





= soorsons

Iu
IUN  sHOMISAIT eeeoeiBisiquiy sesoeubeyds snoeseqisy  snoaubi

= B

SNOjIYaosaX SnoUNoIqN  SNOJAYAOIPAH

. sabejquesse sjAydolig
prs ~
£0 2010 Biadas § 7 o
i Wﬂﬂmﬂn.u 0z 0c ¢ 0t 001 0§ 00
mm_w Fad . : , | _P o_m _mt.m_r:m.rw ¢ 66 6 6 ¢ G0z 0 0z 00108090
B = _I.I_I-II _l—Ll_ll [ . Lo ] Soad G bod Gead Lo toad Lo 0§l o] Lot _LLLLLLLLLLILLLLQLFNEI
- - ] o . Y G [
3 L ] o
3 . 04F | o0es
||||||||||||||||||| il I-llmml_ " Ec—
m P |||||||||||||| lllll||l|thllh@M” = - .Qc— thmm
- ettt b St =
A A L A q = — e - 1[0 i
A .. . = - ] -4 [gg 000§
| =) - 9 8
i ! ] Son U el
n ) E 4 ) o
: d o -] 199 N
. 4 il 4] w09 |
2 ieand 166 o
v _ — o] fos  pooor =SE0
J ) “me ey
Mwl o boy [
J— e e
= ig | RN lee | oose
i - - L — — 5’9’) IQN
| R E
................................ Lk 4 ERE = VVH,H, 57 [O00 4gpg
- 1810 8 I E 1 AN RE NN e froqpee [
. y 3 e L,H,H,H. 151 260G
| T ] () — et 0l Fos
Wmﬂ_oN o& y St s et s _ f T e L | [RERESIFRS [ W -I.rl'lrll )}\.}”}”}y IW
R X Q..v /«O /v( @o 4& 4 0,0 /& 1 wnnd w wend wad wnd v )
N 2 Y & RN o © S O ND NN = 2
.4%0 éo.ve %aoo &//a/ & /,.vo, eo,«v,y/oof osaov oo«%. o&o&ooaﬂﬁmox._.om.f% /%o %oo@oooo%fwsﬁwoowe%&00%0 /4.49) e@o@ zoov aoo %o "
K & F of L K @o IRLA N Koo o P d N S A
N & N N FS e < o X FPLLILS & & AN
& SPHPPE & o o RO SR FRae & & @ TS S
v FEEE T S K SR FN & NP S P S o &S Vs A
N0 & FO 2 d ForP P & P e Ne' & & o ¥
2 FE T & AP & S e PP F A @ T P P g
A TF O Ffe @ S A G O INA a
RS N 2 NSRRI RN SO > S 4 >
S &./& 2 P ﬁ/ 0/ .d&/ IS R & o Av/ BN ,@// KY) A\ < %)
¢ N & S O F & SO & &
> 3 & ORI &
d $ o & IS¢ >
& PNy OV S &
@ O e A
R

8L



6L

snojydoioy snoURBIGN  snoKUdOIPAH

sabBejquiasse ajlydolig

t ¢ ¢ 00b 0§ 00L 0§

3
e Laf b L) 1 | 1 i

n.u.mc_Ew.uED SUOMIGAI] eweoeibsiquy eeecrufieydg snoeseqial  snoaubn

2 B E [ =
. /

sadA) jead

¢ ¢ ¢ ¢t 2ot T M oOF 02

e o i el e wad i e e e Jnasag

oobos 090y oz [ [

N

o

//
memw

ve

14
%
%

R
ot

77

8¢

seuoz

H
Sl

S~
_

7

RO

—_ ]

\

7

-

_

Zadbs

/////

25

%,

7

_
%

Gl 7

)

__

7

e S O B s

N

Joess

=
=
2
@

008 yogg

pal?

0S¢
100ee

a aQ
B S
N ®

0T

T T T T T T T T T T T T
=] 2883
< I¥RS

>
o
-

Tosyi

LT
2=
=3
-

LTI
=1
w

<

[ [N S R (N IR —y

\{ AP o
N & F R Tt F (S

D]
d N
e @% & & S g

R ﬁw@% \ @% &

\)
QM\V%MO%MU%MU 004 ao.f o«/ow, o«oﬁoﬁo
NENPNRSEN
& a%%o@b// A %/.o

&
@J V@o eo ,@o.

o/y o%v 00/

S S S

- @ FN
Q.




sspoads sspads saeds Japew ouebio

snojiydosex snoynbign  snojAydospAn poynuaplun  SuoMIoAIl  oesoelBnsiquy eesoeubeydg snosoeqieH  snoaubi
N N N B =
N N D =
AN / -
= seBejquasse a)Audolig sedA) jead
o Pammg B
20 V0 BEhige i T Z 002 T T 0L 05 000 05 ¥ ZTZ T Z vOb ¥ T ZOL O OF O 09 02 0008 09 Oy 02 0009
[P 0 O Pt IV O T _mmmMrrrL_/. //1_./_ rrrrrrArrrrArr. o u] ol e v 4% 0868
Y B il
, f« g w/,/V////// AR . o
Q) o | B R . g
w1l 618 5 N — EEE)\\I\\EEES 0 B I 4 Y ol —
" N//u%//%/é//, / - " =0¥88
.......................... /////M/// EN0 T O T Ly 06 L a8
—~ 1 3 ////4/ - s
b £ £ ) m— =] H8
= — 19 (5] m— " LT
................. N et p e b e o b ST s ] G g S St S ek T ST HL 0965
a¢ 4 9 L
i i I'T1] et £ s [
vy | 94 G o o - 08 - n06Yp
i T .l-m.h i i e s T ] R e sl e | [ -.......I.l. ..... a M“ 000
av - o — = g .
ﬁ - oo — R Sanl e r9¢  |-000¢ wgpgz
=i i s e 4 p ot |
e i - |4 = A KA
a4 i 2 L
g a0 51 b
4 w. ] ] Lot uooo_ 010}
g A - & m
souez yﬂdm ST _ %_.m;o:m.ﬂﬂ% S e @ % 5
.%o ooo/oo% ooaoop% %49 p%%fos g %,o & o% +®@ +% o,aoe %o@ g ea,_,r@% eeﬂaz/% oe%, ,,vo,oo /%s & Awo
Q ) oY oV R R 90 o.,v W\ /o 0/0/.0 H d @ .&/ ) ) % e P
® & &P ) & ot N & S P N IR & ) O WON
9 RS PR L & VLR SRS B o P
o > oS & < P ® FATP TIPS paFF & & o & N
o@ /Joe A & Oy o&ov & Sl a.o,,v o o %o & @#¢%w.¢/% ooa ¢ & rv&
@o« 400 %o#so%@a o/,.o/ooo S » 99@ oo/o, %...uaoos 5 & O N) L & /%f/ »M,o,o @o
N O O KL P & OFNENSCIR AP PLL &
P R I N S G
& Q) Q Yo QP N o §
@ b & N SIS & &
N & ‘06/ P .ﬁ& N &N
s & ¥ & Q) S 58
av. ﬁ& A\ R\ ../o.. 0/
& &
,./,./

08



‘("¢ uo109s 99s) $50001d FUTAIS 9Y) UT ISO[ (S[2AI] SWOS

e sown[oA sojdures [eUISLIO JO 9%,08 01 dn) sojonted IJenew oruedIo pasodwiosap JO SOUINJOA JUNOIIE OJUI 9)e} 10U op nq sordures 1ead
Jo monisodwos [e1ouag Juasaxdar soAMO paje[nuno & sad£) 3ead "z § 2[qel, Ul piussoid uonestjIsse[d oY) 03 Surpiodsoe sejdures oy
Jo uonisodwod exe) Ju2sa1dor SOAMO 9, pale[NUNO SAE[qUIISSE SSOW UMOI pue wnudoyds ‘payod oIom UONIBUOZ pue AIsUsp Yng

‘S[ISS0JOIORUI ‘S2JBp U0QIRd0IPRY "FIASINQ (P) EINSINO Auv, yINOIdY (Q) NEEuﬁ.ﬁuv $3102 10J SWRISRIP [ISSOJOIIEBIAl S°p 9131

Sl G T )

seberquesse apiydodig sadk jeay

T 00z 02 00108 09 0¥ OC
(R

} ]
(S QSR [ N
3¢ m—

MR U U I

1Y —

=

2
,
P
S
=]

HZ} 0009 0955

ve

2] Fsou [ 0098
-0t 0225

a2

-020§

- - i

LA
9y

PRI
A A

Illlll
3

o Loy FOODG m9sz
S Ly [O082

S5 |l e

..... 2 Fowos
HHE P *

i alaas .l”l.l ll.l.lT

0vg

71 = —]

%@

'\//‘/\f/\/\/\-/\’\'\/\)\/vv/\[\‘/v\/\/
[
Y .

s8u07 ® &> D a@o

¥ P ¥ § 0P '

O A R Sy
B\ O & ]

@...u n.a/ ?@4000 % al P

I8



82

4.4.2.2.2 OursM4

OursM4 is a 140 cm long core whose peat is very decomposed and gy#tja-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 showed 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 environment with relatively “drier” conditions. Zone 4 (74-54 c¢m; 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 submitted to
periodic draining. Zone 6 (19 cm to the unconsolidated pool bottom; last 540 cal. years) is
associated with very humid and saturated conditions. Despite variations in the
paleoenvironments 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 first 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 microtopography. 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 replaced by S.
sect. Cuspidata which indicates the setting of wetter conditions around ca 6080 cal. BP. The
few brown mosses 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 environments. Reconstructed WTD from testate

amoebae assemblages corroborated the interpretation of terrestrial 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 Sphagnum 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 2A4: 118-101 c¢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 confirms 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 mosses (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 several 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 lesser 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 confirms the relatively dry conditions
of this episode; still testate amoebae assemblages gave reconstructions of a near surface water

table, values of WTD varying between4.2 £ 8 to 13 £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 gradual
return of humid conditions and the local re-initiation of saturated conditions (wet hollow or

pool).

Subzone 4A4: 74-61cm (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 also found in the sediments. The presence of
Chamaedaphne calyculata, Ledum groenlandicum and Sphagnum sect. Acutifolia 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 occurrence of numerous Dap#nia ephippiums, indicating further drainage
deterioration from ca 4600 cal. BP. Remnants 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 rise 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 microforms. 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 remnants along with Chamaedaphne
calyculata and Cenoccoccum graniforme while Andromeda glaucophylla remnants vanish.
Opverall, 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 (last 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 remnants decline and sediments become more
decomposed. Typical Cladopodiella fluitans carpet is observable in the top most sample of

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

Subzone 6A4:19-8 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 mosses 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.
Remnants 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 (last ca 200 cal. years). This subzone represents the top of the
sediment column, 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 glaucophyllia and
Vaccinium oxycoccos. The surface gyrtia mainly comprises entangled Cladopodiella fluitans
with Daphnia ephippium, Ledum groenlandicum remnants and other degraded vascular

leaves.
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4.5 Discussion
4.5.1 Limits to the paleoecological 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; Sjérs, 1961;
Sjérs, 1963), higher temperatures of open water (Karofeld et al., 2008; Sjérs, 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; Seppild and
Koutaniemi, 1985), peatland pools may rather cause a regressive degradation of peat along a
vertical profile, altering underlying paleoecological archives. These results would explain 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
gyttia 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 well stimulate the transport of exogenous material. The water
column of pools may as well degrade exposed peat from adjacent terrestrial 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 favours the influence of surrounding terrestrial microforms.
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Finally, 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 of 21 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 macroremains in hollow/pool microforms and string
movements are not the only bias to be taken into account in the interpretation of macrofossil
assemblages. Indeed, the massive loss of fine decomposed organic particles through sample
sieving (preparation of macrofossil samples, see section 3.4) masks the muddy and possibly
limnic nature of original peat samples as expressed by the “Fine particle fraction, < 125 pm

(%)” 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.

Conversely, the occurrence of aquatic indicators may not indicate the former existence of
a pool. It 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 ab,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 mosses (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
macroremains of Picea mariana, Larix laricina, Andromeda glaucophylla, Ledum
groenlandicum and Chamaedaphne calyculata. Finally, OursM4 top sediments are mainly
dominated by Cladopodiella fluitans, but also include Menyanthes trifoliata, Cyperaceae and
woody remnants 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, 2010). This liverwort forms thick and resistant carpets in
shallow pool bottoms by entangling its long stems together. New stems grow on top of the
existing tangles, gradually burying older ones. Cladopodiella fluitans carpets cover the basin
of numerous pools and seems to form artificial pool bottoms as observed in the continuity of
gyttja-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 hand, the occurrence of an insignificant accumulation rate could as well 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 can be expected from a
vegetated hollow than 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 can 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 *C 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 precision 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 signals. 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 comprise

terrestrial inputs that can lead to misinterpretations 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 (gy##ja) 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 pool/wet hollow. When
located in relatively homogenous and “aquatic” macrofossil zones (i.e. interpretations of wet
hollow/pool episodes), we then 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, submitted). Peat accumulation
rates were also used (when applicable) as a criteria to identify local wetness rise episodes
Considering modemn accumulation data of peatlands microforms, 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 m a.s.l. at peat/mineral interface) is higher than AeroM?2
(428.6 m a.s.l. at peat/mineral interface), it is plausible that the basin deepest parts were still
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 shift 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 gradual (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 gradual filling 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
AeroM?2 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 (only 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 um
particles lost 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 pm particles lost 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).

Aédroport peatland development seems to be well 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 deglaciation 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 Northern Quebec (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 m a.s.l. at QusM3 vs 457,5 m as.]. 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 attributable 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 5300 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

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

Around 5000 cal. BP, both Ours sites recorded a transition toward humid to submerged
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 related with a hydrological change that affected
Ours peatland. Autogenous processes may also be responsible for the wet hollows
development as it occurred during the dry period recorded in Northern Quebec before 4000
cal. BP (Payette and Filion, 1993; Viau and Gajewski, 2008). The development of a
hummock microtopography may have changed the surface water circulation patterns and
stimulated upstream wet hollow development by impeding water flow, as proposed by Ivanov
(1981), Couwenberg and Joosten (2005). This would be supported 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 pm particles lost by
sieving, see figure 4.5¢) 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 particles fraction (<125 um lost 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 could be related
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 well 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 well be related to an allogenous
hydrological change that only affected Ours peatland. Once again, the synchronism of Ours
pools development cannot 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 quite 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 well with multi-proxy climate reconstructions of Viau and Gajewski in Northern
Quebec (Viau and Gajewski, 2008). As AeroM4 site gets drier from 6000 cal. BP, OursM3
marsh is submitted 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 colder 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 pm lost by sieving) and
accumulation rates allowed the identification of maximal ages for pool development. 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
(Payette 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 Neoglacial 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;
Sjérs, 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 (gyrfja) and include a variety of seemingly contradictory
signals. 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 well adapted for
the observance of detailed paleoecological changes at the scale of a microform (Janssens,
1990). If the method did not allow the precise detection of pool initiation, it did supply
valuable paleoecological information. Diatom assemblages analysis has 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

Some paleoecological studies in the past have based their 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; Seppild 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




99

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 of 33 (AeroM2), 20(AeroM4) , 43(OursM3)
and 56 cm (OursM4) respectfully.

4.6 Conclusion

This study documents pool development in patterned fens in the northeastern sector 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 (Arlen-Pouliot, 2009).
Macrofossil analyses were realized on four peat cores extracted from sediment underneath
pools. Testate amoebae analysis was also tested in order to detect pool development episodes.
The identification of pool initiation with macrofossil analysis was limited by the rarity of
aquatic indicators, the noise 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

Foster and Fritz successfully used in the past (Foster 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 Foster 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 (lawn?) around 5100 cal. BP. Then, synchronous wet hollow development
occurred 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 synchronously 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 Qurs and Aeroport peatlands may therefore be

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

La présente étude a tenté de reconstituer la mise en place et I’évolution de quatre mares
de fens pauvres par 1’étude stratigraphique de leurs dépdts. Ces mares étaient situées dans
deux tourbiéres minérotrophes structurées typiques du secteur nord-est du bassin versant de
La Grande Riviére (région de Laforge-1, Baie James). Les tourbiéres de cette région sont
fortement aqualysées, c’est-d-dire que la surface occupée par les mares indique une
expansion récente des compartiments aquatiques au détriment des compartiments terrestres
(platiéres, laniéres, buttes) : mortalité des arbres, dégradation des laniéres de végétation
s’inscrivant entre les mares, coalescence des plans d’eau. Au-deld de notre volonté de
comprendre le fonctionnement des écosystémes tourbeux, la nécessité de documenter le
phénoméne d’aqualyse a été motivée par ses impacts potentiels sur le régime hydrologique
des tourbicres ainsi que sur la dynamique d’accumulation du carbone, tant a I’échelle du
biotope (Karofeld, 2004, Pelletier et al., 2007) que de I’écosystéme (Belyea and Lancaster,
2002). Quant aux facteurs responsables du développement des mares, leur nature, leur
importance respective, leur caractére autogéne ou allogéne sont encore peu connus (Belyea
and Lancaster, 2002; Seppald and Koutaniemi, 1985), surtout dans un contexte de phénoméne

d’aqualyse qui n’a encore jamais ét¢ mentionné dans la littérature.

Les quatre profils de tourbe récoltés dans les mares ont été soumis a des analyses de perte
au fen, macrofossiles ainsi que des thécamoebiens afin de reconstituer 1’évolution des sites
étudiés ainsi que le développement holocéne des mares associées. L’interprétation des
données s’est avérée complexe et limitée de par la dynamique de sédimentation particuliére
ayant cours dans les mares et les dépressions humides des tourbieres. Dans les mares, il
semble que les processus de décomposition y soient particuliérement actifs grice a
I’oxygénation de 1’cau libre (Rydin and Jeglum, 2006; Sjors, 1961; Sjors, 1963), sa

température plus élevée (Karofeld et al., 2008; Sjors, 1961) et le phénoméne du soulévement
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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 entralne un remaniement potentiel de certains horizons. La faible
productivité végétale ayant cours a 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 €levé peut entrainer une décomposition de la
tourbe sous-jacente lorsque non-compensé par une productivité végétale suffisante, détruisant
du fait méme 1’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 1’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 tourbiéres nordiques montrent des taux d’accumulation & peu prés nuls
dans les dépressions humides et méme négatifs dans les mares (Pelletier and Garneau,

soumis).

Une étude plus détaillée sur le role des apports de matiére organique exogéne dans la
dynamique d’accumulation des mares serait nécessaire pour statuer sur le sujet. En ’absence
de telles données, nous posons I’hypothése 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 autogene, 1’apport de matériel exogéne et un ensemble de paramétres
environnementaux affectant la décomposition comme la température de I’eau, son
oxygénation, son pH, la nature et I’abondance d’organismes décomposeurs, etc. Malgré
’ambiguité relative aux bilans d’accumulation dans les mares proprement dites, ’apport de
matériel exogéne peut induire un biais dans 1’information paléoécologique contenue dans les

sédiments et a di étre 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 exogénes expliquent probablement I’absence d’une empreinte
macrofossile caractéristique des mares, ce qui n’a pas simplifié D'interprétation des

assemblages de macrorestes. En effet, la comparaison des assemblages macrofossiles
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modernes de mares, i.e. les échantillons de surface des quatre profils analysés, révéle une
absence marquée de traits communs : AéroM2 est essentiellement composé de particules
organiques décomposées ; les sédiments d’AéroM4, au-dela de leur décomposition avancée,
comprennent une part égale de matieére 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 & 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 enchevétrement de Cladopodiella fluitans, mais
comprend aussi du matériel herbacé, ligneux et une présence marquée d’indicateurs secs
comme Ledum groenlandicum. Pas étonnant 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.

Meéme si cette hépatique est absente de la majorité de nos analogues modernes (trois sur
quatre), Cladopodiella fluitans semble étre un grand colonisateur de mares peu profondes. Sa
présence a été observée dans de nombreuses mares des tourbiéres de 1’ Aéroport et de I’Ours,
formant des tapis par I’enchevétrement de ses tiges. Les tiges plus récentes croissent par-
dessus les anciennes, causant du fait méme ’ensevelissement des anciennes colonies et
I’épaississement du tapis. Il semble que les colonies de Cladopodiella fluitans puissent ainsi
former des fonds artificiels car les dépdts de type « gyetia» ont été observés sous leurs
enchevétrements. Cette hépatique aurait pu constituer un bon indicateur de mare, seulement
elle se dégrade trés 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 1’analyse macrofossile et la nécessité de
recourir & des analyses multi-proxy afin de combler les lacunes intrinséques aux méthodes
choisies et ainsi renforcer la validité des interprétations. Dans cet ordre d’idée, nous avons

testé 1’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
théques par échantillon recommandé par le protocole de Hendon et Charman (1997). En effet,
les théques subfossiles étaient diluées dans un volume important de particules fines (matiére
organique, entre 15 et 355 um), limitant la concentration d’individus dans les échantillons. La
mauvaise préservation des théques a dégalement allongé les temps d’analyse. Dans la
situation, un compte de 100 théques par échantillon (plutdt que 150), tel que recommandé par
Payne et Mitchell (Payne and Mitchell, 2009), ainsi qu’un tamisage 4 300 um (plutdt que 355
pm) tel qu’appliqué par Charman Hendon et Woodland (2000) et le protocole
d’ACROTELM auraient pu accélérer ’analyse des échantillons tout en fournissant des

assemblages de thécamoebiens représentatifs.

D’autre part, les résultats des reconstitutions paléohydrologiques par 1’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 étre interprétés comme des mesures de tendance. Méme dans un cas
contraire (et purement hypothétique), la valeur-seuil indiquant le développement d’une mare
(0 cm) est presque constamment 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 & partir de biotopes
humides tels que des dépressions ou des plati¢res humides. Mieux encore, la constance d’une
nappe phréatique élevée indiquée par 1’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 a une dépression/mare ayant recu
des apports de macrorestes exogeénes. Cependant, les temps d’analyse associés a la méthode
des thécamoebiens étaient beaucoup trop importants considérant son incapacité a détecter

I’initiation de mares, notre principal objectif.

En I’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
I’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 (Tro&ls-Smith), une proportion élevée de
particules fines étant associée a la nature boueuse (gyitja) 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 I'initiation de mares. Des études récentes ont
effectivement associé les dépressions humides et les mares a 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 (Foster and King, 1984; Foster 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 & dater la
mise en place des mares dans la tourbe de par 1’éventualité d’une contamination des
échantillons par du **C (datations au radiocarbone) plus jeune. Un tel processus peut
également entrainer un remaniement sédimentaire. La datation des phases de développement
des mares implique donc I'utilisation d’échantillons de tourbe « saine » et terrestre sous les
dépodts de mare. Le résultat de telles datations résultent conséquemment en 4ges maximums

pour I’initiation de mares dans cette étude.

11 serait essentiel que les futures études paléoécologiques sur les mares de tourbicres
conservent une approche multi-proxy mais fassent appel & de nouveaux indicateurs afin de
mieux détecter leur initiation. Bien que nous ayons éprouvé des difficultés a interpréter les
assemblages macrofossiles, cette méthode est I’'une des mieux adaptée pour observer les
changements & ’échelle d’un biotope (Janssens, 1990). Par contre, ’analyse des
thécamoebiens aurait avantage a étre 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 déja prouvé son efficacité pour détecter le développement des mares (Foster

and Fritz, 1987) et devrait conséquemment étre remise & profit.

Nos résultats indiquent que des dépressions humides ont précédé I’initiation des mares, ce
qui suggere qu’une différenciation microtopographique préalable est nécessaire a la mise en
place des mares, ainsi que I’ont suggéré Foster et Wright (1990). Notre étude suggere

également que les dépressions humides peuvent se développer sous I’impulsion de facteurs
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autogénes et allogénes. Une premiére dépression humide s’est développée de maniére
autogéne a OursM4 entre 6000 et 5100 cal. BP alors que les conditions climatiques étaient
séches 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 I’impulsion de quels facteurs
étant donné 1’absence d’un signal comparable dans la tourbiére de I’ Aéroport & cette période.
11 est possible qu’un changement hydrologique allogéne ait affecté la tourbiére de I’Ours. 11
est également possible que le développement des dépressions humides soit relié a des facteurs
autogénes comme la mise en place d’un gradient microtopographique avec des buttes ayant
affecté la dynamique d’écoulement de 1’eau & la surface de la tourbiére, selon le modéle de
développement proposé par Ivanov (1981) ainsi que Couwenberg et Joosten (2005). Dans la
tourbiére de 1’Aéroport, nos résultats suggérent que des dépressions humides se sont
développées vers 4000 et 2000 cal. BP sur les sites AéroM2 et AéroM4 respectivement. 11 est
possible que 1’établissement de biotopes humides vers 4000 ait été conditionné par le
Néoglaciaire qui est associé a des conditions fraiches 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 part,
il est probable que le développement d’une dépression vers 2000 cal. BP (AéroM4) ait été
occasionné par des facteurs autogénes, 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’a leur transformation en mare.

Bien que la datation du développement des mares soit sujette 4 de nombreuses
imprécisions, il semble que les sites OursM3 et OursM4 aient évolués en biotopes aquatiques
a partir de 4200 et 4000 cal. BP. Si le développement des mares de la tourbiére Ours semble
synchrone, il correspond également a I’épisode Néoglaciaire et pourrait étre associé a la mise
en place de la dépression humide au site AéroM2. L’évolution de cette dépression en mare
partir de 3420 cal. BP pourrait également étre associée aux conditions fraiches et humides du
Néoglaciaire (Viau and Gajewski, 2008). Quant au site AéroM4, nos résultats suggérent

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

I’impulsion de facteurs autogenes.

I1 est également intéressant de constater que 1’occurrence de conditions climatiques
séches lors de 1’Optimum Climatique Médiéval n’ait pas causé la « terrestrialisation » des
mares étudiées. Cet €pisode a eu lieu entre 1100 et 800 cal. BP dans le Nord du Québec (Viau
and Gajewski, 2008) et n’est associé a aucun signal dans les carottes étudiées, ce qui suggére
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
I’approfondissement des dépressions relativement a la surface de la tourbi¢re (Foster and
King, 1984; Foster et al., 1983; Karofeld, 2004) et conditionnent la persistance de biotopes
bumides malgré I’occurrence de conditions défavorables. En d’autres mots, la dynamique
d’accumulation des mares et dépressions humides induirait une prévalence des facteurs

autogeénes sur les facteurs autogénes.

La présente étude cherchait & déterminer si 1’aqualyse des tourbiéres du secteur de
Laforge-1 était liée aux changements hydroclimatiques de I’Holocéne. Nous ne pouvons
répondre & cette question avec certitude, cependant les résultats montrent que le
développement des mares des tourbiéres de 1’Ours et de 1’ Aéroport s’est articulé autour de
I’épisode Néoglaciaire, i.e. entre 4000 et 3000 ans BP, et que les conditions fraiches et
humides d’alors auraient influencé 1’initiation de dépressions humides. Ainsi, ’action de
facteurs allogénes induisant une hausse de 1’humidité atmosphérique semble avoir influencé
le développement des mares des tourbiéres dans la mesure ou une microtopographie s’y est
préalablement développée. L’influence de facteurs autogénes n’est cependant pas exclue et
peut suffire & mettre en place et 3 maintenir des dépressions humides et des mares. Enfin, nos
résultats suggérent que les symptOmes récents de dégradation du drainage, observés a la
surface des tourbiéres de 1’ Aéroport et de I’Ours, sont le résultat d’une intensification récente

du phénomeéne d’aqualyse & travers une expansion des mares.
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ANNEXE A

Protocole de 1’analyse de la perte au feu (PAF)



Protocole de PAF appliqué a toutes les tranches de 1 cm des carottes de tourbe récoltées
(Dean, 1974) .

- Sous-échantillonner 1 cm’ de tourbe  1’aide d’un emporte-piéce

- Peser ’échantillon (poids humide)

- Sécher I’échantillon dans une étuveuse a 105°C pendant 12 heures
- Peser I’échantillon (poids sec)

- Mettre dans un four et chauffer & 600°C pendant 1h30

- Peser I’échantillon (poids résiduel)

La densité séche (g/cm®) est obtenue par la formule suivante :
(poids sec) + (volume échantillonné)

La proportion de matiére organique (%) est obtenue par la formule suivante :
(((poids sec) — (poids résiduel)) + (poids sec)) x 100
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ANNEXE B

Diagrammes macrofossiles

(aussi disponibles sur le CD en pochette)
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ANNEXE C

Diagramme des assemblages de thécamoebiens et reconstitution de la nappe phréatique

(Aussi disponibles sur le CD en pochette)
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