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This case study deals with the effects of forest drainage on six mire site types repre-
sented by 33 permanent sample plots within a Finnish aapa mire complex located in
north boreal vegetation zone. We analysed the main compositional gradients, the abun-
dances of plant species and the diversity of vegetation. The vegetation descriptions
were made about at the time of drainage in 1933 and after that in 1943, 1950 and 1994.
The forest drainage emphasized the importance of spruce mire and hummock-level bog
influences (mire margin and mire expanse effects respectively) in controlling the struc-
ture of plant communities. The change of plant community was greatest on fertile mire
site types, also spruce mire influence promoted the secondary succession. As expected,
the shallow-rooted and/or demanding flark-level vascular plants and (eutrophic) fen
mosses had not been able to adapt to the ground water level drawdown. At first, after
drainage, species number, Shannon’s H’ and Simpson’s D increased: many mire spe-
cies of hummock and intermediate level microsites had increased while also pioneer
and forest species had colonized the plots. By 1994, however, as the mire species were
decreasing these measures had turned to decline except on the (most) infertile site types.
Pielou’s J° and the evenness based on D reacted vaguely, decreasing a little, though,
from 1933 to 1994. Thus, in such cases the dominance in the vegetation had increased.
The beta-diversity describing here the differences between plant communities (or site
types) decreased along with the hydrological conditions becoming more uniform after
drainage.

Key words: aapa mire, compositional gradients, fen, FUPGMA classification, GNMDS
ordination, peatland vegetation
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Fig. 1, Situation of the study area and the Finnish mire vege-
tation zones (Atlas of Finland 1988): 1 = Concentric bogs,
2 =Eccentric bogs and Sphagnum fuscum bogs, 3 = Southern
aapa mires (Pohjanmaa-type), 4 = Main aapa mires (Pera-
pohjola-type), 5 = Northern aapa mires (Forest-Lapland-
type), 67 = Palsa mires and orohemiarctic mires in Fjeld
Lapland.

Kuva 1. Tutkimusalueen sijainti ja Suomen suokasvillisuus-
vyohykkeet (Atlas of Finland 1988). 1 = Kilpikeitaat eli kon-
sentriset kermikeitaat, 2 = Viettokeitaat eli eksentriset kermi-
keitaat ja rahkakeitaat eli Sphagnum fuscum -keitaar 3 =
Pohjanmaan aapasuot, 4 = Perdpohjolan aapasuot, 5 =
Metsdlapin aapasuot, 6-7 = Tunturi-Lapin palsa- ja paljak-
kasuot.

INTRODUCTION

In Finland, the current knowledge of the vegeta-
tion succession induced after forest drainage has
been largely based on Sarasto’s (1952, 1957,

1961) studies (see also Keltikangas 1945 and ref-
erences therein). In some later works (e.g. Laine
et al. 1995) further knowledge is obtained and
some of these results are based on observations
from permanent sample plots (e.g. Mannerkoski
1976, Pienimiki 1982, Reinikainen 1984, Silfver-
berg 1991). The studies by Melin (1917), Holmen
(1964) and Platonov (1976) present results con-
cerning secondary succession on corresponding
latitudes outside Finland.

About a half of the over 5 million ha which
have been drained for forestry in Finland is lo-
cated in the aapamire zone (zones 3-5, Fig. 1) of
which about 0.8 million ha is situated north of
66°N (Sevola 1996). However, very little is known
about the structure of the vegetation or about how
the secondary succession proceeds on mires after
drainage in the aapamire zone. There are some
publications dealing with these aspects in south-
ern aapa mires (Pohjanmaa-type) (e.g. Pieniméki
1982, Aapala & Kokko 1988).

The use of multivariate methods in 1970s (e.g.
Pakarinen 1976) initiated a new phase also in the
research of plant communities on drained peat-
lands (Mannerkoski 1979, Kuusipalo & Vuorinen
1981). Starr (1984) and Kurimo and Uski (1988)
applied numerical methods when investigating the
plant communities of both pristine mires and of
the corresponding site types undergoing succes-
sion after drainage. This approach was applied
also by Hotanen and Vasander (1992) on Sarasto’s
(1961) material. In South Finland Laine & Vanha-
Majamaa (1992) and Laine et al. (1995) have stud-
ied the relation between environmental factors and
the vegetation on drained pine mires of different
drainage age and of varying nutrient level as well
as the relation of these to the vegetation of corre-
sponding pristine mires. The studies of Reinikai-
nen (1988), Laine (1989), Hotanen & Nousiainen
(1990), Hotanen (1991) and Eurola et al. (1995)
deal with the main stress on the ecological and
compositional gradients caused by drainage as
well as on the problems of classifying drained
peatlands. With the exeption of Paalamo (1996)
no investigations are known in which the main
compositional gradients are examined using ob-
servations in the same place before and after drain-
age. In her study the drainage effect has lasted for
a short time, only 5 years.

There are some studies on the variation of the



vegetational diversity on drained peatlands. Saras-
to (1952, 1961) examined the variation in species
number. Vasander (1984, 1987a, 1987b) has stud-
ied the effects of drainage and fertilization on the
alpha- diversity indices of the field and bottom
layers as well as on the relationships between the
indices and the aboveground biomass of the veg-
etation (see also Vasander et al. 1997). Conclu-
sions concerning the changes in beta-diversity
between plant communities (or site types) can be
drawn by the studies of Hotanen & Vasander
(1992), Laine et al. (1995) and Vasander et al.
(1997).

The aim of this case study was to examine the
effects of drainage on (1) the main compositional
gradients, on (2) the abundance of plant species
and on (3) the diversity of vegetation on the per-
manent sample plots of an experimental drainage
area in the main aapamire zone (Perdpohjola-
type). So far, these are apparently the northern-
most vegetation observations in the world reported
from drained peatlands. The material of this study
consists of six mire site types, the main emphasis,
however, being put upon the eutrophic pine fen
(LR) site type as it was the original site type on
most plots (21 of 33). As is the case on most eu-
trophic mire sites as well as on Sphagnum fuscum
-hummocky and flark rich mire site types the fi-
nal stage of the secondary succession (the so called
transformed or climax stage of a drained mire site
type) of LR is unclear (cf. Laine 1989).

MATERIAL AND METHODS
Study area and sample plots

The study area is situated in the main aapamire
zone (Perdpohjola type) in the northern boreal
vegetation zone in Finland (Atlas of Finland 1988,
Fig. 1). The sample plots are located on the ex-
perimental drainage area of the Teuravuoma mire
in the commune of Kolari. The mean altitude in
the area is about 150 m a.s.l., the mean annual
precipitation is 500-550 mm, the thermal grow-
ing period is 125-130 days, and the effective tem-
perature sum about 800 d.d. with the threshold
value + 5°C (Atlas of Finland 1987).

The sample plots were established in 1932-
1933. This involved draining, description of the
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site types and measurement of the tree stand. The
sample plots were classified (by Ilmari Paasio)
as: LR = eutrophic pine fen (plots 1a-b, 9a—c, 14a—
b, 15a—f, 16a-d, 17, 18, 30a-b, 31c), LK = eu-
trophic spruce fen (28a-b), RhK = herb-grass
spruce mire (28c, 29, 31a-b), MkK = Equisetum
sylvaticum spruce mire (10a-b), R4 = Sphagnum
Juscum spruce-pine mire (11a-b), RaSR = rahka-
hummocky (S. fuscum) oligotrophic tall-sedge
pine fen (with features of VaPsR = dwarf-shrubby
Carex globularis pine mire) (12) (Cajander 1913,
Eurola et al. 1994).

Until 1989 the drainage efficiency had been
rather weak. In that year the drainage was im-
proved by cleaning the old ditches and digging
complementary ditches. Before that the distance
between the ditches varied between 100 and 140m
on the LR plots. On the LK and RhK plots the
distance was 100m. However, most sample plots
have been located next to the ditches, only a part
(15b,e,28b,30b,31b) farther away (Hokka 1992).
The plots 10a—b (MkK), 11a-b (Rd) and 12
(RaSR) were located outside the drainage area
with regular ditch intervals, next to either a drain-
age ditch (MkK) or a trap ditch (Rd, RaSR). In
the beginning of the 1970s improvement of the
ditches was performed in the neighbourhood of
the sample plots which to some extent has im-
proved the drainage conditions.

In connection with the establishment the tree
stands were treated with different cutting meth-
ods (Hokkd 1992). Afterwards, as the need arised,
thinnings have been made and the natural drain
cut in connection with tree stand measurements.
On some plots the storms in the 1980s caused wind
damage. The stands on 10a—b were felled to seed-
tree position in 1989.

Field work

The first vegetation descriptions were made in
June—July 1933 (by L. Paasio), 1943 and 1950 (by
A. Viilivuori) applying Norrlin’s density-abun-
dance scale which earlier was widely used in Fin-
land. The scale is based on the average distances
between individual plant shoots or between bot-
tom layer patches of each species: continuous 10
(the degree of mixture of other species 1-4), 9
(4-6), 8 (6-7.5); abundant 7 (average spacing of
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shoots/patches 2.5-15 cm), 6 (15-50 cm), 5 (0.5—
1 m); scattered 4 (1-2 m), 3 (2-5 m); scanty 2 (5—
10 m), 1 (> 10 m); sporadic 1-(e.g. Ilvessalo 1932,
see also Pakarinen 1984). For the sake of com-
parison the same method was used on 8-13 Au-
gust 1994. On the plots 14a-b, 17, 18, 31c (LR)
and 31b (RhK) the vegetation was described in
1933 and 1994.

In earlier field notes abundances had occasion-
ally been marked as e.g. 3—4. In such cases the
mean was used in calculations. When consider-
ing the size of the plots (1a-b, 9a—c, 16a—d =40 m
x50 m; 10a-b =25 x50; 11a-b, 29, 30a-b =30 X
40; 12 =30 x 50; 14a-b, 15a—f, 17, 18 = 30 x 66;
28a—c, 31a—c = 25 x 40) and due to interpretation
difficulties the values 1 and 1— were combined.
In 1994 two observers (the authors Hotanen and
Nousiainen) estimated the abundance of every
species on each sample plot independently and in
the case of different opinions the final abundance
was decided as a compromise (not as a mean).

The accuracy of determination between dif-
ferent sampling occasions was standardized by
marking the moss genera labelled with question
marks in old papers (uncertain determinations)
with the same code (e.g. Hepaticae spp.). Some
species had been estimated as groups (Vaccinium
oxycoccos and V. microcarpum, Cladina arbuscu-
la and C. rangiferina) throughout the follow-up
period. For vascular plants the nomenclature is
according to Hamet-Ahti et al. (1998), for bryo-
phytes to Eurola et al. (1990) (Dicranum bergerii
according to Eurola et al. 1994) and for lichens to
Vitikainen et al. (1997).

In 1994 the thickness of the peat was meas-
ured in the middle and in every corner of each
sample plot, on intermediate (lawn) levels of the
mire. The sample plot mean was calculated from
these measurements. The peat depth was reported
also in 1932 but the exact probing points are not
known. The degree of humification of the peat
(layer 5-10 cm) was estimated in 1994 using the
method of von Post (1922) (Table 1).

The stand characteristics have been measured
repeatedly since establishment, so far the latest
measurements are from 1989. Hokka (1992) has
examined the growth- and yield values of most
LR stands of this study more closely.

Data analysis

The compositional trends of the variation of the
vegetation were detected by global nonmetric
multidimensional scaling (GNMDS) using
DECODA software (Minchin 1991). GNMDS
was applied to a matrix of Bray-Curtis (alias
Czekanowski or Sgrensen) coefficient (Faith et
al. 1987). This matrix of dissimilarities between
the sample plots was calculated from abundance
values of species. GNMDS was performed for the
1933 and 1994 materials separately and for the
combined data of 1933, 1943, 1950 and 1994.

In GNMDS, solutions of 1-4 dimensions were
calculated and ten starting configurations in each
number of dimensions were used. All possible
pairs of ordination configurations were compared
using the method of Procrustean analysis (Schone-
mann & Carrol 1970). A Monte Carlo approach
(in DECODA) was used to test the significance
of the maximum correlation for environmental
variables through the configuration.

Two dimensions were needed for the separate
1933 and 1994 ordinations. Correspondingly three
dimensions were needed in the combined (1933,
1943, 1950, 1994) ordination. The stress values
were as follows: for the 1933 material ID (one
dimensional solution) = 0.21, 2D = 0.09 (3D =
0.07,4D =0.05); for the 1994 material ID = 0.23,
2D =0.11 (3D = 0.06, 4D = 0.04); and for the
combined material 1D = 0.29, 2D = 0.17, 3D =
0.09 (4D = 0.07).

In Procrustean analysis the minimum stress
configurations of the two dimensional solutions
were all identical as well as the configurations of
the three dimensional solution in combined ordi-
nation.

To elucidate vegetation relations between the
sample plots the FUPGMA (flexible unweighted
pair-group method using arithmetic averages)
classification (Belbin 1994) was performed sepa-
rately for the 1933 and 1994 materials. The rec-
ommended Bray-Curtis coefficient was used as
an association measure (Belbin 1994). This was
calculated from the abundance values of species.
In preanalyses the same classification was also
made for the material from 1943 and 1950.

In addition to species number, the Shannon’s
(H"), Simpson’s (D) and Pielou’s (J’) diversity
indices (Pielou 1966, Whittaker 1972, Peet 1974)




were calculated for the sample plots for which
four separate vegetation descriptions were avail-
able. From Simpson’s index an evenness meas-
ure ((1/Simpson’s index)/ species number) was
calculated with the DIVER programme (Finnish
Forest Research Institute 1989). The variation of
the indices between the sampling occasions was
tested in the LR material applying the SPSS-X
MANOVA procedure (SPSS-X User’s Guide
1988).

RESULTS
Compositional gradients — ordination
In 1933 the main compositional gradient (coeno-

cline) primarily showed variation in trophic sta-
tus: the plots of fertile mire site types (LR, LK,

SUO 50(2), 1999 59

RhK) obtained low scores and the more infertile
plots (MKK, RaSR, Ré) high scores along GNMDS|1
(Fig. 2). Variation in moisture was also connected
to this gradient because the fertile plots had been
wetter than the infertile ones. Especially the LK
plots had been wet; e.g. Carex chordorrhiza and
Carex limosa had been dominant on them. Fen
species, e.g. Equisetum fluviatile, were found also
on the infertile plots (App. 1). On the 2nd axis the
pine mires were separated from the spruce mires.
Thus, this gradient mainly represented hummock-
level bog influence—spruce mire influence reflect-
ing mire expanse (mire inherent) and mire mar-
gin (supplementary nutrient) effects.

The drainage/water level drawdown had af-
fected the gradient structure so that in 1994 the
hummock-level bog influence and spruce mire
influence was the main compositional gradient

Table 1. Some stand and peat characteristics (means, standard deviations) of the study sites in 1932 (above) and 1994
(below). G = stand basal area, G,,,.. = basal area of Picea abies, V = stand volume, Iv = stand volume increment, Yv = total
yield of the stand, Bet% = Betula pubescens percentage of the stand volume, H, v.Post = degree of humification, von Post,_,,
(5-10 cm). LR =eutrophic pine fen, LK = eutrophic spruce fen, RhK = herb-grass spruce mire, MKK = Equisetum sylvaticum
spruce mire, R4 = Sphagnum fuscum spruce-pine mire, RaSR = rahka-hummocky (Sphagnum fuscum) oligotrophic tall-
sedge fen.

Taulukko 1. Néiytealojen metsikkétunnuksia (keskiarvot ja -hajonnat) suotyypeittdin vuosina 1932 (ylap.) ja 1994 (alap.).
G = puuston pohjapinta-ala, G,,,.. = kuusen (Picea abies) pohjapinta-ala, V = metsikon tilavuus, Iv = tilavuuskasvu, Yv
= kokonaistuotos, Bet% = hieskoivun (Betula pubescens) osuus kokonaistilavuudesta, H,v.Post = turpeen maatumisaste
(5—10cm). LR = lettordme, LK = lettokorpi, RhK = ruohokorpi, MkK = metsdkortekorpi, Ri = rddseikkd, RaSR = rahkainen
sarardme.

Mire site n G Gpruce v Iv Yv Bet% H,v.Post Peat
type m? ha'! m?ha! m’ha’ m’ ha'a’! m*ha” 5-10cm  depth, cm
LR 22 49+t14 - 179+54 04+02 179+54 2.7+3.32 - 112+ 41
13.3+4.2 - 66.6+£27.0 19£1.2Y 1250+£46.0° 11.1£123 55+£07 110+42
LK 2 1.9£06 00+00 63+24 02x0.0 63+24  629+21.8 - 100 £ 28
11.7£52 03£0.1 53.6+£298 19+04 71.8+£322 33.5+9.1 55+07 83+25
RhK 4 92+24 04+02 368%£109 0.7+0.1 36.8+£109 36.1+144 - 48 £25
222+5.1 29+0.7 121.7+£38.1 2.1+£09 1685+233 472+13.1 7.0+0.0 45+ 15
MkK 2 160+0.1 102+£0.0 739+36 12+00 739+3.6 38.0£39 - 557
56+20 47+06 374+%124 - 214.2+£139 150%£21.0 7.0+00 3314
Ri 2 3.0£0.6 - 10.6 £2.0 0.3+0.1 106 £2.0 - - -
7.0+ 1.3 - 27.1£106 0403 33.1+13.2 - 35+0.7 43+ 11
RaSR 1 1.7 - 5.7 0.2 5.7 - - 90
- - - - - - 5.0 75
Yn=19

2n=20
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Fig. 2. GNMDS ordination of
the undrained sample plots in
1933 (the centroids and S.D.).
The maximum correlations
between the ordination space
and the external variables are
presented. For the abbrevia-
tions, see material and meth-
ods and Table 1.
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Kuva 2. Ojittamattomien koe-
alojen GNMDS-ordinaatio,
aineisto vuodelta 1933 (suo-
tyyppid edustavien alojen
sentroidit ja keskihajonnat).
Ulkoisten muuttujien ja ordi-
naatioavaruuden vdliset
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while the trophic status together with soil mois-
ture form the secondary gradient (Fig. 3). Espe-
cially the vegetation in LR and LK had become
poorer after drainage and the dispersion of the
sample plots had diminished along this gradient
when compared to the situation in 1933.

The vectors expressing monotonic trends be-
tween the ordination space and the number of
species, H’ and D increased in the direction of more
eutrophic types, especially the LR type (Fig. 2).
Generally speaking Pielou’s J (which actually is
evenness based on H’) and Simpson evenness in-
creased from spruce mires towards pine mires. In
the material from 1994 (Fig. 3) the diversity indi-
ces still increased in the direction of the trophic
gradient (see also Fig. 9), but the correlation be-
tween Simpson’s evenness and the ordination
space was low.

There was a high correlation between the de-
gree of humification of the peat and the ordina-
tion space (Fig. 3). The degree of humification
was highest in RhK and lowest in Ré (Table 1).
From 1932 to 1994 the thickness of the peat lay-
ers had decreased a little but for instance on the
LR plots only slightly (Table 1).

By means of combined ordination of different
sampling occasions it was detected that the
changes of the plant communities were greatest
in the fertile mire site types (LR, LK, RhK) where-
as in the infertile types (RaSR, Ri) the changes
were small (Fig. 4). Also in the MkK type the
changes have been remarkable. The only relevant

maksimikorrelaatiot esitetty
nuolin. Lyhenteet, ks. Tauluk-
ko 1 ja aineisto ja menetelmdit.

thing which was revealed on the 3rd axis was that
the cutting of the MkK stands to seed tree posi-
tion in 1989 may have influenced the direction of
the trajectory (displaying the progress of succes-
sion) at the third dimension. For this reason the
3rd axis is not presented. As a consequence of the
cuttings certain species, e.g. Carex globularis,
Epilobium angustifolium, Poaceae, have most
likely benefited from the increased light condi-
tions after 1989. Their success may also have to
some degree affected the location of the MkK plots
in Fig. 3.

Classification

In the numerical classification of the plant com-
munities from 1933 the sample plots formed logi-
cal groups in accordance with the different mire
site types. The plot LR31c was an exception as it
was located in the RhK type group (Fig. 5a). This
plot is located in the neighbourhood of the RhK
type plots. For instance Pyrola rotundifolia,
Sphagnum girgensohnii, Sphagnum centrale and
Calliergon cordifolium which were found on the
plot LR31Ic are indicator species of spruce mire
influence (and RhK type features). On the RhK
type plots there occured features of the LK and
RhSK (mesotrophic tall-sedge birch fen) types.
On the pristine LK type plots there occurred fea-
tures of KoL (eutrophic birch fen) (e.g. Scorpidium
vernicosum).
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Fig. 3. GNMDS ordination of the drained sample plots in 1994. Explanations as in Fig. 2.

Kuva 3. Ojitettujen koealojen GNMDS-ordinaatio, aineisto vuodelta 1994. Selitykset, ks. Kuva 2 ja Taulukko 1.

In the 1994 classification the plots LR 1a-b,
LR17 and LR18 had moved to the group with char-
acteristics of fertile spruce mires (Fig. 5b). To-
gether with the pine mire species on these plots
there was — irrespective of the thick peat layer
(220~130 cm) — a moderate abundance of forest
vegetation that reflects spruce mire influence. The
most prominent ones were Gymnocarpium dryop-
teris, Geranium sylvaticum, Trientalis europaea,
Solidago virgaurea, Epilobium angustifolium,
Hylocomium splendens. Species indicating sur-
face-water influence as. Calamagrostis canescens,
Calamagrostis purpurea, Calamagrostis stricta
and Carex canescens were also fairly abundant.
Despite the drainage, surface-water influence was
evident on almost all the sample plots.

The total yields of the tree stands on the above
mentioned LR plots with spruce mire influence
were high: on the plots LR1a-b 151-179 m*ha
and on plot LR17 even 226m%ha (cf. Table 1).
Because of especially storm damage there are no
yield values from the plot LR18 but the former
yield was about the same as on plot LR17 (Hokka,
pers. comm.). The groups confronted to different

silvicultural treatments of the stands (Hokk& 1992)
did not manifest themselves in the numerical clas-
sifications, neither in the preanalyses of the mate-
rial from 1943 and 1950. Consequently other fac-
tors have determined the structure of the vegeta-
tion. After 50 years of drainage there is no effect
that can be observed on the total yield of the dif-
ferent cuttings methods which were applied at
either the time of drainage or ten years later (Hok-
kd 1992).

Species abundances

The average abundances of plant species in 1933
and 1994 are presented by site types in Appen-
dix 1. Diagrams of variation in abundance (Fig. 6)
have been presented only for the LR type because
it is the most numerous of the sample plots.
After drainage, there was an increase of woody
plants, as dwarf shrubs and willows (Fig. 6, App. 1).
However, many light demanding pine mire- and
fen dwarf shrubs, for instance Andromeda poli-
Jolia, Betula nana and Vaccinium oxycoccos and
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Fig. 4. GNMDS ordination of the sample plots for the 1933, 1943, 1950 and 1994 materials (dimensions 1-2). The
centroids and S.D. are presented. For the abbreviations, see text.

Kuva 4. Eri havaintokertojen (vuodet 1933, 1943, 1950, 1994) GNMDS-koealaordinaatio (akselit 1-2) (suotyyppien sen-

troidit ja keskihajonnat). Lyhenteet, ks. teksti.

V. microcarpum, had decreased in the stocked
spruce mire types (RhK, MkK) being in 1994
scantier than in 1933. Also on the LR (Fig. 6) and
LK plots A. polifolia has begun to decline. The
abundance of Juniperus communis has remained
almost unchanged.

After the year 1950 Vaccinium myrtillus be-
gan to appear on the LR plots (Fig. 6). It occurred
on the MkK and Ra plots already in their pristine
state and by 1943 it had colonized the RhK plots.
V. myrtillus has not yet occurred on the LK and
RaSR plots. Vaccinium vitis-idaea had become
more abundant in all types except for the RhK
and MkK types where it by 1994 had become
scantier.

Carex lasiocarpa which thrives on intermedi-
ate and flark levels as well as Carex chordorrhiza
and Carex limosa which grow on flark levels had
decreased strongly (Fig. 6, App. 1). On the LK
and RhK plots they did not occur anymore in 1994.
Carex rostrata, which grows on intermediate and

flark levels, had at first increased a little but then
decreased. Even as late as in 1994 it grew on more
LR sample plots than in 1933; on the RhK and
LK plots, however, it was not found anymore.

Carex magellanica and Carex canescens
which are species that indicate among other things
influence of surface water had become more abun-
dant. In 1994 C. magellanica seemed to be clearly
declining on many sample plots, evidently due to
the recent more effective drainage. The hummock-
and intermediate-level species Carex dioica has
increased after the initial phases of succession.
On the RhK plots also these three species had
begun to decline.

After the drainage Eriophorum angustifolium
had appeared onto most of the LR plots. Only re-
cently it has started to decrease (Fig. 6). The vari-
ation in abundance and frequency of some other
species, e.g. Trichophorum alpinum, Trichopho-
rum cespitosum was analogous. The hummock-
level species Eriophorum vaginatum resists the



Fig. 5a-b. Agglomerative
hierarchical clustering (FUP-
GMA) of the undrained sam-
ple plots in 1933 (5a) and of
the drained sample plots in
1994 (5b).

Kuva 5a-b. Ojittamattomien
(aineisto vuodelta 1933) (5a)
Jja ojitettujen koealojen (ai-
neisto vuodelta 1994) (5b)
kokoavat, hierarkkiset luokit-
telut (FUPGMA).

drainage well so except for the MkK type where
it had slightly increased. By the latest sampling
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event E. vaginatum had appeared on almost all
the LR plots although it is nowhere very abun-
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Fig. 6 (Left and above). Average Norrlin’s density-abundances (left) and frequencies (the number of sample plots on which
the species occurred) (right) of some selected species in different sampling occasions in the eutrophic pine fen (LR)
material. Only the plots with a complete set of vegetation data from all the sampling occasions are included (n = 17).

Kuva 6 (Vasemmalla ja yllhdlld). Muutamien valittujen lajien keskimddrdiset Norrlin-runsaudet (vasemmalla) ja frekvenssit
(alojen lukumddrd, joilla laji esiintyi) (oikealla) eri havaintokerroilla lettorimeaineistossa. Mukana ovat ne LR-alat,
Jjoilta kasvillisuuskuvaukset ovat kaikilta havaintokerroilta (n = 17).

dant. dance has taken place. Many other graminoids,
The moderately deep-rooted intermediate-  e.g. the Calamagrostis species had become more

level species Molinia caerulea grew only on the  abundant (App. 1).

LR plots where hardly no changes in its abun- Also some orchids and some other herb spe-
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cies, as Melampyrum pratense, Epilobium angus-
tifolium and Solidago virgaurea have at some
stage after drainage been more abundant or fre-
quent than at the first or last observation occasion
(Fig. 6). Of the orchids Corallorrhiza trifida which
grows on intermediate and flark levels and the
chiefly intermediate-level species Dactylorhiza
maculata do not occur on the sample plots any-
more. Also Listera cordata which thrives on hum-
mock and intermediate levels had clearly begun
to become scantier. The shallow-rooted Pedicu-
laris palustris which indicates surface water in-
fluence is an example of a species which has de-
creased during the whole observation period. In
1994 Drosera rotundifolia occurred on only two
LR plots. Equisetum fluviatile was still abundant
on the LR plots but on the spruce mire plots it had
almost disappeared. The deep-rooted Potentilla
palustris had begun to decline slightly.

The deep-rooted hummock-level species Ru-
bus chamaemorus, which efficiently propagates
vegetatively, and the forest species Trientalis eu-
ropaea and Orthilia secunda had increased to-
gether with many other forest species (App. 1).
Rubus arcticus and Rubus saxatilis had formed
hybridies on the Teuravuoma drainage area.

Pleurozium schreberi, Hylocomium splendens,
Dicranum majus and e.g. Pohlia nutans, Brachy-
thecium spp. and Plagiothecium spp. as well as
many mire mosses of hummock and intermediate
levels, such as Sphagnum angustifolium, Sphag-
num capillifolium, Sphagnum magellanicum,
Dicranum bonjeanii, Polytrichum commune and
Polytrichum strictum, had become more abundant.

Sphagnum warnstorfii which is common and
abundant on pristine LR mires had clearly began
to decline. The hummock and intermediate level
species Aulacomnium palustre and the interme-
diate-level species Polytrichastrum longisetum
had increased temporarily. The demanding 7o-
mentypnum nitens had disappeared from many of
the LR plots and from all RhK plots, on which it
originally occurred. It is a sign of a long lasting
not too efficient drainage that the moderately hy-
drophilous Sphagnum subsecundum occurred on
nine of the LR plots, although dilapidated, whereas
the intermediate-level species Sphagnum squar-
rosum which was found on seven LR plots is an
indicator of surface water influence.

As expected, the demanding flark-level mosses,
many of which indicate influence of surface wa-
ter or ground water, were not able to adapt to the
conditions after drainage. For instance Calliergon
giganteum and Paludella squarrosa had immedi-
ately started to decrease. Meesia triguetra, Scorpi-
dium revolvens and Warnstorfia exannulata were
not found in 1994 anymore (App. 1). On the con-
trary Limprichtia intermedia which thrives on
intermediate levels still occurred on 11 of the LR
plots. Calliergon cordifolium and Pseudobryum
cinclidioides had disappeared totally.

On the LR plots the reindeer lichens (Cladina
arbuscula and C. rangiferina) had become slightly
scantier while cup lichens (Cladonia spp.) had
become more frequent and abundant. In 1994 Pe!-
tigera aphthosa occurred only on one LR plot. It
seems to be sensitive to drainage succession (see
also Reinikainen 1984).

The succession towards vegetation typical for
hummock level and forest is illustrated merely by
the species number representing different mire
surface levels and ecological groups. For exam-
ple on the LR and RhK plots the number of hum-
mock level species has increased while the number
of intermediate and particularly flark level spe-
cies has decreased. However, in the field layer
the number of intermediate level species has re-
mained almost unchanged (Fig. 7). The species
that reflect spruce mire influence had increased
in many plant groups as well as the species that
reflect hummock-level bog influence, especially
in the group of mosses (Fig. 8). The number of
poor and rich fen species had decreased.

Diversity indices

The number of species as well as Simpson’s (D)
and Shannon’s (H’) indices, which correlated
strongly with the number of species (r = 0.94-
0.99"* in different years), and also partly Pielou’s
(I’) index, were higher in the fertile types than in
the infertile types (Fig. 9). Because of their wide
wet surfaces in their pristine state, the LK plots
were poor in species number: there were almost
no hummock level species and where fen species
dominated the bottom layer was very scanty.
After the drainage species number, D and H’



Fig. 7. Average number of
species representing different
mire surface levels (Eurola et
al. 1994) in eutrophic pine
fen (LR, n = 22) and in herb-
grass spruce mire (RhK, n =
4) in 1933 and 1994.

Kuva 7. Eri kosteustasoja
edustavien lajien (Eurola et
al. 1994) keskimdcdrdinen
lajilukumdidrd lettordmeelld
(LR, n = 22) ja ruohokorves-
sa (RhK) vuosina 1933 ja
1994.

Fig. 8. Average number of
species representing different
ecological plant groups (Eu-
rola et al. 1994) in eutrophic
pine fen (LR) and in herb-
grass spruce mire (RhK) in
1933 and 1994.

Kuva 8. Eri ekologisia ryh-
mid edustavien lajien (Eurola
et al. 1994) keskimdidrdinen
lajilukumdidrd lettordmeelld
(LR) ja ruohokorvessa (RhK)
vuosina 1933 ja 1994.
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at first increased (Fig. 9). For instance in that part
of the material from the LR plots for which statis-
tical testing was possible, the increase was highly
significant (Table 2). In addition to the many mire
species of hummock and intermediate level
microsites that had increased there also occurred
pioneer and forest species which had colonized
these plots.

By 1994, as the mire species were decreasing
the diversity indices had turned to decline also,
except on the Rd and RaSR plots. There the spe-
cies number in the bottom layer still was higher
than at the previous sampling occasions. The turn
to decline had been faster in the spruce mire types
than in the LR type - after the initial increase.

Pielou’s J’, which moderately correlated with
species number (r = 0.37-0.62""), and the even-
ness calculated from Simpson’s D (r = — 0.04—
0.24) behaved a bit vaguely. In most cases they
seemed to decline a little from 1933 to 1994. Thus,
the species dominance had increased. In the LR
material I’ and D evenness decreased from 1943
to 1950 and after that increased so that the differ-
ence between 1933 and 1994 was not significant
(Table 2). The LK plots were an exception be-
cause the species were very unevenly distributed
at the moment of drainage.

DISCUSSION
Compositional gradients

In a systematic or random sampling of the mire
surface the main compositional gradients of pris-
tine boreal mire vegetation generally reflect (1)
the mire margin (supplementary nutrient) versus

SUO 50(2), 1999 69

mire expanse (mire inherent) effects (e.g. Paka-
rinen & Ruuhijirvi 1978, Hotanen & Nousiainen
1990, @kland 1990a), (2) variation in moisture
(e.g. Pakarinen 1985, cf. @kland 1990a) (3) vari-
ation in nutrient status (e.g. Jeglum 1991). How-
ever, the main compositional gradients (coeno-
clines, ordination axes) represent ecological com-
plex factors (Pakarinen 1985, @kland 1990a, cf.
@kland 1992).

The reciprocal order and clarity of the main
coenoclines depend on the nature of the region
under examination: geobotanical location, size,
etc. Also the methods used in the study have their
own effect (cf. e.g. Pakarinen 1976, Pakarinen &
Ruuhijdrvi 1978, Pakarinen 1985, @kland 1990b).
In the materials limited by mire site types one or
two gradients may well represent the whole vari-
ation (Heikkild 1987, Laine & Vanha-Majamaa
1992).

In the materials of drained peatlands the com-
plexity of the main coenoclines must be empha-
sized because the variations in succession age in-
troduce additional features to the analyses (e.g.
Reinikainen 1988, Hotanen 1991, Laine & Vanha-
Majamaa 1992). It is even more complicated to
connect the interpretation of the main gradients
with the ordination axes in the follow-up ordina-
tions, where for example as many as three dimen-
sions are needed.

The analyses of this study corroborate the hy-
potheses and observations that forest drainage
accentuates the significance of the mire margin
and mire expanse effects (which in this case were
spruce mire and hummock-level bog influences
respectively) in controlling the structure of plant
communities on drained peatlands — instead of
trophic status and soil moisture (Eurola et al.

Table 2. The statistical differences (Sig. of F) of diversity indices between sampling years in eutrophic pine fen (LR)

material (n = 17), cf. Fig. 9.

Taulukko 2. Lajilukumdidrdn ja diversiteetti-indeksien tilastolliset erot (F-arvon merkitsevyys p) havaintovuosien valilld

lettordmaineistoissa (LR) (n = 17), vrt. Kuva 9.

1933 vs 1943 1943 vs 1950 1950 vs 1994 1933 vs 1994 1943 vs 1994
Species number .000 .058 441 .000 365
D .000 .503 .897 .000 .586
H’ .000 235 687 .000 512
r A17 .000 .029 305 940
Simpson evenness 755 .000 .039 716 .903
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1995). Drainage decreases the variation in soil
moisture and nutrient status. This is connected
with the drying and increase in acidity of the peat
substrate, and subsequently with the exchange
capacity controlling the nutrient supply of the
plants (Puustjarvi 1968). When, as a result of
drainage, the water volume decreases and the acid-
ity increases (Vahtera 1955), a species able to uti-
lize a higher exchange capacity than species thriv-
ing on wet substrates will increase it’s abundance.

The spruce mire influence is a silviculturally
important feature as it contributes to the succes-
sion (Reinikainen 1989). The hummock-level bog
influence resists drainage well (Reinikainen 1989),
and on fen-like mires the dwarf shrub vegetation
generally increases (e.g. Pienimiki 1982, Silfver-
berg & Hotanen 1989). Poor or rich fen influence
(Eurola et al. 1984) loses its importance when
drying, although it leaves its typical mark on the
drained peatland vegetation for a long time (Reini-
kainen 1988, Laine 1989). Thus, the variation
between hummock-level bog influence and spruce
mire influence (or between mire expanse and mire
margin) generally becomes a primary factor in the
data collected from drained mires. Effective drain-
age mostly disconnects surface- and ground-wa-
ter influence. The mire margin effects are remark-
able sources of diversity (Eurola et al. 1994, Kor-
pela & Reinikainen 1996).

From a hydrological point of view drainage
generally transforms the substrate into a site re-
sembling the conditions of the hummock level
(Eurola & Holappa 1984). In Teuravuoma many
intermediate level species, e.g. Sphagnum warn-
storfii, and even some deep-rooted intermediate-
and flark-level species, e.g. Potentilla palustris
and Menyanthes trifoliata (Metsdvainio 1931),
occurred commonly still in 1994. The reasons for
this are the humid climate prevailing on the site
and the long period of fairly weak drainage effi-
ciency connected with the flat topography. How-
ever, according to Hokka (1992) the development
of the forest stands have been at least satisfac-
tory.

In the drainage succession the secondary de-
crease of the original trophy level as discussed
above may prevail for a reasonably long time.
Many drained mires have originally been wet with
poor or rich fen influence; the majority of these
are presently in the transforming drained mire

phase or in other words moderately young objects
(Tomppo & Henttonen 1996). It remains to be
seen, what the result will be in the long run with
the mineralization of the peat (cf. Melin 1917).
From a nutritional point of view the favourable
consequences of drainage are that the aerobic sur-
face of the peat becomes larger which increases
the decomposition of organic material and accel-
erates the nutrient accumulation and cycle in aero-
bic layer (e.g. Paavilainen & Pdivinen 1995).

In addition to proportions of flark levels also
the degree of spruce mire influence may vary in
eutrophic pine fens (Heikurainen 1954, 1958). The
large variation in total yield of the LR stands is
partly caused by this (Table 1). According to Hok-
ki (1992) the variation in proportion of flark lev-
els has also affected the variation in yield values
between the LR sample plots. Probably there was
most flark levels on the plots 15d—e, 16d (Hokka
1992) and on 14a-b, but in the numerical classifi-
cations these plots did not discern properly (Fig. 5a).
This could partly be caused by Norrlin’s coarse
field method.

The drainage has probably changed the water
flows so that four LR plots (la—b,17,18) have
turned to a state with quite strong spruce mire in-
fluence. Apparently, surface-water flows have
brought nutrients onto these plots too, especially
onto plots LR17 and LR 18, because many swamp
species that demand a surface water supply still
occurred abundantly on them. On the basis of the
vegetation in 1933 on these plots one could not
detect anything divergent from the other LR plots
which could have predicted the present develop-
ment. The example of these plots emphasize the
importance of the actual vegetation in the classi-
fication of drained peatlands (also Silfverberg
1991). Moreover, the importance will be still more
accentuated in the future, since the era of initial
ditchings has nearly ended and we must operate
with vegetation which has been affected by drain-
age for an ever longer time; there is also the in-
creasingly important influence from silvicultural
measures which add — partly unknown — aspects.

In a traditional sense the sample plots were in
the transforming phase of drained mires (Sarasto
1961). The RhK and MkK plots and those LR plots
with a clear spruce mire influence were the far-
thest advanced in their secondary succession. They
were near the transformed drained mire (final III)



phase. Spruce mire influence promotes the ‘ideal’
drainage succession (Holmen 1964, Reinikainen
1989). The abundance of many mire plants on the
MKK plots is probably a consequence of the re-
moval (in 1989) of a large number of trees that
had evaporated considerable amounts of soil wa-
ter.

Because of the climatic factors in north Fin-
land one cannot make as strict requirements about
the proportion of forest vegetation for the trans-
formed drained mire phase (Sarasto 1961, cf.
Laine 1989) as in south Finland. Also, it is evi-
dent that the drainage succession in the north is
slower than in the south. It is too early to draw
any final conclusions about what directions the
future succession will take on the Teuravuoma
LR plots since the secondary succession still is
incomplete. The present vegetation, however, in-
dicates a development to some form of herb-rich
type (Rhtkg) (cf. Heikurainen 1958, Laine 1989).

Species responses

After drainage the increase of mire dwarf shrubs
happens chiefly by spreading through vegetative
propagation to the dried intermediate and flark
levels (e.g. Pienimiki 1982). According to Laine
etal. (1995) clonal growth may play an important
role in the vegetation dynamics of developing
communities. The mire dwarf shrubs survive for
a long time on drained peatlands (Holmen 1964,
Reinikainen 1984). In addition to drainage degree,
the shading and competition control the compo-
sition of understorey vegetation. Later the mire
dwarf shrubs decline and the forest species gain
ground. On fen-like drained mires Vaccinium myr-
tillus colonizes and increases slowly (also Sarasto
1961). This may be due to the slow spreading of
the species or to its weak competitive ability in
the sparse tree stands in comparison to other dwarf
shrub species; also the rhizome growth rate of
V. myrtillus is slower than that of e.g. Vaccinium
vitis-idaea (Laine et al. 1995 and references there-
in).

The temporary increase of some species is
worth noticing. The strength and length of increase
depend, among other things, on the hydrophilic
status, on the exchange capacity and on the depth
of roots of the plant species. The drying of wet
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and moist surfaces has offered for example Erio-
phorum angustifolium, Melampyrum pratense,
Listera cordata and Epilobium angustifolium
space for germinating and growth. According to
the studies of Sarasto (1961), Mannerkoski (1976)
and Laine et al. (1995) it can be noticed that on
many minerotrophic composite mire site types
Eriophorum angustifolium and M. pratense have
been more abundant in the recently drained and
transforming drained phase than in the pristine
state or the transformed drained phase. On a drain-
ed mesotrophic tall-sedge pine fen studied by Rei-
nikainen (1984) L. cordata had occurred for a part
of the study period.

The well-known pioneer species Epilobium
angustifolium which is nitrogen and light demand-
ing occurs usually scattered on drained pine mires
as is the case on Teuravuoma (Sarasto 1961, Reini-
kainen 1984, Laine et al. 1995). On infertile drain-
ed areas the species is generally a sign that the
site has been fertilized (Pdivénen & Seppaild 1968).
On minerotrophic pine fens studied by Laine et
al. (1995) it seemed to increase slightly with the
drainage age. Increase followed by subsequent de-
crease like on Teuravuoma has not been substan-
tiated from pine mires. The decrease may be a
consequence of competition from the other spe-
cies because the light conditions on the LR plots
were rather good despite the good development
of the stands. In the drainage succession of spruce
mires E. angustifolium has after a slight increase
decreased when the tree stands close up (Sarasto
1961).

Equisetum palustre is able to adapt to the drain-
age for quite a long period and it may even slightly
benefit at the beginning of drainage if the water
table level is suitable (Huttunen 1969), in the trans-
formed drained mire phase, however, it disappears
(Sarasto 1961). Also Trichophorum alpinum and
T. cespitosum benefit from the environmental
change in the early phases of succession (also Aa-
pala & Kokko 1988). They are able to resist large
changes in moisture (Laitinen 1990).

The species of hummock and intermediate lev-
els, Moneses uniflora which indicates spruce mire
influence, was common on the LR plots in 1933
compared to for instance the material from LR
types collected by Ruuhijérvi (1960). Although the
frequence of M. uniflora had decreased (App. 1),
it had found new growth space on the former wet
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surface occurring quite abundant on some sam-
ple plots in 1994.

The increase of grasses is an indication that
sufficient light, growth space and mineral nitro-
gen is available, as well as influence of surface
water for some species (Holmen 1964, Platonov
1976). The nitrogen content of the surface peat
layer from some of the Teuravuoma LR plots have
been analysed in the 1940’s and 1980’s. The total
nitrogen content (N, %) has varied between 2.28—
2.34 (Heikki Veijalainen, pers. comm.).

Contrary to almost all earlier observations (cf.
Reinikainen 1984) Carex rostrata became tem-
porarily more common after the drainage. The in-
crease may have been enabled by the drying of
wet surfaces so that there still has been water
enough for the roots. According to Saarinen et al.
(1994) the living roots of C. rostrata can extend
much deeper than earlier observed (Metsivainio
1931), to a depth of even 2.3 m. It may also be
that the species has propagated vegetatively but
has not been as tall or fertile as earlier. Manner-
koski (1976) noticed that Carex lasiocarpa in-
creased temporarily after drainage (also Kurimo
& Uski 1988), while the observations of Sarasto
(1961) and Laine et al. (1995) rather indicate a
rectilinear decrease. Their observations were not
from permanent sample plots and the first drain-
age phase contained sample plots of various ages.
In Teuravuoma the species has started to decline
clearly after 1950.

Carex canescens and Carex magellanica tol-
erate drainage quite well and they may increase
at the beginning of secondary succession (Sarasto
1961, Mannerkoski 1976). In the humid condi-
tions of Teuravuoma with a supply of surface
water flow also they have increased during almost
the whole follow-up period. For Carex dioica, a
very weakly hydrophilous species with deep roots
(Metsdvainio 1931, Lumiala 1944) the moisture
conditions have obviously been good for a long
time at Teuravuoma. It has been observed that on
drained areas in south and middle Finland it de-
creases slowly in secondary succession (Aapala
& Kokko 1988). The sedges are inefficient in cy-
cling nutrients internally and thus nutrition from
moving water ensures their success (Bernard &
Hankinson 1979). The population biological char-
acters of many species are still insufficiently

known, although their ecology on pristine mires
is known in outline.

Apparently the peat in the LR plots has not
been acid enough for Eriophorum vaginatum to
form typical tussocks (e.g. Kuusipalo & Vuorinen
1981) although the moisture and light conditions
would have been favourable (cf. Laine & Vanha-
Majamaa 1992). The acidity (pH) of the LR plots
from where nitrogen was analysed varied between
4.99 and 5.48 (Heikki Veijalainen, pers. comm.).
Instead, on the infertile RaSR plots with more acid
surface peat E. vaginatum was abundant.

For some species the ditches or the ditch soils
may have worked as primary germination beds,
from which new species then have spread to the
sample plots. The size and functioning of seed
banks on drained mires are so far not well known
(Heikkild & Lindholm 1995, Jauhiainen 1998).
According to Laine et al. (1995) the seed banks
probably play a minor role on drained peatlands
compared to upland vegetation communities in
determining the field layer composition after dis-
turbance.

As predicted the demanding flark-level mosses
(Lumiala 1944) and many eutrophic vascular
plants as well as species regarded as weak com-
petitors had disappeared or declined most (e.g.
Tofieldia pusilla, Selaginella selaginoides, Pedi-
cularis palustris, Drosera rotundifolia). Instead
ombro-oligotrophic Sphagna of hummock and
intermediate levels with their good capillary char-
acters (see also Holmen 1964, Platonov 1976, Rei-
nikainen 1984, Rydin 1986, Laine et al. 1995) had
increased in the changed moisture conditions. Also
Polytrichum (see Huttunen 1969, Pienimiki
1982), the colonists (e.g. Pohlia nutans) (During
1979) and forest mosses had benefited from the
changed substrate. In many mire site types stud-
ied by Sarasto (1961) Aulacomnium palustre re-
acted in the same way as in this study (also Laine
et al. 1995).

Many species ‘behaved very consistently’; for
instance both Sphagnum warnstorfii and Dicra-
num bonjeanii are (meso)-eutrophic species, but
the former represents the intermediate level and
the latter (hummock-) intermediate level (Eurola
etal. 1994). S. warnstorfii had begun to decrease,
but D. bonjeanii had so far increased. It is neces-
sary to follow the secondary succession from now



on to see how strong the effect of intensified drain-
age is on the composition of vegetation in these
arctic conditions.

Diversity

Species richness, Simpson’s D and Shannon’s H’
are generally higher in eutrophic and meso-eu-
trophic sites (e.g. RhK, LK, LR) than in oligo-
trophic (e.g. MkK, Ri, RaSR) or ombrotrophic
sites both on pristine mires and on drained
peatlands (Sarasto 1961, Holmen 1964, Vasander
1987b). In most cases many ecological gradients
affect simultaneously on fertile peatlands and
generally considerable microhabitat variation
caused by water flow and flark-hummock micro-
topography gives horizontal and vertical varia-
tion in the nutrient and moisture regimes (Eurola
et al. 1984, Vasander 1987b, Laine et al. 1995).

The succession after ditching which can be
divided into two overlapping phases the drainage-
and the forest succession (Reinikainen 1984), tem-
porarily increases the alpha-diversity, though not
always significantly (Vasander et al. 1997). Ac-
cording to Sarasto (1952, 1961) species richness
after drainage reaches its maximum earlier on
nutrient-rich types than on nutrient-poor types, and
the increase in species number is the higher the
richer in species the mire site type has originally
been. Correspondingly the number of mire spe-
cies later declines the faster the more fertile the
site type is; this is also connected to the fast de-
velopment of the tree stands through competition
and shading on the fertile substrate (Vasander
1990, Laine et al. 1995). However, when com-
paring different nutrient status levels with each
others, the rules should be standardized by main
type group and by proportions of different
microhabitats, as original moisture level.

After drainage the alpha-diversity on the dif-
ferent surface levels (flark, intermediate, hum-
mock) can vary (increase/decrease) in different
ways depending on the original mire site type and
on the moisture levels of different mire surfaces
or microhabitats as well as on fertilization (Vasan-
der 1984, 1987a,b). Also the field- and bottom
layer can behave in different ways. According to
Vasander (1990) after forest amelioration, spe-
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cies richness and H’ usually decrease in the field
layer, but were more likely to increase in the bot-
tom layer. In Teuravuoma the total species number
(Fig. 9), the species number of the field- and bot-
tom layers as well as the corresponding D and H’
were in most cases still slightly higher in 1994
than in 1933 (Hotanen 1998).

Pielou’s J’ (= H’ based evenness) and Simpson
evenness reacted a bit vaguely, but as an overall
trend seemed to be declining with time. In that
case it is connected with the increase in species
dominance which reflects a general trend in dis-
turbed ecosystems (Grime 1979). Because many
alpha-diversity indices are determined both by
species richness and by abundance relationships
their use should be applied with certain reserva-
tions. They are suitable for the comparison be-
tween communities, but rather weakly for the
description of communities.

Drainage diminishes the separation between
the species composition of the site types, i.e. the
beta-diversities describing the differences between
plant communities decrease as the hydrological
conditions become more uniform after drainage
(Hotanen & Vasander 1992, Laine et al. 1995).
This is also shown in the ordinations as a smaller
dispersion between the drained sites than between
the undrained sites. However, as pointed out by
Vasander et al. (1997), if only a part of a peatland
is drained, the invading forest vegetation may even
increase the beta-diversity within the peatland.

The development towards forest vegetation
(viaintermediate- and hummock-level species and
communities) on drained mires may diminish the
regional gamma-diversity, even if the alpha-di-
versity on individual plots and sites may not be
much affected (Reinikainen 1984, Vasander 1984,
Laine et al. 1995). There are no species known to
be dependent on drained mires (Vasander et al.
1997). Mire species of which a part may be quite
rare in a certain region are gradually substituted
by forest species which already dominate in the
surrounding forests.

ACKNOWLEDGEMENTS

We thank Harri Vasander, Pekka Pakarinen, Antti Reinikai-
nen and Kari Minkkinen for valuable comments on the manu-



74 Juha-Pekka Hotanen et al.

script, Jaakko Heinonen for statistical advice and Markus
Hartman for revising the English. Leena Karvinen helped
in completing the tables and figures. Thanks are also due to
Hannu Hokka for general information on the sample plots
and for providing the tree stand data for this study.

REFERENCES

Aapala, K. & Kokko, A. 1988. Ojituksen vaikutuksesta soi-
den kenttikerroksen kasvilajeihin. (Summary: Changes
in the ground vegetation of drained mires). Suo 39: 41—
49.

Atlas of Finland 1987. Folio 131. Climate. National Board
of Survey—Geographical Society of Finland. Helsinki.
32 pp.

Atlas of Finland 1988. Folio 141-143. Biogeography, na-
ture conservation. National Board of Survey-Geo-
graphical Society of Finland. Helsinki. 32 pp.

Belbin, L. 1994. PATN (PATTERN ANALYSIS PACK-
AGE). Division of Wildlife and Ecology. Users guide.
CSIRO. Australia. 73 pp.

Bernard, J. M. & Hankinson, G. 1979. Seasonal changes in
standing crop, primary production, and nutrient levels
in a Carex rostrata wetland. Oikos 32: 328-336.

Cajander, A. K. 1913. Studien iiber die Moore Finnlands.
Acta Forestalia Fennica 2(3): 1-208.

During, H. J. 1979. Life strategies of bryophytes: a prelimi-
nary review. Lindbergia 5: 2-18.

Eurola, S., Hicks, S. & Kaakinen, E. 1984. Key to Finnish
mire types. In: Moore, P.D. (ed.), European mires, pp. 11—
117. Academic Press. London.

Eurola, S. & Holappa, K. 1984. Luonnontilaisten soiden
ekologia ja soiden metsdojituskelpoisuus. Metsantutki-
muslaitoksen tiedonantoja 148: 90--108.

Eurola, S., Bendiksen, K. & Ronka, A. 1990. Suokasviopas.
Oulanka Reports 9: 1-205.

Eurola, S., Huttunen, A. & Kukko-oja, K. 1994. Suokasvilli-
suusopas. Oulanka Reports 13: 1-81.

Eurola, S., Laukkanen, A. & Moilanen, M. 1995. The sig-
nificance of the original mire site type in the classifica-
tion of old drainage areas. An example from Muhos,
Finland (64°49°N, 26°E). Aquilo Ser. Bot. 35: 39—44.

Faith, D. P., Minchin, P. R. & Belbin, L. 1987. Composition-
al dissimilarity as a robust measure of ecological dis-
tance. Vegetatio 69: 57-68.

Grime, J. P. 1979. Plant strategies and vegetation processes.
John Wiley. Chichester-New Y ork-Brisbane-Toronto-
Singapore. 222 pp.

Héimet-Ahti, L., Suominen, J., Ulvinen, T. & Uoctila, P. (eds.)
1998. Retkeilykasvio. Luonnontieteellinen keskusmu-
seo, Kasvimuseo. 656 pp.

Heikkild, H. 1987. The vegetation and ecology of meso-
trophic and eutrophic fens in western Finland. Annales
Botanici Fennici 24: 155-175.

Heikkild, H. & Lindholm, T. 1995. Metséojitettujen soiden
ennallistamisopas. (Abstract: Guide for the restoration

of mires drained for forestry). Metsihallituksen luon-
nonsuojelujulkaisuja. Sarja B:25. 101 pp.

Heikurainen, L. 1954. Korpisuus ruskordmeilld. Luonnon
Tutkija 58: 42-48.

Heikurainen, L. 1958. Lettorame ja sen metséojituskelpoi-
suus. (Summary: Eutrophic pine bogs and their suit-
ability for draining). Silva Fennica 93(2): 1-29.

Holmen, H. 1964. Forest ecological studies on drained peat
land in the Province of Uppland, Sweden. Parts I-III.
Studia Forestalia Suecica 16: 1-236.

Hotanen, J.-P. 1991. Suotyyppijérjestelman kayttokelpoi-
suus metséojitetuilla turvemailla. (Abstract: The valid-
ity of the mire site type system in peatlands drained for
forestry). Luonnon Tutkija 95: 68-73.

Hotanen, J.-P. 1998. Metsdnparannuksen vaikutus soiden
monimuotoisuuteen. Metsdntutkimuslaitoksen tiedon-
antoja 674: 7-19.

Hotanen, J.-P. & Nousiainen, H. 1990. Metsi- ja suokasvil-
lisuuden numeerisen ryhmittelyn ja kasvupaikkatyyp-
pien rinnastettavuus. (Summary: The parity between
the numerical units and site types of forest and mire
vegetation). Folia Forestalia 763: 1-54.

Hotanen, J.-P. & Vasander, H. 1992. Etelisuomalaisten
metsdojitettujen turvemaiden kasvillisuuden numeeri-
nen ryhmittely. (Summary: Post-drainage development
of vegetation in southern Finnish peatlands studied by
numerical analysis). Suo 43: 1-10.

Huttunen, P. 1969. Lannoituksen ja pohjaveden korkeuden
sadnndstelyn aiheuttamista aluskasvillisuuden muutok-
sista kahdella suokoekentilld Rovaniemen mlk:ssa.
M.Sc. thesis. Department of Botany, University of Hel-
sinki. 46 pp.

Hokkd, H. 1992. Ojituksen yhteydessé tehdyn hakkuun vai-
kutus puuston kasvuun ja tuotokseen. Metsantutkimus-
laitoksen tiedonantoja 446: 151-162.

Ilvessalo, Y. 1932. The establisment and measurement of
permanent sample plots in Suomi (Finland). Communi-
cationes Instituti Forestalis Fenniae 17(2): 1-28.

Jauhiainen, S. 1998. Seed and spore banks of two boreal
mires. Annales Botanici Fennici 35: 197-201.

Jeglum, J. K. 1991. Definition of trophic classes in wooded
peatlands by means of vegetation types and plant indi-
cators. Annales Botanici Fennici 28: 175-192.

Keltikangas, V. 1945. Ojitettujen soitten viljavuus eli puun-
tuottokyky metsityyppiteorian valossa. (Summary: The
fertility of drained bogs as shown by their tree prod-
ucing capacity, considered in relation to the theory of
forest types.) Acta Forestalia Fennica 53(1): 1-237.

Korpela, L. & Reinikainen, A. 1996. Patterns of diversity
in boreal mire margin vegetation. Suo 47(1): 17-28.

Kurimo, H. & Uski, A. 1988. Short-term changes in veg-
etation on pine mires after drainage for forestry. Publi-
cations of the Academy of Finland 4: 256-269.

Laine, J. 1989. Metsdojitettujen soiden luokittelu. (Sum-
mary: Classification of peatlands drained for forestry).
Suo 40: 37-51.

Laine, J. & Vanha-Majamaa, I. 1992. Vegetation ecology
along a trophic gradient on drained pine mires in south-



ern Finland. Annales Botanici Fennici 29: 213-233.

Laine, J., Vasander, H. & Laiho, R. 1995. Long-term ef-
fects of water level drawdown on the vegetation of
drained pine mires in southern Finland. Journal of Ap-
plied Ecology 32: 785-802.

Laitinen, J. 1990. Periodic moisture fluctuation as a factor
affecting mire vegetation. Aquilo Ser. Botanica 28: 45—
55.

Lumiala, O. 1944. Uber die Bezichung einiger Moorpflan-
zen zu der Grundwasserhohe. Bulletin de la Commis-
sion géologique de Finlande 132: 147-164.

Mannerkoski, H. 1976. Puuston ja pintakasvillisuuden
kehitys ojituksen jélkeen saraisella suolla. (Summary:
Changes in the tree cover and ground vegetation of a
sedge bog following drainage). Suo 27: 97-102.

Mannerkoski, H. 1979. Comparison of methods in classifi-
cation of vegetation on a drained peatland area. In: Kivi-
nen, E., Heikurainen, L. & Pakarinen, P. (eds.), Classi-
fication of peat and peatlands, pp. 109-120. Interna-
tional Peat Society.

Melin, E. 1917. Studier 6ver de norrldndska myrmarkernas
vegetation med sérskild hénsyn till deras skogsvegeta-
tion efter torrldggning. Norrlindskt Handbibliotek 7:
1-426.

Metsivainio, K. 1931. Untersuchungen tiber das Wurzelsys-
tem der Moorpflanzen. Ann. Bot. Soc. ‘Vanamo’ 1: 1-
422.

Minchin, P. R. 1991. DECODA. Database for Ecological
Community Data. Version 2.04. Australian National
University. Canberra.

@kland, R. H. 1990a. A phytoecological study of the mire
Northern Kisselbergmosen, SE Norway. II. Identifica-
tion of gradients by detrended (canonical) correspond-
ence analysis. Nordic Journal of Botany 10: 79-108.

@kland, R. H. 1990b. Vegetation ecology: theory, methods
and applications with reference to Fennoscandia. Som-
merfeltia Supplement 1: 1-233.

@kland, R. H. 1992. Studies in SE Fennoscandian mires:
relevance to ecological theory. Journal of Vegetation
Science 3: 279-284.

Paalamo, P. 1996. Ojituksen vaikutuksia Nurmes-tutkimus-
alueella: soiden ekologiset vaihtelusuunnat ja pintakas-
villisuus. Lic. Phil. thesis. Department of Biology, Uni-
versity of Joensuu. 77 pp.

Paavilainen, E. & Péivinen, J. 1995: Peatland Forestry: ecol-
ogy and principles. Springer. Ecological Studies, Vol.
111: 1-248.

Piivinen, J. & Seppili, K. 1968. Hajalannoituksen vaikutus
lyhytkortisen nevan pintakasvillisuuteen. (Summary:
Effect of broadcast fertilizer on the ground vegetation
of a Jow sedge swamp). Suo 19: 51-56.

Pakarinen, P. 1976. Agglomerative clustering and factor
analysis of south Finnish mire types. Annales Botanici
Fennici 13: 35-41.

Pakarinen, P. 1984. Cover estimation and sampling of boreal
vegetation in northern Europe. In: Knapp, R. (ed.), Sam-
pling methods and taxon analysis in vegetation science.
Handbook of vegetation science 4, pp. 34—44. The

SUO 50(2), 1999 75

Hague.

Pakarinen, P. 1985. Numerical approaches to the classifi-
cation of north Finnish mire vegetation. Aquilo Ser.
Botanica 21: 101-110.

Pakarinen, P. & Ruuhijérvi, R. 1978. Ordination of north-
ern Finnish peatland vegetation with factor analysis and
reciprocal averaging. Annales Botanici Fennici 15: 147—
157.

Peet, R. K. 1974. The measurement of species diversity.
Annual Review of Ecology and Systematics 5: 285—
307.

Pielou, E. C. 1966. Shannon’s formula as a measure of spe-
cific diversity: Its use and misuse. The American Natu-
ralist 100: 463—465.

Pieniméki, T. 1982. Kasvillisuuden ojituksenjilkeinen
kehitys eriilld suotyypeilld Pohjois-Pohjanmaalla.
(Summary: Development of vegetation on some drained
mire site types in North-Ostrobotnia). Suo 33: 113-123.

Platonov, G. M. 1976. The Shift of Bog Vegetation Under
the Influence of Drying. In: P’yavchenko, N. (ed.), In-
terrelation of Forest and Bog - Results of Station Re-
search, pp. 129-140. New Delhi.

Puustjarvi, V. 1968. Suotyypin muodostumiseen vaikutta-
vista tekijoistd. (Summary: Factors determining bog
type). Suo 19: 43-50.

Reinikainen, A. 1984. Suotyypit ja ojituksen vaikutus pinta-
kasvillisuuteen. In: Jaakkoinsuon koeojitusalue 75 vuot-
ta (Summary: Jaakkoinsuo experimental drainage area
75 years). Metsantutkimuslaitoksen tiedonantoja 156:
7-21.

Reinikainen, A. 1988. Metsiojitettujen soiden kasvupaikka-
luokituksen suunnanhakua. (Summary: The need of im-
proving the site classification of mires drained for for-
estry). Suo 39: 61-71.

Reinikainen, A. 1989. Luonnontilaisesta suosta turvekan-
kaaksi. Metséntutkimuslaitoksen tiedonantoja 337: 15—
25.

Ruuhijarvi, R. 1960. Uber die regionale Einteilung der nord-
finnischen Moore. Ann. Bot. Soc. ‘Vanamo’ 31(1): 1-
360.

Rydin, H. 1986. Competition and niche separation in Sphag-
num. Canadian Journal of Botany 64: 1817-1824.
Saarinen, T., Tolonen, K. & Vasander, H. 1994. Biomass
and production of vascular plants in a mesotrophic fen.
[n: The Finnish Research Programme on Climate
Change. Second Progress Report. Publications of the
Academy of Finland 1/94, pp. 257-261. Painatuskeskus,

Helsinki.

Sarasto, J. 1952. Metsdojituksen aiheuttamista aluskasvil-
lisuuden muutoksista erdissd suotyypeissd. (Referat:
Uber Verinderungen in der Untervegetation einiger
Moortypen als Folge der Waldentwisserung). Commu-
nicationes Instituti Forestalis Fenniae 40(13): 1-32.

Sarasto, J. 1957. Metsin kasvattamiseksi ojitettujen soiden
aluskasvillisuuden rakenteesta ja kehityksestd Suomen
etelipuoliskossa. (Referat: Uber Struktur und entwick-
lung der Bodenvegetation auf fiir Walderziehung ent-
wisserten Mooren in der siidlichen Hilfte Finnlands).



76 Juha-Pekka Hotanen et al.

Acta Forestalia Fennica 65(7): 1-108.

Sarasto, J. 1961. Uber die Klassifizierung der fiir Walder-
ziehung entwasserten Moore. Acta Forestalia Fennica
74(5): 1-47.

Schonemann, P. H. & Carroll, R. M. 1970. Fitting one ma-
trix to another under choice of a central dilation and a
rigid motion. Psychometrika 35: 245-255.

Sevola, Y. (ed.). 1996. Yearbook of Forest Statistics 1996.
The Finnish Forest Research Institute. Forest Statistics
Information Service. Gummerus Kirjapaino Oy. Jyvis-
kyld. 352 pp.

Silfverberg, K. & Hotanen, J.-P. 1989. Puuntuhkan pitka-
aikaisvaikutukset ojitetulla mesotrofisella kalvakkane-
valla Pohjois-Pohjanmaalla. (Summary: Long-term ef-
fects of wood-ash on a drained mesotrophic Sphagnum
papillosum fen in Oulu district, Finland). Folia Fores-
talia 742: 1-23.

Silfverberg, U. 1991. Eteldsuomalaisten korpikoealojen oji-
tuksenjilkeinen kehitys. M.Sc. thesis. Department of
Peatland Forestry, University of Helsinki. 75 pp.

SPSSx User’s Guide 1986. McGraw-Hill. New York. 988 pp.

Starr, M. R. 1984. Non-metric multidimensional scaling of
a peatland vegetation data set. Suo 35: 57-61.

Tomppo, E. & Henttonen, H. 1996. Suomen metsévarat
1989-1994 ja niiden muutokset vuodesta 1951 lahtien.
METLA. Metsitilastotiedote 354. 18 pp.

Vahtera, E. 1955. Metsénkasvatusta varten ojitettujen soitten
ravinnepitoisuuksista. (Referat: Uber die Nihrstoffge-
halte der fiir Walderziehung entwisserten Moore).

TIVISTELMA

Communicationes Instituti Forestalis Fenniae 45(4): 1—
108.

Vasander, H. 1984. Effect of forest amelioration on diver-
sity in an ombrotrophic bog. Annales Botanici Fennici
21: 7-15.

Vasander, H. 1987a. The effect of forest amelioration on
the understorey biomass, species richness and diver-
sity of southern boreal Finnish mires. Symposia Bio-
logica Hungarica 35: 685-698.

Vasander, H. 1987b. Diversity of understorey biomass in
virgin and in drained and fertilized southern boreal mires
in eastern Fennoscandia. Annales Botanici Fennici 24:
137-153.

Vasander, H. 1990. Plant biomass, its production and di-
versity on virgin and drained southern boreal mires.
Publications from the Department of Botany, Univer-
sity of Helsinki 18. 16 pp.

Vasander, H., Laiho, R. & Laine, J. 1997. Changes in spe-
cies diversity in peatlands drained for forestry. In: Tret-
tin, C. et al. (eds.), Northern Forested Wetlands: Ecol-
ogy and Management, pp. 109-119. Lewis Publishers.

Vitikainen, O., Ahti, T., Kuusinen, M., Lommi, S. & Ul-
vinen, T. 1997. Checklist of lichens and allied fungi of
Finland. Norrlinia 6: 1-123.

Von Post, L. 1922. Sveriges Geologiska Undersoknings
torvinventering och négra av dess hittills vunna resultat.
Sv Mosskulturforeningens Tidskrift 1: 1-27.

Whittaker, R. H. 1972. Evolution and measurement of spe-
cies diversity. Taxon 21(2/3): 213-251.

Kasvillisuuden sukkessio ja monimuotoisuus Teuravuoman

koeojitusalueella Pohjois-Suomessa

Tutkimuksen tarkoitus oli tarkastella metsdojituk-
sen vaikutuksia pysyvilld koealoilla (1) kasvillis-
uuden padvaihtelusuuntiin, (2) kasvilajien run-
sauksiin ja (3) kasvillisuuden diversiteettitunnuk-
siin. Aapasuovy6hykkeeltd on hyvin vihén tietoja
ojituksen aiheuttamasta sekundaarisukkessiosta
tai ojitusalueiden kasvillisuuden rakenteesta. Mu-
kana oli kuusi eri suotyyppié (Taulukko 1), mutta
padpaino on koealamairiltidan selvisti lukuisim-
malla, lettorameelld (LR).

Koealat oli perustettu (mm. ojitus) vuosien
1932-1933 aikana. Vuonna 1989 tehtiin kunnos-
tusojitus. Kasvillisuuskuvaukset on suoritettu vuo-
sina 1933, 1943, 1950 ja 1994 kiyttden Norrlinin
runsausasteikkoa (Tlvessalo 1932). Kasvillisuuden
padvaihtelusuunnat analysoitiin GNMDS-ordi-
naatiolla (Minchin 1991). Koealojen kasvillisuus-
suhteiden selvittimiseksi suoritettiin my6s FUPG-

MA-luokittelu (Belbin 1994). Aloille laskettiin
lajilukumaéérin liséksi Shannonin (H’), Simpsonin
(D) ja Pieloun (J’) diversiteetti-indeksit seki
Simpsonin indeksiin perustuva tasaisuustunnus
((1/D)/1ajilukumédrd).

Pysyviin koealoihin perustuvat analyysit tuki-
vat hypoteesia siitd, ettd metsdojitus korostaa reu-
na- ja keskustavaikutuksen (tdssé tapauksessa 13-
hinnd korpisuuden ja rimeisyyden) merkitysti
kasviyhteistjen koostumusta madradvani tekijana
(Kuvat 2 ja 3) (Eurola et al. 1995). Tdmaé on seu-
rausta mm. ojituksen aiheuttamasta kosteus- jara-
vinnevaihtelun pienentymisestd. Kun vesitilavuus
pienenee ja happamuus kasvaa (Vahtera 1955),
kasvupaikalla runsastuu laji, jonka vaihtokapasi-
teetti (Puustjirvi 1968) on kosteammalla alustalla
viithtyvin lajin kapasiteettia korkeampi. Kasviyh-
teison muutos oli suurin viljavilla suotyypeilld (LR,



LK, RhK) kun taas karummilla tyypeilld (RaSR, R4)
muutos on ollut vahdistid (Kuva 4). Myos MkK:ssa
muutos oli huomattava. Korpisuus edistddkin oji-
tussukkessiota (Holmen 1964, Reinikainen 1989).

Sekd mirkédpintojen osuus ettd korpisuuden
aste voi lettordmeilld vaihdella (Heikurainen
1954). Suuri puuston kokonaistuotoksen hajonta
viittaa my0s tdhdn (Taulukko 1). On ennenaikaista
sanoa lopullista Teuravuoman LR-alojen tulevasta
yleisimmaistd muuttumistuloksesta, silla sukkessio
on kesken. Tamanhetkinen kasvillisuus viittaa
ruohoturvekankaiden (Rhtkg) ryhmaéin (vrt. Hei-
kurainen 1958, Laine 1989). Nelja LR-alaa oli
muuttunut varsin korpisiksi (Kuva 5b), myos mo-
net luhtalajit kasvoivat niill4 runsaina. Luonnonti-
lassa ei voinut havaita ko. aloilla muista LR-aloista
poikkeavaa (Kuva 5a), jonka perusteella tulevaa
kehitystd olisi voinut ennustaa. Esimerkki koros-
taa aktuaalisen kasvillisuuden merkitysté ojitusa-
lueiden luokittelussa. Merkitys kasvaa tulevaisuu-
dessa, silld uudisojitus on lahes loppunut, ja jou-
dutaan operoimaan yha kauemmin ojituksenalai-
sena olleen kasvillisuuden kanssa, johon metséin-
hoidolliset toimenpiteet tuovat osin tuntematonta
lisdvaria.

Useimmat mitispinta- ja monet vilipintalajit
olivat vield vuonna 1994 runsaampia kuin vuonna
1933. Osaksi syind ovat pohjoisen humidi ilmasto
ja pitkddn jatkunut suhteellisen tehoton ojitus.
Metsikoiden kehitys on kuitenkin ollut hyva (Hok-
ki 1992). Varvut ja pajut olivat yleensi runsastu-
neet ojituksen jilkeen. Kuitenkin monet runsaassa
valossa viihtyvit rdme- ja nevavarvut, mm. suo-
kukka (Andromeda polifolia) ja vaivaiskoivu (Be-
tula nana) olivat vuonna 1994 puustoisissa kor-
vissa (RhK, MkK) jo niukempia kuin koetta perus-
tettaessa (liite 1). Suokukka oli alkanut niukentua
myos LR:11d (Kuva 6). Suovarpujen runsastumi-
nen johtuu pédasiassa varpukloonien kasvullisesta
levidmisesti (Pienimiki 1982, Laine ym. 1995).
Myohemmin suovarvut taantuvat ja metsévarvut
valtaavat alaa.

Rimpipintojen juurtosara (Carex chordor-
rhiza) ja mutasara (C. limosa) olivat vdhentyneet
voimakkaasti. Riippasara (C. magellanica) ja har-
maasara (C. canescens), jotka sietdvit ojitusta
melko hyvin (Sarasto 1961, Mannerkoski 1976),
olivat Teuravuoman humideissa oloissa (myo6s
liikkuvia pintavesid) runsastuneet kuten myos
syvidjuurinen ja heikosti hydrofiilinen diméisara
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(C. dioica) (Lumiala 1944). RhK:ssa namékin lajit
olivat alkaneet jo vihentyd. Pullosara (C. rostrata)
oli tilapdisesti yleistynyt. Vield vuonna 1994 lajia
oli useammalla LR-alalla kuin vuonna 1933, sen
sijaan RhK:ssa ja LK:ssa sité ei enid tavattu. Mar-
képintojen kuivuminen siten, etti vetté on kuiten-
kin ollut riittavisti juurten kiytettdvini, lienee
mahdollistanut runsastumisen. Pullosaran eldvit
juuret voivat ulottua aiemmin havaittua (Metsi-
vainio 1931) syvemmille, jopa 2.3 m:iin (Saarinen
ym. 1994). Voi olla niin, ettd laji on vegetatiivisesti
lisdéintynyt, mutta ei ole ollut yht4 kookas tai fer-
tiili kuin ennen.

Ojituksen jilkeen luhtavilla (Eriophorum an-
gustifolium) oli ilmestynyt useimmille LR-koe-
aloille. Laji on niukentunut vasta viime aikoina.
Vastaavantapainen oli esim. villapédéluikan (77i-
chophorum alpinum) ja tupasluikan (7. cespito-
sum) runsausvaihtelu (myos Aapala & Kokko
1988). Mitdspinnan tupasvilla (E. vaginatum) kes-
tdd hyvin ojitusta ja se oli hieman runsastunut lihes
kaikilla koealoilla MkK:a lukuunottamatta. Muu-
tamat kammekkdlajit kuten jotkut muut ruoholajit,
esim. kangasmaitikka (Melampyrum pratense) ja
maitohorsma (Epilobium angustifolium) olivat
viliaikaisesti runsastuneet. Kimmekkilajeista
mm. harajuuri (Corallorrhiza trifida) ei endi esiin-
ny koealoilla.

Esimerkki koko ajan vdhentyneesti lajista on
luhtaisuutta osoittava, matalajuurinen luhtakuusio
(Pedicularis palustris). Kohtalaisen syvijuurinen
vilipintalaji siniheind (Molinia caerulea) kasvoi
vain LR:114, jossa sen runsaudessa ei ollut tapah-
tunut muutoksia. Monet muut heiniit, esim. kasti-
kat (Calamagrostis) olivat runsastuneet, miki on
osoitus valoisuudesta ja runsaasta typestd sekd
osalla lajeista my0s luhtaisuudesta (Holmen 1964,
Platonov 1976). Tehokkaasti vegetatiivisesti li-
sédntyva syvijuurinen métislaji suomuurain (Ru-
bus chamaemorus) oli monien metsélajien ohella
runsastunut.

Metsdsammalet kuin myos useat métis- ja va-
lipintojen suosammalet, esim. jokasuon- (Sphag-
num angustifolium) jakangasrahkasammal (S. ca-
pillifolium), lettokynsisammal (Dicranum bonjea-
nii), korpi- (Polytrichum commune) ja ramekar-
hunsammal (P. strictum) olivat runsastuneet.
Heterahkasammal (S. warnstorfii) oli jo selvisti
alkanut niukentua. Mérkapintojen vaateliaat suo-
sammalet, joista monet osoittavat usein myos luh-
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taisuutta ja/tai ldhteisyyttd, eivit odotetusti ole
kestéineet ojitusta; esim. hetekuirisammal (Callier-
gon giganteum) jarassisammal (Paludella squar-
rosa).

Ojituksen jilkeen lajilukumaiird sekd sithen
positiivisessa korrelaatiossa olleet D ja H’ (r =
0.94-0.99"") aluksi kasvoivat (Kuva 9). Koealoil-
la olleen suolajiston ja monien suokasvien runsas-
tumisen liséksi paikalle oli kolonisoitunut pionee-
ri/metsilajistoa. Suolajien véhentyessd em. tun-
nukset olivat vuoteen 1994 mennessi kdantyneet
laskuun, ei kuitenkaan Ra:ssd ja RaSR:114. Tami
Johtui niiden pohjakerroksesta, jossa lajimaéra oli
edelleen suurempi kuin aiemmilla havaintokerroil-
la (Hotanen 1998). Lajilukumaééré, H’ ja D olivat
nousun jalkeen kddntyneet laskuun kaikilla korpi-
tyypeilld lettordmettd nopeammin.

Lajiméadran maksimi ojitussukkessiossa saavu-
tetaan viljavilla suotyypeilld yleensi aikaisemmin
kuin karuilla tyypeilld. Lajimédédréan nousu on myos
sitd suurempi mité runsaslajisempi suotyyppi on
alunperin ollut (Sarasto 1952, 1961). My6hemmin
varsinkin suolajien méiré laskee sitd nopeammin
mitd ravinteisempi suo on, mikd on yhteydessi
my®s puuston nopeaan kehitykseen (kilpailu, var-
jostus) (Vasander 1990, Laine ym. 1995). Perus-

s44nto ojitusalueiden kasvillisuuden kehittymises-
sd on ollut: mitd viljavampi ja kosteampi kasvu-
paikka, sitd nopeampi sekundaarisukkessio (Sa-
rasto 1961). Verrattaessa eri ravinteisuustasoja toi-
siinsa s@dnnat tulisi kuitenkin vakioida péityyppi-
ryhmalli ja suon eri pintojen osuuksilla (alkuperii-
sella kosteusasteella).

Kohtalaisessa korrelaatiossa lajilukuméérién
nidhden (r = 0.37-0.62™) oleva J’ sekd D:n perus-
teella laskettu tasaisuus (r =— 0.04-0.24) vaihteli-
vat hieman epamairiisesti, mutta useimmissa ta-
pauksissa ne ndyttivit vihén laskeneen verrattaes-
saesim. vuosia 1933 ja 1994 (Kuva 9, Taulukko 2).
Lajiston dominanssi oli siten lisdéntynyt. LK-alat
olivat poikkeus, silld laajan mérkédpinnan vuoksi
lajisto oli vuonna 1933 hyvin epétasaisesti jakau-
tunut: dominantteja nevalajeja ja harvakseltaan
muita, etenkin pohjakerroslajeja. Ojitus védhensi
tyyppien vilistd beta-diversiteettid hydrologisten
olosuhteiden muututtua yhtendisemmiksi (Kuvat
2 ja 3) (myos Hotanen & Vasander 1992, Laine
ym. 1995). Kehitys kohti metsdkasviyhteisoji voi
pienentdd alueellista gamma-diversiteettid, silld
suolajit, joista osa voi olla harvinaisia, korvautuvat
ympéroivissad metsissd jo esiintyvilld lajeilla (Va-
sander ym. 1997).

Received 3.2.1999, accepted 30.4.1999



SUO 50(2), 1999 79

Appendix 1. Species frequencies and average Norrlin’s density-abundances (mean) in different mire site types in 1933 and
1994.

Liite 1. Lajien frekvenssit ja keskimddirdiset Norrlin-runsaudet suotyypeittiin vuosina 1933 ja 1994.

LR (n=22) LK (n=2) RhK (n=4) MkK®=2) Ri(n=2) RaSR (n=1)

1933 1994 1933 1994 1933 1994 1933 1994 1933 1994 1933 1994

Alnus incana (704 (7)05 - - - - - - - - - -

Betula pubescens 2001.1 (22)32 @215 @40 @H1le @28 ()15 @40 (1Ho5 (1DOS - 1.0
Picea abies (19909 (22)20 @21.0 @230 H10 @33 @20 @35 @13 (240 1.5 3.0
Pinus sylvestris 22)1.6 (22)36 1.0 @35 @11l D20 - - )13 235 1.5 4.0
Sorbus aucuparia (8)04 (14)0.7 - — )05 (313 - - - - - -

Betula nana x pubescens (703 @202 @10 - - - - - - - - -

Juniperus communis (1819 (1927 - - )05 (205 - - - - - -

Salix lapponum 1710 (@121 - 2)1.0 @24 D23 Mos (105 - - -

Salix myrtilloides (18) 1.4 (20)2.7 - nHos @13 Hi3 1Hos (1)0s - - 1.0 3.0
Salix phylicifolia 06 (22)1.9 - - )05 (3)08 - Mos 220 (@230 - -

Andromeda polifolia (22)5.0 (22)46 ()50 ()40 AH33 @@H18 (110 - )30 ()45 4.0 6.0
Betula nana 22)39 (2Hh49 )20 @225 @GIL3 @05 @10 - )40 (2)6.0 3.0 6.0
Calluna vulgaris - - - - - - - - @15 210 2.0 5.0
Empetrum (22)29 (22)4.7 - )25 @#H20 315 @20 - )40 ()55 6.0 7.0
Ledum palustre 2N 2.1 (22)45 - 2)1.0 #H23 D30 225 - )30 (6.0 3.0 6.0
Vaccinium myrtillus - (13)0.7 - - - 313 (225 (45 215 ()45 - -

Vaccinium oxycoccos

and V. microcarpum 22)38 (2151 ()40 (@)55 @33 1.0 (225 - 2)45 ()65 5.0 6.0
Vaccinium uliginosum 21)33 (22)5.1 - )25 A28 @#H33 (220 - 2)50 (@2)65 6.0 6.0
Vaccinium vitis-idaea (20)24 (22)49 - 2)25 B30 @50 (240 @45 (245 (6.0 4.0 5.0
Carex brunnescens - (2)0.1 - - - (1)0.3 - - - - - -

Carex canescens - (15) 1.5 - )45 (103 BH20 220 ()55 - (1)0.5 - 1.0
Carex cespitosa 3)0.2 (6)03 - - @15 )13 - - — - - -

Carex chordorrhiza (22)34 (106 (2)6.0 - 4)2.8 - (1) 1.0 - - - - -

Carex dioica (1415 (22)34 - )15 ®H10 D18 - - - - - -

Carex disperma - - - - - - (1 0.5 - - - - -

Carex echinata - - - - - - - (1)0.5 - - - -

Carex globularis - 3)03 - - - )08 225 (245 (258 (2)6.0 4.0 2.0
Carex lasiocarpa 22)3.8 (11)0.7 (2)20 - 4)1.8 - - - - - - -

Carex limosa (417 (101 (2)6.0 - (1)0.5 - - - - - - -

Carex loliacea - - - - - - 2)1.5 - - - - -

Carex magellanica (12)0.7 (21)18 ()40 ()40 @25 HIL8 @20 @220 - - - 1.0
Carex pauciflora - - - - - - - - - - - 3.0
Carex rostrata (704 (1307 (1.0 - @13 - - - - - - -

Carex vaginata o1 (201 - - (1)0.3 - - (1) 1.0 - - - -

Eriophorum angustifolium (1)0.1 (14)1.0 (2)20 ()30 ()05 (3)1.3 - - - - - -

Eriophorum gracile - - 2)1.0 - - - - - - - - -

Eriophorum latifolium (1)0.1 - - - - - - - - - - -

Eriophorum russeolum - (1)0.1 - - - - - - - - - -

Eriophorum vaginatum - a9 1.5 - 210 - (2)0.5 - - 1Hos @15 3.0 6.0
Trichophorum alpinum 906 (504 - - - - - - - - - -

Trichophorum cespitosum (1) 0.1 (2) 0.2 - - - - - — - — - 1.0
Agrostis canina (1)0.1 - - - - - - - - - - -

Agrostis capillaris - - - - - - - ) 1.0 - - - -

Calamagrostis canescens (1) 0.1 (N 0.5 - - (1Hos (220 - - - - - -

Calamagrostis purpurea 503 (AN 17 - )35 (2)26 (H40 - 2)2.0 - (105 - -

Calamagrostis stricta - (7 0.5 - 2)3.0 (1)0.8 (3)20 - (2)2.5 - - — -

Deschampsia cespitosa - (ol - - - - - (1)0.5 - - - -

Deschampsia flexuosa - - - - - (1)0.3 - - - - - -

Festuca ovina (101 ()y0.1 - - - - - - - - - -

Festuca rubra - - - - - (1)0.3 - - - - - -

Molinia caerulea ®13 (M1l - - - - - - - - - -

Poa alpigena - (5)0.3 - 2)1.0 (103 18 - - - - - -

Continued ...
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Appendix 1. Continues.

Liite 1. Jatkuu.

LR(n=22) LK®m=2) RhK@m=4) MkK(=2) Ri(n=2) RaSR(n=1)
1933 1994 1933 1994 1933 1994 1933 1994 1933 1994 1933 1994
Cerastium fontanum - 2)0.1 - - - 2)0.5 - 2) 1.0 - - - —
Corallorhiza trifida 3)0.1 - - - - - - - - - — _
Dactylorhiza maculata (703 - - - 205 - - - - - - -
Drosera rotundifolia a71.0 (2)0.1 - - - - - - - - 3.0 _
Dryopteris carthusiana 3)0.1 - - - - (103 - - — - - _
Ebilobium angustifolium  (1)0.1  (7)0.5 - @2)1.0 (205 428 - 2)3.5 - - - -
Epilobium palustre (1o.1 402 - - 315 205 - 2)1.0 — - - -
Equisetum fluviatile 22)5.0 (2D3.0 (2)50 - 460 (310 (243 - (N 1.0 - 2.0 -
Equisetum palustre (14)1.6 (19)2.8 - - - )13 - - Mmos @10 3.0 1.0
Equisetum sylvaticum - - - - - M18 (255 @270 ()40 (2)6.0 2.0 1.0
Filipendula ulmaria 1o.1  (1)0.1 - - - - - - - - - -
Galium uliginosum 3)0.1 (1)0.1 - - (2)0.5 - - - - - - _
Geranium sylvaticum (6)0.6 (6)0.5 - - 2)05 (103 - - - — - _
Goodyera repens - (1)0.1 - - - - - - - - - -
Gymnocarpium dryopteris - )04 - - - (105 - - - - - _
Hieracium sp. - — - (1) 0.5 - 103 - - _ _ _ _
Huperzia selago - 402 - - - - - - - - - -
Juncus filiformis - (1)0.1 - - - - - - - - - -
Juncus stygius moa1  @o.1 - - - - - - - - - -
Linnaea borealis 3)01 03 - - (103 (2)0.5 - - - - - _
Listera cordata 301 (905 - - - - (105 - - - _ _
Luzula multiflora - 2)0.1 - - - (103 - - - - - _
Luzula sudetica - 3)0.1 - @) 1.0 - - - - - - - -
Lycopodium annotinum - (6)0.4 - (115 - @218 (1)0s - - - - -
Maianthemum bifolium 1o1 0.1 - - - 3)1.0 - - - — _ _
Melampyrum pratense (1407 (13)09 @2)1.0 (220 @13 (208 - - 105 - - 2.0
Menyanthes trifoliata 22)47 (20)3.0 250 (MH1LS @56 (2)08 - - - - - -
Moneses uniflora (1709 (12)1.1 - @2)1.0 (205 (103 - - - - - -
Orthilia secunda (2)0.1 (10)0.5 - - 1o3 (o8 (1Hos @1.0 1.0 (235 - -
Parnassia palustris (3)0.1 - - - - - - - - — - -
Pedicularis palustris ani4 1mo1r 1.0 - - - - - - - - -
Potentilla palustris 2n23 (1923 240 (230 @H40 ®3S5 MH1O (M1 - - - -
Pyrola minor - ®06 @10 M10O (103 @10 (105 - - - - -
Pyrola rotundifolia “4)0.2 - - - 2)0.5 - - - - - - -
Ranunculus lapponicus - - - - - - (105 - - - _ _
Ribes rubrum - - - - - (103 - - - - - _
Rubus arcticus 3)0.1 (12)1.1 - - 205 (315 - - - - - _
R. arcticus x saxatilis - 9)0.8 - - - 3)1.0 - - - - - -
Rubus chamaemorus @02 (1722 - 2)50 (313 (340 ()53 (@260 (2)50 (2)6.0 6.0 7.0
Rubus saxatilis (12) 1.2 (503 - - 103 @15 - - - - - _
Rumex acetosa - 3)0.1 - - - - - - - - - -
Selaginella selaginoides 905 (@20.1 - - - - - - - - - _
Solidago virgaurea (15)1.0 (1515 - 1os @05 318 - - - - - -
Stellaria graminea - (1)0.1 - - - - - - - - - _
Stellaria longifolia - (2)0.1 - - - 2)0.5 - - - - - -
Tofieldia pusilla (6)0.4 - - - - - - - - - - -
Trientalis europaea (15) 1.0 (19)3.0 - )20 (2)05 38 - - - (1)0.5 - -
Sphagnum angustifolium (18) 1.0 (22)39 (@) 1.0 (2)50 @213 23 (2)1.0 (2)40 220 (220 1.0 4.0
Sphagnum capillifolium 2)0.1 (22)35 - )15 - 3) 10 - 1os (Mos ()35 1.0 4.0
Sphagnum centrale 2)0.1 - - - 2)0.5 - 2)1.0 - - - - -
Sphagnum contortum (2)0.1 - - - - - - - - - - -
Sphagnum fuscum 2)0.1  (3)0.1 - - - - - - )50 (2)40 5.0 50
Sphagnum girgensohnii (1ol (804 - Mos @13 @205 (220 (220 - - - _
Sphagnum lindbergii - - - - - - - - - - 1.0 -
Sphagnum magellanicum (12)0.5 (15) 1.0 - - - )05 - (1) 0.5 — — _ _
Sphagnum papillosum (10005 (15)0.9 - - - - - - - - - -
Sphagnum riparium - - - - - - @210 @1O0.S — — _ _
Sphagnum russowii (1)0.1 (8)0.5 - - - )05 (1)05 (240 - (1)0.5 - -

Continued ...
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Appendix 1. Continues.

Liite 1. Jatkuu.

LR (n=22) LK (n=2) RhK (n=4) MkK(n=2) Ri(n=2) RaSR (n=1)

1933 1994 1933 1994 1933 1994 1933 1994 1933 1994 1933 1994

Sphagnum squarrosum - (703 - 1.0 205 308 @10 @10 - - - -
Sphagnum subsecundum (o3 904 (2)1.0 - - - - - - - - -
Sphagnum teres (2)0.1 - (2)1.0 - - - - - - - - -
Sphagnum warnstorfii 22)29 (1713 )10 - @13 (1)03 - - - - - -
Aulacomnium palustre 22)1.0 2210 )10 @10 @GHLO BHL5 @10 1HOS @10 @lo 1.0 1.0
Brachythecium spp. - (ano.e - 2) 1.0 - 3)20 - 2)1.0 - - - -
Bryales spp. 0.1 (10)05 - (105 - 2)05 - (0S5 - - - -
Bryum pseudotriquetrum  (3) 0.1 - - - - - - - - - - -
Calliergon cordifolium (1 0.1 - 2) 1.0 - 1.3 - 2)1.0 - - - - -
Calliergon giganteum (13)0.6 - - - o3 - - - - - - -
Calliergon richardsonii (1)0.1 - - - - - - - - - — -
Calliergon stramineum 6)0.3 - @) 1.0 - - - 1mos @210 - - - -
Campylium stellatum (1708 (402 - - - - - - - - - -
Cinclidium stygium ® 04 - - - - - - - - - - -
Dicranum angustum 2)0.1 - - - - - - - - - - -
Dicranum bergeri (12)05 (20009 - Mos5 (205 (1)03 - - mos @10 1.0 1.0
Dicranum bonjeanii 5)0.2 (17)0.8 - 2)1.0 — 2)0.5 - - - - - -
Dicranum fuscescens (1)0.1 (804 - - - (1)03 - - - 2)1.0 - -
Dicranum majus 603 (19)1.2 - 2)1.0 (1Ho3 Hl5s @10 220 1)05 - - -
Dicranum polysetum - 5)02 - (1y0.5 - (103 - 2)1.0 - (105 - -
Dicranum scoparium - 2)0.1 - - o3 @05 @Mos @10 - - - -
Fissidens adianthoides - (1)0.1 - - - - - - - - - -
Helodium blandowii 5y02 Mo1 @10 @MOS (1HOo3 (103 (1)0S - - - - -
Hepaticae spp. (2)0.1 (22)1.1 2) 1.0 - 4 1.0 - @210 (1Hos @10 - 1.0

Hylocomium splendens  (20) 1.6 (22)45 (2)1.0 (2)35 @10 H53 @L5 @35 1HO5 @10 - -
Limprichtia intermedia (18)0.8 (11)05 - - - - - - - - - -

Limprichtia revolvens (7 0.3 - - - - - - - - - - -
Loeskypnum badium (2)0.1 (1)0.1 - - - - -~ - - - - -
Meesia triquetra (17)0.8 - 2)1.0 - (1)0.3 - - - - - - -
Mylia anomala - (110.1 - - - - - - )10 @10 1.0 1.0
Paludella squarrosa anos (mo.l - - - - - - - - - -
Paraleucobryum longi-

folium (1) 0.1 - - - - - - - - - - -
Plagiothecium spp. - 6)0.3 - 105 - 420 - 2)2.0 - - - -
Pleurozium schreberi 22)1.0 (22)53 @ L0 ()55 @10 @D40 1.0 (220 @15 @70 2.0 6.0
Pohlia nutans - (20)0.9 - 2)1.0 - 4 1.0 - 2)1.0 - 2)1.0 - 1.0
Polytrichastrum

longisetum 201 (904 - (1)0.5 - 2)05 (1)0s - (1y0.5 - - -
Polytrichum commune - 19) 1.2 - )15 - 3)08 @L0 1.0 Mos @10 - 1.0
Polytrichum juniperinum - %04 - - - (3)0.8 - - - (1)0.5 - -
Polytrichum strictum 703 2216 1.0 @35 @05 @10 - - @10 @10 1.0 1.0
Polytrichum swartzii - - @) 1.0 - - - - - - - - -
Pseudobryum cinclidioides  (3) 0.1 - - - 3)0.8 - 1)0.5 - - - - -
Ptilidium ciliare - 02 - - )05 - - - - - - -
Ptilium crista—castrensis 4)02 - - - )05 (103 - - - - - -
Rhizomnium

pseudopunctatum 3)0.1 - - - (2)0.5 - 2) 1.0 - - - - —
Sanionia uncinata - - - (1) 0.5 - - - - - - - -
Scorpidium scorpioides (0.1 - - - - - - - - - - -
Scorpidium vernicosum (6)0.3 — )10 - - - - - - - - -
Tomentypnum nitens 22) 1.1 (13)0.6 - - 3)0.8 - - - - - - -
Warnstorfia exannulata 503 - - - - - - - - - - -
Warnstorfia fluitans (13)06 (301 @10 @10 @05 1Ho3 @10 @10 - - - 1.0
Cetraria islandica - - - - - - - - (105 - - -
Cladina rangiferina

and C. arbuscula 20009 (1507 - (Hos @10 - - - @2)1.0 @10 1.0 1.0
Cladina stellaris 2)0.1  (2)0.1 - - - - - - 105 - 1.0 -

Continued ...
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Appendix 1. Continues.

Liite 1. Jatkuu.

LR (n=22) LK (n=2) RhK (n=4) MkK (n =2) Ri(n=2) RaSR (n=1)

1933 1994 1933 1994 1933 1994 1933 1994 1933 1994 1933 1994
Cladonia spp. (o1 (105 - - - - (1)0.5 - Mmos @10 1.0 1.0
Nephroma arcticum - - - - - - (1)0.5 - 210 @10 - -
Peltigera aphthosa (14 0.6 (1)0.1 - - 4 1.0 - @10 (Mmos 1o 1os - -
Peltigera sp. - (1)0.1 - (1)0.5 - - (0.5 - mos @10 - -

Stereocaulon sp.

(2)0.1 -




