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Analysct l  arc 30 -ycar  l o l i g  (1963-1993)  rcscarcl i  data ot i  t l ic p o s t - t l r a i ~ ~ a g c  dynnni ics o f  t l ic  spccics cover  atitl 
f rcqucncy ill t l ic  I i c rb  and nioss lnyc r  i t 1  a t r a ~ ~ s i t i o n n l  m i r c .  B y  us ing  T W I N S P A N  a ~ i a l y s i s ,  3 succcssiot i  stagcs arc 
idcnti f icd, cacli o f  t l ict i i  I iav ing pl iytosociological pccul iar i t ics o f  its own. Thc drailingc clintigcs tlic ecological conditions; 
C l l c ~ i b c r g  t l ioisturc va luc dccrcascs f r o m  7.7 to 5.9, subscquc~ i t l y  t l ic so i l  b io log ica l  ac t i v i t y  is g r o w i n g  and B l l cnhc rg  
t i i t rogcti  valuc ind ica t ing  t iutr ict i t  ava i lab i l i t y  i~ i c rcascs  b y  ~ i c a r l y  t w o  dcgrccs. .  
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Introduction 

Under the conditions of  Latvia hydrotechnical 
drainage is one of the key actions for enlarging for- 
est productivity. Nornially, after the drainage it increas- 
es 2-4 times (3a~11i.rrrc, 1983). The drainage improves 
soil aeration, enhances ~netabolism in the ecosystem 
and increases lnineralisation of the litter and peat layer. 
The processes under way affect the species cornposi- 
tion in all the forest layers. However, thc herb and 
1110~s layer, highly sensitive as it is, responds most 
readily to the changes under way. The present study 
is a surnlnary of long-term research on the ground 
vegetation dynamics in a transitional Inire after the 
drainage. Tlie research covers a 30-year period follow- 
ing the drainage, when the ecosystenl changes are most 
dynamic. 

Tlie tnsks of tlie given stlldj~: 
- analyse the dynamics of the changes in the herb 

and n ~ o s s  layer (species cover and frequency and 
species con~posi t ion)  in transitional mire after the 
drainage; 

- by using Ellenberg indicator values, describe tlie 
changes in the site; 

- analyse and describe the course of post-drain- 
age succession by using the syntaxononiic groups of 
character species (the Braun-Blanquet method). 

Material and method 

The research was carried out between 1963 and 1993 
at the Vesetnieki Station of Permanent Ecological Re- 

search of the Forest Research Station "Kalsnava". Tran- 
sitional mire on the Veseta floodplain area was drained 
in 1960- 1962 by both open ditches (depth I. l to 1.2 m, 
spacing between ditches 150 m) and the closed drain- 
age (depth 80-90 clti, spacing between lines 75 m). Be- 
fore drainage the peat layer depth was 2.2 to 4 111, the 
stand composition was 80% pine, 20% birch + spruce, 
the stock volume - 40 m'ha-I; I0 to 13 years later: 70% 
pinc, 10% spruce and 20% birch, 112 m'ha-I, respective- 
ly; 30 years later (1 994) - 90% spruce, 10% birch + pine, 
260 m'ha-' (increase in the stock volume 6.5 times) 
(Ziilitis, Vuguls, 1995). A more detailed description of 
the vegetation, the research material and method for the 
period between 1963 and 1975 is published earlier 
(A6o~lnkrb, 1977; AGon~rlb, 1978; byw, A ~ O J I ~ I H ~ ,  1964). 

In the given study we analysed the herb and nioss 
layer following the species composition. cover (the 
proportion of ground that is occupied by the perpen- 
dicular projection down on to it of the aerial parts of 
individuals of the species) and the frequency of spe- 
cies. The field data were collected between 1963 and 
1993 in three permanent observation plots (20x50 ni), 
comprising in total 60 circular spots (5 m2), wherein 
the cover (visually in per cent) and the frequency of 
vascular plants, dwarf shrubs and tnosses were deter- 
mined on a 1 to 3 year basis. The field data were an- 
aiysed by using the following methods: 

[ .The vegetation diversity was evaluated by us- 
ing the Shannon-Wiener diversity index (H) and even- 
ness index (E),  the vegetation dynn~nics  - by the Jac- 
card silnilarity coefficient (Kent, Coker, 1994). 

2.The ecological conditions and their dynamics 
after drainage are characterized by Ellenberg indica- 
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tor values (Ellenberg et al., 1992), the types of  spe- 
cies geographical ranges (Meusel et a].,  1965; 1978; 
Rothmaler, 1995), as well as plant species strategies 
(Grime et al., 1988). These ecological indices were cal- 
culated by using the processing system for geobotan- 
ical data (caEitkiiq, 1994). 

3.The succession stages were identified by us- 
ing the software TWINSPAN (Hill, 1979). To analyse 
the succession, the Braun-Blanquet syntaxa character 
species (Grabherr, Mucina, 1993; Mucina et al., 1993a; 
Mucina et al., 1993b; Oberdorfer, 1983, Laivivd, 1998) 
were used. 

Nomenclature for the vascular plants: Gavrilova, 
Sulcs, 1999; for mosses: Grolle, 1976; Corley ct al., 
198 1 ; Corley, Crundwell, 199 1. 

Results  

Tlr e co~ttl)ositiorr, freqrrencj~ and cover of species 
The number of vascular plant and moss species 

registered in the observation plots over 30 years to- 
tals 176 (among them 62 moss species), varying be- 
tween 84 to 108 per year. Each year on average 8 spe- 
cies disappear and the same number of new species 
is detected in the ground cover (between 4 to 16 per 
year). The number of vascular plant species is invar- 
iably higher than that of  bryophytes, becolni~ig more 
pronounced after the drainage (Fig. 1). 

Figure 1. Post-drainagc variations in  the nu~nbcr of spccics 
in ground vcgctation. 

In tlie first 7 years after the drainage the number 
of moss species decreased dratnatically (by 44%) to 
become steady afterwards (24-3 1 species) (Table 1). 
Over the 30-year period studied 26 new moss species 
appeared, while 17 of  them disappeared again. The 
number of dwarf shrub and vascular plant species 
increased gradually over the first 10 years after the 
drainage (by 45%) reaching the lnaximuln in 14 to 16 
years (ea 75 species, accounting for the highest ground 
cover vegetation diversity in this period) and falling 
down again to a steady levcl (around 62 species). 
Concurrently, the floristic composition undergoes sub- 

stantial changes. Over 30 years only 20 vascular plant 
species (39%) survived out of the total number 51, 
registered initially. Over tlie research period 57 new 
species were detected, yet only 31 of  them survived. 

15 species, showing a fixed stability during the 
post-drainage period (almost no variations in their fre- 
quency) are those of  a wide ecological amplitude: 
Plelrr.oziu/iz schi-eheri, Pjlrola i.otrirldiJolicr, Molirlia 
cneixleci (frequency >0.6),  I f j~locoii~i~rii l  splerrrleris, 
l'crccir1i1rrir \litis-i(/(iea, O r f t ~ i l i u  .sec~iizda, L~lzrrIa pi- 
loso (0.3-0.5), Rlrjlticlicrdel/)l~r~s tr.ir/~retrri.s, Pfilirriir 
cr.is?a-cnstt.er~si.~, I'filidi~iri~ plrlclrer.r~iri~~i~i~, Dicrnrrrriir 
scopariltnl, I/rrcciiriliril rir!:i~tiIl~rs, Desc11nrill)sia cespi- 
tosa, CnIanlng~.ostis carrescerrs and Cur(1cinziire pr.at- 
crisis (0.1-0.2). A part of species reacts to the drain- 
age by either expanding or  shrinking their cover. The 
ft-equency of the mire species gets reduced: Sphag- 
i l lrr i l  n~cr~'~r.stor:/ii, Spit. czirg~istifolilrn~, Sp11. ri~ogcllarr- 
icrrrir, Alilaco~i~i~iriiiz paIzi .s~~.e,  Corilar~iril /~a111 .~ f re ,  
Co1.e.u appr.opinqtiatn, C . r r i g i ~ ,  Col tha palustris ,  
O.~)~coccrrs l~al~rstr. is ,  Agrostis c~zii inn,  M e n j ~ ~ i ~ t h e s  
tr~ifoliata, Airt/r~oiiteda poliJolia, Tlre1jyfei.i.s pal~rsti~is,  
Griliririi 17(1/11.~ti.e etc., while that of forest mesophytes 
increases: Dicroiirrnl p o l j ~ ~ e t ~ i r i ~ ,  Br.~iclrj~tl~eci~iriz oed- 
i/~odirirn, Ti.ierrtt11i.s errr.opoeo, Galeopsis biji'dn, Dry- 
opteris cai.fl~rrsiai~o, Osalis acetosella, Mjlcelis riirc- 
r.alis, Moehi-iilgia ti.irrei.vin etc. 

After the tirainage the ground veget a t '  ton cover 
changes, too (Table 1). For the bryophytes, in three 
years it dropped from 85% to only 18%, subsequent- 
ly somewhat increasing, yct never going above 33%. 
Initially, the cover for vascular plants was 55%, in the 
first years after the drainage it increased to 70% (1968- 
1970), falling sharply later on and afterwards fluctuat- 
ing between 27 and 59%. From 1979 to 1991 the most 
abundant species was Rrihlrs idaerrs reaching n~aximum 
cover (30%) in 1982 and 1983. 

The species diversity changes both in the herb 
and the moss layer (Table 1) .  These variations appear 
to be relatccl to the impact of  other forest layers and 
the tree stand in particular, on the ground vegetation. 
During post-drainage succession the ground vegeta- 
tion in separate (and especially the first) years is dom- 
inated by one or few species (Pvi.ola rotlrndifolin, 
Calarilngr.os~is cc~izc~scerls, Rri1)us idaeus. S/~hagilrtiiz 
n r rg~rs f i Jo l i~ i~ i~ ,  S p l ~  n~cir.rl.sforfii, Plerir.oziriii~ scllre- 
Dc1.i). With the above species losing their donlinance 
(evenness intlcx is decreasing), tile total cover of the 
ground layer gets reduced (Fig. 2). 

Ecological indices 
During the post-drainage succession the environ- 

mental conditions in the ecosystem undergo substan- 
tial changes: reduction in substrate hi~midity, increase 

= 2001, Vof. 7, No. l (12) 1 ISSN 1392-1 355 



BALTIC FO 
m roST-DRAINAGE DYNAMICS OF THE GROUND VEGETATION /.../-m A. ABOLIUA ET AL.= 

Table 1 .  Dynamics of thc Spccics Diversity of the ticrb ancl Moss Layer 

Ycar 
Indiccs 

1963 1966 1968 1970 1972 1974 1975 1976 1978 1979 1982 1983 1985 1987 1989 1991 1993 

I l r r h  layer 

Nunlbcr of spccics 49  5 6  64  70  74  73  73  77  73  77  70 65  63  6 3  GI 64 57  
Covcr. % 5 6  57  70  6 6  3 7  32  36  3 9  39  40  56  59  41 55  5 4  49  27  
Sllannon-Wicncr 
indcx (If) 2.89 2.84 2.67 2.27 3.01 2.93 3.22 2.95 2.95 3.01 2.23 2.24 2.73 2.38 2.43 2.77 2.93 
Maximum diversity 
(l'lnax) 3.93 4.03 4.16 4.23 4.30 4.30 4.30 4.36 4.30 4.36 4.23 4.17 4.16 4.16 4.11 4.17 4.06 
Evctlncss (E) 0.74 0.71 0.64 0.54 0.70 0.74 0.75 0.68 0.68 0.69 0.53 0.54 0.66 0.57 0.59 0.66 0.72 

Nunlbcr of spccics 3 9  2 8  26  20  28  28  27  24  3 2  30  27 26  27 27 28  31 28  
Cover,% 8 5  18 22  18 12 9 12 16 31 20  9 16 24  16 3 3  31 21 
Shannon-Wicncr 
intlcx (11) 1.81 1.96 1.60 1.44 2 0 1  2.44 2.13 1.78 1.56 1.88 2.08 2.12 1.52 1.75 1.22 1.50 1.71 
Maximum divcrsily 
( H , n 8 y )  3.66 3.33 3.22 3.14 3.33 3.30 3.30 3.18 3.47 3.40 3.30 3.30 3.30 3.30 3.33 3.43 3.33 
Evcnncss (E)  0.49 0.59 0.50 0.46 0.60 0.74 0.65 0.56 0.45 0.55 0.63 0.64 0.46 0.53 0.36 0.44 0.51 

0,6 0,7 0,8 
Evenness 

in nutr ient  availability, the soil warming  and acidi ty 
reduction, higher shadiness. A higher trce crown cover 
and an  increasing proportion o f  spruce  results in the 
l ight ing in the forest 's lower  layers: light reduced by 
1.2 points (from 6.5 to 5.3) (Fig. 3). An increased shade 
provokes changcs i n  species  colnposition and the fall 
o f  the ground vegetat ion cover. T h e  canopy closure 
creates a slightly warmer ~nicroclin-rate, promoting the 
spread of  plants indicating fairly warm conditions (El- 
lenberg value changes from 4 .5  t o  5 (Fig.  3). 

, 60 - 
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Figure 3. Dynamics of thc light and tc~npcraturc conditions *e4 (Ellenbcrg values for herb laycl-). 

, - Right after the drainage the soil is still wet (Ellen- 

0 3  0,4 0,s 0,6 0,7 0,8 berg value 7.7) and  weakly aerated to become after- 
Evenness wards  moist  to  fresh (5.9). A lower  soil humidity im- 

proves the aeration and activates tnicrobiologlcal proc- 
Figure 2. Tlic relation bctwecn thc cover and thc cvenness esses  ( the nitrogen value increasing fro111 3.0 to 5.0) 
in thc herb (A) and moss (B) layers. releasing more nutr ients  avai lable for the plants and 
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reducing the soil acidity (from acid - 3.8 to moderate- 
ly acid - 4.7) (Fig. 4). 

8 

* * *  A c i d i t y  
7 *** 

. 6 -  .* . . . + I  

Figure 4. Dynamics of tllc ctlaphic indices (Ellcnbcrg vnl- 
ucs for licrb laycr). 

S~iccessiori stages 
The post-drainage succession can be divided into 

3 stages (TWINSPAN analysis) (Table 2): 
Stage 1 (1963-1971): gradual reduction of the pro- 

portion of Inire hygrophytes (year 1 to 9 after the drain- 
age); 

Stage 2 (1972-1981): spreading of grassland hy- 
gro-mesophytes and forest species (year 10 to 19 af- 
ter the drainage); 

Stage 3 (1982-1993): establishing of forest meso- 
phytes in the ground vegetation (starting with year 20). 

Stage 1 

The first stage of  the succession lasts for 9 years. 
In the first year after the drainage thc ecosystem still 
retains all the features of mire vegetation. Then the 
number of vascular pant species starts to grow (from 
51 to 69), yet, due to the dominance of some species 
in the herb layer (Agi.ostis caniila, Moliiiia cae~.uletc, 
Pvrola rotur~difblia),  the diversity index does not in- 
crease as it could be expected. The number and di- 
versity of lnoss species diminishes appreciably (from 
39 to 22). Characteristic feature for the stage is a high 
number of moss species growing on soil surface, tus- 
socks and in hollows but there are allnost no species 
growing on decaying wood and bases of tree boles. 

At Stage 1 the highest frequetlcy is for the char- 
acter species of  mire vegetation, predominantly those 
of fens (class Scheuchzerio-Caricetea nigrae R.Tx. 
1937): Carex nigra, Carex pai~icea,  Meiryarlthes t1.i- 

foliata, and bogs (class Oxycocco-Sphagnetea Br.- BI. 
et R.Tx. ex Westhoff et al. 1946): Sl~ltagnrinl warnstor- 
fii, Splr. aiigustifoliunl, Sph.  inagellanicuriz, Splz. jiis- 
cuin, Azrlaconlnirinl polustr.e, Pol~~trich~rnz ju i~ipei . i r~~in~ 
var: gracilius, 0.rycoccus palustris, Aiidronreda polif- 

oliu, Eii~l>et~.lriil iligru~ir, Evioj>/~oi.~i~iz ~ v z g i ~ l a f u ~ i ~ .  The 
species of  o ther  habitats occur,  too (those o f  wet 
meadows, river banks, also forest): Ar~gelicn sj)ives- 
tr.i.s, Ta1.a.t-acunl ?fjciciilnle, Vacciiririrrl vi t is-idaea,  
T~.ientalis etiropaen etc. With the substrate getting 
dryer, the conditions for these species in~prove  and 
their abundance as well as number is rising. Also an 
increase is noted in the role of  moss species growing 
on decaying wood and bases of  tree boles, e.g. Tctru- 
phis pellrrcida, Brachytlrecilrrtl ocdij)odiliriz, Br.ach- 
)~thecirtirr vel~itirr~iiil, Tuj~loi.ia teiiiiis. 

This stage (lasting between year 10 and 19 after 
the drainage) is distinguished by a rapid increase in 
species diversity: .the number of  species in the herb 
laycr is high and remains stable (73-77 species); the 
Shannon-Wiener diversity index increases from 2.3 to 
3.2. In the moss layer the number of species is quite 
stable (25-3 1 species), yet the diversity index is high- 
ly fluctuating, since the bryophytes are more suscep- 
tible to the differences in the weather conditions from 
one year to another. 

A considerable role of mesophytic grassland (class 
Molinio-Arrhenathereta R.Tx. 1937 em. R.Tx. 1970) 
species in the herb layer is a typical fcature of Stage 
2, including a high number of species (17) pertaining 
to the given stage only, (e.g. Raiiri~lcrtlzi.~ acr i .~ ,  Carex 
cespitosa, Poteiltilla ereecta, Gnlilinl alh~iiil,  Rorllin- 
c~ilris alrricoriltis). The same is true for a number of 
other grassland species (Angelica s~) lves tr is ,  T(~~.crsa- 
criril oj"i:cinale, Sfel laria l)nllrstr~is, Gali~irll pnlzrstr+e 
etc.), as well as several ruderal ones (Cii.sizi~rl arveii- 
se ,  Trrssilrrgofirr~fi~~~~~, Cii.si~iii7 pcrlzi.rti.e, Cai.d~rus cris- 
yzis). Still we encounter a number of character species 
of fens and bogs and of the reed and high sedge veg- 
etation (class Phragmiti-Magnocaricetea Klika in Kli- 
ka et Novak 194 1): Ca1.e.~ riigva, Agrostis cnilina, ,411- 
dr.orileda polifi~lia, 0s))coccrrs pcrlristris, Pclicedariuril 
j)alrtsti.e, Coiilai.rri~l palli.sti.e, Caves appropiiiguata 
etc., yet to a considerably lesser degree as compared 
with the first years after the drainage. 

Stage 3 

This stage (lasting from year 20 till the end of the 
research period) is noted for a rapid decrease in the 
number of vascular plant species; the average number 
of species at Stage 2 is 75, at Stage 3 - 63, although a 
lot of new species (37) appear, too. The onset of  the 
said stage is also distinguished by a reduction in the 
diversity, subsequently staying constant till the end 
of the research period. 
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Table 2. Post-drainage Dynamics of thc Species Frcqttenccs i t ]  thc Herb and Moss Layer (TWINSPAN a~ialysis) 
Abbreviations indicate the syntaxon (class and its lower syntaxa) tlie species is characteristic of: AG - Alnctca glutinosac, 
AR -Artemisietea vulgaris, CU - Calluno-Ulicctea, BA - Epilobictca angustifolii, MA - Molinio-Arrhcnathcrctca, GU - 
Galio-Urticetea, PM - Phragmiti-Magnocaricctca, SM - Stcilarietca ~ncdii,  SC -Schcuchzerio-Caricctca nigrac, OS - Oxy- 
cocco-Sphagnctca, VP - Vaccinia-Piccctca, QF - Qucrco-Fagctca 
Freq~rcncy classcs: I - 0-20%, 2 - 21-40%, 3 - 4 1-60%, 4 - 61-8056, 5 - 81-1 00% 

i 

\ 

\ 

i 

\ 

Stnge 1 Stage 2 Stage 3 

Nrrr~rrrrcnlrt.c acric 1.. 
Crrrcr ce.~piro:ir L. 
I'rrrer~/illu occlrr (I*.) Raelrscl~. 
/l~rtrrricrlhis rcpr1.r L. 
llr:v~ririp.scorl~~rri~~rrcrrr~ni ( I  lcdw.) Gaertn.. Meycr c l  Scllcrb. 

c l r l l l r ~ l l ~  l~ l~ l~ul- i . r ( I , , )  l l u l l  

Cc~~rlrrrlr~ziellir rirlwllir (Nces) Warrisl. 

(;rrlirmr alhrrnr Mi l l .  
Lnzrrlo ccrrrrpcv1ri.v (L.) DC. 
I'IIO rrivirr1i.s L, 

T~~irroir~pii irrrr rrirorv (I lcdw.) Locske 
Crr l l ie ,~on srrrririir~etrrii (Rritl.) Kilidb. 

(.'rrl/icr~ortcllrr cirvl~iel~rr~r (I ledw.) Locskc 
Cbnip~liroii srcllrrtrrni (I Icdw.) 1. Laligc el C. lens. 
~.'rrrr:cj7rn.o L. 
Crrrcr pliriicco L. 

C%ilo.scyphrr.sp~rllr~scetr (Ehrli. c x  Hoffm.) Durn. 
1)icruiirmr Inrrij~~rrriii De Not. 
Epiprrcri.s/~olirs/ri. (L.) Crnlllz 
Erixerrirr ncri.v L. 

Er i r~/~hor i rm po/)~.slrrclrir~ri L. 
lfelotliitirr l~l ir i ir lr i~vii (Wcli. cl Mohr) Wan~sl. 
Lclrr~rl~ryirrtr p~riJhiie ( I  Icdw.) Wils. 
Li.srcrci or)irrcr (I-.) R. Rr. 
L~r l~ l t r~c r~ lc r r  hirlerrkrrir (L.) Durn. 
M e r i ~ r r r i r l i ~ ~ , ~  rriJIilirrrr! I.. 
I'oli rienrorrtlis L. 
1'1x1 pmlciiri.r 1.. 
Nlrizrriiirrirtni p,scir~lr~prrriclr~Ir~i~~ (11. el S.) T. KOP. 
l<iriircu rrcerriellu L. 

Splio~irirni ccrpil l~r~lhtir i (L':l~rli.) Hcdw. 
S11lrogiritiit/rr,sc11n1 (Scl~imp.) Klingr. 

Splrrr~irrrnr rerev (Scliinip.) Allgslr. 
,Spliri,q~rimr ~vorirsrorfii Russ. 

A r t ( l r ~ > i r i ~ ~ r l ~ ~  p111$1Iirr L. 
Crrrcs clrr)rdr~rrlrizrt Ellrll. 

Cc~/~Iiriha(ozirr corrrriv~~ris (IJicks.) Liliclli. 
Cernrr~(loir ptrr~~rrrc~rrs (I Icdw.) [?rid. 
Cir.siioit virlxore (Savi) 'Tcrl. 
l~rirpc~~ritrri rrigrrtrii la. 

\ 

I 
\ 

- - - -  

I . . .  

Eri(~p/rr~rir i i i  i~r~,qirr~tfrr~ir L. 

l.eorrtor1~1ri hi,spirirrs I.. 
Lr2pirlozio rcplorr.r (I..) l)l~iii. 
hiclunrl~)~rtriri prolerise L. 

O.r)~c~~ccir.s />rr/rt.vfri,v Pen. 
I ' ln~ir~niri i ir irr cl~rrrrrrr (U. el S.) T. Kop. 
/ ' / ~ l ~ ~ ~ l l ~ / ~ ~ ! ~ f l  /Jfil/ilt (I.,) Rich. 

I'rrlyrrichirrri jrrrii11eririrriir Iledw. vnr. ,q,?rcilirr.v Wal~lenb 
.Srtriccio i~rr1gnri.v L 
Succi.scr prciroi.sis M o e ~ l c l ~  
I'iicciriiirir~ irli~irrn,srrrrr L. 

Ccrrcr cdiriorrr Murr. 

Clirltrrcirr~ii der~rlroirles(lledw.) Web. el M o l ~ r  
Alorrc~.s'.s rtrriflr~r-11 (L.) A. Grav 
Agn~.vris cnrrirro L. 

0 0 0 0 

0 0 0 0 

0 0 0 0 
0 0 0 1  

0 0 0  1 

0 0 0  1 
o n o  I 
0 0 0  1 

0 0 0 I 
0 0 0  1 
0 (I 1 0 
0 0 1 0 
0 0 I 0 
0 0 I 0 
0 0 1  0 
0 (1 1 0 
0 0 1 0  

(1 0 1 0 
0 0 1 0  
0 0 1 0  

0 0 1  0 
0 0 I 0 
0n10 
0 0 1 0  

0 0 1 0  
0 0 1 0  
0 0 1 0  

0n10 
0 0 1 0  
0 0 1 0  

0 0 1 0  

0 0 1  0 

0 0 1 0  

0 0  1 0  

0 0 1  I 
0 0 1 1 
0 0 1 1 

0 0  1 1  
( 1 0 1  I 
0 0 1  1 
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Figure 5. Dynamics of sirnilarity (Jaccard cocfficicnt) of the floristic composition during thc post-drainage period. 

Discussion 

Each of  the three post-drainage succession stag- 
es is distinguished by phytosociological peculiarities 
of its own. At Stage 1 the species structure still indi- 
cates the maintenance of the features of the mire veg- 
etation (Scheuchzerio-Caricetea nigrae). The said stage 
is noted for a rapid decrease in the number and oc- 
currence of dwarf shrub and moss species, while the 
proportion of vascular plants is increasing. At the sub- 
sequent stage tlie ground cover vegetation assumes 
the traits of grassland vegetation (Molinio-Arrhenath- 
eretea); higher species diversity, maxilnutn cover in the 
herb layer. Thus,  the post-drainage changes in the 
ground vegetation and the forest stabilization is, as 
in the event of other disturbances (forest fires, wind- 
throws, clearcutts, pest damage), accompanied by a 
pronounced, yct short-lived expansion of grassland 
species (Stage 2). The final stage of succession (20 
years after tlie drainage) features already the domi- 
nance of the character species of mesopliytic forest 
coni~niunities (Table 2) having a wide ecological anipli- 
tude and occurring both in conifer (Vaccinio-Piceetea 
Br.-BI. in Br.-BI. et al. 1939) and broad-leaved (Quer- 
co-Fagetea Rr.-BI. et Vlieger in Vlieger 1937) forests 
(Maiaritirenzrrm Difolilrrr~, Oxalis acetosella, Circea 
alpina, Dryopteris exparisa etc.). Simultaneously, the 
character species of  the broad-leaved forests (Quer- 
co-Fagetea) are spreading in ground layer and we may 

expect in the future the dominance of this group in 
tlie ground vegetation. So, already in 20-25 years the 
ground vegetation in drained forest stands resembles 
that of originally dry site type forests. 

After the drainage species diversity increases both 
in tlie herb and moss layer, reaching maximutn at Stage 
2. In  this period the amount of grassland species is 
highest, and also liiire species are present. While the 
number and abundance of forest species is increas- 
ing, species diversity i n  the ground layer is falling. 
Such dynatnics of diversity is observed also by other 
researchers (Jansons, 1996; Jansons, 1997). 

Each successive post-drainage stage lasts for a 
couple of years longer than tlie preceding one. Con- 
sequently,  the changes in the forest  environment 
(edaphic, climatic conditions etc.) are irreversible and 
sweeping right after tlie drainage and subside in scope 
(even between individual years) later on. 

The changes in the vegetation parallel the proc- 
esses under way in the substrate such as an increase 
in the soil biological activity, intensive mineralization 
of peat. Over 30 years the nitrogen values (Ellenberg 
values) have increased by nearly two degrees (by 1.9). 
In the ground vegetation the proportion of species of 
moderately rich and rich substrates has grown. The 
spreading of nitrophylous ruderal herb species (Urti- 
ca  dioica, Stellaria nleclia, Cl~elidoiri~rnr nzajus) and 
mosses (Cir~r~ipl~~~l lunz  pili/'eritril, Tayloria teriuis) is an 
indication of nitrogen activation in the substrate. Other 
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ecological parameters have changed to a lesser degree. 
In 30 years after the drainage the plant conimuni- 

ties are still dynamic, and no stability is as yet achieved 
in both the herb and ~ n o s s  layer. A mixed life-strategy 
type - competitors-stress tolerants-ruderals (CSR) 
dominates in the herb layer (35-45% of species). The 
proportion of CS species has reduced gradually (from 
36% to 23%) (the ~najority of earlier doniinants belong 
to this type: A r ~ d r ~ o n t e t f a  p o l i / o l i a ,  Corrzn~.lrni palirs- 
t r e ,  h. lerryanthes t r i f o l i a t a ,  0 , q ) c o c c z l s  po1ustr.i.s etc.), 
whereas that of C increased (from 10%) to 26%). Typ- 
ically enough, right after the drainage the CR and R 
type species tend to increase, and in recent years their 
proportion in the herb layer is still high. 

Over the post-drainage period the proportion of 
boreotelnperate species found in the forest is decreas- 
ing (from 51% to 36%), while that of temperate-sub- 
tneridional species is increasing (from 12% to 28%); 
also two typical arctoboreal and boreal species dis- 
appear (E~.iophor.rrnz vagi r ra t i rn t  and Car.ex chort1or.- 

rhiza). Also, the proportion of Eurosiberian species 
(from 30% to 17%), as well as that of continental and 
subcontinental ones show a slight decrease, whereas 
an increase in the proportion of European (from 2% 
to 12%) and Eurasian (from 20% to 34%), and also 
suboceanic and oceanic species (from 47% to 5 8 % )  is 
quite apparent. 

Thus, the impact of drainage on the environment, 
ecosystems and landscape diversity is very strong 
( ~ ~ ~ M T M c ,  1983; Pikk, Seemcn, 2000). An analysis of 
the post-drainage succession in the forest ground 
vegetation reveals the following main features: a rap- 
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