleksu sorpcyjnego kationam i o charak terze  
zasadow ym  (V < 20) i wysokim stosunk iem  C : N. Z p u n k tu  widzenia typologii 
gleboznawczej wszystkie z badanych  gleb zaliczyć m ożna do klasy gleb bielico- 
ziem nych, obejm ujących dwa typy: gleby bielicowe i gleby rdzawe, z p róchn icą  
nakładow ą typu mor, w różnych w arian tach .

Porów nania jednorodności zbiorowisk roślinnych dokonywano w d w unastu  
dojrzałych fitocenozach (po trzy stanow iska w czterech regionach) poprzez 
w ykonanie spisów ilorystycznych n a  powierzchniach w układzie „krata” (25 
powierzchni po 25 m 2 n a  jednym  stanow isku) i przeprow adzenie analizy podo
bieństw a podstaw owych kw adratów  (Rye. 1, 2, 3 i 4). Stwierdzono, że powierz
chnie podstaw owe 25 m 2 w ykazują istnienie w obrębie fitocenoz pewnych 
jed n o stek  struk tu ra lno -p rzestrzennych  (Ryc. 5), a  równocześnie um ożliw iają 
rozpoznanie konkretnej fitocenozy. Średnie podobieństwo podstaw owych kw a
dratów  potraktow ano jak o  m iarę jednorodności fitocenozy (Tab.III) i n a  tej 
podstaw ie dokonano przeglądu poszczególnych zbiorowisk.

Na podstaw ie spisów Ilorystycznych z „krat” przeprowadzono analizę prze
strzennego zróżnicow ania udziału poszczególnych gatunków  roślin  w ażnych dla 
b ad ań  zoocenotycznych (Ryc. 6, 7 i 8) i ich roli w fitocenozach (Tab. V).

Analizowano częstość pojaw iania się poszczególnych gatunków  w fitocenozie 
(Tab. IV), przy czym stw ierdzono dwa główne typy roli poszczególnych populacji 
roślinnych w zbiorow iskach borowych: gatunk i bardzo częste w zbiorowisku i 
ga tunk i pojaw iające się w niewielkiej liczbie osobników. Stwierdzono także 
wyraźne różnice między zespołam i regionalnym i w stru k tu rze  gatunkow ej fito
cenoz (Tab. VI, ryc. 9).

Z przeprowadzonej analizy fitosocjologicznej zm ian zbiorowisk borowych w 
trakcie regeneracji po wycięciu drzew ostanu, przeprowadzonej dla trzech regio
nów (Tab. VII) wynika, że różnice w składzie tlorystycznym kolejnych stadiów  są  
stosunkow o niewielkie (stosunkow o największe n a  świeżych porębach), znacznie 
w yraźniejsze są  natom iast zm iany ilościowe poszczególnych gatunków .

Redaktor pracy -  dr M. Stcrzyńska
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