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Introduction

Abstract: Pollen and macrofossil analyses from central peat cores along with 23 radiocarbon dates were used
in palaeoecological reconstructions for three peatlands (LG1, LG2 and LG3) within the lower La Grande
Riviére watershed in northern boreal Québec. Basal ages from LG3 and LG2 indicate up to an 1100 years later
and possibly more abrupt Tyrrell Sea retreat in the LG3 area compared with the timeline for the region. Both
autogenic and allogenic factors were found to have influenced local vegetation succession and rates of peat
accumulation. Internal autogenic factors such as peat accumulation were key elements for the general peatland
developmental pathway that followed the classic hydrosere sequence (pond-fen-bog). Regional climate and
hydrography are the main external factors associated with changes in vegetation assemblages, surface wetness
and consequently rates of peat accumulation. The LG2 and LG3 peatlands began developing shortly after 7000
cal. BP as shallow ponds with herbaceous freshwater aquatic and emergent taxa. Both sites rapidly evolved into
fens with brown mosses. The autogenic transition from fen to bog occurred at both sites between 6000 and 5500
cal. BP. A long-term decrease in peat accumulation rates corresponding to a gradual densification of the local
tree and shrub cover occurred at the LG2 and LG3 sites between 5000 and 1500 cal. BP. These changes were
simultaneous at the two sites and therefore suggest the influence of external factors such as a shift to cooler and
drier climatic conditions from the middle to late Holocene (Neoglacial period). Development of the LG1 site
was delayed by a much later Tyrrell Sea retreat and started with a relatively long eutrophic aquatic phase. Both
internal factors (minerotrophic conditions) and external factors (local topography and climate) contributed to
the somewhat slower pace of vegetation succession. Synchronous increased peat accumulation rates in the last
1500 years at the three sites are attributable to regional vegetational shifts possibly due to the influence of recent
climatic conditions and lower peat compaction of the acrotelm.

Key words: Boreal peatlands, peatland development, autogenic and allogenic factors, Holocene climate,
Tyrrell Sea regression, James Bay, Canada.

where cool moist climatic conditions combined with low-relief are
most favourable for peat accumulation (Gorham, 1991; Turunen,

Long-term peatland development is influenced by autogenic
processes such as peat accumulation, hydroseral succession and
Sphagnum growth (Clymo, 1984; Foster et al, 1988; van
Breemen, 1995) and by allogenic factors such as climate via pre-
cipitation and temperature regimes (Frenzel, 1983; Kuhry and
Zoltai, 1994). The value of the peatland archive as a record of
Holocene climatic changes is now widely recognized (Chambers
and Charman, 2004). Globally, peatlands are most abundant in the
boreal regions of western Siberia and northern Russia and Canada,
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2003). An overall increase in annual temperature and a disruption
of the precipitation patterns in boreal and subarctic regions due to
global warming is projected (Intergovernmental Panel on Climate
Change (IPCC), 2007) and is expected to affect peatland hydrol-
ogy and related carbon cycling (Turunen, 2003).

Recent developmental studies on northern Canadian peatlands
have mainly taken place in oceanic (Tolonen ef al., 1985), subarc-
tic (Zoltai and Tarnocai, 1975; Payette, 1988) and arctic regions
(Ovenden, 1988; Vardy et al., 1997). Other studies on boreal peat-
lands have been conducted in continental western Canada (Kuhry
et al., 1993; Bauer et al., 2003) and west of James Bay (Glaser
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Figure 1 Location of the three studied sites in the La Grande Riviére area, James Bay (Québec, Canada)

et al., 2004; Kettles et al., 2000). In the region of the La Grande
Riviere watershed east of James Bay (Boreal Québec), peatlands
cover up to 50% of the lowlands surface (Tarnocai et al., 2000).
Nevertheless, palacoecological peatland development in this area
is poorly documented, and similar reconstructions mainly took
place in southern (Garneau, 1998; Lavoie and Richard, 2000;
Muller, 2003) and subarctic regions of the province (Payette,
1988; Arlen-Pouliot and Bhiry, 2005). The current study is the
first to describe Holocene peatland development in high-boreal
eastern Canada (Québec).

In this context, we examine the development of three peatlands
distributed along the La Grande Riviére in a west—east topo-
graphic gradient. As part of a multidisciplinary project on carbon
dynamics in Boreal peatlands (Garneau et al., 2005), the general
purpose of this study is to provide a greater understanding of the
palacoenvironmental conditions of peatland development in order
to predict their response and potential contribution to climate
change. Specifically, our aims are to (1) document temporal pat-
terns of peatland initiation and subsequent development using
comprehensive radiochronology; (2) study the nature of plant
communities from early colonization through ensuing succes-
sional stages of peatland development by means of macrofossil
and microfossil analyses; (3) qualitatively examine the influence
of autogenic and allogenic processes in order to identify palacoen-
vironmental conditions of peat accumulation in this region during
the Holocene.

Study sites

The study sites are distributed along the lower course of La
Grande Riviere. Surveys and terrain classifications were used to
select three sectors on the basis of distinct geological and biocli-
matological context. One representative peatland per sector was
chosen for a detailed integrated study of present-day and Holocene
peatland dynamics: LG1 (53°54'N, 78°46'W), LG2 (53°39'N,
77°44’W) and LG3 (53°34’N, 76°08'W) (Figure 1). The study
sites are located in depressions on the Precambrian Shield. At all

three sites, Wisconsin deglaciation was followed by the Tyrrell
Sea invasion around 7800 BP (Dyke and Prest, 1987), leaving gla-
cial tills, littoral sands and marine clays in depressions.

The present-day climate of the La Grande region is continental
subarctic, with a mean annual temperature of —3°C, mean January
temperature of —23°C and mean July temperature of 14°C
(Environment Canada, 2005). Approximately one-third of the 684
mm total annual precipitation falls as snow. Closer to James Bay
near LGI the climate is slightly more oceanic.

The present-day vegetation on well-drained sites in the region
consists of open boreal forest dominated by black spruce (Picea
mariana) and lichens (Cladina sp.). Other tree and shrub species
include various ericaceous species, A/nus crispa, Pinus banksiana,
Larix laricina, Betula glandulosa and Juniperus communis. The
dynamics of the vegetation cover are affected by recurrent fire
episodes within a period of 100 to 110 years (Payette et al., 1989).

The LG1 peatland (53°54'N, 78°46"W) covers approximately
0.2 km?and is located approximately 25 km east of James Bay at
a mean altitude of 38 m a.s.l. Receiving water from its surround-
ings, the peatland is a fen with an abundant herbaceous layer
mainly composed of sedges such as Carex sp., Rhynchospora alba
and Scirpus hudsonianus. Its ground layer is equally dominated by
brown mosses (Scorpidium scorpioides and Warnstorfia exannu-
lata) and Sphagnum species (eg, S. pulchrum and S. subfulvum).
The vegetation is decidedly minerotrophic, as indicated by the
presence of species such as Scorpidium scorpioides, Equisetum
fluviatile, Scirpus hudsonianus and Myrica gale. The pH varies
between 5.0 and 6.6 while the corrected conductivity is around
54uS/em (n = 6; direct measurements in surface water from pits
dugged in the peat and left to rest for 15 min: more information in
Beaulieu-Audy, 2006). Therefore, it seems that the LG1 peatland
could be classified as an intermediate fen. Additional water chem-
istry and vegetation data would be needed to confirm this assess-
ment since these peatlands are considered to be very rare in North
America (Gorham and Janssens, 1992).

The LG2 peatland (53°39'N, 77°44’W) is a wide bog complex
of which a 1.7 km? area was studied (the limits of the area were
defined by the drainage system). Located approximately 90 km
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Table 1 Radiocarbon dates and calibrated ages of peat samples from the studied sites

Site Sample depth (cm) Material dated

Laboratory number

14C age (yr BP) 26 range (cal. yr BP) Calibrated age (cal. yr BP)

LG1 45-48 Bulk peat GSC-6777
70-73 Bulk peat GSC-6776
99-100 Terrestrial plants Beta-199808
macroremains
110-113 Bulk peat GSC-6775
117-119 Terrestrial plants Beta-199809
macroremains
130-131 Sphagnum remains Beta-199810
135-138 Bulk peat GSC-6774
165-167 Terrestrial plants Beta-180468
macroremains
LG2 44-45 Sphagnum remains Beta-199811

95-96 Sphagnum remains Beta-199812

146-147 Sphagnum remains Beta-199813
199-200 Sphagnum remains Beta-199814
250-251 Sphagnum remains Beta-199815
326-327 Sphagnum remains Beta-199816
350-351 Sphagnum remains Beta-199817
395-397 Terrestrial plants Beta-199819
macroremains
LG3 35-36 Sphagnum remains Beta-199818
75-76 Terrestrial plants Beta-199819
macroremains
130-131 Sphagnum remains Beta-199820
190-191 Sphagnum remains Beta-199821
249-250 Sphagnum remains Beta-199822
329-330 Sphagnum remains Beta-199823
374-375 Terrestrial plants Beta-180474

macroremains

390+£70 306-526 420
103070 769-1087 930
1350+40 1189-1329 1260
1460100 1174-1565 1370
1550+40 1359-1531 1410°
1670+40 1501-1699 1510*
1490+90 1259-1580 1570°
2460+40 2375-2704 2540
1250+40 1081-1273 1180
250040 2443-2734 2590
335040 3478-3682 3580
383040 4123-4399 4260
4210£50 4594-4857 4730
4960+£50 5597-5764 5680
5300£50 5942-6203 6070
610040 6872-7154 7010

980+40 790-957 875
256040 2676-2762 2720
391040 41804440 4330
446040 4951-5293 5120
4800+40 5463-5609 5540
5310£50 5944-6216 6080
5980+60 6676-6960 6820

*Calibrated age not corresponding to mid-point of the 26 range (see methods).

east of James Bay, the peatland has a mean altitude of 172 m a.s.l.
The central dome and most of the complex is strictly ombrogenous
while some of the outer localized sections are influenced by tel-
luric water. The nutrient-poor plant community is dominated by
Sphagnum sp. (S. fuscum and S. capillifolium), ericaceous shrubs
(Chamaedaphne calyculata, Ledum groenlandicum and Kalmia
polifolia), trees (Picea mariana and some Larix laricina) with
patches of lichens (Cladina rangiferina and Cladina stellaris).
The water in the peat is acidic with pH values between 3.8 and 4.4
while the corrected conductivity is around 40 uS/cm (n = 11).
The LG3 peatland (53°34’N, 76°08'W) is also a bog covering
approximately 0.6 km* at a mean altitude of 227 m a.s.l. and
located approximately 200 km inland from the shoreline of James
Bay. Generally poor, the vegetation is dominated by Sphagnum
sp. (8. fuscum, S. capillifolium and S. papillosum), ericaceous
shrubs (Chamaedaphne calyculata, Ledum groenlandicum and
Kalmia polifolia), trees (Picea mariana) and a few herbaceous
species (Eriophorum spissum and Scirpus cespitosus). The peat
water is acidic (pH between 3.8 and 4.1) and the corrected con-
ductivity is low with an average of 9 uS/cm on average (n = 8).

Methods

Complete profiles of organic deposits were collected from the
three peatlands in central areas where they were thickest, as indi-
cated by a grid survey performed on each peatland (50 m intervals
at LG1 and 100 m intervals at LG2 and LG3). The top 1 m was
collected with the ‘Jeglum II’ box corer (8 cm x 8 cm x 100 cm)
while Russian corers (7 or 5 cm in diameter) were used for the
deepest parts. The cores each had an inorganic bottom layer (5 to
15 cm) and were 208 cm long at LG1 peatland, 413 cm at LG2 and

385 cm at LG3. Core stratigraphy was described in the field and
later in more detail in the laboratory using the Troéls-Smith
method (Troéls-Smith, 1955; Aaby and Berglund, 1986). The
cores were cut into 1 cm thick slices, and samples were collected
from each slice for *C dating, macrofossil and pollen analyses.
Twenty-three samples distributed along the peat profiles were
collected for radiocarbon dating (Table 1). Nineteen samples of
terrestrial or peatland macroremains were submitted to Beta
Analytic Inc. (University of Florida, USA) for AMS dating. Four
samples of bulk peat were submitted to the Dating Laboratory of
the Geological Survey of Canada to be dated with the standard
radiometric method. The resulting ages were all calibrated to cal-
endar years using CALIB 5.0 program (Stuiver and Reimer,
1993). The mid-point of the 26 range was used as an estimate of
the calibrated radiocarbon age except for three samples in the LG1
core (Table 1) where an arbitrary choice was made in order to be
in better agreement with the stratigraphy, the macrofossil data and
the low pollen concentrations. For the age—depth relationships, a
smoothing-curve-fit function was used for the LGl and LG3
cores, and a fifth-order polynomial curve for the LG2 core
(Figure 2). These models were chosen for their ability to reflect
reality as shown by other sedimentological evidence such as
stratigraphy and macrofossil assemblages (Telford et al., 2004).
All ages mentioned in the text are calibrated unless it was neces-
sary to use uncalibrated ages for comparison with previous works.
For macrofossil analysis, peat samples of known volume (ranging
from 5 to 15 ¢cm®) were taken at major stratigraphic transitions and
between each transition, giving an average sampling interval of 10
to 15 cm. Samples diluted in a 5% KOH solution were gently
heated before being rinsed with water through a 150 um sieve
(100 mesh). According to their nature, macrofossils were either
counted (seeds, shrub leaves, etc.) or estimated in volume percentages
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Figure 2 Age/depth models for (A) LG1 peatland, (B) LG2 peatland and (C) LG3 peatland

which represent cover estimates in a Petri dish (Sphagnum remains,
herbaceous epidermis, etc.). Macrofossil counts were recalculated
for a constant volume of 5 ¢cm’. Identifications were made with
modern material from the field and reference collections from three
laboratories: ‘Laboratoire de biogéographie de Michelle Garneau’
(Université du Québec a Montréal, Canada), ‘Laboratoire Jacques-
Rousseau’ (Université de Montréal, Canada) and the ‘Palynology
and paleo/actuo-ecology laboratory’ of the Institute for Biodiversity
and Ecosystem Dynamics (University of Amsterdam, The
Netherlands). The species terminology is from Marie-Victorin
(1995) and Crum and Andersen (1981).

Samples for pollen analysis (1 cm®) were taken at 8-cm intervals
for the LG1 core and 16-cm intervals for the LG2 and LG3 cores
for processing according to standard procedures (Faegri et al.,

1989). Pollen and spores were identified with: Richard (1970),
McAndrews et al. (1973), van Geel (1978), Faegri et al. (1989),
Parent and Richard (1990), Moore et al. (1991) and Garneau
(1998), as well as the reference collection from ‘Laboratoire
Jacques-Rousseau’ (Université de Montréal, Canada). A mini-
mum of 300 terrestrial pollen grains were counted, except for the
inorganic samples at the base of the core, where a reduced number
of pollen grains was found. Local and regional pollen inputs were
considered in the interpretation.

The expression ‘type’ was used when the macrofossil or the
pollen grain in question might have belonged to more than one
taxon of similar morphology. The expression ‘cf” was used when
the identification was uncertain (poor preservation, identification
problems, etc.). Macrofossil and pollen diagrams displaying
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selected taxa were generated by TILIA 2.0 and TGView 2.0.2
software (Grimm, 2004). Complete macrofossil and pollen dia-
grams are presented in Beaulieu-Audy (2006). A common zona-
tion scheme determined for the macrofossil and pollen diagrams
of each core was guided by the local vegetation assemblages and
stratigraphy.

Results and interpretation

LG1 peatland

The basal silty clay between 208 and 200 cm is topped by 10 cm
of sand and gravel (Figure 2A) indicative of fluvial reworking of
postglacial sediments. Gyttja started accumulating in the basin
sometime before 2540 cal. BP (no datable material was found
below 166 cm, see discussion). As the sediments become peaty
around 1570 cal. BP, the accumulation rate significantly increased
and then decreased after 1370 cal. BP when the peat becomes
more herbaceous. Accumulation rates accelerate again for the last
400 years, which includes the acrotelm layer. Three zones were
identified in the peat profile (Figure 3). Zone 1 (208 to 166 cm)
represents the initial eutrophic pond phase. Subdivided in two sub-
zones, zone 2 (166 to 102 cm) registers the shift from eutrophic
marsh with brown mosses to an intermediate bryophytic fen. The
present-day vegetation is represented by an intermediate herba-
ceous fen that occurred throughout zone 3 (102 to 0 cm).

Zone 1: 208-166 cm (before 2540 cal. BP)

Gyttja gradually combined with the fine sand and silt completely
disappears by the end of this zone. Macrofossils of aquatic taxa
such as Myriophyllum cf. exalbescens, Myriophyllum sp.,
Ranunculus trichophyllus type, Potamogeton pusillus type,
Hippuris cf. vulgaris and Eleocharis sp. are present along with
Characeae oogonia, remnants of Carex sp., Equisetum sp. and sta-
toblasts of Cristatella mucedo (Figure 3A). Unidentifiable brown
moss fragments were also found. Remains of Picea mariana,
Larix laricina, Myrica gale and Empetrum cf. nigrum indicate
their presence near the site. The inorganic component within the
gyttja is probably of fluvial origin, reflecting active erosion within
the catchment. Shores along the pond inlets may have remained
relatively bare during that period.

Pollen data from zone 1 confirm the presence of phytoplanc-
tonic algae such as Pediastrum and aquatic plants such as
Myriophyllum exalbescens, Potamogeton/Triglochin, Menyanthes
trifoliata, Isoetes and Nuphar (Nuphar pollen and Nymphaeaceae
sclereide; Figure 3B). Shrubs and trees such as Myrica gale, Alnus
crispa, Salix sp., various Ericaceae species, Shepherdia canaden-
sis, Picea mariana, Larix laricina and Populus tremuloides were
present locally and regionally, with many herbaceous taxa
(Cyperaceae, Poaceae, Artemisia, Ambrosia type, Tubulifloreae
and Ranunculaceae). Pollen grains of arctic-alpine taxa such as
Oxyria digyna and Saxifraga oppositifolia indicate the late per-
sistence of a periglacial arctic flora near the retreating Tyrrell Sea.
The macrofossil and microfossil assemblages thus indicate the
presence of a eutrophic aquatic pond environment surrounded by
very open spruce woodland before 2540 cal. BP at the LG1.

Zone 2: 166-102 cm (2540-1280 cal. BP)

The aquatic communitity of zone 1 was replaced by a marsh with
brown mosses in subzone 2a, which gave way to an intermediate
bryophytic fen in subzone 2b.

Subzone 2a: 166134 cm (2540-1550 cal. BP)
The macrofossil assemblage of this subzone is dominated by
Amblistigiaceae mosses. Scorpidium scorpioides and Warnstorfia

exannulata were supported by wet minerotrophic conditions. The
shift from an aquatic to telmatic environment is confirmed by the
identification of remnants of Cyperaceae, Equisetaceae, Myrica
gale, Andromeda glaucophylla and Potentilla fruticosa. Needle
fragments of Picea mariana and Larix laricina may indicate their
presence nearby, but most probably come from upland sources,
since the fluvial input is still deemed important in this early stage
of mire inception.

The pollen data also show a decrease in aquatic plants such
as Potamogeton/Triglochin, Ranunculaceae, Myriophyllum
exalbescens and Menyanthes trifoliata, even though Nuphar and
Pediastrum algae were still present, testifying to the marsh envi-
ronment. The increase in Cyperaceae pollen at the end of subzone
2a indicates a denser herbaceous cover and swampier environment;
this is supported by decreasing pollen concentrations corresponding
to decreasing fluvial input to the basin. Other herbaceous upland
species were still current (Poaceae, Artemisia and Tubuliflorae).
Shrub pollen percentages are similar to zone 1 with a decreasing
representation of Alnus crispa type and Myrica gale. Picea mariana
and Larix laricina pollen abundance might represent their local
occurrence, but more probably the spruce pollen indicates spread-
ing of their upland populations. Those regional pollen sources of
Picea mariana are swamped by the pollen production of local
Cyperaceae at the transition with the next subzone (2b).

Subzone 2b: 134-102 cm (1550-1280 cal. BP)

Brown mosses of subzone 2a are replaced by an intermediate to
poor minerotrophic community of Sphagnum: S. platyphyllum, S.
teres and S. squarrosum. Mosses such as Stramiergon stramineum,
Pohlia nutans and Warnstorfia exannulata are also present. A
few Carex species such as C. brunnescens type, C. Mackenziei/
canescens type and C. section Paniculata were growing on wet-
saturated pool sides and among the bryophytes. Less abundant
Equisetum remains and the presence of Vaccinium oxycoccos is
consistent with the colonisation of the site by Sphagnum. The ter-
restrialization of the aquatic environment is probably responsible
for the decrease in Picea mariana and Larix laricina as the catch-
ment system slowly became smaller and the fluvial inputs pro-
gressively weaker.

Terrestrialization of the site and consequent isolation from
flowing waters is also expressed in the results of the microfossil
analysis mainly by the continued decrease in pollen concentra-
tions. As the Sphagnum community expands, herbaceous plants
diminish, and aquatic species and algae were no longer found.
Surface conditions were more oligotrophic and still very humid
although not aquatic.

Pollen percentages of Cyperaceae are abundant at the beginning
of subzone 2b and probably contributed in the decrease of Picea
mariana percentages. Cyperaceae pollen percentages drop signif-
icantly towards the end of the subzone while Picea mariana pollen
increases. This may result from the presence of the tree nearby,
but the ericaceous cover largely developed and probably outcom-
peted the Cyperaceae. Higher percentages of Ericaceae reflect
their local presence as evidenced by the macrofossil record. The
increase of Picea mariana percentages is possibly explained by a
denser surrounding forest. This is also supported by the decrease
of Alnus crispa type and Betula in the region. Trees and shrubs
such as Larix laricina and Myrica gale were less important
locally. At the LG1 site between 1550 and 1280 cal. BP local veg-
etation as depicted by macrofossil and pollen assemblages was
typical of a wet intermediate bryophytic fen.

Zone 3: 102 to the surface (last 1280 cal. years)
Zone 3 is dominated by numerous Cyperaceae and other herba-
ceous remnants (Carex limosa type, Carex section Paniculata,
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Carex brunnescens type, Carex trisperma, Viola sp., Scirpus
cespitosus and Eriophorum sp.). The conditions were humid and
intermediately mineral-rich as confirmed by the presence of
Sphagnum fimbriatum/girgensohnii type, Scorpidium scorpioides
and Warnstorfia exannulata. Remains of Selaginella selaginoides,
Picea mariana, Larix laricina and Myrica gale indicate their local
presence. Ericaceae such as Andromeda glaucophylla are less
abundant. The macrofossil data and the composition of the top
1 m of the core show the importance of the highly decomposed
component (Detritus herbosus and Detritus granosus; sensu
Troé€ls-Smith, 1955). The acrotelm is characterized by 15 cm of
relatively loose peat dominated by Sphagnum (S. balticum/
pulchrum type and S. section Acutifolia) and Cyperaceae remnants.

The microfossil record shows the dominance of Cyperaceae and
other herbaceous species (Poaceae, Artemisia, Ambrosia type,
Tubuliflorae and Chenopodiaceae). High percentages of spores of
Sphagnum and Selaginella selaginoides confirm their local presence.
Pollen of Potentilla type and Thuja occidentalis/Juniperus commu-
nis probably represent Potentilla fruticosa and Juniperus communis,
currently present on the peatland. Picea mariana and Larix laricina
were present on and around the site while Pinus banksiana, Populus
tremuloides and Abies balsamea colonized the upland area. Pollen of
aquatic taxa such as Menyanthes trifoliata possibly indicate the pres-
ence of pools on the peatland. The last 1300 years represent the
development of the present-day intermediate herbaceous fen at LG1,
as revealed by the macrofossil and microfossil data of zone 3 show-
ing a high similarity to the modern peatland flora.

LG2 peatland

The lowest 7 cm of the LG2 peatland core consist of silty clay
underlain by fine sand (Figure 2B). Brown mosses and herbaceous
species started accumulating at 396 cm (7010 cal. BP) followed by
Sphagnum peat that accumulated rapidly above 358 cm (c.
6000 cal. BP). After 4700 cal. BP, the rate of accumulation
became slower as shown by the convexity of the age/depth curve
(Figure 2B), followed by an increase starting around 1180 cal. BP,
where wood and herbaceous remains were found in the peat lay-
ers. Four zones are recognized within the LG2 peatland deposit
(Figure 4). An initial aquatic phase of eutrophic marsh is found in
zone 1 (413 to 392 cm). Zone 2 (392 to 326 cm), subdivided in
two subzones, corresponds to the succession from a rich to a poor
fen. The ombrotrophication of the peatland is registered in zone 3
(326 to 281 cm) with the development of a ligneous cover occur-
ring in zone 4 (281 to 0 cm).

Zone 1: 413-392 cm (before 70106920 cal. BP)

This zone represents a period of initial plant colonization charac-
terized by freshwater species such as Ranunculus sp., Menyanthes
trifoliata, Potamogeton sp., Phragmites communis, Carex crinita
type and Eleocharis sp. (Figure 4A). Fragments of Equisetum epi-
dermis were also found, and the vegetation assemblage corre-
sponds to nutrient-rich conditions.

Microfossil data confirm the local presence of herbaceous species
such as Potamogeton/Triglochin and Cyperaceae. Cyperaceae were
also present in the surrounding uplands along with Poaceae,
Artemisia, Ambrosia type, Tubuliflorae, Chenopodiaceaec and
Cyperaceae. The regional vegetation was most probably treeless, but
there is no evidence of tundra plant species. Waterlogged conditions
are confirmed by the presence of Pediastrum algae. The local vege-
tation assemblage as recorded by the macro- and microfossils corre-
sponds to a eutrophic marsh that lasted until ¢. 6900 cal. BP.

Zone 2: 392-326 cm (6920-5680 cal. BP)

Around 6900 cal. BP the preceeding aquatic community was
replaced by fen vegetation. Rich to intermediate conditions pre-
vailed in subzone 2a, followed by a poor fen in subzone 2b.

Subzone 2a: 392-358 cm (6920-6230 cal. BP)

The presence of Scorpidium scorpioides indicates rich conditions
in depressions and shallow pools. Stramiergon stramineum was
also present, probably on nearby low hummocks or moist car-
pets/lawns. A few sedge species were present: Carex cf. limosa,
Carex Mackenziei/canescens type and Carex rostrata. Remains of
Andromeda glaucophylla were also found, and the overall vegeta-
tion assemblage corresponds to a typical fen community.

Pollen data show a decrease of Cyperaceae and Poaceae com-
pared with zone 1. Terrestrialization of the site is confirmed by the
decrease of Pediastrum algae and other aquatic species, although
a few taxa such as Potamogeton/Triglochin, Menyanthes trifoliata
and Typha/Sparganium have been identififed. Picea mariana,
Pinus banksiana, Alnus crispa type and Myrica gale were proba-
bly present in the area but not locally. Low tree-pollen percentages
indicate that the regional forest was very open.

Subzone 2b: 358-326 cm (6230-5680 cal. BP)

Surface waters started to shift towards more acidic and less nutri-
ent-rich conditions as brown mosses were replaced by Sphagnum
at approximately 6200 cal. BP. Sphagnum teres/squarrosum type,
Sphagnum  squarrosum, Sphagnum section Acutifolia and
Paludella squarrosa were identified, and their autecology indicates
a change to intermediate trophic conditions. Herbaceous species
are still important with the presence of various Cyperaceae such as
Carex chordorrhiza/parallela type, Carex cf. limosa, Carex section
Paniculata, Carex brunnescens type and Eriophorum sp. Larix lar-
icina and Andromeda glaucophylla were present but scarce.

The persistence of the herbaceous cover is confirmed in the
microfossil record, although the Cyperaceae became sparser with
time. Pollen percentages of Picea mariana and Larix laricina indi-
cate their increasing abundance on the uplands given that no
macrofossil remains of Picea mariana were found.

Zone 3: 326-281 cm (5680-5040 cal. BP)

The appearance of Sphagnum fuscum in the peat assemblage
around 5600 cal. BP is an indication of the transition from a fen to
a bog environment. Polytrichum strictum was present while herba-
ceous species are less abundant than in zone 2. Wood and leaf
fragments of Larix laricina, Picea mariana and Ericaceae were
identified. Menyanthes trifoliata and Carex limosa remnants prob-
ably indicate the persistence of a few shallow pools in the bog.
Nevertheless, the local vegetation indicates oligotrophic and rela-
tively less humid conditions from ¢. 5600 cal. BP.

The dominance of a Sphagnum vegetation cover is confirmed
by increased spore percentages. The decrease in Cyperaceae
pollen representation is consistent with the macrofossil record.
High pollen percentages of Picea mariana and Larix laricina con-
firm their presence locally and possibly in the surrounding
uplands. The overall decrease of pollen concentration probably
corresponds to the increased accumulation rate at that period
(Figure 2).

Zone 4: 281-0 cm (last 5040 cal. BP yr)

The development of oligotrophic conditions is confirmed by the
presence of Sphagnum capillifolium, Chamaedaphne calyculata and
Vaccinium oxycoccos macrofossil remnants. Larix laricina was no
longer found, while Picea mariana becomes more prominent than it
was formerly. Cenococcum graniforme fungal fruiting bodies and
charcoal fragments were identified and apparently associated with a
ligneous vegetation cover dominated by sparse Picea mariana. This
can indicate drier surface conditions. While many wood fragments
(<3 cm in diameter) were present in zone 4, a woody peat layer was
found between 50 and 35 cm from the surface. Herbaceous remnants
were generally rare except for a dense layer between 35 and 19 cm
dominated by Cyperaceae such as Carex limosa type. A gradual
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increase in decomposition of the peat material was also noted during
the Troéls-Smith description and macrofossil analysis.The upper-
most 19 cm correspond to the acrotelm composed of the same
plant assemblage as the modern surface vegetation around the cor-
ing site (Sphagnum fuscum, Sphagnum capillifolium, Sphagnum
balticum/pulchrum type, Sphagnum lindbergii and Ericaceae such as
Chamaedaphne calyculata).

Sphagnum spores were still abundant in zone 4 and the densifi-
cation of the shrub cover is expressed by the Ericaceae pollen
increase around 3580 cal. BP. The relatively high pollen repre-
sentation of Picea mariana from 5000 to 2500 cal. BP is consis-
tent with the macrofossil record and could be the result of a local
and regional occurrence. During the last 2500 cal. years, a slight
decrease in the representation of Picea mariana combined with an
increase of Pinus banksiana probably corresponds to the opening
of the boreal forest caused by a cool and dry climate combined
with a rise in forest-fire frequency (Richard, 1979; Carcaillet and
Richard, 2000; Carcaillet et al., 2001). Microscopic charcoal frag-
ments abundant in zone 4 show the importance of fire activity in
the region for the last 5000 cal. BP. The herbaceous layer identi-
fied in the macrofossil record (35 to 19 cm) is corroborated by an
increased representation of Cyperaceae pollen indicating some-
what momentary wetter local conditions. Finally, the occurrence
of dry conditions enhancing longer residence time in the acrotelm
is translated by pollen-concentration peak values at various levels
throughout zone 4. In general terms, the local vegetation of zone
4 corresponds to an ombrotrophic bog with a significant ligneous
cover dominated by Picea mariana and Ericaceae shrubs.

LG3 peatland

The core collected in the LG3 peatland was 385 cm long, includ-
ing 8 cm of sand and silty clay at the bottom of the profile (Figure
2C). Organic accumulation started shortly before 6820 cal. BP
with a combination of herbaceous taxa and brown mosses. The
colonization of the site by Sphagnum species around 6000 cal. BP
corresponds to a period of rapid peat accumulation, which then
slowed significantly after 5100 cal. BP giving way to a convex
shape to the age/depth curve (Figure 2C). The uppermost section
of the profile representing the last 875 cal. years accumulated at a
faster rate because of the presence of the poorly humified
acrotelm. Here again the occurrence of peak pollen concentration
values probably reflect decomposed layers representing a much
longer period of accumulation. A total of four zones were recog-
nized in the LG3 core (Figure 5). Zone 1 (385 to 363 cm) corre-
sponds to the initial marsh that evolved into an intermediate fen in
zone 2 (363 to 327 cm). Zone 3 (327 to 217 cm) represents the fen
to bog transition, while zone 4 (217 to 0 cm) corresponds to the
development of an ombrotrophic ligneous vegetation cover on
the peatland.

Zone 1: 385-363 cm (before 6820-6580 cal. BP)

Plant macrofossils (Figure 5A) indicate that the initial coloniza-
tion of the mineral bottom of the pond involved Scorpidium scor-
pioides and various Carex species (C. brunnescens type, C. cf.
canescens, C. Mackenziei/canescens type, C. crinita type and C.
paleacea type). Juncus sp. and Betula glandulosa were also pres-
ent. Local conditions were eutrophic and wet.

The microfossil record confirms the local abundance of
Cyperaceae (Figure 5B). Poaceae, aquatic plants such as
Potamogeton/Triglochin and Nuphar were probably present in the
vicinity of the coring site. The presence of Pediastrum algae indi-
cate waterlogged to very wet conditions. The extra-local (sensu
Janssen, 1966 and 1973) and regional vegetation cover was open,
and shrubs such as Alnus crispa type, Alnus incana type, Myrica
gale, Salix and Thuja occidentalis/Juniperus communis were
present. The initial treeless character of the upland vegetation is

indicated by the important percentages of Pinus banksiana pollen
brought through long-distance transport, as P. banksiana was not
yet present in the area (Richard, 1979). The local vegetation as
recorded by the macro- and microfossils can best be described as
an eutrophic marsh.

Zone 2: 363-327 cm (6580-6080 cal. BP)

During this phase Scheuchzeria palustris, Menyanthes trifoliata,
Carex rostrata type, Carex limosa, Carex paleacea type and Carex
brunnescens type were present, as well as brown mosses
(Warnstorfia exannulata). Scirpus hudsonianus and Asteraceae
seeds were found in the lowest horizons of the zone. Herbaceous
species decreased relative to shrubs in the upper horizon
(Andromeda  glaucophylla, Chamaedaphne calyculata and
Vaccinium oxycoccos) accompanied by Sphagnum balticum/
pulchrum type. The macrofossil assemblages indicate that the
environmental conditions evolved throughout zone 2 from wet
and nutrient-rich to less humid and mesotrophic.

The significant drop in the pollen percentages of Cyperaceae
and Poaceae is consistent with the local decline of herbaceous
plant remains shortly before 6080 cal. BP. Less humid conditions
are also indicated by the absence of Pediastrum algae. Typha lati-
folia and Typha/Sparganium pollen can be attributed to the pres-
ence of water bodies in the surroundings of the peatland. Overall,
the local vegetation is typical of an intermediate fen. Picea mari-
ana populations rapidly expanded on the uplands and, along with
Larix laricina, were also present on the peatland (Figure 5B).

Zone 3: 327-217 ¢cm (6080-5310 cal. BP)

Trophic conditions became oligotrophic and acidic as Sphagnum
fuscum colonized the peatland at approximately 6000 cal. BP
(~320 cm). Chamaedaphne calyculata, Vaccinium oxycoccos and
Picea mariana were also present. Cyperaceae were still declining,
and only Scheuchzeria palustris remains were identified. These
results indicate that the transition from fen to bog occured around
6000 cal. BP at the LG3 peatland.

Given that pollen sources from upland black spruce should be
relatively uniform, the numerous peaks of pollen percentage con-
firm the local (and varying) presence of Picea mariana near the
coring site and the decreasing importance of Cyperaceae and
Poacea in zone 3. High percentages of Sphagnum spores and the
corresponding decrease in pollen concentrations are consistent
with significant changes in Sphagnum cover and shifts in peat
accumulation rate (Figure 2).

Zone 4: 217-0 cm (last 5310 cal. BP)

This phase is mainly characterized by a rise of Picea mariana
remains. Sphagnum fuscum is still dominant in the bryophyte
assemblage, while ericaceous shrubs such as Chameadaphe caly-
culata and Vaccinium oxycoccos show a decrease compared with
zone 3. A dense woody peat layer is found between 55 and 35 cm.
Although no layer of charred or scorch material was identified in
the horizons, macroscopic charcoal particules were constantly but
sparsely present throughout the profile as an indication that forest
fires were recurrent in the area for the last 5000 years. A gradual
increase in decomposition of the peat material was also noted
during the Troéls-Smith description and macrofossil analysis. The
uppermost 17 cm of zone 4 represent the acrotelm layer composed
of Sphagnum fuscum, Chamaedaphne calyculata, Kalmia polifo-
lia and Picea mariana.

Microfossil analyses confirm the abundance of Sphagnum. The
peaks in pollen percentages still testify to the local presence of
Picea mariana in the central part of the bog, but the overall
decrease, especially since 4500 cal. BP, reflects the progressive
opening of the regional spruce woodland. Ericaceae pollen became
more significant from 4300 cal. BP to the present day. The steady
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increase of Pinus banksiana pollen since 4000 cal. BP probably
indicates its spread on the upland areas, where it first appeared
around 50004500 cal. BP (Richard, 1979; Desponts and Payette,
1992; Arsenault and Sirois, 2004). After 2700 cal. BP, Picea mari-
ana further decreased while Pinus banksiana expanded, thus con-
firming the opening of the regional forest under the influence of
several forest-fire events (Richard, 1979; Desponts and Payette,
1992; Carcaillet and Richard, 2000). The macro- and microfossil
records indicate a more extensive spruce and shrub cover on the
LG3 peatland as a possible result of less humid surface conditions.

Discussion

The Tyrrell Sea replaced Lake Ojibway around 8450 cal. BP
(7700 “C yr BP; Dyke et al., 2003) in the study region as the
newly separated Nouveau-Québec glacier retreated to the east and
northeast (Vincent, 1977; Vincent and Hardy, 1977; Dyke and
Prest, 1987). The sea and the glacier began separating around
8300 cal. BP (7650 “C yr BP; Dyke et al., 2003). As the ice was
retreating, the Tyrrell Sea reached its maximum extent a few kilo-
metres east of the LG3 site (Dyke ef al., 2003). As indicated by the
emergence curve of the eastern Hudson Bay area (Miousse et al.,
2003), isostatic uplift after the glacier’s retreat probably also pro-
ceeded rapidly, causing regression of the sea margins towards the
modern-day shoreline of James Bay.

According to the North American deglaciation data compiled by
Dyke et al. (2003) and Dyke (2005), the emergence of the LG3
area from the sea could have occurred as early as 8000 cal. BP
(7200 *C yr BP), with the LG2 area emerging sometime between
6800 and 6300 cal. BP (6000 and 5500 '“C yr BP). Our basal age
data in LG3 and LG2 (respectively 6820 and 7010 cal. BP or 5980
+ 60 and 6100 + 40 “C yr BP) seem to disagree with this scenario.
First, it seems clear that the LG2 site must have emerged earlier
than proposed by Dyke et al. (2003) in order for peatland initiation
to have begun around 7010 cal. BP as indicated by our basal age
data. For the LG3 site, the situation is less clear. Two hypotheses
are proposed to reconcile the Dyke ef al. scenario with our results.

First, if the Tyrrell Sea did indeed retreat from LG3 as early as
8000 cal. BP, yet vegetation colonization did not begin before
6820 cal. BP, a 1100-year delay needs to be explained. Persistence
of sea water in the depressions of the area resulting from poor
drainage might have been responsible for that delay. However, our
data are unable to confirm or disprove this possibility.

Second, the Tyrrell Sea may have begun retreating later
(c. 7000 cal. BP) and less gradually than proposed by Dyke ef al.
(2003). The basal age at LG3 and its proximity in time with the
LG2 basal age, would be in agreement with this scenario. The
absence of indications of local vegetation adapted to saline condi-
tions in the palacobotanical records at both sites better support this
hypothesis than the first one. The emergence curve of the Hudson
Bay area (Miousse et al., 2003) indicates rapid isostatic uplift and
therefore agrees with this alternative hypothesis. Although further
research would be needed in order to determine which of these
two hypotheses is more appropriate, the latter is currently better
supported by the available evidence. Mainly because of a later
Tyrrell Sea retreat, the vegetation colonization at the LG1 site was
delayed to between 3000 and 2500 cal. BP.

7000-4500 cal. BP: Sphagnum-bog
development at LG2 and LG3

Palaeobotanical analyses reveal similar Sphagnum-bog develop-
mental pathways in the LG2 and LG3 peatlands. The classic path-
way of pond-fen-bog ecosystems followed the hydroseral
succession and was mainly the result of internal processes related
to peat accumulation through Sphagnum growth. At the LG3 site

a eutrophic marsh with Cyperaceae, Scorpidium scorpioides and a
few freshwater aquatic taxa first developed. At LG2, a similar but
slightly more aquatic eutrophic marsh was characterized by a
combination of freshwater aquatic plants and emergent taxa. Both
marshes rapidly evolved into fens dominated by brown mosses
and Cyperaceae. Peat started accumulating in the basins, hence
reducing the influence of run-off and seepage water from the sur-
roundings. As a result, surface conditions became less humid and
relatively more poor in nutrients at both sites, as indicated by the
local plant assemblages. Sphagnum and Ericaceae quickly domi-
nated both sites between 6000 and 5500 cal. BP while brown
mosses and Cyperaceae were declining. Peat accumulation rates
were also increased during this period. Local conditions clearly
became less humid and more oligotrophic, as indicated by the
macro- and microfossil records.

The transitions from marsh to peatland environment and from
fen to bog vegetation refer to fundamentally autogenic processes
related to the internal dynamics of the ecosystem. Other factors
such as isostatic uplift, local topography and climatic conditions
probably had an influence on the speed of the autogenic succession
at both sites. Around 6500 cal. BP, a transition to a drier and
warmer regional climate was recorded in northern Québec and
throughout North America (Richard, 1979; Payette, 1984, 1988;
Payette and Filion, 1993; Viau et al., 2002). Such climatic condi-
tions probably influenced the surface wetness conditions by con-
tributing to the draining of the basins and lowering of the
water-tables. These local less humid conditions therefore facilitated
the colonization of the ponds by marsh vegetation and the succes-
sion to fen and bog environments at LG2 and LG3 sites, which also
explains the increased accumulation rates for this period.

4500-1500 cal. BP: decreasing peat
accumulation rate at LG2 and LG3

Between 4500 and 1500 cal. BP, peat accumulation gradually
slowed and peat decomposition increased at the LG2 and LG3
peatlands. Factors contributing to this phenomenon are not easy to
isolate. Peatland vertical growth (autogenic factor) could have
caused a decrease in surface wetness leading to more important
decomposition and therefore a reduction in peat accumulation
rates (height-induced drying sensu Yu et al., 2003). A gradual
decrease in surface wetness in both peatlands is consistent with
both macro- and microfossil assemblages (densification of the tree
and shrub cover). It would be reasonable to think that these more
abundant ligneous remains may in fact increase the apparent rates
of accumulation as wood fragments are slow to decompose
(Thormann et al, 2001; Moore et al., 2005; Laiho, 2006).
Nonetheless, peat accumulation rates slowed down which suggest
other factors were more important.

Because autogenic changes are by definition specific to each
site, the synchroneity of the decrease in peat accumulation at both
sites possibly indicates the effects of a regional or exter-
nal/allogenic factor (Ovenden, 1990; Korhola, 1995). However,
we do not rule out the possibility that, having a similar age, these
two sites could have started to reach their maximal height or be
approaching a steady-state in a synchronized manner as deter-
mined by autogenic processes. Among allogenic factors, climate
has often been associated with fluctuations in peat accumulation
rates during the Holocene in Europe and Canada (Ovenden, 1990;
Zoltai and Vitt, 1990; Korhola et al., 1996). Peat decomposition
rates are thought to depend on temperature and hydrology (Clymo
et al., 1998). A drier climate could have been responsible for a
water-table lowering in the bogs, enhancing peat humification by
an increased residence time of the peat in the aerobic acrotelm
layer (Barber, 1981; Clymo, 1984; Malmer and Holm, 1984;
Kuhry and Vitt, 1996; Malmer and Wallén, 2004). A shorter
growing season and cooler spring/summer temperatures would
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also have negatively affected plant primary production and there-
fore hindered peat accumulation (Mauquoy et al., 2002a, b).

Many regional studies have documented a cooler climate start-
ing between 4000 and 3000 BP. The Neoglaciation episode com-
bined with more frequent forest fires resulted in opening of the
boreal forest and the development of the forest-tundra biome
(Richard, 1979, 1982; Payette and Gagnon, 1985; Desponts and
Payette, 1992; Gajewski et al., 1993; Lavoie and Sirois, 1998;
Asselin and Payette, 2005). Although this late-Holocene period
was considered generally cooler and wetter (rising lake levels),
summers with frequent droughts conducive to fire were responsi-
ble for the increased fire incidence in eastern Canada (Carcaillet
and Richard, 2000; Carcaillet et al., 2001). The decrease of the
boreal forest productivity identified around 4600 cal. BP from
sediments in the study area is also associated with the Neoglacial
climatic period (Arsenault and Sirois, 2004). Development of sub-
arctic palsas in northern Québec also confirms this period as being
active in permafrost inception (Allard and Séguin, 1987; Payette,
2001). During the last 4500-3000 years subarctic and arctic peat-
lands in western Canada have shown a decrease in carbon and peat
accumulation in response to a regional cooling (Vardy et al., 1997,
2000; Vitt et al., 2000). Viau et al. (2002) demonstrated that the
Neoglacial started around 4000 cal. BP and was widespread
thoughout North America following decreasing insolation.

Our results show a combined influence of autogenic (vertical
peat accumulation) and allogenic factors (cooler and drier climate)
on the reduction of peat accumulation rates starting around 4500
cal. BP in the region. The convex shape of the age/depth models
(Figure 2) clearly depicts this synchronized decline and is not in
agreement with Clymo’s model (Clymo, 1984; Clymo et al.,
1998). Our curves are comparable with long-term patterns
recorded in continental bogs of boreal western Canada (Kuhry and
Vitt, 1996; Kuhry, 1997; Yu et al., 2003) and southwest Finland
(Ikonen, 1993). As explained by Yu et al. (2001), these convex-
shaped curves are expected to occur more often under the influ-
ence of continental climates, such as the continental subarctic
climate of the La Grande Riviére region, than in oceanic climates.

~2500-1500 cal. BP: aquatic phase and peat
inception at LG1

Our palacobotanical analyses indicate that a freshwater environ-
ment first developed at LG1 site. Although no material could be
obtained for dating the beginning of gyttja accumulation, results
from the analyses suggest a longer aquatic phase compared with
LG2 and LG3. The topographical context of the site (a bedrock
depression) probably had an influence. This extended pond phase
occurred in the context of an enhanced cooling of the climatic con-
ditions in the Northern Hemisphere during the late Holocene
(around 2800 cal. BP; Viau et al., 2002). This Neoglacial period
has been recorded in northern Québec by the development of per-
mafrost in peatlands (Payette, 1984; Couillard and Payette, 1985),
fire horizons in dune ecosystems (Filion, 1984; Filion et al., 1991)
and lakes (Richard, 1979). Terrestrialization of the LG1 site was
achieved around 2540 cal. BP, giving way to brown-moss peat
buildup.

Last 1500 years: recent peat accumulation at
LG1, LG2 and LG3

Although less significant in LG2, the last 1500 years in all three
studied peatlands were characterized by a rise in peat accumula-
tion rates (Figure 2). These results are inevitably affected by lower
peat decomposition and compaction in the acrotelm (Malmer and
Holm, 1984; Kuhry and Vitt, 1996). In addition, changes in vege-
tation probably also influenced accumulation rates. In LGI,
macrofossil assemblages temporarily became dominated by
Sphagnum mosses responsible of higher rates for peat accumula-

tion, while in LG2 and LG3, a densification of the ligneous cover
occurred. These vegetation changes could in the first place be
linked with autogenic processes, but the regional synchronieity
suggests the possible influence of external factors. A drier and
warmer climatic episode could have contributed to lowering the
water-table at the three sites. A lower water-table was conducive
to the draining of the fen at LG1, allowing Sphagnum to grow, and
to the densification of the ligneous vegetation cover on the LG2
and LG3 bogs. As a result of these less humid surface conditions,
higher peat decomposition hence lower peat accumulation rates
would be expected at these two bog sites. However, the presence
of many centimetre-sized wood fragments in the peat of the last
1500 years in LG2 and LG3 undoubtedly contributed to the appar-
ent rise in peat accumulation rates as they are bulky and resistant
to decomposition. Therefore our results do not contradict the
occurrence of a recent drier and warmer climatic episode. This
climatic change would correspond to the ‘Mediaeval Climatic
Optimum’, which started around 1600 cal. BP thoughout North
America (Viau et al., 2002). In subarctic Québec, this period cor-
responds to increased erosion of sand dunes (Filion et al., 1991;
Arsenault and Sirois, 2004) and to more frequent low lake-levels
(Payette and Filion, 1993). Therefore, it is possible that this syn-
chronized change in peat accumulation and local vegetation was
the effect of a late-Holocene climatic change.

Conclusion

Overall, this study documents the development of three peatlands
distributed along a topographic gradient in a poorly studied region
of Canada. Our chronology and palaeobotanical data provide valu-
able insights on the evolution of the landscape during the
Holocene in the La Grande Riviére region. Basal ages at LG2 and
LG3 sites do not correspond with the pattern of emergence of the
Tyrrell Sea as proposed by Dyke et al. (2003) and Dyke (2005).
Our "C dates and palaeobotanical record seem to indicate that the
initial sea retreat probably started later than they suggested near
LG3 (c. 7000 cal. BP) and was also more abrupt between LG3 and
LG2 compared with the gradual pattern originally proposed in
their compilation. Although no major changes are to be noted in
the current understanding of the spatial and temporal pattern of
Tyrrell Sea regression, our data bring more precision to the map-
ping of this event in the studied region.

Predictably, the general direction of peatland development was
influenced primarily by internal processes such as Sphagnum
growth and peat accumulation. However, external factors such as
basin topography and isostatic uplift most likely played a critical
role in the initiation of peatland development and the pace of veg-
etation community changes. Our research also indicates the dis-
tinct influence of Holocene climatic changes on peatland
development at the three sites. Local vegetation succession and
peat accumulation illustrate a coherent regional portrait in agree-
ment with climatic inferences from other paleoenvironmental
studies in northern Québec.

The results from this work, together with those from the overall
interdisciplinary project, will allow a greater understanding of the
past conditions of peatland development in boreal Québec in order
to help predict the effects of climate change on these ecosystems.
Global warming will most likely affect the surface vegetation and
productivity of boreal peatlands as well as the hydrology (water-
table depth and surface wetness) and hence long-term peat accu-
mulation rates. For example, it has been proposed that projected
increased summer droughts would inhibit peat accumulation and
carbon sequestration via increased acrotelm thickness in bogs of
mid-continental regions (Belyea and Malmer, 2004). This idea is
consistent with our observation of the long-term response of the
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vegetation and peat accumulation rates at LG2 and LG3 to the
more frequent summer droughts during the Neoglacial period.
Changes in peat accumulation have a direct impact on carbon
sequestration and hence induce a significant impact on the global
carbon cycle. It is important to improve our understanding of the
relation between climate and peatland ecosystems dynamics in
order to better qualify potential disruptions resulting from climatic
changes. Furthermore, our observed convex peat accumulation
curves in the LG2 and LG3 peatlands suggest a need for improv-
ing simulation models based on concave-shaped accumulation
patterns (eg, Frolking et al., 2001) if estimates of future peat car-
bon dynamics are to be made for this region.
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