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remnants in the Lignosae peat correspond to Picea mariana, Larix laricina, Andromeda 

glaucophylla and Chamaedaphne calyculata. 

Subzone 4A: 58-43 cm (ca 5000 - ca 4000 cal. BP). From ca 5000 cal. BP, wet 

Sphagnum taxa (sections Cuspidata and Subsecunda) and Cyperaceae become dominant in 

the macrofossil assemblage to the detriment of ligneous remnants. W etter conditions are also 

depicted by the increased presence of Larix lari cina along with the occurrences of 

Scheuchzeria palustris and Carex oligosperma remnants. The presence of Menyanthes 

trifoliata with the subtle and temporary return of wet brown mosses (Drepanocladus 

exannulatus) suggest saturated conditions on the site along with the occurrence of a 

Tricoptera pupal case membrane. 

Subzone 4B: 43-30 cm (ca 4000-ca 2600 cal. BP). From ca 4000 cal. BP, the saturated 

conditions may have caused the setting of a wet hollow or even a shallow pool according to 

the drop in peat accumulation rates. Occurrences of Tricoptera pupal rernnants are consistent 

with this interpretation as well as the decrease in Sphagnum remnants and the presence of 

Menyanthes trifoliata. Ericaceous and ligneous fragments in the sediment suggest their 

presence in the "relatively" drier vicinity. 

Zone 5: 30-0 cm (last ca 2600 cal. years). Peat types of this zone are relatively 

homogenous and dominated by woody and sedge rernnants. Despite its recent deposition, 

zone 5 is also characterized by badly preserved sediments as shown by the high volumes of 

"unidentified organic matter" (see "peat types" curve) and "fine particles fraction" (figure 

4.5c) which represent 50 to 90% of the peat volumes and could be associated with saturated 

conditions. At the base of the zone, the occurrence of Tricoptera pupal case, Menyanthes 

trifoliata and Sphagnum platyphyllum (typically found in pools) rernnants also suggest the 

local persistence of a pool or a wet hollow. If zone 5 also started with a peak in woody 

macroremains, the importance of trees and shrubs diminish with time and is mainly 

composed of Picea mariana, Larix laricina, Ledum groenlandicum, Chamaedaphne 

calyculata and Andromeda glaucophylla. 
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4.4.2.2.2 OursM4 

OursM4 is a 140 cm long core whose peat is very decomposed and gytlja-textured on the 

entire profile. Minimal age has been established at 6400 cal. BP at the base. Six zones were 

identified from plant macrofossils assemblages. Zone 1 (140-118 cm; 6400 - 5950 cal. BP) 

corresponds to a relatively dry forested fen with high accumulation rates (0.04 to 0.049 

cm/year, see figure 4.3) possibly associated with regional postglacial uplift. Zone 2 (118-86 

cm; 5950- ca 5100 cal. BP) corresponds to a rich fen where peat accumulation was still high 

even if the conditions were sufficiently wet to influence the development a wet hollow and/ or 

a pool. Indeed, testate amoebae WTD reconstructions sbowed a corresponding rise of water 

table from the start of zone 2. Zone 3 (86-74 cm; ca 5100 - 5000 cal. BP) is associated with a 

shift to a poor fen environrnent with relatively "drier" conditions. Zone 4 (74-54 cm; 5000 -

4200 cal. BP) accumulated during a wetter episode that influenced the development of a wet 

hollow or a pool. Zone 5 (54-19 cm; 4200 - 540 cal. BP) refers to the persistence of a wet 

hollow with litter inputs from surrounding hummocks or strings and possibly subnutted to 

periodic draining. Zone 6 (19 cm to the unconsolidated pool bottom; last 540 cal. years) is 

associated with very hunlid and saturated conditions. Despite variations in the 

paleoenvironrnents reconstructed from macrofossil analysis, testate amoebae data indicates 

that the site remained very wet (WTD close to surface or standing water conditions) from 

zone 2 until present-day. 

Zone 1: 140-118 cm (6400 - 5950 cal. BP). The frrst 22 cm of peat of this core are 

relatively homogeneous. Picea mariana needles were found with Chamaedaphne calyculata 

and Sphagnum section Acutifolia remnants, indicating relatively dry conditions and the 

possible existence of a hummock nlicrotopography. The abundance of Cyperaceae remnants 

and Carex trisperma seed suggest a shady environment which is consistent with the ligneous 

macrofossil assemblages. By the top of this zone, Sphagnum sect. Acutifolia is rep laced by S. 

sect. Cuspidata which indicates the setting of wetter conditions around ca 6080 cal. BP. The 

few brown masses identified in this zone are represented by wet taxa Drepanocladus sp. and 

Calliergon stramineum, although the "peak" at 128 cm is composed of Pleurozium schreberi 

(Brid.) Mitt. which inhabits forested environrnents. Reconstructed WTD from testate 

amoebae assemblages corroborated the interpretation of terres trial conditions. 
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Zone 2: 118-86 cm (5950 -ca 5100 cal. BP). This zone shows a drastic diminution of 

ligneous material with a partial replacement of Picea mariana by Larix laricina and abundant 

Cyperaceae remnants, reflecting humid conditions along with the appearance of aquatic 

indicators. Bryophytes are still present and show the replacement of Sphagnwn mosses by 

Amblistigiaceae. A rise in WTD was derived from testate amoebae data in this zone and 

indicates the setting of a wet hollow microform or even a shallow pool. 

Subzone 2A: 118-101 cm (5950 - ca 5300 cal. BP) . The setting of wet conditions is 

suggested by the occurrences of Menyanthes trifolata seeds as Chamaedaphne calyculata 

disappears from the assemblages. The first occurrences of Andromeda glaucophylla and 

Scheuchzeria palustris confrrms a shift toward wetter conditions along with the decline in 

tree macroremains. The persistence of drier indicators such as Sphagnum sect. Acutifolia in 

subzone 2 A may originate from surrounding hummocks. 

Subzone 2B: 101-86 cm (ca 5300 - ca 5100 cal. BP). Subzone 2 B macrofossils depict 

further drainage deterioration. From ca 5300 cal. BP, brown masses (Polytrichum strictum 

and Drepanocladus sp.) took over Sphagnum colonies to the exception of few hydrophilous 

Sphagnum sect. Cuspidata. Dry Amblistigiaceae species show a decline along with trees that 

eventually disappears from the macrofossil assemblages. Aquatic indicators are represented 

by severa! Daphnia ephippiums which may indicate the setting of a wet hollow or even open 

water body. 

Zone 3: 86-74 cm (ca 5100 - 5000 cal. BP). This period shows a drastic return to 

relatively dry conditions as aquatic indicators and Amblistigiaceae vanish. Ligneous material 

becomes a dominant feature of the macrofossil assemblages, mainly represented by Picea 

mariana with, in a Jesser measure, Larix laricina and Chamaedaphne calyculata. Sphagnum 

sect. Acutifolia also reinvests the site indicating the setting of poor fen conditions. The 

occurrence of Cenococcum graniforme all along zone 3 confmns the relatively dry conditions 

of this episode; still testa te amoebae assemblages gave reconstructions of a near surface water 

table, values ofWTD varying between4.2 ± 8 to l3 ± 7.9 cm. 
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Zone 4: 74-54 cm (5000 - 4200 cal. BP). In the "peat types" diagram (figure 4.5d), zone 

4 shows a drop of ligneous material to the profit of Cyperaceae and bryophyte mosses, the 

latter being represented by both Sphagnum and brown mosses. This zone shows a graduai 

return of humid conditions and the local re-initiation of saturated conditions (wet hollow or 

pool). 

Subzone 4A: 74-6lcm (5000 - ca 4600 cal. BP). From 5000 cal. BP, local conditions 

became more humid as Sphagnum sect. Cuspidata and Subsecunda took over S. sect. 

Acutifolia. The combined presence of Drepanocladus sp. , Calliergon stramineum, 

Menyanthes trifoliata and Scheuchzeria palustris strongly suggests the development of wet 

hollow or a pool. Tree macrofossils are abundant and wetness tolerant Larix laricina 

dominates. Vaccinium oxycoccos remnants were a lso found in the sediments. The presence of 

Chamaedaphne calyculata, Ledum groenlandicum and Sphagnum sect. Acutifo lia may have 

originated from surrounding drier microforms. 

Subzone 4B: 61 -54cm (ca 4600 - 4200 cal. BP) . The macrofossil composition of subzone 

4B is similar to the precedent subzone 2 A with the exception of a decline in tree remnants 

combined with the occunence of numerous Daphnia ephippiums, indicating flllther drainage 

deterioration from ca 4600 cal. BP. Rernnants of Sphagnum sect. Acutifolia and 

Chamaedaphne calyculata, still present, refer to a nearby hummock/hollow succession. 

Zone 5: 54-19 cm (4200 - 540 cal. BP). This zone presents opposite wet and dry 

macrofossil indicators while testate amoebae data gives reconstructions of a near-surface 

water table (or even aquatic conditions). Around ca 4000 cal. BP, an important ri se in 

ligneous material with occurrences of Cenoccoccum graniforme suggest drier conditions on 

the site. Larix laricina remnants drop as well as aquatic indicators, even though some persist 

throughout zone 5 like Daphnia ephippiums and Tricoptera pupal case membranes. The 

volume of Sphagnum macrofossils decreases and is dominated by S. sect. Cuspidata, notably 

aquatic taxon S. majus. Volumes of woody material are important but mainly composed of 

roots and rootlets that may have come from surrounding microforrns. From ca 2600 cal. BP, 

wet Sphagnum gets gradually dominated by S. section Subsecunda. Andromeda glaucophylla 

- --·---·--------··----- - -----------------------
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was also found in the assemblages. Between 1600 and 900 cal. BP, a drier episode caused a 

temporary rise in Sphagnum section Acutifolia rernnants along with Chamaedaphne 

calyculata and Cenoccoccum graniforme while Andromeda glaucophylla remnants vanish. 

Overall, the stability of the reconstructed WTD (near surface to ponding) and the constant 

presence of aquatic indicators suggests the local persistence of a wet hollow from 4200 cal. 

BP. Macrofossils of drier environments may have originated in neighbouring microforms but 

may also refer to periodic fluctuations in local humidity conditions. 

Zone 6: 19-0 cm (fast 540 cal. years). Zone 6 shows a severe drop in ligneous material 

(see "peat types" curve, figure 4.5d) to the profit of sedges which indicate wetter conditions. 

Brown mosses are absent, Sphagnum rernnants decline and sediments become more 

decomposed. Typical Cladopodiella jluitans carpet is observable in the top most sample of 

zone 6 and is associated with the present-day pool bottom. 

Subzone 6A: 19-8 cm (540 - ca 200 cal. years). Picea mariana gradually disappears while 

Larix laricina, more tolerant to wetter conditions, has been identified at 17 cm with 

Andromeda glaucophylla. To the exception of few Sphagnum sect. Acutifolia at the base of 

subzone 6 A, Sphagnum moss es belong to sections Cuspidata and Subsecunda (one of which 

being S. platyphyllum) which is consistent with the local presence of a wet hollow or a pool. 

Rernnants of Chamaedaphne calyculata and Ledum groenlandicum suggest their presence 

nearby despite local submerged conditions and hence possibly associated to the 

hummock/hollow topography on the site. 

Subzone 6B: 8-0 cm (fast ca 200 cal. years). This subzone represents the top of the 

sediment colmnn, presently a 20 cm deep pool. At 5 cm below the surface, sediments 

decomposition increases again as Menyanthes trifoliata reappears in the assemblages. 

Wetness tolerant Larix laricina leaves were also found with Andromeda glaucophylla and 

Vaccinium oxycoccos. The surface gyttja mainly comprises entangled Cladopodiella jluitans 

with Daphnia ephippium, Ledum groenlandicum rernnants and other degraded vascular 

leaves. 
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4.5 Discussion 

4.5.1 Limits to the pa1eoecological detection of pool initiation 

The detection of pool development phases via pool sediments analysis is complex, 

notably because of the dynamism and processes associated with these microforms. Active 

decomposition processes stimulated by oxygenation (Rydin and Jeglum, 2006; Sjors, 1961; 

Sjors, 1963), higher temperatures of open water (Karofeld et al. , 2008; Sjors, 1961) and pool 

bottoms uplifting (Karofeld et al., 2008) suggest that pools may not be accumulating peat. 

Combined with poor vegetation productivity (Pelletier and Garneau, submitted; Seppala and 

Koutaniemi, 1985), peatland pools may rather cause a regressive degradation of peat along a 

vertical profile, altering underlying paleoecological archives. These results would exp lain the 

highly decomposed state associated with pool sediments. They also imply that pool 

decomposition dynamics can alter underlying terrestrial peat and falsify paleoecological data. 

Consequently, the dating of a pool episode in a peat profile should be realized under the 

gyttja deposit (i.e. in underlying terrestrial peat) and interpreted as a maximal age of pool 

initiation. 

On the other hand, the morphology of pools and hollows allows exogenous material to be 

trapped in such depressions . This input of organic material may be brought by spring floods, 

surface waters or by gravity from neighbouring microforms. Winds, intense precipitation 

events and storms may as weil stimulate the transport of exogenous material. The water 

colurnn of pools may as weil degrade exposed peat from adjacent terres trial microforms (pool 

basin walls) and integrate its organic material (Belyea and Lancaster, 2002; Foster and King, 

1984; Foster et al. , 1983). 

The collection of exogenous plant debris may induce a noise into paleoecological 

reconstructions. By integrating debris from other terrestrial microforms, macrofossil and 

testate amoebae analysis may be over representing dry indicators as the narrow morphology 

of pools fa v ours the influence of surrounding terres trial microforms. 
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Final! y, the movement of strings is another phenomenon that must be taken into account 

while interpreting macrofossil data (Koutaniemi, 1999). Koutaniemi ( 1999) recorded 

cumulative movements (in various directions) of 50 to 150 cm during a period of21 years in 

a string fen (aapa mire) similar to Aéroport and Ours peatlands with comparable bioclimatic 

conditions. As paleoecological studies are based on peat cores extracted in a very precise 

(and static) location, interpretations of a pool initiation and its subsequent disappearance 

(filling or terrestrialization) may as well be the consequence of a string movement. This 

possibility is enforced by the narrow morphology of the pools in the present study. 

5 .1.1 Macrofossil analysis 

The collection of exogenous macroremams m hollow/pool microforms and string 

movements are not the only bias to be taken into account in the interpretation of macrofossil 

assemblages. lndeed, the massive loss of fine decomposed organic particles through sample 

sieving (preparation of macrofossil samples, see section 3.4) masks the muddy and possibly 

lirnnic nature of original peat samples as expressed by the "Fine particle fraction, < 125 f.l!TI 

(%)" curve in the macrofossil diagrams (figure 4.5). 

Another problem to be addressed is the apparent rarity of aquatic indicators in the 

macrofossil assemblages. The macrofossil analyses processed on the sub-surface samples 

(pool bottoms) of the four studied cores reveal the absence of aquatic indicators in two 

(AeroM2 and AeroM4) out of four cores. Moreover, OursM3 surface sample only comprises 

one occurrence of aquatic indicator (Tricoptera pupal case membrane). This rarity of aquatic 

indicators hence seriously limits the capacity to detect pool development as the absence of 

aquatic macrofossil doesn't exclude the local presence of a pool. 

Convers ely, the occurrence of aquatic indicators may not indicate the former existence of 

a pool. lt may as well denote the occurrence of a wet hollow. Wet hollows can be sparsely 

vegetated (usually with loose Sphagnum and/or brown moss communities) and may present 

the necessary standing water conditions for the living of several aquatic micro-organisms. In 

this situation, Daphnia invertebrates (Ebert, 2005), Tricoptera larvae (Williams, 2006) and 
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Christatella mucedo (Wood, 2001) may colonize a wet hollow, even if standing water 

conditions last during a fraction of the growing. In addition, if Menyanthes trifoliata is 

typically present in shallow pools, it may as well colonize wet hollows and even lawn when 

adjacent to a wet depression. Nympheaceae (Nuphar variegatum in the present case) is the 

only aquatic indicator that requires a certain depth of standing water to grow. Unfortunately, 

the only occurrences of Nympheaceae came from the initial marsh episodes that preceded 

peatlands development. Consequently, the identification of aquatic indicators doesn't permit 

to distinguish the occurrence of a wet hollow from the occurrence of a pool in this study. 

The existence of a macrofossil assemblage associated with shallow pools would resolve 

this problem. Unfortunately, it seems that pool sediments can include a great variety of plant 

assemblages according to our surface samples (see figures 4.5 a,b,c,d). AeroM2 surface 

sediments (pool bottom) are essentially composed of very decomposed organic matter. Those 

from AeroM4 are greatly degraded but comprise an even mix of woody, herbaceous 

(Cyperaceae), wet Sphagnum (S. cuspidatum, S. jensenii and unidentified S. sect. Cuspidata) 

and wet brown masses (Drepanocladus exannulatus) assemblage. Pool bottom sediments 

from OursM3 are as decomposed as AeroM4 but their composition also reflects the 

occurrence of terrestrial conditions with a woody and Cyperaceae peat and abundant 

macroremams of Picea mariana, Larix laricina, Andromeda glaucophylla, Ledum 

groenlandicum and Chamaedaphne calyculata. Finally, OursM4 top sediments are mainly 

dominated by Cladopodiellafluitans, but also include Menyanthes trifoliata, Cyperaceae and 

woody rernnants identified from Ledum groenlandicum. If absent in most of the surface 

levels, Cladopodiella fluitans is very typical of Aéroport and Ours peatlands present-day 

vegetation in pools (Tremblay, 201 0). This liverwort forrns thick and resistant carpets in 

shallow pool bottoms by entangling its long stems together. New stems grow on top of the 

existing tang! es, gradually burying older on es. Cladopodiella jluitans carpets co ver the basin 

of numerous pools and seems to form artificial pool bottoms as observed in the continuity of 

gytlja-type unconsolidated deposits underneath. Cladopodiella fluitans dominated peats 

would represent a good pool indicator in paleoecological studies if it was not so easily 

decomposed. The observation of Cladopodiella fluitans carpets revealed that buried stems 

(basal layers of carpet) were rapidly degraded in the sub-surface horizons and 
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undistinguishable from herbaceous rootlets once deprived of their leaves, as observed during 

the macrofossil analysis (this study). 

4.5. 1.2 Accumulation rates 

The negative or weak peat accumulation rates associated with pools should allow the 

detection of aquatic episodes in the age-depth model. For example, a hiatus could be 

associated with the setting of a pool if pool evidences are found in overlying sediments. On 

the other band, the occurrence of an insignificant accumulation rate could as weil be 

associated with a wet hollow. Pelletier and Garneau (submitted) measured that net primary 

production is almost non-existent as productivity is equivalent to decomposition in wet 

hollows and vegetated shallow pools. Strack et al. (2006) obtained similar results in a poor 

fen from a wet hollow (inundated). Still, higher accumulation rates cau be expected from a 

vegetated hollow thau from an unvegetated, permanent pool or a mud-bottom hollow because 

of the difference in primary production. These results suggest that wet hollows typically have 

weak to negative accumulation rates, which would also leave a characteristic drop of peat 

accumulation in age-depth models. In accordance with other indicators, peat accumulation 

rates cau therefore contribute to identify saturated/aquatic episodes in the peat profiles. 

Interpretations of such episodes should include both interpretations of wet hollow or pool as 

slow accumulation episodes and hiatus are hardly differentiable with limited 14C dating. 

4.5.1.3 Testate amoebae analysis 

Even if testate amoebae analysis provides quantitative reconstructions of water table 

depth (WTD), results should be interpreted as a measure of tendencies in the net seasonal 

hydroclimatic budget (Charman et al., 2009). Moreover, testate amoebae transfer functions 

are based on one-time WTD measurements which induces a bias in the proper reconstructed 

WTD values (Mitchell et al., 2007; Payne et al., 2006). The North American testate amoebae 

transfer function (used in the present study) is no exception to that (Booth, 2008) and 

resulting WTD reconstructions needs to be interpreted with caution. The fact that modern 
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testate amoebae samples (transfer function) were collected in distinct regions than samples 

from the fossil dataset can also induce a bias in the WTD reconstruction results although, it is 

generally accepted that testate amoebae are geographically cosmopolitan and have similar 

environmental preferences from one region to another (Booth and Zygmunt, 2005; 

Lamentowicz and Mitchell, 2005; Payne et al., 2006). 

In this context, water table reconstructions cannot achieve sufficient prectston to 

successfully detect pool initiation in a peat profile. Even if WTD values were precise and 

reliable, the threshold value for pool initiation (0 cm) is almost constantly included within the 

error margins in AeroM2 and OursM4 profiles (see figure 4.4), masking potential pool 

initiation phases. On the other hand, the constancy of wet conditions in both WTD 

reconstructions (water tables close to surface) indicates that AeroM2 and OursM4 pools 

developed from very wet microforms, which is conform to the present study context. As 

discussed earlier, interpretations of macrofossil data includes important noise from the inputs 

of exogenous organic material, exaggerating dry and terrestrial signais. As we interpreted 

persistent wet hollow/pool microforms from macrofossil data, testate amoebae inferred WTD 

gave reconstructions of high water table levels (near surface or standing water). Testate 

amoebae analysis also confirmed that hollow and pool inherited sediments can compnse 

terres trial inputs that can lead to mis interpretations of the data. 

4.5.2 Pool development 

Considering the imprecise footprint of pools in peat cores, we based our interpretations 

with aquatic indicators without differentiating pool from wet hollow occurrences. We also 

considered the volumes of fine organic particles ("Fine particle fraction" curve, see figure 

4.5) associated with the muddy/limnic (gyttja) nature of pool sediments. As observed in the 

subsurface pool sediments (see section 4.5.1.1), the inherent rarity of aquatic indicators can 

sometimes induce their absence in the macrofossil assemblages of poollwet hollow. When 

located in relatively homogenous and "aquatic" macrofossil zones (i.e. interpretations of wet 

hollow/pool episodes), we th en assumed that wet hollow and pool were resilient and 

persistent microforms and associated them with reduced peat accumulation rates compared to 
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those of terrestrial (Karofeld, 2004; Pelletier and Garneau, subrnitted). Peat accumulation 

rates were also used (when applicable) as a criteria to identify local wetness rise episodes 

Considering modern accumulation data of peatlands rnicroforms, the combined presence of 

aquatic indicators with important accumulation rates would be interpreted as a vegetated 

hollow (temporarily or permanently inundated) occurrence. The simultaneous presences of 

aquatic indicators with a hiatus or weak accumulation rates are interpreted as a pool or wet 

hollow occurrence, indistinguishable in the present study. 

4.5 .2.1 Aéroport peatland 

After the deglaciation of Laforge-1 sector, Aéroport peatland basin probably went 

through a short lacustrine episode as glacier melting waters and isostatic land subsidence kept 

higher water levels in the region. With postglacial isostatic uplift, Aéroport basin was isolated 

from the adjacent (actual) lake which permitted peat accumulation (stagnation and shallow 

waters). Because AeroM4 (429.4 rn a.s.l. at peat/mineral interface) is higher than AeroM2 

(428.6 rn a.s.l. at peat/rnineral interface), it is plausible that the basin deepest parts were stiJl 

inundated around 6690 cal. BP when peat started to accumulate at AeroM4 and other 

emerged site. Early dry conditions, possibly associated with the dry climatic episode between 

7250 and 6800 cal. BP detected by Viau and Gajewski (2008) in Northern Quebec and 

Hughes et al. (2006) in Eastern Newfoundland, permitted the colonization of the pond shores 

with a Picea mariana (open?) forest. Then, a shi ft toward wetter conditions around 6700 cal. 

BP caused AeroM4 site to be colonized with Amblistegiaceae. The rise of the water table was 

probably climatically induced as Viau and Gajewski (2008) observed a wet shift between 

6750 and 6500 cal. BP in their paleoclimatic reconstruction. 
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Figure 4.6 Paleoecological interpretation synthesis. Age (cal. BP) are plotted on the Y 
axis. Zonation schemes correspond to our interpretation of paleoecological data. Coloured 
regions show interpreted hydrological conditions (dark grey = wet to submerged conditions; 
light grey= variable conditions; white= relatively dry conditions). Hiatus indications do not 
exclude cessation or drastic decrease of peat accumulation. Arrows indicate the graduai (and 
approximate) evolution of a hollow into a pool microform. 

From 6000 cal. BP, AeroM4 site became drier as depicted with the rise in ligneous 

material. This dry shift probably favoured the colonization and graduai fi lling of the water 

body with aquatic plants at AeroM2 where peat inception is estimated to have occurred 

around ca 5700 cal. BP. Surrounded by a rich fen ecosystem, the marsh was gradually 

colonized with brown mosses which caused its terrestrialization. The decline of aquatic 

conditions corresponds with the setting of a poor fen between ca 4600 - 4035 cal. BP at 

AeroM2 site which was probably influenced by the dry climatic conditions that prevailed in 

Northern Quebec between 6500 and 3500 cal. BP (Payette and Filion, 1993; Viau and 
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Gajewski, 2008). Then, AeroM2 probably evolved into a wet hollow according to testate 

amoebae data and fine particle fraction volumes. This transition may have been triggered by 

the Neoglacial transition which corresponds to a colder and wetter climate that started 

between 4000 and 3000 cal. BP and reported in various regional studies (Beaulieu-Audy et 

al., 2009; Miousse et al., 2003; Payette et al., 1985; Payette and Filion, 1993; Viau and 

Gajewski, 2008). Peat of AeroM4 deposited between 5980 and 3200 cal. BP (on! y 12 cm) 

comprises a hiatus (or cessation of peat accumulation) which limits our paleoecological 

interpretations for this period. 

From 3200 cal. BP, Picea mariana colonized AeroM4 sector in a relatively dry phase that 

lasted until 1480 cal. BP. This episode does not correspond to paleoecological 

reconstructions in Northern Quebec where higher lake levels were identified from 3200 cal. 

BP (Miousse et al., 2003; Payette and Filion, 1993). The dry episode recorded in AeroM4 

profile must consequently be related to autogenous processes such as peat accumulation­

induced drying (or height-induced drying sensu (Yu et al., 2003)). AeroM4 site evolved into 

a wet hollow around ca 2160 cal. BP. Its transformation into a pool is believed to have 

occurred after 1480 cal. BP according to the rise of fine particles fraction volumes (<125 l.llTI 

particles !ost by sieving, see section 3.4 and figure 4.5) and occurrences of aquatic indicators. 

At AeroM2 site, a hiatus (or a drastic decrease in peat accumulation rates) limits our 

interpretation of the 3420 to 585 cal. BP time interval, although it is believed to be related 

with the pool occurrence. As the overlying peat combines aquatic indicators with high 

volumes of fine particles fraction (< 125 Jlm particles tost by sieving), we hypothesize that 

AeroM2 pool developed at a maximal age of 3420 cal. BP possibly in accordance with the 

regional rise of lake levels in northern Québec (Miousse et al., 2003 ; Payette and Filion, 

1993). 

Aéroport peatland development seems to be weil correlated with Holocene climatic 

phases. On the other hand, pool development seems to have occurred at different periods 

according to our indicators as one may have initiated around 3420 cal. BP at AeroM2 site and 

around ca 2160 cal. BP at AeroM4 site. This seemingly asynchronism of pool development 
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suggest an autogenous influence on the aqualysis phenomenon in Aéroport peatland, 

although the timing of Ours pools initiation may lead to a different conclusion. 

4.5.2.2 Ours peatland 

After the de glaciation of Laforge-1 sector, Ours basin was probably occupied by a river. 

As the glacier melted and retreated from Laforge-1 region, isostatic rebound and reduced 

melting waters supply probably caused a lowering of the water levels, leaving ponds and 

marshes in the low lying areas of Ours basin. OursM4 site probably emerged from water 

under the impulsion of drier conditions from 6500 cal. BP which are reported from various 

paleoecological studies in North America and N orthern Que bec (Payette, 1988; Payette and 

Filion, 1993; Richard, 1979; Viau and Gajewski, 2008) and registered also in Aéroport 

peatland. Around 6400 cal. BP, a Picea mariana forest with Sphagnum carpet colonized the 

freshly emerged site. Peat accumulation at OursM4 was very rapid (0,049 cm/year) at that 

time and favoured the vertical build up of the peatland while OursM3 site was still inundated 

because of its 50 cm altitudinal difference (457,0 rn a.s.l. at OusM3 vs 457,5 rn a.s.l. at 

OursM4, see figure 4.1). 

From 6000 cal. BP, OursM3 marsh was massively colonized by aquatic plants and 

surrounding fen species (brown mosses, Sphagnum) that triggered peat accumulation and 

caused a rapid terrestrialization of the aquatic environment (accumulation rate of 0,44 

cm/year). By 5950 cal. BP, the latter was already filled with bryophytes but remained a wet 

habitat. This bryophytic rich fen phase lasted until ca 5500 cal. BP. During the same time 

interval (from 6000 to 5300 cal. BP), OursM4 forested site got gradually wetter and evolved 

into a wet hollow microform. The initiation of a hollow is probably a ttributable to autogenous 

processes as no corresponding wet shift was reported from other studies in the region nor 

from other sites in the present study. Between ca 53 00 and ca 5100 cal. BP, OursM4 wet 

hollow suffered further drainage deterioration and became submerged. As high rates of peat 

accumulation were maintained during this very wet episode, the site probably remained 

vegetated and productive. During the relatively same period, OursM3 evolved into a drier 

habitat (possibly a lawn) between ca 5550 and ca 5000 cal. BP which is consistent with the 
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persistence of dry climatic conditions (Payette and Filion, 1993; Viau and Gajewski, 2008). 

Similarly, from ca 5100 to 5000 cal. BP, OursM4 drastically dried out as Sphagnum from 

Acutifolia section and Picea mariana colonized the site during a brief dry shift maybe 

representee! by a string movement that encroached upon the wet hollow at that time. 

Around 5000 cal. BP, both Ours sites recordee! a transition toward humid to submergee! 

conditions as wet hollows simultaneously developed. Both microforms were locally 

maintained during mid to late Holocene until they evolved into pools. The synchronism of 

wet hollow development in both sites may be relatee! with a hydrological change that affectee! 

Ours peatland. Autogenous processes may also be responsible for the wet hollows 

development as it occurred during the dry period recordee! in Northern Quebec before 4000 

cal. BP (Payette and Filion, 1993; Viau and Gaj ewski, 2008). The development of a 

hummock microtopography may have changee! the surface water circulation patterns and 

stimulated upstream wet hollow development by impeding water flow, as proposee! by lvanov 

(1981 ), Couwenberg and J oosten (2005). This would be supportee! by the anterior apparition 

of Sphagnum sect. Acutifolia in the assemblages around 5360 and ca 5100 cal. BP at OursM3 

and OursM4 respectfully. Thus, it is not clear if the changes in the surface microforms were 

initiated by autogenous or allogenous factors. 

Around ca 4000 cal. BP, OursM3 core simultaneously shows a decrease of peat 

accumulation rates, a rise of fine particles fraction volumes ( <125 Jlm particles !ost by 

sieving, see figure 4.5c) and occurrence of aquatic indicators. We therefore hypothesize that 

OursM3 wet hollow evolved into a pool at a maximal age of ca 4000 cal. BP. OursM4 pool 

setting has left a similar footprint except for the fine partiel es fraction ( <125 Jlm !ost by 

sieving, see figure 4.5d) that are dominant on the entire core length. The hiatus (or drastic 

peat accumulation decrease) that occurred between 4220 and 2760 cal. BP coule! be relatee! 

with the pool initiation. We therefore hypothesize that OursM4 wet hollow evolved into a 

pool at a maximal age of ca 4220 cal. BP. 

Ours peatland initial development seems to be weil correlated with mid Holocene climate 

according to OursM3 and OursM4 paleoecological reconstructions to the exception of the 
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early and autogenous development of a hollow around 6000 cal. BP at OursM4 site. It is not 

clear if the subsequent and simultaneous development of wet hollows around 5000 cal. BP is 

attributable to allogenous or autogenous processes. It could be related to the development of a 

hummock microtopography as it does not correspond with any known climate change nor 

with Aéroport paleoecological changes. It may as weil be related to an allogenous 

hydrological change that only affected Ours peatland. Once again, the synchronism of Ours 

pools development cannat be confirmed nor infirmed because of pool evidences inaccuracy. 

Still, our interpretation suggests that Ours pools developed approximately around 4000 cal. 

BP and could therefore have been stimulated by the general rise in atmospheric humidity 

associated with the Neoglacial period in Northern Quebec (Viau and Gajewski, 2008). 

4.5.2.3 Holocene climate, peatlands and pool development 

The early development of Ours and Aéroport peatlands seems to be qui te well correlated 

with Holocene climate. Both fens registered a dry hydroclimatic episode prior to 6000 cal. 

BP (6700-6000 and 6400-6000 cal. BP for AeroM4 and OursM4 respectively) which 

corresponds weil with multi-proxy elima te reconstructions of Viau and Gajewski in Northern 

Quebec (Viau and Gajewski, 2008). As AeroM4 site gets drier from 6000 cal. BP, OursM3 

marsh is subrnitted to intense plant colonization and filling. Terrestrialization of AeroM2 

marsh is triggered only ca 300 years later. As a matter of fact, the 6000 to 5500 cal. BP 

interval was a particularly dry period (Viau and Gajewski, 2008) and must have favoured the 

terrestrialization of the wetlands. Between 6000 and 5100 cal. BP, OursM4 registered a wet 

hollow occurrence probably attributed to autogenous factors. 

The simultaneous development of wet hollows at OursM4 and OursM3 sites around 5000 

cal. BP and their subsequent persistence may therefore be associated with autogenous and 

allogenous factors since Aéroport sites do not show any corresponding changes at 5000 BP. 

However, wet hollow initiation at AeroM2 is estimated to have occurred from 4000 cal. BP 

which may have been triggered by the Neoglacial hydroclimatic change. The synchronism of 

hiatus (or peat accumulation cessations) episodes in AeroM2, OursM3 and OursM4 sites may 

also be related with the Neoglacial episode when hydroclimatic conditions became calder and 
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wetter in northern Quebec (Beaulieu-Audy et al., 2009; Viau and Gajewski, 2008) . AeroM4 

site evolved into a wet hollow only from ca 2000 cal. BP and was probably conditioned by 

autogenous factors as suggested by drier-cooler climate conditions (Miousse et al. , 2003) and 

the absence of any corresponding events in other sites. 

Although we cannot identify pool initiation phases with certitude, the combination of 

macrofossil data, sediments contents in fine particles (<125 11m lost by sieving) and 

accumulation rates allowed the identification of maximal ages for pool deve1opment. Thus, 

OursM3, OursM4, AeroM2 and AeroM4 evolved into pools at maximal ages of 4220, 4000, 

3420 and 1480 cal. BP respectively. Therefore, OursM3, OursM4 and AeroM2 pools 

development may be attributable to the cooler and wetter climate of the Neoglacial episode 

(Fayette and Filion, 1993; Viau and Gajewski, 2008). 

The absence of a clear transition between wet hollow occurrences and pool initiation 

phases masks the timing of pool initiation. Consequently, we cannot confirm the autogenous 

or allogenous nature of their development with certitude. However, since pools develop 

secondarily within the peat matrix (Belyea and Lancaster, 2002; Foster and Fritz, 1987; 

Foster et al., 1983; Foster et al., 1988; Sjors, 1946), they must evolve from a vegetated non­

pool microform. Thus, our results suggest that this first step, i.e. the development a wet 

hollow, can be driven by autogenous mechanisms ( e.g. AeroM4 and OursM4 first wet hollow 

occurrence around 6000 cal. BP), although allogenous processes may also intervene (e.g. 

AeroM2 wet hollow development during N eoglacial and simultaneous wet hollow initiation 

of OursM3 and OursM4 around 4000 cal. BP). Moreover, it seems that once a wet hollow or 

a pool is initiated, autogenous processes may overrule allogenic influences since the aquatic 

or semi-aquatic microforms were maintained until present-day despite various subsequent 

climate changes such as the Medieval Warm Period. This warm and dry period lasted from 

1100 to 800 cal. BP in Northern Quebec (Viau and Gajewski, 2008; Viau et al., 2002) but did 

not cause the return of any wet hollow or pool to terrestrial conditions. As suggested by 

previous studies (Belyea and Clymo, 2001; Hamilton et al., 1994; Karofeld et al., 2008; 

Sjors, 1990), pools are probably persistent microforms because of inherent reduced 

accumulation rates. 
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4.5.3 Methodological recommendations for paleoecological studies on pools 

As discussed earlier, paleoecological analyses in peatlands pools are very limitative 

because of their complex sedimentation dynamics. Inputs of exogenous material, poor plant 

productivity, movements of adjacent strings, pool bottoms uplifting and accelerated 

decomposition processes represent serious challenges for paleoecologists. The resulting 

sediments are degraded, muddy (gyttja) and include a variety of seemingly contradictory 

signais. According to our results, the detection of pool initiation in peat profiles requires 

detailed paleoecological analysis . Furthermore, the use of multi-proxy analysis helps to 

compensate for proxy-specific limitations as for macrofossil analysis in this study. In the 

present case, testate amoebae analysis, even if realized on a limited number of samples, 

allowed the validation of wet microforms interpretations despite the seemingly contradictory 

presence of dry, terrestrial indicators. 

Since we didn' t achieve to precisely detect aqualysis phases in the sediment, the actual 

choice of proxies should be reconsidered for future paleoecological studies on pool 

development. Testate amoebae analysis required too much time to complete and lacked 

precision to successfully detect aqualysis episodes. Macrofossil analysis is weil adapted for 

the observance of detailed paleoecological changes at the scale of a rnicroform (Janssens, 

1990). If the method did not allow the precise detection of pool initiation, it did supply 

valuable paleoecological information. Diatom assemblages analysis bas been successfully 

used by Foster and Fritz (Foster and Fritz, 1987) to identify pool initiation in peat cores and 

should be considered for paleoecological works on pools. 

4.5 .3.1 Visual detection 

Sorne paleoecological studies in the past have based the ir conclusions on pool (or wet 

hollow) initiation from visual differentiation of peat types (peat color, type of material, etc.) 

( e.g. Hendon et al., 2001 ; Hughes et al., 2006; Karofeld, 1998; Seppala and Koutaniemi, 

1985). Considering the complexity of pool (and wet hollow) detection in our study, we doubt 

that such a methodology can give reliable results . As we first described peat cores 
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stratigraphies in the laboratory, we visually localized the potential transition from terrestrial 

to pool deposits at depths of 71 , 50 and 70 cm for cores AeroM2, AeroM4 and OursM3 

respectfully (no visual transition was detected in OursM4 core). The conclusions from our 

detailed paleoecological analysis differ significantly from the visual presumptions as pool 

initiation phases were located at maximal depths of33 (AeroM2), 20(AeroM4), 43(0ursM3) 

and 56 cm (OursM4) respectfully. 

4.6 Conclusion 

This study documents pool development in patterned fens in the north eastern sec tor of the 

La Grande river watershed which marks the ecotonal limit of boreal and subarctic region 

where peatland are under the influence of aqualysis processes (Arien-Pouliot, 2009). 

Macrofossil analyses were realized on four peat cores extracted from sediment underneath 

pools. Testate amoebae analysis was also tested in arder to detect pool development episodes. 

The identification of pool initiation with macrofossil analysis was limited by the rarity of 

aquatic indicators, the n01se in macrofossil data induced by the collection of potential 

exogenous material in pools and hollows, the poor preservation of the material in the 

sediments and the absence of typical macrofossil assemblages indicating pool occurrences. 

Interpretation of macrofossil data was also complicated by the possibility of negative 

accumulation rates occurring in pools. These challenges pointed out the necessity of detailed, 

multi-proxy analysis when working on peatland pool bottom sediments. Testate amoebae 

analysis did not succeed in detecting pool initiation phases but validated interpretations of 

seemingly contradictory results from macrofossil data. They also showed that pool developed 

from very resilient and wet microforms (hollows ). Still, better proxies should be used in 

future paleoecological studies of pool bottom sediments such as diatom flora analysis as 

Poster and Fritz successfully used in the past (Poster and Fritz, 1987). 

Since pools were preceded by wet hollow occurrences in the paleoecological archives, 

our results suggest that microtopographic differentiation is probably a prerequisite to pool 

initiation, as pointed out by Poster and Wright (1990). Our study also suggests that wet 

hollow formation can be autogenously or allogenously driven. In Ours peatland, a wet hollow 
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was probably autogenously initiated around 6000 cal. BP but eventually returned to dry 

conditions (la wn?) around 5100 cal. BP. Then, synchronous wet hollow development 

occutTed at OursM3 and OursM4 sites around 5000 cal. BP. In Aéroport peatland, results 

show that AeroM2 and AeroM4 wet hollows developed at 4000 and 2000 cal. BP 

respectively. Once installed, hollows seemed to have been stable microforms characterized 

with close to surface water tables and were probably occasionally flooded. Since hollow to 

pool transitions are almost indiscernible in paleoecological data, the timing of pool 

development cannot be precisely identified. Still, our results suggest that OursM3 and 

OursM4 pools developed synchxonously from 4220 and 4000 cal. BP along with AeroM2 wet 

hollow ( 4000 cal. BP) under the influence of Neoglacial wetter and colder climate. The 

subsequent development of a pool at AeroM2 site from 3420 cal. BP may also be related to 

the Neoglacial episode. Later, AeroM4 pool developed at a maximal age of 1480 cal. BP and 

must have been autogenously driven. Despite dry conditions associated with the Medieval 

Warm Period between 1100 and 800 cal. BP in Northern Quebec (Viau et Gajewski, 2008), 

(Viau and Gajewski, 2008; Viau et al., 2002)(Viau and Gajewski, 2008; Viau et al., 

2002)pools/wet hollows of Aéroport and Ours peatlands were not terrestrialized, suggesting 

that they are resilient, persistent microforms. The development of wet hollows and pools that 

initiated aqualysis in patterned fens of Laforge-1 was influenced by both autogenous factors 

and Neoglacial wetter climatic conditions between 4000 and 3000 cal. BP. Modern 

indications of drainage deterioration found in Ours and Aeroport peatlands may therefore be 

the result of a recent intensification of the aqualysis process through pool expansion. 

4.7 Acknowledgments 

Financial contributions from project CRSNG-RDC RDCPJ364636- 08, FQRNT 

(scholarship #117462-2006) and Ouranos Consortium are acknowledged. Thanks to Serge 

Payette (Laval University, Quebec, Canada) for the initiation of this project. Special thanks to 

Hans Asnong (Chaire DÉCLIQUE) for his great implication in the whole project (field work, 

laboratory, discussions and comments in early versions of the manuscript). We are also 

greatful to Valéry Hamel, Alexandre Lamarre, Caroline L'Heureux, Noémie Cliche-Trudeau, 

Claire Lacroix, Simon Tardif and Guillaume Saint-Jacques for laboratory and field 



101 

assistance. Thanks to Ouranos hydro-climatic scenarios team for having extracted climatic 

temporal series from the National Land and Water Information Service (NLWIS). We 

acknowledge Jocelyne Bourgeois for the use of GSC frozen chamber-laboratory (National 

Glaciology Laboratory of the Geological Survey of Canada, Ottawa) and Alayn Larouche for 

macrofossil identification advices. Special thanks to Dr. Robert K. Booth (Lehigh University, 

PA, USA) for his short course on testa te amoebae, advices and the application of the North 

American tes tate amoebae transfer function. 

4.8 References 

Aaby, A. and Berglund, B.E., 1986. Characterization of peat and lake deposits . In: B.E. 

Berglund (Editor), Handbook of Holocene paleoecology and paleohydrology. Wiley, 

Chichester, pp. 231 - 246. 

Arien-Pouliot, Y., 2009. Développement holocène et dynamique récente des tourbières 

minérotrophes structurées du Haut-Boréal québécois, Ph.D. thesis, dept. ofBiology, 

Laval University, Québec, Canada. 

Auer, V., 1920. Uber die Entstehung der Strange auf den Torfmooren. Acta Forestalia 

Fennica, 12: 145. 

Barber, K.E., 1981. Peat stratigraphy and climatic change: a palaeoecological test oftheory 

of the cyclic peat bog regeneration. Balkema, Rotterdam, 242 pp. 

Bastien, D.-F. and Garneau, M., 1997. Clé d'identification macroscopique de 36 espèces de 

sphaignes de l'Est du Canada. Geological Survey of Canada, N atural Resources 

Canada. Diverse reports 7 61 : 4 3 p 

Beaudoin, A., 2003. A comparison oftwo methods for estimating the organic content of 

sediments. Journal ofPaleolirnnology, 29: 387-390. 

Beaulieu-Audy, V., Garneau, M., Richard, P.J.H. and Asnong, H., 2009. Holocene 

palaeoecological reconstruction ofthree boreal peatlands in the La Grande Rivière 

region, Quebec, Canada. The Holocene, 19(3): 459-476. 

Belyea, L.R., 2007 . Climatic and topographie limits to the abundance ofbog pools. 

Hydrological processes, 21(5): 675-687. 

Belyea, L.R. and Clymo, R.S ., 2001. Feedback control ofthe rate ofpeat formation. 

Proceedings of the Royal Society B: Biological Sciences, 268(1473): 1315-1321. 

Belyea, L.R. and Lancaster, J., 2002. Inferring landscape dynamics ofbog pools from scaling 

relationships and spatial patterns. Journal ofEcology, 90(2): 223-234. 

Belyea, L.R. and Malmer, N., 2004. Carbon sequestration in peatland: patterns and 

mechanisms of response to elima te change. Global Change Biology, 1 0(7): 1 043-

1052. 



102 

Boatman, D.J. and Tomlinson, R.W., 1973. The Silver Flowe I. Some structural and 

hydrological features of Brishie bog and their bearing on pool formation. Journal of 

Ecology, 61: 653-666. 
Booth, R.K., 2001. Ecolo gy of testa te amoebae (Protozoa) in two Lake Su peri or coastal 

wetlands: Implications for paleoecology and envirorunental monitoring. Wetlands, 
21(4): 564-576. 

Booth, R.K., 2008. Testate amoebae as proxies for mean annual water-table depth in 
Sphagnum-dominated peatlands of North America. Journal ofQuaternary Science, 
23(1): 43-57. 

Booth, R.K., Jackson, S.T. and Gray, C.E.D., 2004. Paleoecology and high-resolution 

paleohydrology of a kettle peatland in upper Michigan. Quaternary Research, 61(1): 
1-13 . 

Booth, R.K. and Zygmunt, J.R., 2005 . Biogeography and comparative ecology oftestate 
amoebae inhabiting Sphagnum-dorninated peatlands in the Great Lakes and Rocky 

Mountain regions of North America. Diversity and Distributions, 11(6): 577-590. 
Brinkhurst, R.O., Chua, K.E. and Batoosingh, E., 1969. Modifications in sampling procedure 

as applied to studies on the bacteria and tubificid oligochaetes inhabiting aquatic 
sediments. Journal of the Fisheries Research Board of Canada(26): 2581-2593 . 

Brockett, B.E. and Lawson, D.E., 1985. Prototype drill for sampling fine-grained perennially 
frozen ground. CRREL Report 85-1 . U.S . Army Engineer Cold Regions Research 

and Engineering Laboratory, Hanover, NH. 
Carlson, A.E. and Clark, P.U. , 2007. Rapid Holocene Deglaciation of the Labrador Sector of 

the Laurentide lee Sheet. Journal of Climate, 20(20) : 5126- 5133. 
Charman, D.J., 2002. Autogenic change. In: D.J. Charman (Editor), Peatlands and 

envirorunental change. J. Wiley, Chichester, West Sussex, Angleterre; Rexdale, 
Ont., pp. 143-165. 

Charman, Dan J., Keith E. Barber, Maarten Blaauw, Pete G. Langdon, Dmitri Mauquoy, Tim 
J. Daley, Paul D. M. Hughes et Edgar Karofeld, 2009. Climate drivers for peatland 

palaeoclimate records. Quaternary Science Reviews, 28(19-20) : 1811-1819. 
Charman, D.J., Hendon, D. and Woodland, W.A., 2000. The identification oftestate amoebae 

(Protozoa, Rhizopoda), Quaternary Research Association Technical Guide no.9, 
London. 

Couwenberg, J. , 2005. A simulation mode! of mire patterning- revisited. Ecography, 28(5) : 

653-661. 
Couwenberg, J. and Joosten, H., 2005. Self-organization in raised bog patterning: the origin 

of microtope zonation and mesotope diversity. Journal ofEcology, 93(6) : 1238-1248. 
Crum, H.A. and Anderson, L.E., 1981. Mosses of eastern North America, 1-2. Columbia 

University Press, New York, 1328 pp. 



Dean, W.E., Jr., 1974. Determination of carbonate and organic matter in calcareous 

sediments and sedimentary rocks by Joss on ignition; comparison with other 

methods. Journal of Sedimentary Petrology, 44: 242. 

103 

Dyke, A. S. and Prest, V.K., 1987. Late Wisconsinan and Holocene History of the Laurentide 

Ice Sheet. Géographie physique et Quaternaire, 41(2): 237-263. 

Ebert, D., 2005 . Introduction to Daphnia biology. In: D. Ebert (Editor), Ecology, 

epidemiology, and evolution ofparasitism in Daphnia [Internet]. National Library of 

Medicine (US), National Center for Biotechnology Information, Bethesda (MD, 

USA), pp. 5-18. 

Foster, D.R. and Fritz, S.C., 1987. Mire development, pool formation and lands cape 

processes on patterned fens in Dalarna, central Sweden. Journal ofEcology, 75(2): 

409-437. 

Foster, D.R. and King, G.A., 1984. Landscape Features, Vegetation and Developmental 

His tory of a Patterned Fen in South-Eastern Labrador, Canada. Journal of Ecolo gy, 

72(1): 115-143. 

Foster, D.R., King, G.A., Glaser, P.H. and Wright, H.E., 1983. Origin of string patterns in 

boreal peatlands. Nature, 306(5940): 256-258. 

Foster, D.R., King, G.A. and Santelmann, M. V., 1988. Patterned fens of western Labrador 

and adjacent Quebec: phytosocio1ogy, water chemistry, landform features, and 

dynamics of surface patterns. Canadian Journal ofBotany, 66(12): 2402-2418 . 

Foster, D.R. and Wright Jr., H.E., 1990. Role of ecosystem development and elima te change 

in bog formation in central Sweden. Ecology, 71: 450-463 . 

Fries, M . and Hafsten, U, 1965. Asbj0rnsen's peat sampler- the prototype of the Biller 

sampler. Geologiska foreningens i Stockholm forhandlingar, 87 : 307-313. 

Garneau, M., 1995. Reference collection of seeds and other botanical macrofossils from 

Quebec meridional and boreal and arc tic Canada. Geological Survey of Canada; 

Terrains science division; Hazards and environmental geology subdivision. Open files 

3048, 3049 and 3050 

Glaser, P.H. , 1992. Ecological development of patterned peatlands. In: W.H.E. Jr, B.A. 

Coffin and N .E. Aaseng (Editors), The patterned peatlands of Minnesota. University 

of Minnesota Press, Minneapolis, pp. 27-43. 

Glaser, P.H., 1998. The distribution and origin of mire pools. In: V. Standen, R. Meade and 

J.H. Tallis (Editors), Patterned Mires and Mire Pools: Origin and Development: Flora 

and Fauna: Proceedings. British Ecologica1 Society (Mire Research Group), Durham, 

pp. 4-25. 

Glaser, P.H. and Janssens, J.A., 1986. Raised bogs in eastern North America : transitions in 

landforms and gross stratigraphy. Canadian Journal ofBotany, 64(2): 395-415. 

Glaser, P.H., Wheeler, G.A., Gorham, E. and Wright, H.E. , Jr. , 1981. The Patterned Mires of 

the Red Lake Peatland, Northern Minnesota: Vegetation, Water Chernistry and 
Landforms. Journal of Ecology, 69(2) : 575-599. 



104 

Glew, J.R., 1988. A portable ex tru ding deviee for close interval sectioning of unconsolitated 

core samples. Journal ofPaleolimnology, 1: 235-239. 

Glew, J.R., 1989. A new trigger mechanism for sediment samplers. Journal of 
Paleolimnology, 2: 241 -243. 

Grimm, E.C., 2004. Tilia and TGview softwares. Illinois State Museum, Research and 

Collection Center. 

Hamilton, J.D., Kelly, C.A., Rudd, J.W.M., Hesslein, R.H. and Roulet, N.T. , 1994. Flux to 

the atmosphere of CH4 and C02 from wetland ponds on the Hudson Bay lowlands 
(HBLs). Journal ofGeophysical Research, 99: 1495-1510. 

Heiri, 0 ., Latter, A.F. and Lemcke, G ., 2001. Loss on ignition as a method for estimating 

organic and carbonate content in sediments: reproducibility and comparability of 
results. Journal ofPaleolimnology, 25(1): 101-110. 

Hendon, D. and Charman, D.J., 1997. The preparation oftestate amoebae (Protozoa: 

Rhizopoda) samples from peat. Holocene, 7(2) : 199-205. 

Hendon, D. , Charman, D.J. and Kent, M., 2001. Palaeohydrological records derived from 

testate amoebae analysis from peatlands in northern England: Within-site variability, 

between-site comparability and palaeoclimatic implications. Holocene, 11 (2): 127-

148. 

Huchinson, Michal F ., Dan W. McKenney, Kevin Lawrence, Jolm H. Pedlar, Ron F. 

Hopkinson, Ewa Milewska and Pia Papadopol, 2009 . Development and testing of 

Canada-wide interpolated spatial models of daily minimum- maximum temperature 

and precipitation for 1961- 2003 . Journal of a pp lied meteorology and climatology, 

48(4): 725-741. 

Hughes, P. D. M., A. Blundell, D. J. Charman, S. Bartlett, J. R. G. Daniell, A. Wojatschke 

and F.M. Chambers, 2006. An 8500 cal. year multi-proxy climate record from a bog 

in eastern N ewfoundland: contributions of meltwater discharge and solar forcing. 

Quatemary Science Reviews, 25(11-12) : 1208-1227. 

Hulme, P.D., 1986. The origin and development of wet hollows and pools on Graigeazle 

Mire, South-West Scotland. International Peat Journal, 1: 15-28. 

Ivanov, K.E., 1981. Water movements in mirelands. Academie Press, London. 

Janssens, J.A., 1990. Bryophytes. In: s.l.d.d.B.G. Warner (Editor), Methods in Quaternary 
ecology. Geoscience Canada, pp. 23-36. 

Karofeld, E., 1998. The dynamics of the formation and development of hollows in raised 

bogs in Estonia. The Holocene, 8(6): 697-704. 

Karofeld, E. , 2004. Mud-bottom hollows: Exceptional features in carbon-accumulating bogs? 

The Holocene, 14(1): 119-124. 

Karofeld, E., Kasemets, M., Szava-Kovats, R. and Tônisson, H., 2008. Does anticipated 

warrning accelerate bog pool bottom rise, topographie changes and related peat 

decomposition?, Proceedings of the 13th International Peat Congress . International 
Peat Society, Tullamore, Ire1and, pp. 587-591. 



Koutaniemi, L., 1999. Twenty-one years of string movements on the Liippasuo aapa mire, 

Finland. Boreas, 28(4): 521-530. 

Lamentowicz, M. and Mitchell, E., 2005. The Ecolo gy of Testa te Amoebae (Protists) in 

Sphagnum in North-western Poland in Relation to Peatland Ecology. Microbial 

Ecology, 50(1): 48-63. 

105 

Livingstone, D.A. , 1955 . A Lightweight Piston Sampler for Lake Deposits, pp. 137-139. 

Maher, L.J., 1981. Statistics for microfossil concentration measurements employing samples 

spiked mith marker grains. Review ofPalaeobotany and Palynology, 32 : 153-191. 

Marie-Victorin, F ., 1997. Flore Laurentienne. Presses de l'Université de Montréal, Montréal, 

Third edition, 1093 pp. 

Miousse, L., Bhiry, N. and Lavoie, M. , 2003. Isolation and water-level fluctuations of Lake 

Kachishayoot, Northern Québec, Canada. Quaternary Research, 60(2): 149-161. 

Mitchell, E ., Charman, D. and Warner, B., 2007. Testate amoebae ana lysis in ecological and 

paleoecological studies ofwetlands : past, present and future . Biodiversity and 

Conservation, 17(9): 2115-2137 

Nlisson, A., 1899. Nagra drag ur de svenska vixtsarnhallenas utvecklingshistoria, Botaniska 

Notiser, pp. 127-128. 

Osvald, H., 1923. Die Vegetation des Hochmoores Komosse, Svenska Vaxtsociologiska 

Sallskapets Handlingar. 

Payette, S., 1988. Late-Holocene development ofsubarctic ombrotrophic peatlands: allogenic 

and autogenic succession. Ecology, 69(2): 516-531. 

Payette, S., Boudreau, F. and Gagnon, R., 1985. Gélifluxion néoglaciaire dans une combe à 

neige à la limite des arbres, Québec nordique. Géographie physique et Quaternaire, 

39(1): 91-97. 

Payette, S. and Filion, L., 1993 . Holocene water-level fluctuations of a subarctic lake at the 

tree line in northern Québec. Boreas, 22(1): 7-14. 

Payne, R.J., Kishaba, K., Blackford, J.J. and Mitchell, E., 2006. Ecolo gy of tes tate amoebae 

(Protista) in south-central Alaska peatlands: building transfer-function models for 

paleoenvironrnental studies. The Holocene, 16: 403-414. 

Payne, R.J. and Mitchell, E., 2009. How many is enough? Determining optimal count totals 

for ecological and paleoecologica1 studies of testa te amoebae. J ourna1 of 

Paleolimnology, 42( 4): 483-495. 

Pearsall, W.H., 1956. Two blanket bogs in Sutherland. Journal ofEcology, 44: 493-516. 

Pelletier, L. and Garneau, M., submitted. 

Pelletier, L., Moore, T.R., Roulet, N.T. , Garneau, M. and Beaulieu-Audy, V. , 2007. Methane 

fluxes from three peatlands in the La Grande Rivière watershed, James Bay 1owland, 

Canada. Journal of Geophysical Research, 112. 

Richard, P.J.H., 1979. Contribution à l'histoire post-glaciaire de la végétation au nord-est de 

la Jamésie, Nouveau-Québec. Géographie Physique et Quaternaire, 36(1-2): 63 -90. 



Rydin, H. and Jeglum, J.K., 2006. The biology ofpeatlands. Oxford University Press, 

Oxford, 360 pp. 

106 

Seppala, M. and Koutaniemi, L. , 1985 . Formation of a string and pool topography as 

expressed by morphology, stratigraphy and current processes on a mire in Kuusamo, 

Finland. Boreas, 14(4): 287-309. 

Sjors, H., 1946. Myrvegetation i ovre Langanomradet i Jamtland, Arkiv for botanik. 33 A: 1-

120. 

Sjèirs, H., 1961. Surface patterns in Boreal peatland. Endeavour, 20: 217-224. 

Sjors, H., 1963 . Bogs and fens on Attawapiskat River, northern Ontario. Bulletin ofNatural 

Museum of Canada, 186:45-133. 

Sjèirs, H., 1990. Divergent successions in mires, a comparative study. Aquilo Serio Botanica, 

28: 67-77. 

Strack, M., Waddington, J.M., Rochefort, L. and Tuittila, E.S., 2006. Response of vegetation 

and net ecosystem carbon dioxide exchange at different peat land microforms 

following water table drawdown. Journal of Geophysical Research, Ill , 002006. 

Stuiver, M. and Reimer, P.J., 1993. Extended 14C data base and revosed CALIB radiocarbon 

calibration program. Radiocarbon, 35 : 215-230. 

Swanson, D.K. and Grigal, D.F., 1988. A Simulation Mode! of Mire Patterning. Oikos, 53(3): 

309-314. 

Tallis, J.H., 1994. Pool and hummock patterning in a southern pennine blanket Mire II. The 

formation and erosion of the pool system. Journal ofEcology, 82 : 789-803. 

Tarnocai, C., Kettles, LM. and Lacelle, B., 2005. Peatlands of Canada Data base, Research 

Branch, Agriculture and Agri-Food Canada. Ottawa, Ontario, Canada, digital 

data base. 

Telford, R.J. , Heegaard, E. and Birks, H.J.B., 2004. All age-depth models are wrong: but how 

badly? Quaternary Science Reviews, 23 : 1-5. 

Thompson, E.H. and Worley, I.A., 1984. On the distribution of string patterned peatlands in 

North America: climatic considerations, Proceedings of the 7th International Peat 

Congress. International Peat Society, Dublin, pp. 509- 516. 

Tremblay, L. , 201 O. Reconstitution paléoécologique du développement des mares dans deux 

tourbières minérotrophes structurées du Québec subarctique. Master thesis, dept. of 

Geography, Université du Québec à Montréal, Montréal, Québec. 

Trimble, 2002. 5700/5800 GPS Receiver User Guide, Version 1.0, Revision A. Trimble 

Navigation Lirnited. 

Troëls-Srnith, J., 1955. Karakterisering af lose jordarter. Characterization ofunconsolidated 

sediments. Geological survey of Denrnark 3. C.A. Reitzels forlag Kobenhavn 73 p. 

Viau, A.E. and Gajewski, K., 2008 . Reconstructing rnillennial-scale, regional paleoclimates 

ofboreal Canada during the Holocene. Journal ofClimate, 22 : 316-330. 



107 

Viau, A.E., Gajewski, K., Fines, P., Atkinson, D.E. and Sawada, M., 2002 . Widespread 

evidence of 1500 yr climate variability in North America during the past 14000 yr. 

Geology, 30(5): 455-458. 

Von Post, L. , 1910. Das Skagershultmoor. In: L. Von Post and L. Sernander (Editors), 

Pflanzen-physiognomische Studien aufTorfmooren in Niirke- Livret-guide des 

excursions en Suède du XI Congrès Géologique International. XI Congrès 

Géologique International, Stockholm, pp. 1-24. 

Williams, D.D. , 2006. The biota. In: D.D. Williams (Editor), The biology oftemporary 

waters. Oxford University Press, USA New York, pp. 40-121. 

Wood, T.S., 2001. Bryozoans. In: J.H. Thorp and A.P. Covich (Editors), Ecology and 

Classification of North American Freshwater Invertebrates. Academie press, San 

Diego (CA, USA), pp. 481-499. 

Yu, Z., Vitt, D.H., Campbell, I.D. and Apps, M.J. , 2003 . Understanding Holocene peat 

accumulation pattern of continental fens in western Canada. Canadian Journal of 

Botany, 81: 267-282. 



CONCLUSION 

La présente étude a tenté de reconstituer la mise en place et l'évolution de quatre mares 

de fens pauvres par l'étude stratigraphique de leurs dépôts. Ces mares étaient situées dans 

deux tourbières minérotrophes structurées typiques du secteur nord-est du bassin versant de 

La Grande Rivière (région de Laforge-1, Baie James). Les tourbières de cette région sont 

fortement aqualysées, c'est-à-dire que la surface occupée par les mares indique une 

expansion récente des compartiments aquatiques au détriment des compartiments terrestres 

(platières, lanières, buttes) : mortalité des arbres, dégradation des lanières de végétation 

s'inscrivant entre les mares, coalescence des plans d'eau. Au-delà de notre volonté de 

comprendre le fonctionnement des écosystèmes tourbeux, la nécessité de documenter le 

phénomène d'aqualyse a été motivée par ses impacts potentiels sur le régime hydrologique 

des tourbières ainsi que sur la dynamique d'accumulation du carbone, tant à l'échelle du 

biotope (Karofeld, 2004; Pelletier et al. , 2007) que de l'écosystème (Belyea and Lancaster, 

2002). Quant aux facteurs responsables du développement des mares, leur nature, leur 

importance respective, leur caractère autogène ou allogène sont encore peu connus (Belyea 

and Lancaster, 2002; Seppala and Koutaniemi, 1985), surtout dans un contexte de phénomène 

d'aqualyse qui n'a encore jamais été mentionné dans la littérature. 

Les quatre profils de tourbe récoltés dans les mares ont été soumis à des analyses de perte 

au feu, macrofossiles ainsi que des thécamoebiens afin de reconstituer l'évolution des sites 

étudiés ainsi que Je développement holocène des mares associées. L'interprétation des 

données s'est avérée complexe et limitée de par la dynamique de sédimentation particulière 

ayant cours dans les mares et les dépressions humides des tourbières. Dans les mares, il 

semble que les processus de décomposition y soient particulièrement actifs grâce à 

l'oxygénation de l'eau libre (Rydin and Jeglum, 2006; Sjors, 1961; Sjors, 1963), sa 

température plus élevée (Karofeld et al., 2008; Sjors, 1961) et le phénomène du soulèvement 
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des fonds de mares (Karofeld et al., 2008). La décomposition active ayant cours laisse 

conséquemment des sédiments mal préservés, ce qui limite la présence d'indicateurs 

paléoécologiques et entraîne un remaniement potentiel de certains horizons. La faible 

productivité végétale ayant cours à la fois dans les dépressions humides que dans les mares 

est un autre facteur limitant la présence d'indicateurs aquatiques au sein des assemblages 

macrofossiles. Enfin, un taux de décomposition élevé peut entraîner une décomposition de la 

tourbe sous-jacente lorsque non-compensé par une productivité végétale suffisante, détruisant 

du fait même l'information paléoécologique associée (Foster and King, 1984; Foster et al., 

1983). Dans son étude sur les dépressions mud-bottoms (dépressions caractérisées par une 

tourbe« nue», recouverte d'un tapis algueux), Karofeld (2004) a démontré l'occurrence de 

bilans d'accumulation négatifs dans ces biotopes qui sont, en quelque sorte, un hybride entre 

une mare et une dépression. D'autre part, des mesures de productivité végétale réalisées dans 

différents biotopes de tourbières nordiques montrent des taux d'accumulation à peu près nuls 

dans les dépressions humides et même négatifs dans les mares (Pelletier and Garneau, 

soumis). 

Une étude plus détaillée sur le rôle des apports de matière organique exogène dans la 

dynamique d'accumulation des mares serait nécessaire pour statuer sur le sujet. En l'absence 

de telles données, nous posons l'hypothèse que les taux d'accumulation des dépressions 

humides et des mares varient entre des bilans négatifs et faiblement positifs en fonction de la 

productivité végétale autogène, l'apport de matériel exogène et un ensemble de paramètres 

environnementaux affectant la décomposition comme la température de l'eau, son 

oxygénation, son pH, la nature et l'abondance d'organismes décomposeurs, etc. Malgré 

l'ambiguïté relative aux bilans d'accumulation dans les mares proprement dites, l'apport de 

matériel exogène peut induire un biais dans l'information paléoécologique contenue dans les 

sédiments et a dû être pris en compte dans les interprétations de la présente étude. 

L'occurrence d'une décomposition active, la faible productivité végétale et la 

sédimentation de matériaux exogènes expliquent probablement l'absence d'une empreinte 

macrofossile caractéristique des mares, ce qui n'a pas simplifié l'interprétation des 

assemblages de macrorestes. En effet, la comparaison des assemblages macrofoss iles 
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modernes de mares, i.e. les échantillons de surface des quatre profils analysés , révèle une 

absence marquée de traits communs : AéroM2 est essentiellement composé de particules 

organiques décomposées ; les sédiments d' AéroM4, au-delà de leur décomposition avancée, 

comprennent une part égale de matière ligneuse, herbacée (Cypéracées), de sphaignes 

humides (S. cuspidatum, S. jensenii et S. sect. Cuspidata non-identifiées) et de mousses 

brunes (Drepanocladus exannulata); la surface d'OursM3, malgré son état de décomposition 

prononcé, ressemble davantage à un assemblage d'origine terrestre de par sa tourbe herbacée 

et ligneuse comprenant d'abondants macrorestes de Picea mariana, Larix laricina, 

Andromeda glaucophylla, Ledum groenlandicum and Chamaedaphne calyculata ; enfin, la 

surface d'OursM4 est dominée par un enchevêtrement de Cladopodiella jluitans, mais 

comprend aussi du matériel herbacé, ligneux et une présence marquée d'indicateurs secs 

comme Ledum groenlandicwn. Pas étmmant que la détection des phases d'aqualyse dans les 

sédiments ait été difficile, la seule caractéristique commune des sédiments de mares étant leur 

état de décomposition prononcé. 

Même si cette hépatique est absente de la majorité de nos analogues modernes (trois sur 

quatre), Cladopodiellajluitans semble être un grand colonisateur de mares peu profondes. Sa 

présence a été observée dans de nombreuses mares des tourbières de l'Aéroport et de l'Ours, 

formant des tapis par l'enchevêtrement de ses tiges. Les tiges plus récentes croissent par­

dessus les anciennes, causant du fait même l'ensevelissement des anciennes colonies et 

l'épaississement du tapis. Il semble que les colonies de Cladopodiellajluitans puissent ainsi 

former des fonds artificiels car les dépôts de type « gyttja » ont été observés sous leurs 

enchevêtrements. Cette hépatique aurait pu constituer un bon indicateur de mare, seulement 

elle se dégrade très rapidement et devient inidentifiable lorsque dénudée de ses feuilles. 

Rapidement, les cicatrices associées aux feuilles deviennent indistinctes et les tiges se 

confondent avec des radicelles d'herbacées. 

Ces difficultés ont mis en relief les limites de l'analyse macrofossile et la nécessité de 

recourir à des analyses multi-proxy afin de combler les lacunes intrinsèques aux méthodes 

choisies et ainsi renforcer la validité des interprétations. Dans cet ordre d'idée, nous avons 

testé l'analyse des thécamoebiens sur les carottes OursM4 et AéroM2. La réalisation de ces 
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analyses s'est avérée éprouvante de par le temps requis pour compléter le compte de 150 

thèques par échantillon recommandé par le protocole de Hendon et Charman (1997). En effet, 

les thèques subfossiles étaient diluées dans un volume important de particules fines (matière 

organique, entre 15 et 355 11m), limitant la concentration d'individus dans les échantillons. La 

mauvaise préservation des thèques a également allongé les temps d'analyse. Dans la 

situation, un compte de 100 thèques par échantillon (plutôt que 150), tel que recommandé par 

Payne et Mitchell (Payne and Mitchell, 2009), ainsi qu'un tamisage à 300 11m (plutôt que 355 

11m) tel qu'appliqué par Charman Hendon et Woodland (2000) et le protocole 

d' ACROTELM auraient pu accélérer l'analyse des échantillons tout en fournissant des 

assemblages de thécamoebiens représentatifs. 

D'autre part, les résultats des reconstitutions paléohydrologiques par l'analyse des 

thécamoebiens n'ont pas permis la détection des phases d'initiation de mares. Si ces analyses 

fournissent des reconstitutions quantitatives de la profondeur de nappe phréatique, les 

résultats doivent être interprétés comme des mesures de tendance. Même dans un cas 

contraire (et purement hypothétique), la valeur-seuil indiquant le développement d'une mare 

(0 cm) est presque constarmnent incluse par la marge d'erreur de nos reconstitutions 

paléohydrologiques, camouflant toute variation autour du seuil critique. Ces résultats nous 

permettent cependant de conclure que les mares se sont développées à partir de biotopes 

humides tels que des dépressions ou des platières humides. Mieux encore, la constance d'une 

nappe phréatique élevée indiquée par l'analyse des thécamoebiens a permis de valider nos 

interprétations des assemblages macrofossiles selon lesquelles la combinaison contradictoire 

d'indicateurs secs et humides (voire aquatiques) correspond à une dépression/mare ayant reçu 

des apports de macrorestes exogènes. Cependant, les temps d'analyse associés à la méthode 

des thécamoebiens étaient beaucoup trop importants considérant son incapacité à détecter 

l'initiation de mares, notre principal objectif. 

En l'absence d'indicateurs clairs, la détection des phases d' aqualyse a d'abord été basée 

sur la présence de macrorestes aquatiques, bien que ceux-ci puissent aussi dénoter 

l'occurrence d'une dépression humide (conditions semi-aquatiques ou périodiquement 

aquatique). Nous avons également considéré le volume de particules organiques fines estimé 
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lors de la description initiale des sédiments (Troëls-Smith), une proportion élevée de 

particules fines étant associée à la nature boueuse (gyttja) des sédiments de mare. Enfin, nous 

avons également pris en compte les taux d'accumulation de la tourbe pour détecter la 

présence de dépressions humides ou l'initiation de mares. Des études récentes ont 

effectivement associé les dépressions humides et les mares à des taux d'accumulation nuls ou 

faibles (Pelletier and Garneau, soumis; Strack et aL , 2006). Dans certaines conditions, il est 

également possible que les processus de décomposition ayant cours dans les mares 

engendrent une accumulation négative (Poster and King, 1984; Poster et aL, 1983 ; Karofeld, 

2004; Pelletier and Garneau, soumis), laissant des hiatus dans les séquences sédimentaires. 

La possibilité d'altérations a posteriori des sédiments limite ainsi notre capacité à dater la 

mise en place des mares dans la tourbe de par l'éventualité d 'une contamination des 

échantillons par du 14C (datations au radiocarbone) plus jeune. Un tel processus peut 

également entraîner un remaniement sédimentaire. La datation des phases de développement 

des mares implique donc l'utilisation d'échantillons de tourbe « saine » et terrestre sous les 

dépôts de mare. Le résultat de telles datations résultent conséquemment en âges maximums 

pour l'initiation de mares dans cette étude. 

Il serait essentiel que les futures études paléoécologiques sur les mares de tourbières 

conservent une approche multi-proxy mais fassent appel à de nouveaux indicateurs afm de 

mieux détecter leur initiation. Bien que nous ayons éprouvé des difficultés à interpréter les 

assemblages macrofossiles, cette méthode est l'une des mieux adaptée pour observer les 

changements à l'échelle d'un biotope (Janssens, 1990). Par contre, l'analyse des 

thécamoebiens aurait avantage à être remplacée étant donné le temps important requis par les 

analyses et le peu d'information paléoécologique qu' elle a fourni . L ' analyse des assemblages 

de diatomées a déjà prouvé son efficacité pour détecter le développement des mares (Poster 

and Fritz, 1987) et devrait conséquemment être remise à profit. 

Nos résultats indiquent que des dépressions humides ont précédé l' initiation des mares, ce 

qui suggère qu 'une différenciation microtopographique préalable est nécessaire à la mise en 

place des mares, ainsi que l ' ont suggéré Poster et Wright (1990). Notre étude suggère 

également que les dépressions humides peuvent se développer sous l'impulsion de facteurs 



--------------- -------

113 

autogènes et allogènes. Une première dépression humide s'est développée de manière 

autogène à OursM4 entre 6000 et 5100 cal. BP alors que les conditions climatiques étaient 

sèches dans le nord du Québec (Payette and Filion, 1993; Viau and Gajewski, 2008). Vers 

5000 cal. BP, deux dépressions humides se sont simultanément développées aux sites 

OursM3 et OursM4, mais il est difficile de déterminer sous l'impulsion de quels facteurs 

étant donné 1' absence d'un signal comparable dans la tourbière de 1' Aéroport à cette période. 

Il est possible qu'un changement hydrologique allogène ait affecté la tourbière de l'Ours. Il 

est également possible que le développement des dépressions humides soit relié à des facteurs 

autogènes comme la mise en place d'un gradient microtopographique avec des buttes ayant 

affecté la dynamique d'écoulement de l'eau à la surface de la tourbière, selon le modèle de 

développement proposé par lvanov (1981) ainsi que Couwenberg et Joosten (2005). Dans la 

tourbière de l'Aéroport, nos résultats suggèrent que des dépressions humides se sont 

développées vers 4000 et 2000 cal. BP sur les sites AéroM2 et AéroM4 respectivement. Il est 

possible que l'établissement de biotopes humides vers 4000 ait été conditionné par le 

Néoglaciaire qui est associé à des conditions fraîches et humides et qui se serait mis en place 

entre 4000 et 3000 cal. BP dans le nord du Québec (Viau and Gajewski, 2008). D'autre patt, 

il est probable que le développement d'une dépression vers 2000 cal. BP (AéroM4) ait été 

occasionné par des facteurs autogènes, le signal ne trouvant pas de correspondance dans les 

autres sites étudiés. Enfin, il semble que les dépressions humides étaient caractérisées par une 

nappe phréatique élevée, périodiquement inondées et qu'elles se soient localement 

maintenues jusqu'à leur transformation en mare. 

Bien que la datation du développement des mares soit sujette à de nombreuses 

imprécisions, il semble que les sites OursM3 et OursM4 aient évolués en biotopes aquatiques 

à partir de 4200 et 4000 cal. BP. Si le développement des mares de la tourbière Ours semble 

synchrone, il correspond également à l'épisode Néoglaciaire et pourrait être associé à la mise 

en place de la dépression humide au site AéroM2. L'évolution de cette dépression en mare à 

partir de 3420 cal. BP pourrait également être associée aux conditions fraîches et humides du 

Néoglaciaire (Viau and Gajewski, 2008). Quant au site AéroM4, nos résultats suggèrent 

qu'une mare s'y serait développée à partir de 1480 cal. BP. L' originalité du signal, qui ne 
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trouve écho dans aucune autre carotte, suggère que la mare AéroM4 se serait développée sous 

l'impulsion de facteurs autogènes. 

Il est également intéressant de constater que 1' occurrence de conditions climatiques 

sèches lors de l'Optimum Climatique Médiéval n'ait pas causé la « terrestrialisation » des 

mares étudiées. Cet épisode a eu lieu entre 1100 et 800 cal. BP dans le Nord du Québec (Viau 

and Gajewski, 2008) et n'est associé à aucun signal dans les carottes étudiées, ce qui suggère 

que les mares et/ou dépressions humides sont des biotopes résilients . Il est possible que les 

faibles (et/ou négatifs) taux d'accumulation qui leur sont associés (Belyea and Clymo, 2001; 

Hamilton et al. , 1994; Karofeld, 2004; Sjors, 1990; Strack et al., 2006) favorisent 

l'approfondissement des dépressions relativement à la surface de la tourbière (Foster and 

King, 1984; Foster et al. , 1983; Karofeld, 2004) et conditionnent la persistance de biotopes 

humides malgré l' occurrence de conditions défavorables. En d'autres mots, la dynamique 

d'accumulation des mares et dépressions humides induirait une prévalence des facteurs 

autogènes sur les facteurs autogènes. 

La présente étude cherchait à déterminer si l'aqualyse des tourbières du secteur de 

Laforge-1 était liée aux changements hydroclimatiques de l'Holocène. Nous ne pouvons 

répondre à cette question avec certitude, cependant les résultats montrent que le 

développement des mares des tourbières de l'Ours et de l'Aéroport s ' est articulé autour de 

l'épisode Néoglaciaire, i.e. entre 4000 et 3000 ans BP, et que les conditions fraîches et 

humides d'alors auraient influencé l'initiation de dépressions humides. Ainsi, l'action de 

facteurs allogènes induisant une hausse de l'humidité atmosphérique semble avoir influencé 

le développement des mares des tourbières dans la mesure où une microtopographie s'y est 

préalablement développée. L'influence de facteurs autogènes n'est cependant pas exclue et 

peut suffire à mettre en place et à maintenir des dépressions humides et des mares. Enfin, nos 

résultats suggèrent que les symptômes récents de dégradation du drainage, observés à la 

surface des tourbières de 1 'Aéroport et de l'Ours, sont le résultat d'une intensification récente 

du phénomène d' aqualyse à travers une expansion des mares. 
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ANNEXE A 

Protocole de l'analyse de la perte au feu (PAF) 



Protocole de PAF appliqué à toutes les tranches de 1 cm des carottes de tourbe récoltées 

(Dean, 1974) . 

Sous-échantillonner 1 cm3 de tourbe à l'aide d'un emporte-pièce 

Peser l'échantillon (poids humide) 

Sécher l'échantillon dans une étuveuse à 105°C pendant 12 heures 

Peser l'échantillon (poids sec) 

Mettre dans un four et chauffer à 600°C pendant 1h30 

Peser l'échantillon (poids résiduel) 

La densité sèche (g/cm3
) est obtenue par la formule suivante : 

(poids sec) -o- (volume échantillonné) 

La proportion de matière organique (%) est obtenue par la formule suivante : 

(((poids sec) - (poids résiduel)) -o- (poids sec)) x 100 
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ANNEXEB 

Diagrammes macrofossiles 

(aussi disponibles sur le CD en pochette) 

----------- ---- --------------------------------------
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Diagramme des assemblages de thécamoebiens et reconstitution de la nappe phréatique 

(Aussi disponibles sur le CD en pochette) 
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