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Abstract: We studied from 1998 to 2003 the fine-scale vegetation dynamics of an abandoned vacuum-
mined bog located in southern Québec in which cotton-grass (Eriophorum vaginatum) has become dominant.
A water table no deeper than 30–40 cm below the soil surface combined with a volumetric peat water
content �70% in the surface peat layer favored the increase in cotton-grass cover in abandoned peat fields.
In one of the two peat fields that was monitored, the density of living tussocks was 30,750/ha in 1998. The
density decreased constantly to reach 25,900/ha in 2002, a 16% decrease. The expansion of cotton-grass
cover was mainly the result of the growth of established tussocks following a rise of the water table. The
strong relationship between cotton-grass cover and water table suggests that the latter could be used as a
predictor for cotton-grass cover change in mined bogs. The present study does not provide evidence that
cotton-grass facilitates the establishment of moss species. At the study site, moss establishment was more
highly associated with particular hydrologic characteristics (volumetric peat water content �85%) than with
the presence of a dense cotton-grass cover. The use of cotton-grass to facilitate the establishment of Sphag-
num colonies in mined peatlands is questionable, particularly where other efficient restoration techniques are
available.
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INTRODUCTION

Invasive plants produce reproductive offspring, of-
ten in very large numbers at considerable distances
from parent plants, and thus have the potential to
spread over a considerable area (Richardson et al.
2000). They are generally perceived as weeds because
they often negatively impact the diversity of plant
communities. Invaders may compete for natural re-
sources, transform entire ecosystems by changing the
nutrient composition of soils, and alter the frequency
and intensity of natural disturbances (Lodge 1993,
Mack and D’Antonio 1998, Mack et al. 2000, Ehren-
feld 2003). In most cases, eradication or control of
invasive plants is essential for maintaining the ecolog-
ical integrity of ecosystems. There are, however, some
particular cases where invasive species may be used
by managers to improve the environmental conditions
of highly disturbed sites, especially where site condi-
tions are so degraded that few plant species are able
to establish and survive. Invasive species may be used

to re-establish a plant cover rapidly and restore site
fertility, which may subsequently improve establish-
ment conditions for other species (D’Antonio and
Meyerson 2002). If the vegetation assemblage domi-
nated by the invasive species persists for only a few
years or decades, the introduction of the invader may
represent an alternative to costly restoration tech-
niques.
Mined peatlands are one of these particular cases

where invasive plants may be useful for restoration.
Peatland mining is a widespread industrial activity, es-
pecially in Canada (Québec, New Brunswick) and
Germany, where peat is used for horticulture or agri-
culture, and in Finland and Ireland, where peat is used
for domestic heating or energy generation. Extraction
activities cover approximately 50,000 km2 and are re-
sponsible for 10% of peatland area losses in the non-
tropical world (Joosten and Clarke 2002). Peatland
mining is a major anthropogenic disturbance—bogs
are drained, vegetation is removed, and a thick layer
of soil is extracted—and usually occurs over a period
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of several decades. A post-mined peatland is a harsh
environment for plants, and current mining techniques
seriously hamper the natural capacity of bog ecosys-
tems to regenerate after a disturbance. For instance,
most sites that have been mined using vacuum ma-
chines are almost totally devoid of plants after decades
of abandonment (Lavoie et al. 2003). There are, how-
ever, some vacuum-mined bogs that have been invad-
ed (�60% cover) by cotton-grass (Cyperaceae: Erio-
phorum vaginatum L.). Although cotton-grass is a na-
tive species in regions with peatland mining activities,
this plant species never dominates plant assemblages
in undisturbed ombrotrophic peatlands. For instance,
the plant cover occupied by cotton-grass in southern
Québec’s bogs usually ranges from 1 to 5%, and very
rarely exceeds 25% (Gauthier and Grandtner 1975, D.
Lachance and C. Lavoie, unpublished data).
Cotton-grass has many characteristics facilitating its

establishment and survival in nutrient-poor environ-
ments such as mined bogs that have been drained. This
plant species can tolerate prolonged drought periods
because of its deep root system (Wein 1973). Numer-
ous cotton-grass seeds are produced each year and are
easily dispersed by wind (Salonen 1987, Campbell et
al. 2003). Seeds germinate at high (23–35 �C) temper-
atures (Wein and MacLean 1973, Gartner et al. 1986),
and such temperatures are common during the summer
season just above the peat surface of abandoned mined
bogs (Matthey 1996, Price et al. 1998, Marcoux 2000).
Cotton-grass forms long-lived (�100–200 years) tus-
socks (Mark et al. 1985), in which the growth of new
leaves is supported almost entirely by nutrient retrans-
location from older leaves that are senescing (Jonasson
and Chapin 1985, Cholewa and Griffith 2004). Fur-
thermore, this non-mycorrhizal plant can absorb or-
ganic nitrogen directly and use it as its sole nitrogen
source (Chapin et al. 1993).
With only minimal water management, it is possible

to increase the cotton-grass cover in disturbed peat-
lands substantially. For instance, the cotton-grass cov-
er increased from 1 to 60–70% two years after the
rewetting of a drained fen, and from 18 to 34% five
years after the rewetting of a mined bog in southern
Finland (Komulainen et al. 1998, 1999, Tuittila et al.
2000b). In southern Québec and New Brunswick, sev-
eral abandoned and rewetted mined sites with a �60%
cotton-grass cover have been identified (LeQuéré and
Samson 1998, Lavoie et al. 2003). Whether such in-
vasions are beneficial or detrimental to abandoned
mined peatlands remains a controversial issue. Paleo-
ecological studies suggest that cotton-grass is an ‘eco-
system engineer’ or a nurse plant facilitating the re-
establishment of Sphagnum species in mined bogs
(Buttler et al. 1996, Hughes and Dumayne-Peaty
2002). Cotton-grass is presumed to create microcli-

matic conditions facilitating the establishment and
growth of other plants, particularly Sphagnum species
(Grosvernier et al. 1995, Matthey 1996, Marcoux
2000, Tuittila et al. 2000a, Lavoie et al. 2003). On the
other hand, cotton-grass may also be considered as an
invading weed prohibiting the re-initiation of peat for-
mation, impeding restoration activities and enhancing
greenhouse gas emissions (Pfadenhauer and Klötzli
1996, Frenzel and Rudolph 1998, Kumolainen et al.
1998, Frenzel and Karofeld 2000, Greenup et al. 2000,
Rinnan et al. 2003, Marinier et al. 2004).
To our knowledge, no detailed study on the dynam-

ics of a cotton-grass cover expansion in a mined peat-
land has been reported. This study, based on five years
of detailed monitoring of tussock individuals and cot-
ton-grass cover, has two main objectives, i.e., to un-
derstand which factors facilitate an increase in cotton-
grass cover, and to verify whether the establishment
of typical bog plants is facilitated by the presence of
cotton-grass. Our working hypothesis is that the re-
establishment of moss colonies is more rapid in mined
sites invaded by cotton-grass than in sites with a low
cotton-grass cover.

STUDY SITE AND METHODS

One peatland, in which cotton-grass has become a
dominant species, was selected for this study. The
Saint-Henri peatland is located 16 km southwest of
Québec City, Québec, Canada (46� 42� N; 71� 03� W)
and covers 150 ha (Figure 1). Before the beginning of
mining activities, this ombrotrophic peatland was
dominated by black spruce (Picea mariana [Mill.]
B.S.P.), tamarack (Larix laricina [Du Roi] Koch), er-
icaceous shrubs, and Sphagnum species, with scattered
cotton-grass individuals. In 2003, approximately 80%
of the bog area had been mined for the production of
horticultural peat, mainly using the block-cut method
during the 1960s and the vacuum method since the
beginning of the 1970s (Marcoux 2000). Data from
the meteorological station at Québec City indicate that
the mean annual temperature is 4 �C. January is the
coldest month (mean temperature: �12 �C) and July
the warmest month (mean temperature: 19 �C). The
mean annual precipitation is 1208 mm, 27% of which
falls as snow (Environnement Canada 1993).
In 2003, approximately 40% of the mined area of

the bog had been abandoned. Some abandoned sites
with a very thin (�20 cm) peat cover were colonized
by gray birch (Betula populifolia Marsh.), while the
others were colonized by cotton-grass. For this study,
we selected two large (180 � 24 m) vacuum-mined
peat fields (A and B) bordered by drainage ditches and
abandoned the same year (Figure 1). Peat field A
(mined between 1979 and 1993) was bordered by oth-
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Figure 1. Aerial photograph of the Saint-Henri ombrotrophic peatland, southern Québec, Canada taken in 1993. Approxi-
mately 80% of the bog area was mined using vacuum machines. Study sites (peat fields A and B) are indicated (photograph:
courtesy of Hauts-Monts Inc., HMQ93106-12).

er peat fields, while peat field B (mined between 1987
and 1993) was located between a peat field and the
undisturbed margin of the peatland. An abandoned
peat field with similar dimensions separated peat fields
A and B. Drainage ditches bordering peat fields A and
B were partly blocked in 1993, and in 1998, the cot-
ton-grass cover was very large in peat field A, espe-
cially at the lower end of the peat field; this section
was very wet (water table close to the peat surface)
and had a �90% cotton-grass cover. Several cotton-
grass tussocks established at peat field B between 1993
and 1998, but the peat surface remained dry and the
cotton-grass cover was very low (�10%) during that
period (Figure 2a). In 1998, when we initiated this
study, we decided to study peat field B to understand
why the cotton-grass recolonization process was so
slow in this part of the peatland. However, the owner
of the site decided in the fall of 1998 to improve the
blockage of drainage ditches and to construct peat

bunds near peat fields A and B, to reduce surface run-
off. The cotton-grass cover substantially increased fol-
lowing those operations, especially in peat field B
(Figure 2b). Cotton-grass tussocks in peat fields A and
B probably originated from seeds produced by the few
tussocks established in the unmined parts of the peat-
land and dispersed by wind toward the peat fields, and
from tussocks established in other peat fields that have
been previously abandoned.
The cotton-grass cover was not homogeneous in

peat field A. Consequently, we used this peat field to
describe the spatio-temporal pattern of cotton-grass
cover change and to associate this pattern to some hy-
drologic characteristics. In peat field A, the presence /
absence of all species of vascular and non-vascular
plants covering a small sampling-point (diameter: 1
cm) every 1 m along 25 transects, 1-m apart and 180-
m long (Lavoie and Rochefort 1996) was noted in July
1999. The same survey was repeated in July 2003. The
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Figure 2. Vacuum-mined site in the Saint-Henri bog that was abandoned in 1993: A) peat field B in 1998, sparsely revegetated
by cotton-grass (Eriophorum vaginatum) tussocks; B) the same location in 2000, with a dense cotton-grass cover.
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1999 and 2003 surveys were compared using a Wil-
coxon’s signed-ranks test to verify whether they were
significantly different (Scherrer 1984). Furthermore,
the surveys were compared for each major group of
species (cotton-grass, trees, ericaceous shrubs and
mosses, including liverworts) using a McNemar’s test
to detect whether a species group was significantly
more or less abundant in 2003 than in 1999. Each
sampling point was then considered individually to de-
tect if at least one species of the group was present /
absent in 1999 and in 2003 (Scherrer 1984). The Bon-
ferroni’s correction was applied to weight the signifi-
cance level (� 	 0.05) by the number (N) of Mc-
Nemar’s tests used (� / N) (i.e., one for each species
group) (Harris 1975, Bérubé and Lavoie 2000). No-
menclature follows Hinds (2000) for vascular plants,
Anderson (1990) for Sphagnum species, and Anderson
et al. (1990) for other mosses.
At peat field A, the relative elevation of the peat

surface was measured with a surveying level every 2
m along 13 transects, 2-m apart and 180-m long. The
thickness of the peat deposit was also estimated using
an iron rod driven into the soil every 10 m along 9
transects, 3-m apart and 180-m long. The volumetric
soil moisture content of the surface (12 cm) peat layer
was mapped in 1999 (August 11) using a Hydro-
Sense� soil-water content measurement system
(Campbell Scientific, Logan, UT, USA). One mea-
surement was taken every 5 m along 7 transects, 4-m
apart and 180-m long. Volumetric soil moisture con-
tent data were calibrated for peaty soils in the labo-
ratory using peat samples from the same peat field
(Marcoux 2000). Maps of relative elevation, peat
thickness, and volumetric soil moisture content were
created using Kriging’s method of Surfer� software
(Golden Software Inc. 1996).
The water table at peat field A was monitored dur-

ing summers of 1999 (July 5–September 5) and 2000
(June 12–August 28) on a daily (1999) or weekly
(2000) basis. The water table was measured using well
pipes slotted along their entire length and covered with
a geotextile screen. Pipes were inserted in hand-drilled
holes every 10 m along a 180-m long transect posi-
tioned along the centre-line of the peat field. All pipe
intakes were above the peat-mineral interface. The dis-
tance from the top of the well to the soil surface was
measured coincidentally with water-table measure-
ments to account for possible shifting of the pipe due
to peat shrinkage. Pearson’s product moment correla-
tion coefficients (Gilbert and Savard 1992) between
the water table and the cotton-grass cover were cal-
culated for summers 1999 and 2000 using SPSS soft-
ware (SPSS Inc. 2001). Cotton-grass cover was cal-
culated by the percentage of vegetation sampling
points with cotton-grass surrounding a water-table well

(i.e., inside a 5-m distance on either side of the well).
For instance, the well located at a distance of 50 m
from the beginning of the transect was associated with
all sampling points located between 45 and 55 m along
the 25 transects used for vegetation sampling.
In peat field A, cotton-grass cover strongly de-

creased at a distance of 120 m from the beginning of
the transect, suggesting the presence of a threshold.
We used a categorical variable approach to test the
statistical significance of the difference between the
intercepts and the regression coefficients calculated us-
ing values from either side of this 120-m distance. To
do so, the two sets of observations were pooled into
one set. To test the difference between the intercepts,
we defined a categorical variable, Distance (DIS),
which equalled 1 for observations located between 0
and 120 m (large cotton-grass cover), and 0 for ob-
servations located between 120 and 180 m (low cot-
ton-grass cover). A significant difference between the
intercepts would indicate the presence of a threshold
value for the cotton-grass cover. To test the difference
between the regression coefficients of water table, we
created an interaction variable by multiplying mean
water-table values by DIS after having centered the
interval scale variable in order to avoid multicolli-
nearity. A significant interaction variable would indi-
cate that the relationship between cotton-grass cover
and water table is not the same on either side of the
threshold value (Vandersmissen et al. 2003). The
SPSS software (SPSS Inc. 2001) was used for all cal-
culations.
Cotton-grass cover was homogeneous in peat field

B but changed greatly from 1998 to 2002. Conse-
quently, we used this peat field to monitor precisely a
cotton-grass population during a five-year period. We
delineated a 10 � 20 m quadrat that was subdivided
into fifty 2 � 2 m subquadrats. In each subquadrat,
the percent cover of all vascular and non-vascular
plants was estimated each year (in late-May, early-
June) from 1998 to 2002 using a semi-quantitative
scale: 0%, �1%, 1–10%, 11–25%, 26–50%, 51–75%
and 76–100%. The species cover was compared year
to year by calculating the median value of the cover
class occupied by the species in each subquadrat, and
totalling all median values from all subquadrats. The
position of each cotton-grass tussock was mapped us-
ing an x � y coordinate system, and its status (living
or dead) was monitored each year. New tussocks es-
tablished after 1998 were also monitored, but it is im-
portant to note that this growth form can only be clear-
ly distinguished from seedlings after one or two grow-
ing seasons. The number of infructescences produced
each year by the tussocks was counted. The number
of emerging seedlings was also estimated in five ran-
domly selected subquadrats. A Pearson’s product mo-
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ment correlation coefficient (Gilbert and Savard 1992)
between the number of infructescences and the number
of seedlings emerging one year later was calculated
using SPSS software (SPSS Inc. 2001).
In the 10 � 20 m quadrat, the water table and the

volumetric soil moisture content of the surface (12 cm)
peat layer were monitored on a weekly basis during
the summers (June–August) of 2000 and 2001. The
water table was measured using well pipes inserted in
holes drilled at three different locations (i.e., at the
center and at each extremity of the quadrat). The vol-
umetric soil moisture content was monitored near each
well using the HydroSense� system. Unfortunately,
we have no hydrologic data for summer 1998. We did
not expect major changes in the hydrology of the site
from 1998 to 1999 because the peat company did not
initially plan to conduct additional water management
operations near peat fields A and B. This decision was
made in the fall of 1998.
One peat sample from the surface (5 cm) peat layer

was taken from the quadrat for chemical analyses,
which were conducted in the Premier Horticulture
Laboratory (Rivière-du-Loup, Québec, Canada) using
the standard methods suggested by Day et al. (1989).
Total peat thickness was estimated using an iron rod
driven into the soil at eight different locations near the
quadrat (near all corners and mid-points between cor-
ners). Precipitation data during the monitoring period
were taken from the Québec meteorological station
(Environnement Canada, unpublished data) and were
compared to a reference period (Québec station, 1961–
1990; Environnement Canada 1993).

RESULTS

Peat Field A

The thickness of the peat deposit at peat field A
ranged from 24 cm at the lower end of the field to 143
cm at the upper end. However, two-thirds of the field
area had a peat thickness �84-cm and a large Sphag-
num peat content. Approximately 64% of the field sur-
face was covered with cotton-grass in 1999, but the
cover varied greatly from 96% in the lower third of
the peat field to 28% in the upper third (Figure 3).
Only 18 plant species were found in 1999, including
three moss species. No Sphagnum colony was detect-
ed. Peat field A was more species-rich in 2003, with
13 vascular plant species and 14 moss and liverwort
species, respectively. Four Sphagnum species were re-
corded (S. capillifolium (Ehrh.) Hedw., S. rubellum
Wils., S. russowii Warnst., and S. teres (Schimp.)
Ångstr. in Hartm.). The 1999 and 2003 vegetation sur-
veys were significantly different (p � 0.001). The cov-
er of trees, ericaceous shrubs, and mosses (including

liverworts) was significantly higher (p � 0.001) in
2003 than in 1999, while the cover of cotton-grass
significantly (p � 0.001) decreased from 64 to 58%
during the same period. The increase in the tree cover
was mainly the result of the growth of birch (B. po-
pulifolia) saplings, while that of ericaceous shrubs was
the result of the establishment of several Chamae-
daphne calyculata (L.) Moench individuals. Although
the spatial distribution of trees and ericaceous shrubs
was relatively homogeneous at peat field A in 2003,
the distribution of moss and liverwort species was
mainly restricted to the wettest part of the field, and
essentially in the zone with a volumetric peat water
content �85%. This zone represented only 14% of the
peat field by area but 57% of the sampling points with
at least one moss or liverwort species.
There was a significant (p � 0.001, adjusted R2 	

0.89 for both years) correlation coefficient between the
mean water table and cotton-grass cover in 1999 and
2000. As indicated in the Methods section, the cover
of cotton-grass strongly decreased at a distance of
about 120 m along the transect (i.e., from 75 to 40%
over a 20-m distance) (Figure 3). The decrease in the
cotton-grass cover coincided with the location at
which the mean water table dropped farther than 30
cm below the soil surface in 1999 and farther than 40
cm below the soil surface in 2000 (Figure 4). The cot-
ton-grass cover was significantly different on either
side of the 120-m distance, as indicated by the signif-
icant (p � 0.001) difference between the intercepts.
However, the interaction variable that has been cal-
culated was not significant (p 	 0.318), suggesting
that the relationship between cotton-grass cover and
water table was the same on either side of the 120-m
distance.

Peat Field B

Peat field B had a thick (165–189 cm), acidic (pH
	 3.14) peat with a large Sphagnum content. In gen-
eral, chemical properties of the peat were similar to
those recorded in abandoned mined bogs (Wind-Muld-
er et al. 1996): Ca2
, Cl�, Mg2
, Na
, NH4
–N, and
NO3�–N values ranged from 1 to 8 mg L�1. During
the summers of 2000 and 2001, except for some very
brief periods, the water table and the volumetric peat
water content were quite stable, ranging from 10 to 40
cm below the soil surface and from 70 to 85%, re-
spectively.
The spatial distribution of cotton-grass tussocks was

fairly homogeneous at peat field B. At the beginning
of the monitoring period (1998), the density of living
tussocks was 30,750/ha. The density decreased con-
stantly to reach 25,900/ha in 2002, a 16% decrease.
The annual mortality rate of tussocks ranged from 5
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Figure 3. Map showing the volumetric peat water content (data taken August 11, 1999) in peat field A, Saint-Henri bog, and
spatial distribution of plant species groups (data taken in July 1999 and 2003) in the same peat field. Mosses include liverworts.

to 6%. Very few new tussocks established during that
period (Figure 5). Tussocks produced a large number
of infructescences in 1999, 2000, and 2002 but very
few in 1998 and 2001 (Figure 6). The number of cot-
ton-grass seedlings increased constantly from 1998 to
2001 but then decreased in 2002 (Figure 6). There was
no significant correlation between the number of in-
fructescences and the number of seedlings emerging
one year later (p 	 0.09), but a longer time series
would probably be necessary to detect a significant
correlation.
Only 14 plant species were found in the 10 � 20 m

quadrat delineated in peat field B. All were vascular
plants, except two moss species (Dicranella cervicu-
lata [Hedw.] Schimp. and Polytrichum strictum Brid.).
Apart from cotton-grass, only Eriophorum virginicum
L. had a notable plant cover. The cover of both Er-
iophorum species changed substantially during the
monitoring period (Figure 7). The cover of cotton-
grass greatly increased from 1998 to 2001. This in-
crease occurred mainly in April–May 1999; the cotton-
grass cover was still low in October 1998 (C. Lavoie,

personal observations) and our field sampling was con-
ducted earlier in 1999 (19 May) because of a warm
and dry spring triggering the early production of in-
fructescences. The expansion of cotton-grass cover
was mainly the result of the growth of established tus-
socks and not the consequence of the establishment of
new tussocks after 1998. The cover of E. virginicum
also increased from 1998 to 2000 but then decreased
in 2001 and 2002.
During the monitoring period, precipitation was

generally well below the average, especially from
2000 to 2002 (Figure 8). During the 56-month period
covered, only 19 months received above-average pre-
cipitation. Most summers were dry, except June and
July 1999, which both received well-above-average
precipitation. Since plant cover data were taken in
mid-May in 1999, it should be noted that 1999 data
were not influenced by this wet summer.

DISCUSSION
Minimal water management (blocking of drainage

ditches, construction of peat bunds) can trigger a cot-
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Figure 4. Water table vs distance along peat field A, Saint-
Henri bog, during summers 1999 and 2000. The correspond-
ing cotton-grass (Eriophorum vaginatum) cover is indicated.

Figure 5. Evolution of the number of cotton-grass (Erio-
phorum vaginatum) tussocks from 1998 to 2002 that were
recorded in the 10 � 20 m quadrat in peat field B, Saint-
Henri bog.

Figure 6. Estimation of the number of cotton-grass (Erio-
phorum vaginatum) infructescences produced and seedlings
that have germinated each year from 1998 to 2002 in peat
field B, Saint-Henri bog.

ton-grass expansion in an abandoned vacuum-mined
bog. At Saint-Henri peatland, a water table no deeper
than 30–40 cm below the soil surface and a volumetric
peat water content �70% in the surface (12 cm) peat
layer favored the rapid development of a large cotton-
grass cover in abandoned peat fields. Once well-estab-
lished, the cotton-grass cover remained quite stable (at
least during the subsequent four-year period), although
a decrease in the number of tussocks was observed.
The strong relationship between cotton-grass cover
and water table suggests that the latter could be used
as a predictor for cotton-grass cover change in mined
bogs, especially if we compare Saint-Henri data with
others taken in similar abandoned peatlands from
southern Québec (Table 1). This relationship is con-
sistent with earlier studies conducted in disturbed fens
and bogs of Finland and New Brunswick showing that
it is essential to raise the water table above 40 cm
below the soil surface to trigger a massive cotton-grass

expansion (Komulainen et al. 1998, Tuittila et al.
1999, 2000b, Price et al. 2003). Below this hydrologic
threshold, cotton-grass seedlings may establish and
form small tussocks, but the growth of tussocks re-
mains very slow. The present study is the first to iden-
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Figure 7. Cover of Eriophorum vaginatum and Eriophorum virginicum in the 10 � 20 m quadrat in peat field B, Saint-Henri
bog. The quadrat was subdivided into fifty 2 � 2 m subquadrats in which the cover of living individuals was evaluated in
late-May, early-June, from 1998 to 2002. Cover classes are indicated in the legend. The species cover was compared year-to-
year by calculating the median value of the cover class occupied by the species in each subquadrat, and totalling all median
values from all subquadrats. Percentage change of the species cover, compared to the previous year, is shown for each year
from 1999 to 2002.

Figure 8. Precipitation anomalies in the Québec City area
from January 1998 to August 2002. Vertical bars: difference
between precipitation recorded for a particular month and
mean precipitation for the same month during the 1961–
1990 period. January months are indicated by arrows. Sum-
mer months (May–August) are indicated by grey zones.

tify with confidence this threshold and establish a clear
link between cotton-grass cover and water table.
Precipitation influences the water table in mined

bogs and, consequently, the development of cotton-
grass cover. However, at the Saint-Henri peatland, wa-
ter management operations have certainly had a much
stronger effect on the establishment and growth of cot-
ton-grass than precipitation fluctuations. For instance,
although peat field B was abandoned for six years, the
massive growth of cotton-grass tussocks only occurred
in 1999 (i.e., just after better drainage blocking and
the construction of peat bunds near the peat field). On
the other hand, the warm spring and wet summer of
1999 also probably accelerated the growth of tussocks.
Dry weather conditions during the subsequent years
had apparently few impacts on the cotton-grass cover.
Whether the decreasing cover of Eriophorum virgini-
cum in 2001 and 2002 was associated with dry con-
ditions or competition with Eriophorum vaginatum re-
mains to be substantiated.
Two previous detailed studies provided some evi-

dence that cotton-grass facilitates the establishment of
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Table 1. Cotton-grass cover, water table, and volumetric peat water content monitored during summers 2000 and 2001 in three abandoned
mined bogs of southern Québec. The Rivière-du-Loup sites were very similar to the Saint-Henri peat field B. All sites had a thick acidic
peat deposit with large Sphagnum content that had been vacuum mined, but the cotton-grass cover was much lower at Rivière-du-Loup
than at Saint-Henri. Data from the Rivière-du-Loup peatland are from Lavoie et al. (2005).

Site
Cotton-grass Cover

(tussock ha�1; min.–max. values)

Water Table Level
(cm below the soil surface;

min.–max. values)

Time Period with a Water
Table Level �40 cm
Below the Soil Surface
(% of days during the
summer season;
min.–max. values)

Volumetric Peat Water
Content of the Surface

(12 cm) Peat
(%; min.–max. values)

Saint-Henri
(peat field B)

Rivière-du-Loup
(site RDLP2)

Rivière-du-Loup
(site RDLP1)

27 350–28 700

9750–10 700

3600–4000

6–51

19–53

26–67

32–46

45–58

92–94

67–87

55–83

54–81

other bog plant species in mined bogs (Matthey 1996,
Tuitilla et al. 2000a), but it was difficult to separate
the impacts of the cotton-grass from those of abiotic
variables associated with the peat deposit. For in-
stance, Tuitilla et al. (2000a) found a very strong re-
lationship between the presence of vegetation and the
water table in Finnish mined peatlands. To determine
whether the composition of vegetation was also related
to the presence of cotton-grass tussocks, they elimi-
nated the influence of water table using a statistical
procedure. Unfortunately, they did not indicate the
percentage of the variance that was explained either
by water table or by other variables, which precludes
conclusions about the biological significance of re-
sults. The present study does not provide evidence for
the facilitation hypothesis. At peat field A, mosses and
liverworts were confined to the wettest part of the
field. This zone with a greater moss and liverwort con-
tent covered only 14% of the area of the field, while
cotton-grass cover was very large (�60%) over 66%
of the surface of peat field A. This suggests that the
establishment of mosses and liverworts was associated
more with particular hydrologic characteristics than
with the presence of a dense cotton-grass cover.
As our study does not provide evidence for cotton-

grass facilitation of the establishment and growth of
other bog plant species, we question the value of fa-
voring the expansion of cotton-grass in peatland res-
toration plans. Cotton-grass may contribute to stabiliz-
ing the peat surface and minimizing the effects of ero-
sion and frost heaving on other bog plant species
(Marcoux 2000, Campbell et al. 2002, Groeneveld and
Rochefort 2002). Cotton-grass tussocks can also in-
crease levels of relative humidity near the peat surface,
which may improve establishment conditions for moss
species (Matthey 1996, Marcoux 2000, Lavoie et al.
2003). On the other hand, cotton-grass tussocks may

intercept 30–80% of precipitation (Marcoux 2000) and
lose large quantities of water through evaporation
(Matthey 1996), which may negate any benefits pro-
vided by a cotton-grass cover to the establishment of
moss species. Rewetted mined sites colonized by cot-
ton-grass also produce large amounts of methane (Ko-
mulainen et al. 1998, Rinnan et al. 2003, Marinier et
al. 2004). Assuming that each infructescence contains
40 seeds (C. Lavoie, unpublished data), cotton-grass
tussocks may produce as many as 24 million seeds per
hectare (peat field B in 1999), which may then poten-
tially contaminate nearby peat areas harvested for hor-
ticultural purposes. Finally, the presence of a dense
cotton-grass cover hampers bog restoration activities
as developed in North America. The North American
approach involves the spreading of Sphagnum dia-
spores on bare peat surfaces to accelerate the recon-
struction of an acrotelm (Rochefort et al. 2003). A
large cotton-grass cover prevents contact between me-
chanically spread Sphagnum diaspores and the wet soil
surface, resulting in the death of diaspores by desic-
cation. Removal and disposal of cotton-grass tussocks
is then essential before restoration, which represents
additional spending. However, in many European
countries, the development of a large cotton-grass cov-
er may represent an interesting option considering the
low number of Sphagnum diaspore sources (i.e., un-
disturbed bogs).
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bec, Canada.

SPSS Inc. 2001. SPSS for Windows. Release 11.0.1. SPSS Inc.,
Chicago, IL, USA.

Tuittila, E.-S., V.-M. Komulainen, H. Vasander, and J. Laine. 1999.
Restored cut-away peatland as a sink for atmospheric CO2. Oec-
ologia 120:563–574.

Tuittila, E.-S., H. Rita, H. Vasander, and J. Laine. 2000a. Vegetation
patterns around Eriophorum vaginatum L. tussocks in a cut-away
peatland in southern Finland. Canadian Journal of Botany 78:47–
58.

Tuittila, E.-S., H. Vasander, and J. Laine. 2000b. Impact of rewetting
on the vegetation of a cut-away peatland. Applied Vegetation Sci-
ence 3:205–212.

Vandersmissen, M.-H., P. Villeneuve, and M. Thériault. 2003. An-
alyzing changes in urban form and commuting time. Professional
Geographer 55:446–463.

Wein, R. W. 1973. Biological flora of the British Isles. Eriophorum
vaginatum L. Journal of Ecology 61:601–615.

Wein, R. W. and D. A. MacLean. 1973. Cotton grass (Eriophorum
vaginatum) germination requirements and colonizing potential in
the Arctic. Canadian Journal of Botany 51:2509–2513.

Wind-Mulder, H. L., L. Rochefort, and D. H. Vitt. 1996. Water and
peat chemistry comparisons of natural and post-harvested peat-
lands across Canada and their relevance to peatland restoration.
Ecological Engineering 7:161–181.

Manuscript received 20 January 2004; revisions received 9 August
2004; accepted 25 October 2004.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


