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Abstract Relations between vegetation charac-

teristics and eco-hydrological processes were

assessed in a pristine mire in the valley of the

Ob River (Western Siberia). Along a transect

from the terrace scarp to the river, field data were

collected on vegetation composition, peat stratig-

raphy, peat chemistry, hydrology and hydrochem-

istry. Based on floristic composition, eight

vegetation communities were distinguished.

Hydraulic head measurements were used to

obtain an indication of groundwater flow direc-

tions. The water balance of the mire was calcu-

lated with a two-dimensional steady-state

numerical groundwater model. Water types were

defined based on cluster analysis of hydrochemical

data. The results revealed that the dominant

hydrological factor in the Ob mire is the discharge

of groundwater, which supplies about threefold

more water than net precipitation. Although the

discharge flux decreases with increasing distance

from the terrace scarp, high water levels and a

‘‘groundwater-like’’ mire water composition were

observed in the major part of the study site.

Precipitation and river water play only a minor

role. Despite dilution of discharging groundwater

with rainwater, spatial differences in pH and

solute concentrations of the surficial mire water

are small and not reflected in the vegetation

composition. Although small amounts of silt and

clay were found in the peat in the proximity of the

river, indicating the occurrence of river floods in

former times, no river-flood zone could be recog-

nized based on hydrochemical characteristics or

vegetation composition. A comparison of the Ob

mire with well-studied and near-natural mires in

the Biebrza River valley (Poland) revealed

substantial differences in both vegetation charac-

teristics and the intensity and spatial pattern of

eco-hydrological processes. Differences in the
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origin and ratios of water fluxes as well as a

dissimilar land use history would seem to be key

factors explaining the differences observed.

Keywords Floodplain � Groundwater flow �
Hydrochemistry � Peatlands � Transect study �
Vegetation zonation

Introduction

A study of mires reveals close relations between

topography, hydrology, hydrochemistry and veg-

etation. In general, differences in the topograph-

ical and hydrological positions of mires give rise

to different types of mire water, especially in

terms of nutrient and calcium concentrations and

acidity. This in turn largely determines the floris-

tic composition and diversity of the vegetation of

the mire (Kulczyński 1949; Sjörs 1950; Moore and

Bellamy 1974; Succow and Joosten 2001). Mires

in river valleys exhibit distinct vegetation zones,

both parallel and perpendicular to the river axis

(Ratcliffe 1977; Pałczyński 1984), which have

been shown to reflect different ratios in the

supplies of groundwater, surface (river) water

and precipitation (Oświt 1968; Wassen et al. 1992,

2002b; Wassen and Joosten 1996). As in the

temperate zones of Europe and European Russia,

North America and Eastern Asia (China, Japan),

these mires have largely been drained for agri-

culture (Joosten and Clarke 2002), and few

studies have addressed the relations between

water flow, water chemistry and vegetation in

pristine river valley mires (cf. Wassen et al. 1992;

Wassen and Joosten 1996).

In the sub-taiga zone of Western Siberia, vast

complexes of largely undisturbed mires still pre-

vail. The objective of this article is to describe the

relations between vegetation characteristics and

eco-hydrological processes in a pristine mire in

the Ob River valley, close to Tomsk. Such a

descriptive study contributes to our understand-

ing of the eco-hydrological functioning of mires,

which in turn is highly relevant for the conserva-

tion or restoration of these systems. Because a

comparison with other mires might reveal general

patterns, we compare our findings in the Ob mire

with the characteristics of the well-studied,

anthropogenically little affected mires in the

Biebrza River valley in Poland (Wassen et al.

1992; Wassen and Joosten 1996). Similarities and

differences are discussed, and hypotheses are

formulated for the differences observed.

Methods

Study area

The West-Siberian Plain is the largest peatland

region of the world, with mires covering over

10,00,000 km2 (Yefremov and Yefremova 2001;

Tanneberger et al. 2003; Smith et al. 2004). The

plain is situated between the Ural Mountains to

the west, the Yenisey River to the east and the

Altai Mountains to the south. The south-eastern

part of the West-Siberian Plain consists of an

alluvial plain that slightly dips in a north-

western direction. Paleozoic rock was covered

with layers of loam, silt and clay up to 250 m

thick during the Mesozoic and Cenozoic. The

area was never glaciated during the Quaternary

(Franz 1973), but was dissected by fluvial

erosion when the Ob River cut stepwise into

the alluvial surface. The total width of the Ob

valley reaches 30–60 km and includes four to

five river terraces.

The climate of the area is continental, with cold

winters (mean January temperature: –19.6�C) and

warm summers (mean July temperature: 18.0�C)

(Evseeva 2001). Mean annual precipitation is

415 mm, 70% of which falls in the frost-free

period (May–September). The average snow

cover is 60 cm during a period of 180 days (Atlas

of the USSR 1983); permafrost does not occur

(Walter and Breckle 1994).

The study site (56�30¢N 84�01¢E; Fig. 1) is

located approximately 10 km south of Melnikovo,

50 km west of Tomsk and 250 km north of

Novosibirsk, in the floodplain of the Ob River.

Gyttja accumulation started in oxbow lakes from

9000 to 8000 BP; mire development began in

7000 BP (Lapshina 1987; Blyakharchuk 2003).

The current surface of the mire, which is bordered

by a steep terrace scarp to the west, slopes down

over a width of approximately 3 km from the foot

of the scarp (ca. 95.0 m a.s.l.) to the banks of the
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Sargatka River (ca. 91.5 m a.s.l.). The Sargatka

River is a left-bank tributary of the Ob River,

flowing between the study site and the levees of

the Ob River and discharging superfluous mire

water (Fig. 1). Spring mounds have formed along

the steep scarp (Lapshina 1987). The western part

of the study site contains open fen vegetation with

sparse growth of shrubs and trees. In the central

part, peat ridges of varying length and with a

sparse tree cover of Pinus sylvestris, Betula

pubescens and Picea obovata run parallel to the

Ob River. The mire is forested in the vicinity of

the Ob River. In large parts of the mire, the

vegetation and root layer almost floats on a

watery layer with little dead organic matter. The

transition between this watery top layer and the

deeper, denser peat cannot be defined clearly

everywhere. The uplands are characterized by a

mosaic of Betula pendula-Populus tremula forests

and agricultural fields or pastures that are largely

abandoned since the collapse of the collective

farms. In earlier times, floods from the Ob River

occasionally reached the terrace scarp (personal

communication with residents, 2002). Since 1969,

the Novosibirsk hydroelectric power plant reser-

voir, located 300 km upstream from the study

area, has prevented flooding of the site (Lapshina

1987).

Data collection

For detailed study of the relations between

vegetation, hydrology and hydrochemistry, a

transect (length: 3.2 km) was selected from the

terrace scarp to the levee of the Sargatka tribu-

tary (Fig. 1), crossing the main variation in

vegetation types. Along the transect, surface

elevation was measured with a water-level device.

To determine peat stratigraphy, we made 23

corings using a chamber peat corer (diameter:

4.5 cm; length: 50 cm) in steps of 200 m (maxi-

mum) . Field identification of peat and sediments

followed Boden (1996), Stegmann et al. (2001)

and Succow and Stegmann (2001). The core from

sampling location 1 (Fig. 1) was analysed for

macrofossils following Michaelis (2002).

Using a modified Braun-Blanquet scale (Wil-

manns 1998), in July 2002 we recorded 105

Fig. 1 Location of the
study area and sampling
locations (0–9)

Plant Ecol

123



vegetation relevés (25 m2; cf. Dierschke 1994)

that were located within a radius of 25 m from the

centres of the sampling locations (indicated as 0–9

on Fig. 1). The nomenclature of the angiosperm

species followed Rothmaler (2002) and Krasn-

oborov (2000) (Salix rosmarinifolia); that of moss

species was according to Frahm and Frey (1992).

To estimate actual biomass production, we har-

vested the above-ground standing crop of vascu-

lar plants at the peak of the growing season (July

4–12) at sampling locations 0–5. Because repre-

sentative biomass production samples could not

be obtained from sites with substantial tree cover,

the forested part of the mire was not sampled

(sampling locations 6–9). For each biomass sam-

ple, three separate plots were selected of 0.16 m2

each; these were located within a radius of 10 m

from the centres of the sampling locations. After

removal of the dead parts, the above-ground

vascular plant material was stored in polyethylene

bags, dried for 48 h at 70�C and weighed imme-

diately after drying. Kjeldahl destruction (Allen

1989) was carried out on the dried and homog-

enized plant material in order to determine the

contents of nitrogen (N) (with an auto-analyser,

AA), phosphorus (P) and potassium (K) (with the

inductively coupled plasma technique, ICP).

Peat samples were collected from the vegeta-

tion relevé sites at a depth of 10–15 cm below the

peat surface and stored in polyethylene bags at

5�C. After 2–4 weeks, samples were dried first for

1–2 days under direct sunlight, followed by 12 h

in an oven at 105�C. After 20 weeks, samples

were analysed for pH and CaCO3 content. pH

was determined in rewetted samples in 0.01 M

CaCl2 using WTW-pH 96 (Rowell 1997). CaCO3

content (%) was determined in ground samples

with 10% HCl using a Scheibler-apparatus (Sch-

lichting et al. 1995). Total carbon (C) and total N

were measured by Dumas digestion with a C/N-

analyser (Elementar Vario-EL, Germany). Corg/

N ratios were calculated after subtracting the

inorganic C – determined with the Scheibler-

device – from the total C.

Piezometers were placed at each of sampling

locations 1–9, with filters (length: 30 cm) at

depths of 0.5, 2 and – when possible – 4 and

6 m below the mire surface. Between June 1 and

August 25, 2002, eight sampling campaigns were

carried out to measure piezometric heads and

surficial mire water levels and to collect water

samples. Piezometric heads and surficial mire

water levels were measured relative to the mire

surface and related to each other with the

elevation data of the levelling survey. Water

samples were taken from the piezometers, from

the surficial mire water at all sampling locations

and from the Ob River, using a hand pump

connected to a polyethylene Erlenmeyer. Piez-

ometers were emptied and allowed to refill with

fresh groundwater once before sampling. Water

samples were collected in polyethylene bottles

(50 ml) that were filled to the brim to limit

aeration. Electrical conductivity (EC) and pH

were measured in the field using WTW-LF91 with

an Ag/AgCl-electrode and WTW-pH96, respec-

tively. HCO3 concentrations were determined

within 24 h after sampling by acidimetric titration

to pH 4.3 (Aquamerck Alkalinity field set;

Merck, Germany). Samples were conserved by

acidification to pH 1 and stored for a maximum of

15 weeks before being analysed for Ca, Fe, K,

Mg, Mn, Na, Si and SO4 concentrations using the

ICP technique and for concentrations of Cl, NH4,

NO3 and PO4 using the AA. Net precipitation in

the study area was estimated by measuring water

level changes in open-water pans (diameter:

12 cm). Saturated hydraulic conductivity of the

peat was determined by slug tests following

Hvorslev (1951; in Domenico and Schwarz 1998).

Data processing

Plant communities were classified by ordination

of the relevés into non-hierarchical species

groups based on resemblances and dissimilarities

in floristic composition and dominance of spe-

cies (Koska et al. 2001); these were then named

on the basis of two or three characteristic

species. Nutrient limitation was determined by

calculating N:P, N:K and K:P ratios in the

above-ground biomass of vascular plants (Olde

Venterink et al. 2003). Peat and water chemical

data of locations characterized by the same

floristic vegetation type were combined, and

mean values were calculated.

Surficial mire water level measurements and

piezometric heads were used to reveal water flow
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directions in the mire. To determine the water

balance of the mire, we constructed a two-

dimensional steady-state numerical groundwater

model (cell size: 20 m) with the MODFLOW

code (Harbaugh et al. 2000). The groundwater

body in the terrace plateau was simulated as a

constant head boundary at a distance of 700 m

from the scarp using estimates of the phreatic

water level in a small pond in the plateau to

determine the head level. At the eastern model

border, the Sargatka River was simulated by

applying a constant head of 89.2 m a.s.l. in

accordance with the water level recorded during

the surface levelling measurements. Precipitation

data from a nearby climate station (hydrological

year 2001–2002) and evapotranspiration rates

calculated according to the Penman-Monteith

model were used to determine net precipitation

input. The model includes a sand layer

(Kh = 25 m d–1; Kv = 10 m d–1) overlain by a

clay-loam layer (Kh = Kv = 0.1 m d–1), a peat

layer (Kh = 2 m d–1; Kv = 1 m d–1), a root zone

layer (Kh = 100 m d–1; Kv = 50 m d–1) and, on

top, an air layer with high conductivity

(Kh = Kv = 50,000 m d–1). For the terrace pla-

teau, conductivity values of Kh = 10 m d–1 and

Kv = 5 m d–1 were assumed. The model was

calibrated on piezometric heads and surficial mire

water levels. Based on the model calibration, the

hydraulic conductivity of the peat layer was set

slightly higher than the value measured in the

field (i.e. K = 0.695 (±0.96) m d–1; n = 6).

Reliability of the hydrochemical data was

tested by charge balance calculations. Devia-

tions from electro-neutrality were within 10%

for 92% of the water samples, indicating that

the reliability of the data is sufficient to explore

differences between main water types (cf. Schot

and Van der Wal 1992). Water types were

distinguished by agglomerative hierarchical clus-

tering of the water samples using the between-

groups linkage method as clustering algorithm

with the Euclidian distance as measure for

similarity (SPSS ver. 14.0; SPSS, Chicago, Ill.).

Since pH was measured less frequently than the

other hydrochemical variables, this variable was

discarded. Clustering is thus based on Ca, Cl,

EC, Fe, HCO3, K, Mg, Mn, Na, NH4, NO3,

PO4, Si and SO4.

Results

Peat stratigraphy

The cores revealed that the peat body (thickness:

3.5–7.5 m) is underlain by a gyttja (thickness:

0.5–3.0 m) over an undulating layer of silt and

clay (Fig. 2). In the western part of the transect

(0–1500 m from the scarp) loose, calcareous and

slightly decomposed brownmoss peats predomi-

nantly formed of Drepanocladus aduncus prevail.

These brownmoss peats alternate with radicel

peat – i.e. peat predominantly formed of sedge

rootlets. Silt deposits with a thickness of up to

1.5 m and thin silt layers intersecting the peat

were found near the scarp. In the eastern part of

the transect (1500–2800 m from the scarp),

brownmoss peats are nearly absent and radicel

peats with some wood remains predominate.

Wood peats were exclusively found at depths of

0.5–1.5 m in a narrow belt of approximately

250 m adjacent to the river. Radicel peats with

living roots and rhizomes form the uppermost

part of the peat layer, also at the peat ridges in the

central part of the mire. Small amounts of silt and

clay were found in the peat in the proximity of the

river.

Vegetation characteristics and peat chemistry

Eight vegetation communities were distinguished

(Table 1). The species-poor community – denoted

community A (the Phragmites australis-Angelica

archangelica community) – dominated by P. aus-

tralis lacks many species common to all other

vegetation communities. It is located close to the

terrace scarp. Community B (the Betula pubes-

cens-Menyanthes trifoliata-Parnassia palustris

community) has a well-developed B. pubescens

layer similar to communities F, G and H, but the

former is distinguished from the latter by the

presence of P. australis and Parnassia palustris.

Communities C, D and E consist of open vegeta-

tion with abundant sedges (e.g. Carex lasiocarpa,

C. rostrata), Menyanthes trifoliata and a closed-

cover brownmoss layer (mainly Drepanocladus

aduncus). Communities C and E also contain

dwarf shrubs (e.g.Betula humilis). In addition,

community C (Carex lasiocarpa-Betula humilis
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community) contains Salix rosmarinifolia,

whereas in community E (Carex appropinquata-

Typha latifolia community) T. latifolia occurs at a

high constancy. Community D (Carex lasiocarpa-

Parnassia palustris community) contains some

Pinus sylvestris. The communities in the eastern

part of the study site (communities F, G and H)

have a well-developed tree layer (Betula pubes-

cens, Pinus sylvestris). Community F (Betula

pubescens-Menyanthes trifoliata-Pinus sylvestris

community) is distinguished by the absence of

Carex lasiocarpa. Whereas Pinus sylvestris and

Menyanthes trifoliata are common in communities

F and G (Pinus sylvestris-Carex appropinquata-

Calamagrostis stricta community), they do not

occur with high abundance in community H

(Betula pubescens-Salix pentandra community).

Species richness is highest in communities B, F

and G. Community B combines a high number of

species with a low productivity, while communi-

ties C, D and E show predominantly P-limitation

(Table 1). The peat chemical data (Table 1)

reveal that the pH is slightly higher near the

scarp (communities A and B) and in the open

sedge communities (communities C, D and E)

than in the forested communities (communities F,

G and H). The carbonate content of the peat is

also high near the scarp, decreasing from 19.1

(community B) to 1.0% near the river (commu-

nity H). The Corg/N ratio is lowest near the scarp

(13.6), varies between 20.2 and 21.0 in the open

sedge vegetation and is highest close to the

riverbank (26.8 in community H).

Hydrology and hydrochemistry

High surficial mire water levels were observed in

May, probably as a result of snow melt during the

spring. Water levels declined during the summer

but remained on average above the mire surface

(Table 2). Water level fluctuations observed dur-

ing the summer could be related to precipitation

events (Fig. 3). The MODFLOW simulations

indicate that precipitation is, however, a minor

component in the water balance of the mire, as

the amount of net precipitation is a factor of 3

smaller than the amount of groundwater supply.

MODFLOW results show that the influx of

groundwater from the upland is most manifest

near the terrace scarp and decreases gradually in

the eastward direction (Fig. 4a). The simulations

revealed two zones where net groundwater fluxes

are directed downward (Fig. 4a) – i.e. in the

central part of the mire at sampling locations 5

and 6 and in a zone bordering the Sargatka River

(location 9). For sampling locations 3 and 4,

model simulations yielded a net water flux of

approximately 0 (Fig. 4a). The model results are

in good agreement with the field observations, as

the equipotential lines also indicate upward

groundwater flow close to the scarp, infiltration

at sampling locations 5 and 9 and stagnation of

groundwater flow at sampling locations 3 and 4,

where a local minimum in hydraulic heads is

found (Fig. 4b).

Analysis of the water samples revealed that

spatial patterns in water composition were more

Fig. 2 Stratigraphy of the
Ob mire transect
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é

s
5

1
4

1
8

1
6

1
0

1
0

1
8

1
4

B
io

m
a

ss
p

ro
d

u
ct

io
n

(g
m

–
2
)

7
1

8
±

1
8

0
(3

)
3

2
2

±
7

9
(6

)
3

6
1

±
1

4
6

(4
)

4
0

2
±

7
1

(8
)

5
3

0
±

2
1

1
(3

)
n

o
d

a
ta

n
o

d
a

ta
n

o
d

a
ta

N
u

tr
ie

n
t

li
m

it
a

ti
o

n
:

%
P

-l
im

it
e

d
3

3
(3

)
0

(6
)

7
5

(4
)

5
0

(8
)

6
7

(3
)

n
o

d
a

ta
n

o
d

a
ta

n
o

d
a

ta

S
p

e
ci

e
sc

P
h

ra
g

m
it

es
a

u
st

ra
li

s
V

/4
II

I/
2

a
–

–
–

–
I/

1
–

A
n

g
el

ic
a

a
rc

h
a

n
g

el
ic

a
V

/2
b

–
–

–
–

–
–

–
C

a
re

x
la

si
o

ca
rp

a
–

V
/2

a
V

/2
a

V
/2

a
II

I/
2

a
I/

+
II

I/
1

II
/1

C
a

re
x

ro
st

ra
ta

II
/+

IV
/1

IV
/2

a
V

/2
b

V
/2

a
V

/2
b

II
/+

–
M

en
y

a
n

th
es

tr
if

o
li

a
ta

–
V

/3
V

/2
a

V
/3

IV
/2

b
V

/2
a

V
/2

b
–

B
et

u
la

p
u

b
es

ce
n

s
–

V
/2

a
II

I/
1

II
/+

I/
+

IV
/2

a
V

/2
a

V
/2

a
B

et
u

la
h

u
m

il
is

–
II

I/
+

V
/2

b
II

I/
1

II
I/

2
a

V
/2

a
IV

/1
–

D
re

p
a

n
o

cl
a

d
u

s
a

d
u

n
cu

s
I/

+
II

/1
IV

/2
a

II
I/

1
V

/2
a

II
/1

II
/1

II
/+

P
a

rn
a

ss
ia

p
a

lu
st

ri
s

–
IV

/+
IV

/+
II

I/
+

II
/+

II
I/

+
II

/+
–

T
y

p
h

a
la

ti
fo

li
a

–
–

–
–

V
/3

–
–

–
P

in
u

s
sy

lv
es

tr
is

–
–

–
I/

+
–

V
/2

b
V

/2
b

II
I/

+
C

a
re

x
ce

sp
it

o
sa

V
/2

b
I/

+
–

–
–

IV
/2

a
IV

/2
a

II
I/

2
a

S
a

li
x

ro
sm

a
ri

n
if

o
li

a
–

–
IV

/1
–

II
/+

IV
/2

a
IV

/2
a

V
/2

b
P

e
a

t
ch

e
m

is
tr

y
d

p
H

7
.2

±
0

.1
3

(5
)

7
.2

±
0

.2
1

(1
4

)
7

.0
±

0
.1

5
(1

8
)

6
.8

±
0

.2
7

(1
8

)
7

.0
±

0
.1

4
(1

0
)

6
.5

±
0

.2
3

(1
4

)
6

.8
±

0
.2

3
(1

8
)

6
.7

±
0

.1
5

(1
4

)
C

a
C

O
3

co
n

te
n

t
(%

)
4

.7
±

5
.5

2
(5

)
1

9
.1

±
1

0
.8

0
(1

4
)

8
.4

±
5

.3
5

(1
8

)
3

.0
±

3
.0

0
(1

8
)

3
.4

±
2

.7
4

(1
0

)
0

.4
±

0
.4

2
(1

4
)

0
.8

±
1

.1
8

(1
8

)
1

.0
±

2
.2

5
(1

4
)

C
o

rg
/N

ra
ti

o
1

3
.6

±
0

.8
3

(5
)

1
8

.5
±

2
.3

8
(1

4
)

2
0

.3
±

2
.2

5
(1

8
)

2
0

.2
±

3
.9

2
(1

8
)

2
1

.6
±

3
.7

4
(1

0
)

1
9

.2
±

2
.5

8
(1

4
)

2
1

±
4

.3
4

(1
8

)
2

6
.8

±
5

.3
5

(1
4

)

Plant Ecol

123



T
a

b
le

1
co

n
ti

n
u

e
d

G
e

n
e

ra
la

Z
o

n
a

ti
o

n
M

a
rg

in
a

l
m

ir
e

O
p

e
n

m
ir

e
F

o
re

st
e

d
m

ir
e

S
a

m
p

li
n

g
lo

ca
ti

o
n

0
1

2
3

4
5

6
7

8
9

D
is

ta
n

ce
fr

o
m

sc
a

rp
(m

)
0

1
0

0
4

4
0

9
4

0
9

6
0

1
2

2
0

1
6

1
0

2
0

4
0

2
4

9
0

2
8

5
0

S
u

rfi
ci

a
l

m
ir

e
w

a
te

r
ch

e
m

is
tr

y
e

H
C

O
3

(m
g

l–
1
)

4
8

0
±

4
9

(3
)

4
1

1
±

5
1

(1
5

)
3

8
0

±
6

2
(1

8
)

3
7

4
±

6
9

(1
5

)
3

6
4

±
5

0
(1

0
)

3
8

5
±

7
7

(8
)

4
5

7
±

8
0

(1
6

)
4

4
9

±
8

6
(6

)
C

a
(m

g
l–

1
)

1
1

3
.0

±
1

1
.9

(3
)

9
7

.6
±

1
3

.4
(1

5
)

8
2

.3
±

9
.0

(1
8

)
7

8
.8

±
9

.0
(1

5
)

7
6

.2
±

9
.6

(1
0

)
8

8
.2

±
5

.6
(8

)
1

0
5

.0
±

9
.9

(1
7

)
1

0
3

.0
±

9
.3

(6
)

F
e

(m
g

l–
1
)

1
2

.4
0

±
1

5
.8

0
(3

)
2

.6
6

±
2

.0
6

(1
5

)
4

.5
8

±
2

.6
4

(1
7

)
5

.1
8

±
3

.5
8

(1
5

)
1

0
.0

0
±

1
2

.6
0

(1
0

)
1

1
.5

0
±

6
.0

9
(8

)
6

.6
9

±
4

.2
8

(1
7

)
2

.2
8

±
0

.9
7

(6
)

P
O

4
(m

g
l–

1
)

3
.7

8
±

4
.1

0
(3

)
1

.3
1

±
0

.8
9

(1
5

)
2

.4
4

±
1

.3
6

(1
7

)
2

.3
1

±
1

.3
4

(1
5

)
2

.9
4

±
3

.0
2

(1
0

)
1

.2
8

±
0

.8
0

(8
)

0
.9

3
±

0
.5

2
(1

7
)

0
.6

7
±

0
.2

7
(6

)

a
M

e
a

n
v

a
lu

e
s

±
st

a
n

d
a

rd
d

e
v

ia
ti

o
n

a
re

g
iv

e
n

.
N

u
m

b
e

rs
in

p
a

re
n

th
e

si
s

in
d

ic
a

te
th

e
n

u
m

b
e

r
o

f
sa

m
p

le
s

b
M

e
a

n
to

ta
l

n
u

m
b

e
r

o
f

sp
e

ci
e

s
a

n
d

m
e

a
n

n
u

m
b

e
r

o
f

v
a

sc
u

la
r

p
la

n
ts

w
e

re
b

a
se

d
o

n
re

le
v

é
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distinct than temporal fluctuations. Cluster

analysis resulted in the distinction of three

water types (Table 3). One type comprises

exclusively samples from the Ob River; the

two other types comprise exclusively mire water

samples. The Ob River is characterized by low

concentrations of solutes and a relatively high

pH. The mire water types 1 and 2 are charac-

terized by a typical groundwater composition,

with high concentrations of HCO3 and Ca. In

comparison to type 1, type 2 contains higher

amounts of HCO3, Cl, Na and Si. This type is

found exclusively at sampling locations 3, 4 and

5 (Fig. 4c).

a)

b)

c)

Fig. 4 Hydrology and hydrochemistry of the Ob mire
transect. a Positive values represent an upward flux, b
equipotential lines are based on hydraulic heads averaged

for the period June 1–October 29, 2002 (see Table 2), c for
chemistry of the water types, see Table 3

Fig. 3 Net precipitation (mm d–1) and levels of surficial
mire water (cm). Water levels are averaged for all
sampling locations and related to the levels measured on
August 25th 2002

Plant Ecol

123



Discussion

Palaeo-ecology and palaeo-hydrology

Macrofossil analysis and peat stratigraphy (Fig. 2)

indicate that mire development started with the

deposition of silt and gyttja in a sub-neutral,

carbonate-rich lake. The lake rapidly terrestrial-

ized and changed into a wet, sedge-dominated

mire. Brownmoss peats in the western part of the

mire, which contain remains of Drepanocladus

aduncus, indicate a dominant influence of dis-

charging groundwater (cf. Michaelis and Joosten

2002) and constantly wet conditions (Slobodda

1979). The influence of groundwater is also

demonstrated by the presence of carbonate in

the peat throughout the mire. Silt layers between

peat layers close to the scarp (Fig. 2) indicate

periodical influxes from upland soil material,

probably transported by overland flow and sub-

sequently buried by new layers of peat. River

flooding has led to the deposition of some of silt

and clay in the peat in a zone bordering the river.

However, the amounts of clastic material are

rather small, probably due to the small sediment

load of the river.

In general, plant macrofossils and peat stratig-

raphy compare well with the present vegetation

composition, indicating long-term stable site con-

ditions during peat formation. Peat deposits in the

western part of the mire consist mainly of

brownmoss peats, whereas radicel peats prevail

in the eastern part of the mire. The peat under-

lying the forested eastern part of the study site,

however, almost lacks wood peat, indicating that

the establishment of a closed forest is a recent

phenomenon.

Relations between hydrology, chemistry

and vegetation

The chemical and vegetation characteristics of the

study site can largely be explained by hydrolog-

ical processes. Despite a large flux of discharging

groundwater close to the terrace scarp, the steep

slope of the ‘‘marginal mire zone’’ leads to

relatively dry conditions (Table 2). This results

in higher mineralization rates and more eutrophic

conditions (Grootjans et al. 1985), as illustrated

by the Corg/N ratios at sampling locations 0 and 1

being slightly lower than those at the other

locations (Table 1). The eutrophic and relatively

Table 3 Chemical characteristicsa of water types

Chemical characteristics Water types

1 2 Ob River

EC (lS cm–1) 660 ± 84 901 ± 71 232 ± 78
pH 7.0 ± 0.4 6.9 ± 0.3 8.1 ± 0.9
HCO3 (mg l–1) 450.3 ± 75.6 580.9 ± 94.6 131.2 ± 10.6
Ca (mg l–1) 96.74 ± 15.43 105.96 ± 11.62 26.71 ± 2.55
Cl (mg l–1) 1.12 ± 0.97 5.90 ± 2.33 2.37 ± 0.59
Fe (mg l–1) 5.50 ± 4.93 4.03 ± 4.02 0.36 ± 0.27
K (mg l–1) 1.44 ± 1.05 1.70 ± 0.59 1.24 ± 0.28
Mg (mg l–1) 19.54 ± 3.87 20.07 ± 2.19 4.61 ± 0.65
Mn (mg l–1) 0.78 ± 0.56 0.45 ± 0.18 0.04 ± 0.01
Na (mg l–1) 8.45 ± 3.76 45.05 ± 20.24 4.76 ± 1.02
NH4 (mg l–1) 1.09 ± 1.46 1.79 ± 1.21 0.26 ± 0.14
NO3 (mg l–1) 1.06 ± 0.51 0.91 ± 0.70 1.77 ± 0.17
PO4 (mg l–1) 0.80 ± 1.00 0.63 ± 0.79 0.18 ± 0.04
Si (mg l–1) 9.76 ± 2.76 15.18 ± 2.97 2.64 ± 0.43
SO4 (mg l–1) 0.02 ± 0.07 0.00 ± 0.02 6.82 ± 0.77

a Measurements are presented as mean values ± standard deviation. Values are derived from water samples collected in the
period June 1–August 25, 2002. EC, pH and HCO3 were determined in the field using WTW-LF91, WTW-pH96 and an
Aquamerck Alkalinity field set, respectively. Concentrations of Ca, Fe, K, Mg, Mn, Na, Si and SO4 were determined using
the ICP method; Cl, NH4, NO3 and PO4 were determined by using an AA. Number of observations for water types 1, 2 and
Ob Riveris 150, 49 and 4, respectively, except for pH (94, 31 and 3, respectively)
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dry conditions give rise to the development of

highly productive, species-poor vegetation domi-

nated by Phragmites australis at sampling location

0 and to a high abundance of Betula pubescens at

sampling location 1.

In the ‘‘open mire zone’’, permanent inunda-

tion of the mire surface (Table 2) facilitates the

presence of sedges and Menyanthes trifoliata and

prevents the establishment of trees and shrubs, as

the latter require (at least periodically) water

levels below the surface (Moore and Bellamy

1974; Wassen et al. 1992). The high water levels

can be ascribed to a large groundwater flux

combined with a gentle slope of the mire surface

and obstruction of surficial mire water flow by the

peat ridges, which run parallel to the Ob River

between locations 5 and 6. The obstruction and

stagnation of water flow are illustrated by the

high iron concentrations of the surficial mire

water at locations 5 and 6 (Table 1) as a result of

Fe2+ oxidation and the precipitation of iron

compounds. Flow stagnation may also be an

explanation for the presence of a distinct mire

water type at locations 3–5 (Fig. 4c), as the high

concentrations of HCO3, Cl, Na and Si might

result from evaporation of the stagnating water.

In previous research, an average concentration

factor of 6.1 has been calculated for open water

evaporation (Schot and Van der Wal 1992; Schot

and Wassen 1993), which agrees well with the

differences in Na and Cl concentrations between

the mire water types 1 and 2. Water type 2 was

not found at the mire surface, indicating dilution

by rainwater. As a consequence of the diminish-

ing groundwater discharge flux with increasing

distance from the scarp (Fig. 4a), the influence of

rainwater increases in the eastward direction, as is

illustrated by the HCO3 and Ca concentrations in

the surficial mire water slightly decreasing from

sampling location 2 to location 5 (Table 1). This

is, however, not reflected in changing vegetation

characteristics.

In the ‘‘forested mire zone’’, the steeper slope

of the mire surface and the proximity of the

Sargatka River cause draining conditions. This is

indicated by the equipotential lines, which reveal

a predominantly eastward groundwater flow

direction in this part of the mire (Fig. 4b), and

illustrated by a surficial mire water flow velocity

of approximately 0.013 m d–1 in the direction of

the Sargatka River (incidental measurement with

coloured tracer; June 2002). The draining condi-

tions prevent constant inundation of the mire

surface at sampling locations 6, 7 and 8, illustrated

by the lower levels of surficial mire water

(Table 2), and enable trees and shrubs to estab-

lish in this zone. Lower PO4 concentrations in the

surficial mire water of locations 7, 8 and 9

(Table 1) may indicate P-fixation by Ca- and

Fe-complexes at more aerobic conditions (Boyer

and Wheeler 1989). Due to aeration and root

respiration, the surficial mire water becomes

enriched in CO2, resulting in the formation of

carbonic acid (Schot and Wassen 1993). This may

cause dissolution of calcium carbonate in the

underlying peat, which is illustrated by the pH

and CaCO3 content of the peat being lower in the

‘‘forested mire zone’’ than in the ‘‘open mire

zone’’. The enrichment in HCO3 and Ca in the

surficial mire water at sampling locations 7, 8 and

9 (Table 1) could result from the same process.

Differences in peat and surficial mire water

chemistry are, however, small and not reflected

in vegetation characteristics.

Comparison with Biebrza mires

In the mires in the Biebrza River valley

(Poland; 53�30¢–53�75¢N, 22�30¢–23�60¢E), a gra-

dient in surficial mire water chemistry is

observed from the valley edge to the river,

from a groundwater type via a rainwater type to

a river water type (Wassen et al. 1992). This

gradient in water chemistry corresponds to a

distinct vegetation zonation with respectively

rich fen dominated by sedges and brownmosses,

transitional fen with Sphagnum spp., Betula spp.

and other species indicating acid nutrient-poor

conditions and, finally, a high-productive, spe-

cies-poor vegetation of tall growing sedges and

grasses in a zone that is inundated by river

water in spring (Wassen et al. 1992, 2002a).

Contrastingly, in the major part of the Ob mire

a ‘‘groundwater-like’’ mire water composition is

observed (Fig. 4c, Table 3). The mire lacks both

a fen fed by river water and a transitional fen,

where the influence of rainwater is reflected in

vegetation characteristics.
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The absence of a distinct river-flood zone in the

Ob mire, despite apparent flooding in former

years, might be explained by river characteristics

(infrequent and/or short lasting floods) or limited

infiltration of river water during flood events due

to saturation of the peat with groundwater and

melt water. Furthermore, pH and nutrient con-

centrations do not differ greatly between the

water of the Ob River and that of the mire

(Table 3), so even if prolonged infiltration of river

water would occur, this would not necessarily

result in changes in vegetation composition. The

absence of significant rainwater lenses and corre-

sponding transitional fen vegetation in the Ob

mire – despite net precipitation amounts compa-

rable to those of the Biebrza area – can be

ascribed to the larger amount of groundwater

discharging into the mire. In the Biebrza mires,

the groundwater flux is generally less than

0.001 m d–1 at the valley edge (Mioduszewki

and Querner 2002), whereas our groundwater

modelling results indicate a much larger ground-

water flux to the Ob mire (Fig. 4a). This can be

attributed to differences in catchment properties,

such as the size of the connected groundwater

recharge area, relief and the position of aquifers

and aquitards. Peat stratigraphy data of the

Biebrza mires, however, indicate that rainwater

lenses and transitional fen vegetation have

evolved only recently, as Sphagnum peat occurs

merely locally and with a thickness of up to 20 cm

only (Wassen and Joosten 1996). Radicel and

brownmoss peats also prevail in the Biebrza

mires, indicating that conditions during peat

formation were similar in both areas. The recent

evolvement of rainwater lenses in the Biebrza

mires might be associated with anthropogenic

influences (Wassen and Joosten 1996), including

deepening of the riverbed, upstream dam con-

struction, and increased groundwater extraction.

An alternative explanation could be the degree of

human use. The uppermost part of the peat in the

Biebrza mires is more compact than the loosely

structured peat in the Ob mire, possibly as a result

of almost 1000 years of low intensity exploitation

of the former, such as mowing and grazing (cf. De

Klerk et al. submitted). More compact, less per-

meable peat facilitates the formation of rainwater

lenses (Schot et al. 2004) and leads to stronger

water level fluctuations. As long as hay making

and grazing were practised in the Biebrza mires,

the formation of rainwater lenses was probably

prevented as tread regularly brought the surface

in contact with buffering groundwater (cf. Segal

1966; Pałczyński 1985), which is close to the

surface, especially in summer (Wassen and Joos-

ten 1996). Furthermore, the regular biomass

removal prevented the establishment of trees

and shrubs that would result from the stronger

fluctuating water levels. After the cessation of

mowing (Pałczyński 1985; Okruszko 1990), the

formation of rainwater lenses and massive tree

and shrub encroachment took place in the natu-

rally open Biebrza mires, possibly as a result of

this compacted peat surface, even in areas where

the hydrological conditions were unchanged (Jo-

osten and Clarke 2002).

In summary, substantial differences in both

vegetation characteristics and the intensity and

spatial pattern of eco-hydrological processes are

present between the Ob mire and the near-natural

mires along the Biebrza River. Differences in the

origin and ratios of water fluxes as well as the

dissimilar land use history seem to be key factors

for explaining these differences observed.
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