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Seed and spore banks of two boreal mires
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The importance of the seed bank as a regenerative strategy in disturbed mires and the
viability of seeds and spores in peat stratigraphy on two drained mires were studied
prior to restoration. Most of the seedlings developed from the surface sample but still
viable seeds occurred in the deepest layer sampled (50 cm). Germination from seeds,
however, remained low. Six species of vascular plants: Betula pubescens Ehrh.,
Eriophorum vaginatum L., Rubus chamaemorus L., Vaccinium myrtillus L., V. uligino-
sum L., and Andromeda polifolia L. with a maximum of 367 seedlings per m2 germi-
nated. The regenerative strategy of these plants seems to be vegetative expansion from
adventitious roots and buried propagules rather than germination from seeds. It was
found, however, that some seeds in the peat profile may preserve their viability for
centuries.
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INTRODUCTION

Large-scale drainage during recent decades has
reduced the areas of undisturbed mires in Finland
(e.g., Aapala et al. 1995). The succession of mire
vegetation after drainage has developed towards
forest floor vegetation (Laine et al. 1994). Some
drained mires, however, have been unsuited to for-
est growth and remained disturbed. Some of these
mires, and those belonging to key biotopes or threat-
ened site types were chosen for the restoration pro-
gram, which started in Finland in 1994. Some may
be restored as buffer zones to diminish the effects
of peatland forestry on waterways (Laine et al.
1997). The effort at active restoration is to re-es-
tablish the mire plant communities present before
drainage. It is important to know what is the condi-

tion of seed banks in peat in the succession towards
mire vegetation after restoration.

It has been found that seed banks play quite an
important role in regeneration of plant communities
in habitats such as marshes (Van der Valk & Davis
1978, Smith & Kadlec 1985, ter Heerdt & Drost
1994), shorelines and flooding areas (Nicholson &
Keddy 1983, Schneider & Sharitz 1988, McDonald
1993, Jutila 1994) and cut over peatlands (Salonen
1992). Seed banks of peatlands such as bogs and fens
have attracted less interest and studies on these habi-
tats are rare (Moore & Wein 1977, McGraw 1987).

The objectives were to study (1) the potential
of seed and spore banks to provide the bases for
mire vegetation development after the restoration,
and (2) at what depth in peat deposit viable seeds
are still found.
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MATERIAL AND METHODS

 Study sites

The study sites are located about 60 km north-east of
Tampere in southern Finland. The minerotrophic Konilampi
mire site, later called the fen site, is located on northern part
of Hanhisuo mire, (61°48´N, 24°17´E, 155 m a.s.l.). It has
a radiocarbon age of 3 220 ± 100 BP (Hel-3858) at a depth
of 45–50 cm. At present it supports a pine-dominated stand
(Pinus sylvestris L.) with some spruce (Picea abies (L.)
Karsten) and birch (Betula pubescens Ehrh. and B. pendula
Roth). The average age of the pines is 85 years. The dwarf
shrub layer consists mostly of Ledum palustre L., Vaccinium
uliginosum L., Vaccinium myrtillus L. and Betula nana L.
The area was drained in 1955, and ditch maintenance car-
ried out in 1965 and 1988 (Ekola & Päivänen 1991).

The ombrotrophic Viheriäisenneva mire, later called
the bog site, (61°51´N, 21°14´E, 160 m a.s.l.) has a radio-
carbon age of 680 ± 90 BP (Hel-3863) at a depth of 45–50
cm. It was nearly treeless in 1950, but developed a young
pine stand after drainage operations which took place be-
tween 1955 and 1988 and planting of pine seedlings in 1966.
The dwarf shrub layer consists of Calluna vulgaris (L.) Hull,
Empetrum nigrum L. and Vaccinium uliginosum and the
lichen/moss layer is dominated by Cladonia species and
some ombrotrophic species of Sphagnum.

The area belongs to the eccentric raised bog region
(Ruuhijärvi 1983) of the southern boreal coniferous forest
zone (Ahti et al. 1968). Mean annual precipitation in the
area is 709 mm, mean daily temperature in July is 15.3°C
and in January –8.9°C. The effective temperature sum us-
ing a +5°C threshold is 1 060 degree days per year (accord-
ing to the Finnish Meteorological Institute, Juupajoki sta-
tion, between 1961 and 1990).

Sampling

Peat samples were collected prior to rewetting in Septem-
ber 1994 using an auger of 8.3 × 8.4 × 100 cm. Nine cores
from both sites to a depth of 50 cm were taken; the distance
between sampling points varied from 10 to 12 meters.
Above-ground parts of plants were removed with scissors.
The cores were divided into the following sections: the upper
20 cm was cut into four 5 cm slices and the lower 20 to 50
cm into three 10 cm slices. Samples were stored in the cold
room (+5°C) over the winter.

Germination test

The germination experiment was started on 18 April
1995 in the university greenhouse in Helsinki. Each peat
sample was mixed with pure quartz sand in a ratio by vol-
ume of 3:1.5 (peat:sand) in order to increase the movement
of water and to prevent the pure peat becoming compacted.

The mixture of peat and sand formed a two cm thick layer
on plastic trays the bottoms of which were perforated. A
little quartz sand was strewn on the surface of the mixture
to make it lighter in colour. Trays were placed in a random
order on the greenhouse table and irrigated.

The set of trays was covered with thin, white gauze
which prevented adventitious wind-dispersed seeds com-
ing from outside the greenhouse. The samples were con-
tinually kept moist by watering with tap water when neces-
sary, usually every other day. Minimum and maximum tem-
peratures were recorded during the experiment with a ther-
mometer placed between the trays. On a few warm days in
May the temperature in the greenhouse rose to over 40°C.
The table with the set of trays were then surrounded by
black plastic curtains to reduce heating due to direct sun-
light. Daytime temperatures later varied between 22 and
35°C, while night temperatures varied between 15 and 18°C.
No special illumination program was arranged. Day and
night lengths were 15 and 9 hours at the beginning of the
experiment (mid April) and 18 and 6 hours at the end of the
experiment (mid July).

Germination recording

Germination was recorded weekly for twelve weeks. Any
plants which started to grow from old branches or dormant
buds were removed to avoid confusion with those which
germinated from seed. Only seed and spore-germinated
plants were carefully recorded and identified. After six-
weeks growing period seedlings and sporelings were re-
moved and replanted into small trays. The peat layer in each
germination tray was turned over and germination was al-
lowed to proceed for another six weeks. Plants were grown
to a size which enabled identification. Some of the plants
germinated, especially mosses, remained very small and
necessitated microscopic identification by using cell struc-
ture. The botanical nomenclature for vascular plants fol-
lows Hämet-Ahti et al. (1986) and for mosses Koponen et
al. (1977).

RESULTS AND DISCUSSION

Germination from vegetative propagules started as
soon as the samples were placed in the greenhouse.
On the second day there were already signs of
Eriophorum vaginatum in some of the trays. Dur-
ing the first week more Eriophorum, Vaccinium
uliginosum and Rubus chamaemorus initiated.
Empetrum nigrum emerged on the third week. Af-
ter the turnover of the samples, propagules of V. uli-
ginosum and E. nigrum germinated. All these were
picked out in order to avoid confusion with the
coming seed germinations. The number of germi-
nants initiated from seeds and spores remained
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small. On the fen site, 21 seeds and 18 spores (i.e.
18 tiny cushions of bryophytes appeared, where
the number of individuals was uncountable) ger-
minated from 63 samples. These represented 5 spe-
cies of vascular plants: Betula pubescens, Eriopho-
rum vaginatum, Rubus chamaemorus, Vaccinium
myrtillus and V. uliginosum, and 4 species of
bryophytes: Sphagnum angustifolium, S. balticum,
S. russowii and Warnstorfia exannulata, (Table 1).
On the bog site, 17 seeds and 8 spores germinated,
representing 3 species of vascular plants (Andro-
meda polifolia, Eriophorum vaginatum, Vaccinium
uliginosum) and 4 species of bryophytes (Polytri-
chum strictum, Sphagnum fuscum, S. magellani-
cum, Wanstorfia exannulata; Table 1). All these

species were found in the present vegetation of the
sites.

In forest vegetation, seeds of Vaccinium myr-
tillus and V. vitis-idae have been reported to ger-
minate poorly (Ahti 1980), however in this study
seeds of V. myrtillus gave high germination. These
seeds as well as V. uliginosum might benefit from
a day length of 15–18 hours which was during the
experiment. Giba et al. (1993 and 1995) have
found that V. myrtillus needs several days of white
light for germination. On the other hand high tem-
peratures on a few days in greenhouse might in-
fluence germination of the other species adversly.

Calluna vulgaris was quite abundant in the
vegetation of the bog site, but did not germinate

Table 1. Mean (range) number of seedlings and sporelings per m2 at two mire sites in Finland.
—————————————————————————————————————————————————

Andromeda Betula Eriophorum Rubus Vaccinium Vaccinium Polytrichum
polifolia pubescens  vaginatum chamaemorus  myrtillus uliginosum  strictum

—————————————————————————————————————————————————
Fen site
00–05 – 31.8 (0–143) 47.8 (0–287) – 63.7 (0–287) 95.6 (0–287) –
05–10 – – – 31.8 (0–143) – – –
10–15 – – – – 15.9 (0–143) – –
15–20 – – – – – – –
20–30 – – – – – – –
30–40 – – – – – – –
40–50 – – – – 31.8 (0–287) 15.9 (0–143) –
Bog site
00–05 15.9 (0–143) – 15.9 (0–143) – – – 47.8 (0–143)
05–10 – – – – – – 31.8 (0–143)
10–15 – – – – – 15.9 (0–143) –
15–20 – – – – – 15.9 (0–143) 15.9 (0–143)
20–30 – – – – – 31.8 (0–143) 15.9 (0–143)
30–40 – – – – – – –
40–50 31.8 (0–143) – – – – 31.8 (0–143) –
—————————————————————————————————————————————————

Sphagnum Sphagnum Sphagnum Sphagnum Sphagnum Warnstorfia
angustifolium  balticum  fuscum  magellanicum russowii  exannulata

—————————————————————————————————————————————————
Fen site
00–05 15.9 (0–143) 15.9 (0–143) – – 31.8 (0–143) 63.7 (0–287)
05–10 – – – – 15.9 (0–143) 47.8 (0–143)
10–15 – 15.9 (0–143) – – – 15.9 (0–143)
15–20 – 31.8 (0–287) – – 31.8 (0–143) –
20–30 – – – – – –
30–40 – – – – – –
40–50 – – – – – –
Bog site
00–05 – – 31.8 (0–287) 15.9 (0–143) – 15.9 (0–143)
05–10 – – 47.8 (0–143) 15.9 (0–143) – –
10–15 – – – – – –
15–20 – – – – – –
20–30 – – – – – –
30–40 – – – – – –
40–50 – – – – – –
—————————————————————————————————————————————————
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from this seed bank. According to Helsper and
Klerken (1984) low pH of the substrate might re-
duce germination of Calluna. The soil cores in
this study site had a pH of 3.4. The other impor-
tant reason might be the simultaneous occurrence
of Cladonia species in the vegetation. Hobbs
(1985) reported that Cladonia strongly inhibits
the germination of Calluna seeds.

No conifer seeds germinated in this study, al-
though at the fen site there is a pine-spruce stand
that produces seeds.

Since most viable seeds are concentrated in
the upper few centimeters of the soil (Harper 1977)
in most of the earlier seed-bank studies only the
upper layers of soils have been sampled, rarely to
the depth where no more germination can occur.
Van der Valk and Davis (1979) sampled Carex
communities in prairie marshes in Iowa and found
1 141 viable seeds m–2 at a depth of 35 cm. The
age of the seeds at that depth was not reported.
McGraw (1987) sampled a Sphagnum bog in the
Appalachian mountains to a depth of 45 cm and
found still-viable seeds in the deepest sample.

In this study, most of the seedlings also
emerged from the surface samples (0–5 and 5–
10 cm) (Fig. 1). However, on both sites the sam-
ples from 40–50 cm produced two species of vas-
cular plant; Vaccinium myrtillus and V. uliginosum
at the fen site and Andromeda polifolia and V. uli-
ginosum at the bog site. Bryophytes germinated
from samples at depths of 20 cm and 10 cm at the
fen site and the bog site respectively.

Cool, dark and anaerobic conditions with slow
microbial activity are beneficial for seed survival
(Ødum 1965). In peatlands anaerobic conditions
increase with increasing depth, and decomposi-
tion in the buried layers slows down. These condi-

tions might be optimal for seed survival (Clymo
1965, 1978, McGraw 1987, 1991). The sterility
of very acid Sphagnum peat may also account for
seed longevity (Leck 1989).

In mires the main reproduction strategy seems
to be vegetative growth. Van der Valk and Davis
(1979) suggested that a more appropriate term for
wetland seed banks would be “propagule banks”.
This is corroborated by results of Sastroumo
(1981), who found that seeds are less important
than turions in the process of lake colonization.
Clymo and Duckett (1986) and Poschlod and Pfa-
denhauer (1989) found several Sphagnum species
regenerating vegetatively from almost all their
parts, although from the depths they appeared to
be brown and dead. In the present study several
vascular plants — typical peatland species —
started vigorously from old fragments.

CONCLUSIONS

The results show that the potential of seed and spore
banks to contribute to the regeneration of mire veg-
etation after restoration is rather poor, and vegeta-
tive growth seems to be a more important repro-
duction strategy. It was found also that species di-
versity, seed production and thus germination on
peatlands differ greatly from those of marshes and
other wetlands. However, seeds buried in peat depo-
sition may survive over centuries.
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Fig. 1. Depth profile of ger-
minated seeds and spores
at two mire sites in Finland.Number of germinants
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