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ABSTRACT

Our study found that a water level close to the surface and a seedbed composed of
bare peat or a Sphagnum carpet favored the germination of vascular species associ-
ated with pools in peatlands. A greenhouse experiment was conducted to study the
impact of seedbed and water level on the germination and growth of 7 plant species
associated with pools: Carex limosa L., C. magellanica Lam. ssp. irrigua (Wahlenb.)
Hultén, C. oligosperma Michx., C. pauciflora Lightf., and Rhynchospora alba (L.) Vahl
from the Cyperaceae family as well as Drosera intermedia Hayne (Droseraceae) and
Scheuchzeria palustris L. (Scheuchzeriaceae). The 3 seedbeds tested were 1) bare peat;
2) a carpet of Sphagnum cuspidatum Ehrh. ex Hoffm. and S. fallax (Klinggr.) Klinggr.
(Sphagnaceae); and 3) a carpet of Cladopodiella fluitans (Nees) H. Buch (Cephalozi-
aceae), common bryophytes along pool edges. Seedbeds were combined with 2 wa-
ter levels (0 and 10 cm below the soil surface) in a complete factorial block design.
Germination periods were generally longer when seeds were submitted to drier con-
ditions and placed on C. fluitans carpets. Conditions favoring biomass production
were more variable among species. These results will facilitate the identification of
the best ecological conditions for successful establishment of pool edge species in
the context of restoration projects, thereby increasing biodiversity and ecological
value of restored peatlands.
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Pools are an important component of peatlands because
they contribute to landscape heterogeneity as well as to
floristic and faunal diversity (van Duinen and others

2003; Verberk and others 2006; Fontaine and others 2007). Nev-
ertheless, pool creation is often ignored when peatlands are re-
stored using the well-established moss transfer technique
(Rochefort and others 2003) on industrial peat fields. This
method creates a relatively flat topography and favors uniform
vegetation typical of lawns. Creating pools in restored peatlands
would increase site biodiversity, but plants must be actively in-
troduced as pool edge species do not recolonize spontaneously
(Mazerolle and others 2006; Fontaine and others 2007).

The restoration of pool vegetation communities has been
examined in several studies. For bryophytes, Poulin and others
(2011) successfully introduced Sphagnum species associated
with hollows and pools using the moss transfer technique,
which consists of collecting a thin layer of vegetation from a
nearby undisturbed bog and spreading plant fragments over an
area of cut-over peatland that is 10 times larger than the collec-
tion site (Rochefort and others 2003). Starting as dispersed
fragments, the percentage cover of Sphagnum along created
pools tripled during the first year following introduction to
reach as high as 60% for some species. The restoration of a car-
pet of Cladopodiella fluitans (Nees) H. Buch (Cephaloziaceae),
a liverwort associated with pools, is also possible by introduc-
ing fragments and covering them with straw mulch (Poulin and
other 2011). Successful establishment of a moss carpet follow-
ing the moss layer transfer technique, however, does not stim-
ulate the spontaneous return of pool vascular species, even
though a certain amount of propagules are transferred with the
moss fragments (Poulin and others 2011). For these species, it
appears that we cannot rely on the rhizomes, roots, or plant
fragments occurring in the donor sites, probably because den-
sity is too low or because underground structures deeper than
the harvested layer are needed.

Re-establishing pool edge communities by seed introduc-
tion is an interesting alternative. Seed introduction can increase
the genetic diversity and thereafter the resilience of the restored
site with better adapted plants (Linhart and Grant 1996; Mon-
talvo and others 1997; Luck and others 2003; Falk and others
2006); however, seeding requires knowledge of the specific ger-
mination and establishment conditions needed by each species.
Germination of many wetland plants is significantly affected by
light exposure, temperature, hydrology, and substrate (Ko-
towski and others 2001; Kellogg and others 2003). Substrate
type may be a particularly important factor to consider for suc-
cessful restoration of pool edges, as natural peatlands are gen-
erally covered by carpets of Sphagnum and the liverwort C. flui-
tans (Fontaine and others 2007), whereas the substrate
dominating restoration sites is bare, decomposed peat. For cre-
ated pools in restored peatlands, the influence of substrate type
on seed germination may vary with distance from the water

edge due to changes in water conditions along the slope. Sub-
strate type (hereafter referred to as “seedbed”) should thus be
studied in synergy with water level for germination of vascular
plants associated with peatland pools.

Seed introduction in a moss carpet may facilitate germina-
tion. On one hand, a moss carpet is a microhabitat that traps
seeds and prevents them from being washed away. On the other
hand, moss could limit seed germination by blocking light
(Clymo and Hayward 1982; Robroeck and others 2009), which
is essential to many wetland species for germination (Baskin
and Baskin 1998; Schültz 2000; Campbell and Rochefort 2003;
Kettenring and others 2006). Bryophytes may also compete
with plants emerging from their carpet (Hörnberg and others
1997; Rydin and others 2006). Yet, compact carpets of C. flui-
tans could restrain seeds near the surface, minimizing compe-
tition and increasing light access compared with Sphagnum
carpets. The fine particles of a bare peat substrate may easily
bury seeds, reducing germination (Campbell and Rochefort
2003). A high water level could exacerbate peat instability
through frost heaving (Groeneveld and Rochefort 2005). Gen-
erally, however, a high water level lessens the effect of the
seedbed, improving germination on less favorable or coarser
substrates (Keddy and Constabel 1986; Coops and van der
Velde 1995; Baskin and Baskin 1998; Kellogg and others 2003).
Water level also has a direct impact on seed imbibition, a factor
strongly associated with germination rates (Harper and Benton
1966).

The effect of substrate type and water level has not yet been
investigated in synergy for the specific context of peatland plant
communities typical of pool edges, despite the well-known im-
portance of these two factors for the germination of wetland
plants. In this study, the authors aimed to identify the optimal
seedbed and hydrology for the germination of vascular plants
typical of pool edges and humid depressions in peatlands. Our
specific objective was to determine the influence of 3 types of
seedbed as well as 2 water levels (0 and –10 cm) on the germi-
nation and growth of 7 vascular plant species commonly found
at pool edges in peatlands.

MATER IALS  AND  METHODS

Experimental Design
A greenhouse experiment was initiated in March 2008. The

experimental design included 3 seedbeds (bare peat; a carpet
of Sphagnum cuspidatum Ehrh. ex Hoffm. and S. fallax
(Klinggr.) Klinggr. [Sphagnaceae]; or a carpet of the liverwort
Cladopodiella fluitans, a common bryophyte along pool edges)
and 2 water levels (at the surface [0 cm] and 10 cm below the
surface) with 6 replicates in a completely randomized block
 design (36 experimental units). Each experimental unit con-
sisted of a mesocosm (rigid plastic container 70 cm in length,
40 cm wide, and 50 cm deep).
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Seed Collection, Treatment, and Viability
We selected 7 species identified as being highly associated

with pool edges in natural peatlands but absent from restored
sites (Fontaine and others 2007). These species were Carex
limosa L., C. magellanica Lam. ssp. irrigua (Wahlenb.) Hultén,
C. oligosperma Michx., C. pauciflora Lightf., and Rhynchospora
alba (L.) Vahl from the Cyperaceae family as well as Drosera in-
termedia Hayne (Droseraceae) and Scheuchzeria palustris L.
(Scheuchzeriaceae). Mature infructescences were collected from
the edges of pools in natural peatlands in Quebec and New
Brunswick (between 5 August and 15 September 2007). In the
laboratory, infructescences were air-dried for 3 mo. Seeds and
perigynium were manually separated from the floral stalk and
vegetative debris. We use “seeds” in reference to both fruits
(perigynium from Carex) and real seeds (D. intermedia, R. alba,
and S. palustris). An air column separator was used to clean the
seeds for species with a seed diameter >2 mm. The species D.
intermedia and R. alba were cleaned manually, as their seeds are
too small for processing through the machine. For each species,
seeds from different locations were composited to prevent
provenance from biasing the treatments. Seeds were stratified
between wet filter papers at 4 °C for 4 mo. A subsample of seeds
was then used for evaluating their viability using the tetrazolium
test (TZ) (Grabe 1970), with 4 replicates of 25 seeds, except for
C. magellanica, which was replicated only 3 times. Seeds were
soaked for one night in distilled water at room temperature.
Their envelope was incised and they were then soaked in a
tetrazolium solution at 1% for one night at 30 °C.

Seedbed Establishment
Each mesocosm was fitted with a water level control system

consisting of an internal horizontal drain (a uniformly perfo-
rated pipe covered with geotextile) connected through the side
of the container to an external vertical pipe that was adjustable
to retain variable water quantities as necessary. Mesocosms
were then filled to a depth of 33 cm with fibric peat (H4 from
Von Post scale; Parent 2001) and watered with distilled water
until the peat was completely wet. Afterward, the mesocosms
were drained and the peat surface was leveled. To create the
Sphagnum seedbeds, a carpet 2 to 3 cm deep was grown on peat
base using fragments from the section Cuspidata (mainly com-
posed of S. cuspidatum and S. fallax, collected near pools of a
natural peatland in Saint-Charles-de-Bellechasse, Quebec (lat
46°46�N, long 71°00�W) during September 2007. To establish
C. fluitans seedbeds, we placed complete, dense carpets (col-
lected from the same location at the same time as described
above) onto the peat base in appropriate mesocosms. All in situ
carpets were chosen for uniform cover (particularly for C. flui-
tans), as well as for absence of algae, necrosis, and vascular
plants, and were stored in plastic containers at –4 °C until use.

Water level was maintained at 5 cm below the surface for the
4-mo period of carpet establishment (from March to June

2008). During this period, the mesocosms were weeded regu-
larly and an average temperature of 21.5 ± 0.4/16.0 ± 0.5 °C
(day/night) with a relative humidity of 68.2 ± 2.4/71.1 ± 3.8%
(day/night) was maintained. Natural light was supplemented by
artificial light (400 W sodium lights) to maintain a photoperiod
of 16 h with an average intensity of 35 mol/m2/day (PAR). The
modified Rudolph solution was used for watering the meso-
cosms during establishment to rapidly obtain a uniform Sphag-
num carpet (Faubert and Rochefort 2002a,b, among others:
12 g/l of NH4SO4; 5 g/l of NH4NO3; 2.76 g/l of HNO3). All of
the mesocosms were randomized after 1.5 mo to limit the po-
tential impact of a light or air draft gradient on seedbed estab-
lishment.

After the seedbed establishment period and one week prior
to introducing vascular plant seeds, mesocosm water level was
adjusted to 0 and 10 cm below the surface to represent wet and
dry conditions found near pools of natural peatlands. During
the rest of the experiment, we measured water level 3 times per
wk and applied rainwater as required to maintain appropriate
levels. In practice, the water level was maintained on average at
–3.9 ± 0.25 cm for the wet treatment and –16.8 ± 0.47 cm for
the dry treatment. Throughout all phases of the experiment,
water was added by hand with a sprinkler held approximately
30 cm above each container.

Germination and Growth
We inserted 8 polypropylene pots (bottoms removed; Twin-

PakTM, 500 ml, diameter 107 mm) vertically into the peat sub-
strate of each mesocosm to a depth of 3 cm, leaving 7 cm of the
pot above the surface. Pots were easily inserted without dis-
turbing the substrate. They served as barriers to segregate seeds
from different species within each mesocosm. Into each pot, we
placed 100 stratified seeds of one of the 7 tested species on top
of the selected seedbeds (the eighth, a control pot, was not
seeded). We counted germinants 3 times per week for the first
6 wk and then once per week until the end of the experiment
(91 d). A seed was considered to have germinated when the
seedcoat was broken and first cotyledons or leaves were visible.
For D. intermedia, a seed was considered to have germinated
when the first leaf had completely developed, as it was difficult
to distinguish from the seedbed at younger stages. Special at-
tention was given to ensure that no seeds were left on the wall
of the pots after watering. The first 5 plants to germinate were
allowed to grow for monitoring purposes, but subsequent
plants were removed using tweezers. Seedling growth was
 evaluated every month by measuring the length from the collar
to the tip of the longest leaf. Aboveground biomass was col-
lected after 3 mo of growth, dried at 70  °C for 48 h, and
weighed to the closest 0.001 g using an electronic scale (Sarto-
rius MC1 Laboratory LC 620 P). Average temperature was 23.5
± 1.3 °C/18.8 ± 1.2 °C (day/night) and relative humidity was
67.0 ± 4.1%/75.4 ± 7.3% (day/night).
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Statistical Analyses
Germination and aboveground biomass data were analyzed

with a two-way ANOVA for a completely randomized block
design using the SAS GLM procedure (version 9.3.1, SAS
 Institute). The significance level was established as p = 0.05.
Data were tested for variance homogeneity and normal distri-
bution of residuals. For those effects found to be significant, the
 difference among treatments was determined using the
LSMEANS procedure. When an interaction was significant, the
option SLICE was used in conjunction with LSMEANS.

Each species was analyzed separately. Because D. intermedia
and R. alba appeared spontaneously in our control pots, we ad-
justed the germination totals of these 2 species by subtracting
the number of germinants in the control pots from the number
of germinants in the pots where they had been introduced. The
germination number for D. intermedia was based on the genus
Drosera, as it was impossible to distinguish between species at
this early stage of development.

RESULTS

Germination and Aboveground Biomass
Viability as assessed with TZ was relatively low for certain

species (Table 1) and directly influenced the observed germi-
nation (Figure 1). In general, germination increased with a
 water level close to the surface and a seedbed of Sphagnum
(Figure 1). The combination of these treatments generally pro-
duced the highest number of seedlings in the shortest period
of time (Figure 2). The longest germination periods often co-
incided with drier treatments on a denser seedbed (C. fluitans),
where the seeds were more exposed and less well-anchored in
the seedbed. In general, biomass production was favored by
species-specific conditions. The members of the genus Carex
had a higher rate of production on Sphagnum seedbed, while
D. intermedia showed a better growth rate with drier treat-
ments and Cladopodiella seedbed (Figure 1). Rhynchospora
alba showed the highest biomass production on Cladopodiella
and Sphagnum seedbed when water levels were kept close to
the surface. Finally, the growth of S. palustris was favored sim-
ply by a water level closer to the surface for all seedbed treat-
ments. A more detailed analysis of these results by species is
presented in the following section.

Carex limosa
Seed viability of C. limosa was low (20 ± 2%; Table 1); this

species also had the lowest germination (6.6% average). On a
Cladopodiella seedbed, germination was 1.9 to 1.7 times lower,
and occurred more slowly, than on bare peat or Sphagnum
seedbeds (Figure 1; Table 2). A higher water level increased C.
limosa germination by 1.4 times, and germination occurred
more rapidly, regardless of seedbed (Figure 2). Carex limosa pro-
duced the most aboveground biomass on a Sphagnum seedbed,

less on bare peat, and the least on a Cladopodiella seedbed. Water
level did not affect biomass production (Table 2).

Carex magellanica
The average germination of C. magellanica was 18%, only

half of the seed viability (32 ± 6%). Germination was most suc-
cessful on bare peat for the drier treatment, while Sphagnum
and bare peat resulted in the highest germination under wetter
conditions (Figure 1; Table 2). The effect of water level was
more pronounced for Cladopodiella and Sphagnum seedbeds,
where the germination was 2 to 2.5 times higher for the wetter
treatment. Conditions that produced the highest germination
also favored the fastest germination (Spha-0, Peat-0, Peat-10;
Figure 2). Biomass production was 1.5 times higher on the
Sphagnum and bare peat seedbeds than on Cladopodiella
seedbed (Figure 1; Table 2).

Carex oligosperma
Although seed viability was 37 ± 2.5% (Table 2), no germi-

nation occurred on any of the treatments.

Carex pauciflora
While seed viability of C. pauciflora was moderate (30 ±

6%), germination was low (9.6% on average; Table 1). Germi-
nation was 1.4 times higher for the wetter treatment than for
the drier (Figure 1; Table 2). Cladopodiella seedbed was not
conducive to germination, with germination 2.2 and 2.4 times
lower than for the Sphagnum and bare peat seedbeds (Figure 1;
Table 2). Among Carex species, C. pauciflora showed a less pro-
nounced difference in time required for germination among
the various treatments; most treatments allowed for the major-
ity of seeds to germinate in less than 35 d (Figure 2). Biomass
production was not affected by water level, paralleling findings
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TABLE 1

Average viability (± standard deviation) of seeds used for
a germination and growth experiment for 7 species of
plants associated with pool edges.

Average 
Species viability (%)

Carex limosa 20 (±2)

Carex magellanica 32 (±6)

Carex oligosperma 37 (±3)

Carex pauciflora 30 (±6)

Drosera intermedia 49 (±5)

Rhynchospora alba 73 (±3)

Scheuchzeria palustris 57 (±3)

Note: Viability was estimated by a tetrazolium test (groups of 25 seeds
with 4 replicates, except for C. magellanica, which had 3 replicates).
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Figure 1. Germination and aboveground biomass production for 3 seedbed types (Clad: Cladopodiella fluitans, Spha:
Sphagnum, Peat: bare peat); 2 water levels (pale gray: water 10 cm below the surface; dark gray: water at surface); and 6
species associated with pool edges in peatlands. Six replicates were used for each species. Error bars represent the standard
error. Letters indicate significant differences in the case of significant interaction among the 2 factors (p £0.05). When no
significant interaction was detected, we illustrated the effect of principal factors by horizontal bars (for seedbeds) or by an
asterisk (*) for water level. When significant, a water level close to the surface (0 cm) was always giving higher germination
or growth rates than a lower water level (–10 cm). Note that scales differ among species.
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Figure 2. The distribution of seed germination over time for the 6 species associated with pool edges in peatlands. Seedbed
treatments were: 1) Clad = Cladopodiella fluitans, 2) Spha = Sphagnum, 3) Peat = bare peat; and water level treatments were
1) 0 = water at surface and 2) 10 = 10 cm below the surface. The number in parentheses represents the total count of
seedlings for the 6 replicates. Boxes represent 25% to 75% of the germination, while lines represent the beginning and end
of the germination period, except for extreme values (*). The long vertical line in the box represents the median (50%).
Shown values were not corrected for seeds that might have been contained in the seedbeds (germination found on control
plots). No statistical analysis was conducted on these data.



for other Carex. Highest biomass production was obtained on
a Sphagnum carpet and lowest on a Cladopodiella carpet, as
with C. limosa (Figure 1; Table 2). 

Drosera intermedia
Seed viability (49 ± 5%) and germination for D. intermedia

were relatively high (48% on average; Table 1). Germination
was reduced on only the dry treatments of Cladopodiella car-
pets (Figure 1; Table 2), where germination was approximately
3.3 times lower than on dry treatments of Sphagnum or bare
peat seedbeds. The germination period was shorter on peat.
Water level had a strong influence on the length of germination
periods for only the Cladopodiella carpet, where the drier treat-
ment (Clad-10) accelerated germination (Figure 2). The
seedbed influenced biomass production for only the drier treat-
ments, with the Cladopodiella seedbed producing 3 and 6 times
more biomass than Sphagnum and peat seedbeds, respectively
(Figure 1; Table 2). For wetter treatments, seedbeds contributed
to no significant difference. In brief, growth responses showed
inverse results to germination responses.

Rhynchospora alba
Germination of R. alba was high (on average 51%). Yet, for

drier treatments, germination was 2 times higher on bare peat
than on Cladopodiella or Sphagnum seedbeds (Figure 1; Table
2). Dry peat produced results similar to wet Cladopodiella and
Sphagnum seedbeds. Rhynchospora alba also had the fastest
germination of any species, less than 15 d across all treatments
(Figure 2). The wet treatment allowed aboveground biomass
production 1.3 times higher than was obtained for dry treat-
ments (Figure 1; Table 2). Highest growth rates were observed
for wet treatments of bryophyte seedbeds.

Scheuchzeria palustris
While S. palustris showed a high seed viability (57 ± 3%;

Table 1), its germination success was moderate (on average
18%) in comparison with other species. Germination for wet
treatments was 3 times higher than for dry treatments (Figure
1; Table 2), and 2 and 3 times greater on bare peat than on the
Sphagnum and Cladopodiella seedbeds, respectively. Bare peat
also allowed for faster germination than did the other 2
seedbeds. Although water level did not affect the duration of
the germination period (Figure 2), it did influence biomass
production, which was twice as high for the wetter treatments
(Figure 1; Table 2).

DISCUSS ION

Germination
For most species tested in this study, germination was higher

when the water level was closer to the surface. Additionally, a
high water level attenuated the effect of the seedbed for most

species. Keddy and Constabel (1986) obtained similar results in
their study of lake shoreline plants. They found that a water level
close to the surface favored germination and diminished the ef-
fect of a particle-size gradient in the seedbed, especially for
small seeds. Indeed, the proximity of water to the seedbed sur-
face facilitated the imbibition of seeds. Germination is thus
higher when water tension is lower or when the seed is buried,
which improves the contact with the seedbed and protects the
seed from evaporation (Harper and Benton 1966).

In our experiment, fine peat particles were able to partially
bury seeds and improve seed contact with soil water, which
may have facilitated their imbibition and seedling survival. A
Sphagnum carpet is also permeable for seeds and can maintain
a microclimate favorable for germination (Hörnberg and others
1997; Rydin and others 2006). Conversely, a Cladopodiella car-
pet keeps the seeds on the surface, reducing their imbibition.
The leaves and stems of this particular liverwort form a tight
and stable carpet that only the smallest seeds can penetrate to
benefit from a more favorable microclimate. Indeed, our study
showed that the species with the smallest seeds (D. intermedia,
R. alba) had the highest germination on the liverwort carpet.

Reduced light due to seed burial did not seem to affect the
species studied. The best germination was observed on bare
peat and Sphagnum seedbeds (Figure 1; Figure 2). And yet, it is
known that light exposure is particularly important for many
wetland species (Baskin and Baskin 1998; Schültz 2000; Ko-
towski and others 2001; Campbell and Rochefort 2003; Ketten-
ring and others 2006). In peat, light is transmitted below the
first few millimeters only (Campbell and Rochefort 2003)
whereas a Sphagnum carpet allows light to penetrate up to
2 cm, depending on the species (Robroeck and others 2009). In
our experiment, the 2 seedbeds probably allowed for good light
exposure, as the peat substrate was highly compact and Sphag-
num density was low.

Continued dormancy of seeds could be the cause of low ger-
mination for C. oligosperma, although the seeds were shown to
be viable (Table 1). Campbell and Rochefort (2003) were able to
stimulate C. oligosperma seeds to germinate by incubating them
in peat for 54 wk at 4 °C, but in a preliminary study, scarification
of the achene’s integument and a cold stratification of 20 wk at
4 °C did not result in germination. Carex oligosperma may re-
quire a longer cold stratification than other Carex species, or
simply removing the perigynium may improve its germination,
as has been shown for C. nebrascensis (Hoag and others 2001).

Aboveground biomass
Carex species accumulated more aboveground biomass on

Sphagnum carpets without demonstrating a pronounced differ-
ence in response to water level. Only C. magellanica had higher
biomass accumulation on bare peat. All of the bryophyte
seedbeds in this experiment had an underlying peat substrate.
The Sphagnum carpet’s microclimate and relative protection
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TABLE 2

Effect of seedbeds and water level on the germination and biomass production of 6 species associated with pool edges.

Carex limosa Germination Biomass

Source df F p F p

Block 5 0.2 0.967 0.8 0.548
Water 1 4.8 0.039 2.0 0.167
Seedbed 2 5.21 0.013 12.3 <0.001
Water x seedbed 2 3.2 0.059 0.5 0.622
Error 25
Total 35

Carex magellanica Germination Biomass

Source df F p F p

Block 5 0.5 0.783 1.7 0.183
Water 1 51.9 <0.001 3.2 0.085
Seedbed 2 17.8 <0.001 9.4 <0.001
Water x seedbed 2 7.4 0.003 2.2 0.130
Error 25
Total 35

Carex pauciflora Germination Biomass

Source df F p F p

Block 5 0.7 0.619 3.2 0.023
Water 1 9.1 0.006 2.8 0.106
Seedbed 2 20.6 <0.001 11.2 <0.001
Water x seedbed 2 1.4 0.256 0.2 0.813
Error 25
Total 35

Drosera intermedia Germination Biomass

Source df F p F p

Block 5 0.8 0.596 1.0 0.431
Water 1 0.5 0.502 8.1 0.009
Seedbed 2 11.0 <0.001 5.6 0.010
Water x seedbed 2 4.1 0.028 5.1 0.014
Error 25
Total 35

Rhynchospora alba Germination Biomass

Source df F p F p

Block 5 2.0 0.113 0.7 0.625
Water 1 12.7 0.002 8.7 0.007
Seedbed 2 2.9 0.073 6.0 0.007
Water x seedbed 2 17.3 <0.001 2.4 0.115
Error 25
Total 35

Scheuchzeria palustris Germination Biomass

Source df F p F p

Block 5 0.9 0.505 1.1 0.398
Water 1 48.5 <0.001 14.7 <0.001
Seedbed 2 21.6 <0.001 2.0 0.154
Water x seedbed 2 0.9 0.403 1.6 0.2276
Error 25
Total 35

Notes: Six replicates were used for each species. A two-way ANOVA for a completely randomized block design was used for evaluations. The p values in bold
indicate significant differences.



from erosion during watering probably favored the establish-
ment of seedlings more so than other mesocosms with only
bare peat. The porous nature of the Sphagnum carpet allowed
better root development, as seeds sometimes have difficulty es-
tablishing on smooth or compact surfaces (Sheldon 1974;
Chambers and MacMahon 1994). As root penetration rate is
directly associated with seedling establishment success (Camp-
bell and Rochefort 2003), seedbed permeability could have fa-
vored greater biomass accumulation for Carex introduced on
Sphagnum carpets. Water level did not affect the growth of the
3 Carex species, a result supported by the literature (Visser and
others 2000; Weltzin and others 2000).

The dry liverwort carpet treatment clearly favored much
higher aboveground biomass accumulation for D. intermedia.
After germination, successful establishment depends on the abil -
ity to grow quickly and to avoid competition with other plants.
Many carnivorous plants are known to be shade-intolerant
(Brewer 1998; Schnell 2002; Ellison 2006), and the small size of
Drosera seedlings makes them more vulnerable to burial by un-
stable peat particles or competing plants (Brewer 1999). During
the experiment, visual observations of Cladopodiella at the low-
est water level showed that liverwort growth slowed and plants
yellowed, probably due to conditions drier than those found in
its natural habitat (Thum 1986; Bragazza and Gerdol 1996). Be-
cause competition with Cladopodiella stems was reduced, D. in-
termedia seedlings were able to grow more rapidly.

Rhynchospora alba produced more aboveground biomass on
wet treatments of Sphagnum and Cladopodiella carpets. In its
natural setting, R. alba grows along the edges of pools in car-
pets of Sphagnum or C. fluitans (Backéus 1985; Ohlson and
Malmer 1990; authors’ personal observations), and where the
water table is high (Weltzin and others 2000; Gignac and others
2004). This species also prefers open locations where there is
little competition (Ohlson and Malmer 1990).

Scheuchzeria palustris accumulated more biomass when the
water level was high, regardless of the seedbed. In its natural
habitat, this species grows in Sphagnum carpets and on muddy
bottoms (Backéus 1985), as well as on floating Sphagnum car-
pets surrounding pools (Tallis and Birks 1965). This species
seems to tolerate a range of seedbed conditions, even those that
are more instable, which may explain the lack of seedbed effect
in our study. Weltzin and others (2000) did not observe differ-
ences in aboveground biomass in S. palustris when adjusting
the water level in peatland mesocosms to conditions similar to
those we tested. However, our observations correspond to the
in situ distribution of this species, which is often in the wettest
areas of the peatlands (Tallis and Birks 1965; Bragazza and Ger-
dol 1996; Soro and others 1999).

Implications for Restoration
Seedbeds in our study differed from the substrate that is

prevalent soon after peatland restoration using the moss layer

transfer technique. In restored peatlands, the lower initial den-
sity of the Sphagnum carpet and the use of straw could influ-
ence the germination and establishment of seedlings by modi-
fying the relative light and humidity in the seedbeds, as well as
other components. Pool edges may therefore be restored fol-
lowing a two-step procedure: first, generating a full Sphagnum
or C. fluitans carpet and thereafter introducing seeds for vas-
cular plant establishment. In our study, peat was not detrimen-
tal to seed germination and even proved to be as favorable as
Sphagnum substrate for the germination of most species; but in
practice, bare peat at a pool edge may be susceptible to frost
heaving and erosion. A Sphagnum carpet may act as a seed trap,
retaining seeds above the water edge in pools and protecting
them from frost heaving, which is a phenomenon observed
with other moss carpets (Mallik and others 1984; van Tooren
1988; Kikvidze 1993; Groeneveld and others 2007).

The results of our study show that for Carex species in par-
ticular, wet Sphagnum carpets are the preferred seedbed, favor-
ing both germination and growth. Also, while D.  intermedia
and R. alba could be introduced on either Sphagnum or C. flui-
tans, the latter should be favored. Indeed, C. fluitans is strongly
associated with pools in natural peatlands (Fontaine and others
2007), and it apparently increases biodiversity because other
uncommon species, such as Utricularia cornuta Michx. (Lenti -
bulariaceae), seem to grow in strict association with it. Because
this type of seedbed may be inefficient in retaining seeds on a
slope, an artificial structure such as phytoplankton net fencing
should be installed to trap seeds at the appropriate distance
from the water’s edge. The preference shown by S. palustris for
a high water table as well as its presence on loose, floating
Sphagnum carpets in pools and in the wettest parts of the peat-
land (Tallis and Birks 1965; Bragazza and Gerdol 1996) indicate
that this species would be suitable for introduction in flooded
areas or on artificial floating carpets on pool edges. Substrate
stability could be a problem though so Sphagnum carpets
should be favored over bare peat, and seeds may be trapped in
artificial structures as well. Since species such as C. pauciflora
and S. palustris germinate over an extended period of time, in-
troduction should be timed to avoid early spring flooding or
drought periods typical of midsummer.
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