
 0 

 10 

 20 

 30 

 40 

 50 

 60 

 70 

 80 

 90 

 100 

 110 

 120 

 130 

 140 

 150 

 160 

D
ep

th
 (c

m
)

1A

1B

2

3A

3B

3C

4

0 20 40 60 80 100

P
ea

t c
om

po
si
tio

n 
(%

)

0 20

P
se

ud
od

iff
lu
gi
a 

fu
lv
a

0 20 40

C
en

tr
op

yx
is
 a

cu
le
at
a

0 20 40

A
m
ph

itr
em

a 
fla

vu
m

0 20 40

C
en

tr
op

yx
is
 c
as

si
s

0 20 40 60 80

H
el
eo

pe
ra

 s
ph

ag
ni

0 20 40 60

H
el
eo

pe
ra

 ro
se

a

0 20 40

C
yc

lo
py

xi
s 
ar

ce
llo

id
es

0 20 40

H
ya

lo
sp

he
ni
a 
pa

pi
lio

0 20

N
eb

el
a 
m
ili
ta
ris

0 20

N
eb

el
a 
tin

ct
a

0 20

A
ss

ul
in
a 
m
us

co
ru

m

0 20

H
ab

ro
tro

ch
a 
an

gu
st
ic
ol
lis

*

0 150

T
ot
al
 c
ou

nt

0 8 16 24 32

In
fe

rr
ed

 W
TD

 (
cm

)

0 40 80 120 160

C
A
R
 (
g.
m
-2

.y
r-
1)

0
250
500
750

1000
1250
1500
1750

2000

2250

2500

2750

3000

3250

3500

3750

A
ge

 (
ca

l. 
B
P
)

 0 

 20 

 40 

 60 

 80 

 100 

 120 

 140 

 160 

 180 

 200 

 220 

 240 

 260 

D
ep

th
 (c

m
)

1A

1B

2

3A

3B

3C

3D

3E

4

5A

5B
5C
5D
6

0 20 40 60 80 100

P
ea

t c
om

po
si
tio

n 
(%

)

0 20 40 60

A
m
ph

itr
em

a 
w
rig

ht
ia
nu

m

0 20 40

P
se

ud
od

iff
lu
gi
a 

fu
lv
a

0 20

D
iff
lu
gi
a 
pr

is
tis

0 20 40

C
en

tr
op

yx
is
 a

cu
le
at
a

0 20 40

A
m
ph

itr
em

a 
fla

vu
m

0 20 40

C
en

tr
op

yx
is
 c
as

si
s

0 20

H
el
eo

pe
ra

 s
ph

ag
ni

0 20

H
el
eo

pe
ra

 ro
se

a

0 20

C
yc

lo
py

xi
s 
ar

ce
llo

id
es

0 20 40

H
ya

lo
sp

he
ni
a 
pa

pi
lio

0 20 40 60 80

D
iff
lu
gi
a 
pu

le
x

0 20

N
eb

el
a 
m
ili
ta
ris

0 20

A
ss

ul
in
a 
m
us

co
ru

m

0 150

T
ot
al
 c
ou

nt

-5 0 5 10 15 20 25

In
fe

rr
ed

 W
TD

 (
cm

)

0 40 80 120 160

C
A
R
 (
g.
m
-2

.y
r-
1)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

A
ge

 (
ca

l. 
B
P
)
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1. INTRODUCTION
In order to improve the comprehension of the impacts of climate
variability on permafrost peatlands, multi-proxy analyses are realized to
reconstruct Holocene carbon accumulation and paleohydrological
conditions of a palsa peatland. Integrity of those systems is
compromised by actual climate change.

2. OBJECTIVES
• Using modern TA assemblages from several peatlands in northeastern
Canada to elaborate a transfer function (TF).

• Rebuild the paleohydrological conditions of a palsa field using testate
amoebae (TA) and peat composition analysis.

• Rebuild carbon accumulation dynamics of the studied peatland.

• Evaluate TA potential to reconstruct past hydrological indicators in
permafrost environments.

• Establish the chronology of climate events that influenced permafrost
dynamics in these systems.

Figure 1: A) The studied site (Kuujjuarapik) is a palsa peatland characterized by forming and
collapsing palsas at the southern limit of sporadic discontinuous permafrost zone B)
Selected sites for surface sampling for the transfer function C) CRREL corer used to collect
peat deposits at Kuujjuarapik D) Surface sampling.

3. SAMPLED SITES

Sites Localisation Gradients

# Name Latitude Longitude
Peatland 

type

Nb. 
samp. 

*

WTD
(cm)

pH
Conduc.

(µs)
TºCWTD TºCPeat

0 Kuujjuarapik 55˚13'32,1"N 77˚41'44,4"W Poor fen 10 3,0-18,0 4,3-5,1 15,3-148,5 9,5-21,3 14,1-24,9

1 La Grande 53˚40'38,8"N 78˚12'58,0"W Poor fen 10 2,0-23,0 4,2-6,1 26,1-63,8 12,8-18,9 16,8-20,5

2 La Grande 53˚39'01,1"N 77˚43'32,3"W Bog 10 0,0-28,0 3,8-4,5 32,2-172,6 10,1-20,4 15,4-23,9

3 Matagami 2 49˚41'06,5"N 77˚43'54,3"W Bog 10 7,5-47,0 3,6-5,3 37,4-136,2 12,0-16,4 13,5-21,2

4 Matagami 1 49˚45'05,6"N 77˚39'24,5"W Bog 6 13,0- 51,0 3,7-5,6 33,7-190,5 9,5-11,1 12,9-19

5 Verendrye 47˚18'09,2"N 76˚51'16,4"W Rich fen 4 1,0-19,0 4,3-4,7 42,8-58 14,2-16,2 15,8-18,2

6 Val-D'Or 48˚11'13,2"N 77˚35'43,7"W Bog 10 9,0-44,0 3,6-4,1 25,9-88,9 11,5-15,3 14,4-18,7

7 Pointe des Morts 50°15'51,6''N 63°40'08,7''W Bog 7 3,0-38,0 4,0-4,3 36,2-223,8 12,4-18,7 18,9-20,3

8 Baie 49°05'47,4''N 68°14'37,6''W Bog 7 0,5-28,0 3,8-4,0 31,4-56,8 12,9-17,8 13,3-18,9

9 Pylône 53°47'50,4''N 73°19'38,4''W Poor fen 3 0,0-14,5 3,9-4,8 28,3-238,3 11,1-13,9 10,9-13,5

10 Abeille 54°06'54,7''N 72°30'03,2''W Poor fen 6 0,0-45,0 4,0-4,4 32,8-48,6 10,6-13,7 9,9- 4,4

11 Frontenac 45°57'59,3''N 71°08'21,8''W Poor fen 10 0,0-21,5 3,8-4,5 21,4-53,8 19,5-23,9 20,5-23,4

A)
B)

C)

D)

Figure 2: Principal biotopes observed at the surface of Kuujjuarapik peatland A) Active palsa
B) Collapsed palsa (PD2) C) Forested margin (BF2) D) Pond.

Table 1: Surface sample sites and results of environmental parameters measurements

* Numbers after filtering of the data base (Total: 93)

Figure 4: Age-Depth models of A) Collapsed palsa (PD2) and B) Forested margin (BF2).

0, 54 mm.yr-1

0,36 mm.yr-1

0,23 mm.yr-1
0,49 mm.yr-1

0,24 mm.yr-1

1,00 mm.yr-1

0,50 mm.yr-1

0,16 mm.yr-1

A) B)

4. MATERIAL and METHODS
• Relation between surface TA assemblages and environmental
parameters were explored using RDA analysis.

• Transfer function models were built using C2 1.6.5 software.

• Determination of peat composition from visual analysis of 5 cm3 of
material at a 4 cm resolution.

• C contents have been quantified with the loss-on-ignition (LOI) (Dean,
1974).

• Peatland paleohydrology reconstruction has been realized using a TA
analysis, at a resolution of 4 cm except for the first 70 cm of KUJU PD2
(2 cm resolution)(Fig.5).
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Table 3: Model performances before and after filtering of the database

Figure 3: Observed against model predicted WTD of A) WAfiltered B) WAPLSfiltered and
C) MLfiltered models.

5. RESULTS

Figure 5: Resumed diagrams of the peat composition, testate amoebae assemblages, WTD reconstruction and long term carbon
accumulation rates (CAR) results for A) Collapsed palsa (PD2) B) Forested margin (BF2).

6. DISCUSSION
• TF performances are comparable to other recent North American and European TF.

• Most of PD2 peat composition and TA assemblage variations are similar to Arlen-Pouliot & Bhiry (2005)
macrofossil analysis results.

• PD2 observed WTD variations between 5070 – 3290 and 1420 – 600 cal. BP matches paleoclimate records of
northern Quebec (Filion et al., 1991; Payette & Filion, 1993; Miousse et al., 2003).

• LOW CAR values observed at 1400 – 600 and 360 – 150 cal. BP can be associated to permafrost
aggradations. These possible periods of permafrost aggradations match the ones observed in several other
studies made in the same region (Allard & Séguin, 1987; Arlen-Pouliot & Bhiry, 2005; Bhiry & Robert, 2006;
Bhiry et al., 2007).

• Most of PD2 and BF2 differences are reliable to the influence of autogenic processes.

• Even if TA analysis seems to detect permafrost installation, more studies on hydrological dynamics in
permafrost peatlands are needed to fully evaluate the potential of TA analysis in permafrost systems.

A)

A)

B)

B)

C)

D)

Sphagnum Herbaceous Ligneous Brown mosses Decomposed Mineral

R2: 0,77 R2: 0,84 R2: 0,86

RMSEP: 4,73 RMSEP: 4,09 RMSEP: 4,18

A) B) C)
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Models Nb. 
samp.

RMSEPJack Max bias

Jack

R2 Nb. 
samp.

RMSEPBoot Max bias

Boot

R2

Full data set

WA 93 5,91 16,82 0,74 93 6,18 17,63 0,74

WAPLS 93 5,58 15,61 0,77 93 5,94 16,17 0,77

PLS 93 6,33 18,84 0,70 93 6,74 20,85 0,69

ML 93 5,26 8,18 0,80 93 5,44 14,32 0,81

Models Nb. 
samp.

RMSEPJack Max bias

Jack

R2 Nb. 
samp.

RMSEPBoot Max bias

Boot

R2

Filtered data set

WAfiltered 86 4,48 9,61 0,77 86 4,73 10,69 0,77

WAPLSfiltered 85 3,66 5,85 0,85 85 4,09 7,75 0,84

PLSfiltered 83 4,15 7,97 0,81 84 4,65 13,81 0,81

MLfiltered 85 4,03 2,79 0,83 87 4,18 2,80 0,86

2,27 mm.yr-1


