
3Morphology of peatland lakesLimnological Review (2010) 10, 1: 3-14
DOI 10.2478/v10194-011-0001-9

Introduction

Almost all lakes in Poland are postglacial in ori-
gin. In Pomerania (NW Poland), lake basins formed 
in the period of Pleistocene glaciation due to the de-
velopment of ground and terminal moraines and as a 
result of the effect of runoff waters flowing from the 
melting continental ice-sheet. At that time, lakes un-
derwent numerous transformations, mainly due to the 
increased accumulation of the mineral matter carried 
by snow-melt waters. The size and shape of the lake 
basins depend on the processes that derive in their 
formation. The elongated and deep basins of ribbon 
lakes were produced as the substratum was eroded by 
waters flowing under the ice-sheet, whereas the shal-
low and oval basins of thaw lakes formed as a result of 
the slow melting ice blocks covered with postglacial 
deposits. After the climate warmed, and as a result of 
vegetation development, organic matter began to play 
an increasingly important role in the shaping of lake 
basins. In geologically young water bodies, especially 
the sedimentation matter was of importance. As lake 
basins became shallower, sedentation began to play an 
increasingly more important role in the sedimenta-
tion processes (Tobolski 2000). 
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The morphometric features of lake basins have 
a decisive effect on the functioning of an entire eco-
system (Hutchinson 1957; Kajak 1998). They influence 
the way water mixes and determine the waters physical 
(optical and thermal qualities) and chemical (content 
of gases, mineral and organic substances) properties 
in individual layers (epi-, meta- and hypolimnion), as 
well as regulate the development occurrence of plants 
and animals at the same time (Hutchinson 1957). 

Almost half of Polish lakes are situated in the 
Pomerania region (48%; Choiński 2006). A considerable 
fraction of these water bodies comprises small and shal-
low softwater lakes. They are located on acid and poor 
soils occupied by pine forests and beech woods. Low 
water and sediment pH as well as low content of min-
eral substances in the substratum are typical of the envi-
ronmental conditions in these water bodies. Submerged 
vegetation is sparse: isoetids dominate in the shallow 
littoral (Szmeja et al. 1997); deeper bryophytes, mainly 
peatmosses (Gos et al. 1998; Banaś and Gos 1998; Gos 
and Banaś 1999). The ombrogenous bog is one of the fi-
nal transformations of such an ecosystem. In the Pomer-
ania region more than half of all the peatlands originated 
in this way; which is proved, by the presence of gyttja in 
the substrata of lake basins (Tobolski 2000). 
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The initial overgrowth phases of acid lakes are 
connected with the development of poor fen commu-
nities on their margins. Over time, the communities 
resemble a typical raised bog and consist mainly of 
peat mosses. Due to the presence of other wetland 
plants which can grow in the depths, a peatmoss mat, 
which floats on the surface and is a characteristic ele-
ment of peatland lake vegetation, is formed. Then the 
lake basin is in large measure filled with peat. In peat-
lands, water bodies generally have a central location 
and are characterized by very low overgrowth dynam-
ics (Kowalewski and Tobolski 1997; Timmermann 
1998; Kowalewski 2003; Kowalewski and Milecka 
2003).

In lake-mire complexes, environmental con-
ditions (Shotyk 1988) and peatland vegetation are 
rather accurately described; however, there are indi-
vidual data on the morphometry of such water bodies 
(Turczyński et al. 2009) or their submerged vegetation 
(Banaś and Gos 2008). The aim of this work is to de-
termine the morphometry and the main factors dif-
ferentiating peatland lakes in NW Poland. 

Methods

The study was conducted from 2004 to 2006 in 
the Pomeranian Lakeland (NW Poland) in 10 peat-

land lakes (Fig. 1), that is ones surrounded by a belt of 
poor fens and/or raised bogs. In order to determine 
the effect of peatlands on a lake, modified Ohle (CO) 
and Schindler (CS) coefficients, where peatland area 
was used instead of catchment area, were calculated. 
The length (l) and maximum breadth (b) of lakes, as 
well as their surface area (AL) and peatland area (AP), 
were measured on the basis of a map with a scale of 
1:10,000, while the maximum depth (zmax) was deter-
mined using a NEXUS DEPTH echo sounder. Lake 
elongation (W) was calculated from the formula W=l/b, 
and shoreline development (DL) as L/2√(πP), where L 
stands for shoreline length [m] (Wetzel 2001). What is 
more, mean depth (z), relative depth (zr=50zmax√π/√A), 
depth coefficient (Cz), mean breadth (b=AL/l), level of 
basin concavity (E=(3z.–zmax)/zmax·100%), bottom area 
(AB), mean basin slope inclination (N) and lake volume 
(V=h/3·[A1+A2+√A1A2]) were calculated according to 
formulas suggested by Lange (1993). No bathymetric 
charts were drawn for the studied lakes. The data neces-
sary for the calculations above were obtained from field 
measurements which consisted in the determination of 
changes in bottom shape along the depth gradient. On 
account of vertical peat walls and numerous hollows 
in them, a scuba diver carried out the measurements, 
recording the distance from a vertically anchored tape 
to lake bottom every 0.5 m (1 m) of depth. 

Fig. 1. Location of lakes: 1 – Małe Łowne, 2 – Zahebowe, 3 – Rybie Oko, 4 – Kocioł, 5 – Męcikał, 6 – nameless lake near Szemud, 7 – 
Żurawie Chrusty, 8 – Kumki Małe, 9 – nameless lake near Leniwe, 10 – Dury Południowe
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The statistical analysis consisted in the calcula-
tion of the arithmetic mean (x), standard deviation 
(s.d.), as well as range (min.-max.) and median (Me) 
of features (Hays 1988). Principal Components Analy-
sis (PCA) was performed in the program CANOCO 
4.5 (ter Braak and Smilauer 1998). The lakes were 
grouped by means of Ward’s method using the urban 
distance (Manhattan) in the program Statistica 7.1. 

Results

Morphology of lake basins
Peatland lake area is small (0.96 ±1.07 ha; 

Me=0.48), does not exceed 3 ha and is smaller than 
0.3 ha in the case of half of the water bodies (Table 
1). The peatland area is usually larger than that of a 
lake (1.87 ±1.15 ha; Me=1.44) and peatlands with very 
small water bodies have the biggest area (Fig. 2). The 
ratio between peatland area and lake area is described 
by Ohle coefficient. Its highest values were recorded 
in the smallest lakes (Table 1). It is worth mention-
ing that these values change within a very wide range 
(0.3-30.8). On the other hand, Schindler coefficient 

is less variable, but also in its case the highest values 
were noted for the same smallest lakes, which proves 
that they are highly susceptible to influences from 
peatlands. 

Lake length varies from 36 m to 274 m, and the 
maximum breadth from 28 m to 165 m. The mean 
breadth is only a little narrower than the maximum (61 
±35 m and 78 ±46 m, respectively). Lake elongation is 
small (1.53 ±0.41; Me=1.4), and only in the case of two 
water bodies slightly exceeds 2.0. The mean shoreline 
length is 334 ±215 m; Me=260, and the coefficient of its 
development slightly exceeds 1.09 ±0.07, which shows 
that the shape of most of these lakes is close to circular. 

Peatland lakes are not very deep (7.8 ±3.9; 
Me=6.8), but water bodies which are a dozen or so 
metres deep also occur among them (Table 1). The 
mean depth is difficult to measure even if the ratio be-
tween lake volume and water table suggested by Lange 
(1993) is found. It may happen that the mean depth (z) 
obtained in the above-mentioned way is greater than 
the maximum depth (zmax), but in fact it is only very 
close to the maximum (Table 1). This results from an 
untypical bottom shape of peatland lakes in relation 

Table 1. Features and morphometric coefficients of lake basins: AL – lake area; AP – peatland area; CO – modified Ohle coefficient; CS – 
Schindler factor; W – lake elongation; l – maximum length; bmax – maximum breadth; b – mean breadth; L – shore line; DL – shoreline 
development; zmax – maximum depth; z – mean depth; zr – relative depth; Cz – depth coefficient; V – volume; E – level of basin concavity; 
AB – bottom area; N – mean basin slope inclination.

Nr AL
[ha]

AP
[ha] CO CS W l

[m]
bmax
[m]

b
[m]

L
[m] DL

zmax
[m]

z
[m]

zr
[m] Cz V

[m3]
E

[%]
AB

[m2] N

1 2.917 3.620 1.241 0.493 2.07 274 133 107 741.8 1.23 6.0 4.5 0.035 0.757 132519 127.1 29317.2 0.062

2 0.298 0.661 2.222 0.824 2.34 88 37 34 225.4 1.17 4.0 3.9 0.073 0.977 11633 193.1 3081.4 0.130

3 0.281 1.425 5.068 1.291 1.71 84 49 34 215.2 1.14 6.0 4.7 0.113 0.784 13219 135.1 2972.2 0.201

4 2.797 0.910 0. 325 0.288 1.42 235 165 119 647.5 1.09 7.5 4.6 0.045 0.614 128889 84.3 28111.4 0.079

5 0.171 3.120 18.219 5.732 1.39 56 41 30 168.0 1.15 4.0 3.4 0.097 0.838 5743 151.5 1791.5 0.171

6 0.167 0.596 3.577 0.853 1.09 47 43 35 145.5 1.01 7.8 5.4 0.191 0.688 8949 106.5 1870.8 0.339

7 0.665 3.200 4.813 0.350 1.09 92 85 72 295.1 1.02 16.0 16.6 0.196 1.039 110567 211.8 8118.7 0.348

8 1.279 1.088 0.851 0.183 1.61 163 101 78 430.3 1.07 10.5 10.1 0.093 0.963 129222 188.8 13444.4 0.165

9 0.084 2.593 30.772 2.290 1.27 36 28 23 106.6 1.04 11.7 13.9 0.403 1.186 11690 255.7 1191.8 0.714

10 0.985 1.456 1.478 0.781 1.31 123 94 80 362.7 1.03 4.0 3.2 0.040 0.793 31267 138.0 9924.3 0.071

Mean 0.964 1.867 6.857 1.308 1.53 120 78 61 333.8 1.09 7.8 7.0 0.129 0.864 58370 159.2 9982.4 0.228
SD 1.070 1.150 9.887 1.671 0.41 80 46 35 215.2 0.07 3.9 4.8 0.112 0.174 58275 52.3 10671.3 0.199

Median 0.481 1.441 2.899 0.803 1.40 90 67 54 260.2 1.08 6.8 4.7 0.095 0.816 22243 144.7 5600.0 0.168
Min. 0.084 0.596 0.325 0.183 1.09 36 28 23 106.6 1.01 4.0 3.2 0.035 0.614 5743 84.3 1191.8 0.062
Max. 2.917 3.620 30.772 5.732 2.34 274 165 119 741.8 1.23 16.0 16.6 0.403 1.186 132519 255.7 29317.2 0.714
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to basins of lakes not located in peatlands. Above all, 
this concerns the presence of water ‘pockets’ not only 
under the floating mat moving onto the surface of the 
water body, but mainly under the katotelm, where a 
considerable amount of water is trapped (Fig. 3). The 
unusual topography of the organic bottom in peat-
land lakes causes them to have a very high volume 
and small surface area at the same time. Their volume 
is greater than that of lakes whose basins are mineral 
and resemble reversed truncated cones. 

The concavity coefficient of form always has a 
high positive value (159.2 ±52.3; Me=144.7; Table 1), 
which indicates very high concavity of a basin. The vol-
ume of peatland lakes is too high to be contained in 
cone volume, which is typical of most water bodies. It is 
even higher than the volume of a cylinder whose base 
equals the area of the lake. The volume is mainly greater 
by virtue of the water under the floating mat gradually 
covering the water table and the space in the pockets 
under the katotelm (Fig. 3). The floating mat is not in-
cluded in the water table area since it belongs to the liv-
ing part of the peatland (acrotelm). The floating mat is 
1-3 m wide. Assuming that the volume of a water body 
is calculated as the volume of a cylinder, and z equals 
zmax (which is a minor error), the volume in the entire 
water column only under the floating mat (1-3 m in 
breadth) is between 10 and 30% of the lake volume. The 
underestimation of the volume is actually even greater 
due to the presence of pockets in the katotelm (Fig. 3). 

Peatland lake volume is higher than that of lakes 
not located in peatlands. In the group of peatland lakes 
the range of this feature is great (5,743-132,519 m3; 
Me=22,243). The volume depends predominantly on 
the area and depth of a water body (Table 1). Bottom 
area, which is determined by the basin slope inclination 
when the water table has a certain area, is character-
ized by an equally high variability (F = 9,981 ±10,671 
m2; Me=5,600). The highest recorded value of the coef-
ficient of slope inclination in these lakes is 0.71 and the 
lowest is 0.06. In relatively large sections the bottom de-
scends vertically (Fig. 4), and in places even at an angle 
of over 90º, forming overhangs of the katotelm. Below 
the slope the bottom descends slightly and then is flat 
in a considerable portion of the lake basin area (Fig. 4). 

In shallow water bodies, whose waters gener-
ally mix to their bottom and wave action is high, the 
floating mat is most often very poorly developed. In 
deep lakes, where water mixing and wave action are 
very slight, the floating mat is much better developed. 
Sometimes a belt of floating vegetation, which can be 
even 3 m wide and consist of mainly bryophytes is 
formed (Fig. 4). Such a belt limits the development of 
submerged plants especially because of shaded habi-
tats both on the vertical walls of the katotelm and on 
the lake bottom. In such conditions, vegetation occurs 
only on the edge of the floating mat forming curtains 
that droop into the depths. 

Fig. 2. Location of studied lakes (1-10) within peatlands and the situation of the deepest place. 1 – Małe Łowne, 2 – Zahebowe, 3 – Rybie 
Oko, 4 – Kocioł, 5 – Męcikał, 6 – nameless lake near Szemud, 7 – Żurawie Chrusty, 8 – Kumki Małe, 9 – nameless lake near Leniwe, 10 
– Dury Południowe
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Fig. 3. Basins of lakes which are not located in peatlands (A) and peatland lakes (B) and regular solids describing their volume: 1 – 
truncated cone, 2 – cylinder and truncated cone. AL – lake area; zmax – maximum depth; z – mean depth

Fig. 4. Bottom topography of peatland lakes (1-10) 
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Typology of lake basins
In terms of morphometric features, peatland 

lakes can be divided into two groups (Fig. 5): big ones 
with a high volume of basins and small, not very capa-
cious ones. It should be emphasised, though, that even 
the biggest peatland lakes, in comparison with the ma-
jority of other lakes, are very small, generally shallow, 
and located in small melt out hollows in the ground. 
Lake (p=0.016) and bottom area (p=0.011), volume 
(p<0.001), length (p=0.017), maximum (p=0.007) and 
mean breadth (p=0.007), and shoreline length (p=0.013) 
are the main morphometric features which differentiate 
peatland lakes in a statistically significant way. 

The biggest lakes in terms of surface area (1.92 
±1.12 ha; Me=2.04; Table 2) are surrounded by a rela-
tively narrow belt of poor fens or raised bogs which 
mainly cover a similar area to the water body (2.21 
±1.40 ha). Ohle and Schindler coefficients are low 
(1.81 ±2.04 and 0.32 ±0.13, respectively), which may 
indicate that the influence of peatlands on the condi-
tions in these lakes is insignificant. The elongation of 
lakes is inconsiderable, and their length and breadth 
differ only slightly (191 ±80 m and 121 ±35 m). The 

maximum depth is 10 ±4.4 m (Me=9) and only a little 
greater than the mean depth (9 ±5.7 m; Me=7.4). The 
volume of these water bodies ranges from 110,000 m3 

to 132,000 m3, and the coefficient of bottom slope in-
clination from 0.06 to 0.32. Close to the floating mat 
the bottom falls off vertically (often even to a depth of 
3 m), whereas deeper it is mainly flat. 

The smallest lakes (0.33 ±0.33 ha; Me=0.23) are 
generally situated in the centre of peatlands, which 
are a few times bigger than the water bodies (1.64 
±1.02; Me=1.44). Ohle and Schindler coefficients are 
five times as high as in the previous group. In addi-
tion, the volume of these water bodies is almost ten 
times smaller (13,750 m3 as compared to 125,000 m3; 
p<0.001), which makes them very susceptible to the 
effect of peatlands. Bottom slope inclination is great-
ly varied (0.27 ±0.24; Me=0.19), and amounts to 0.7 
in the deepest lakes. The elongation of basins is low, 
and the same as that of big lakes, while the maximum 
depth is decidedly shallower (6.25 ±3.1 m; Me=5).

The principal component analysis (PCA) 
showed that the morphometric variation results 
mainly correlated with the first factorial axis, that is 

Fig. 5. Result of lake grouping (1-10), where: a – big lakes with high volume; b – small lakes with small volume. Division based on: l, bmax, 
b, AL, AP, zmax, z, zr, Cz, W, DL, L, E, AB, N, V, Co, Cs (see chapter Methods)
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Table 2. Features and morphometric coefficients of selected groups (a, b) of peatland lakes

Traits Group Mean Standard deviation Median Minimum Maximum

AL
[ha]

a 1.915 1.118 2.038 0.665 2.917

b 0.33 0.330 0.226 0.084 0.985

AP
[ha]

a 2.205 1.404 2.144 0.910 3.620

b 1.642 1.022 1.441 0.596 3.120

CO

a 1.808 2.039 1.046 0.325 4.813

b 10.22 11.810 4.3225 1.478 30.772

CS a 0.3285 0.130 0.319 0.183 0.493

b 1.96 1.933 1.072 0.781 5.732

W
a 1.5475 0.409 1.515 1.09 2.07

b 1.52 0.451 1.35 1.09 2.34

l
[m]

a 191 80.436 199 92 274

b 72.33 32.179 70 36 123

bmax
[m]

a 121 35.478 117 85 165

b 48.67 23.278 42 28 94

b
[m]

a 94 22.613 92.5 72 119

b 39.33 20.412 34 23 80

L
[m]

a 528.675 203.123 538.9 295.1 741.8

b 203.90 89.414 191.6 106.6 362.7

DL

a 1.1025 0.090 1.08 1.02 1.23

b 1.09 0.071 1.09 1.01 1.17

zmax
[m]

a 10 4.416 9 6 16

b 6.25 3.077 5 4 11.7

z
[m]

a 8.95 5.732 7.35 4.5 16.6

b 5.75 4.077 4.3 3.2 13.9

zr
[m]

a 0.09225 0.074 0.069 0.035 0.196

b 0.15 0.133 0.105 0.04 0.403

Cz

a 0.84325 0.194 0.86 0.614 1.039

b 0.88 0.178 0.8155 0.688 1.186

V
[m3]

a 125299.3 9957.213 129055.5 110567 132519

b 13750.17 8977.908 11661.5 5743 31267

E
[%]

a 153 58.108 157.95 84.3 211.8

b 163.32 53.342 144.75 106.5 255.7

AB
[m2]

a 19747.93 10590.751 20777.9 8118.7 29317.2

b 3472.00 3244.126 2421.5 1191.8 9924.3

N
a 0.1635 0.131 0.122 0.062 0.348

b 0.27 0.235 0.186 0.071 0.714
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lake and bottom area and lake volume. The remaining 
features and coefficients of lake basins have a simi-
lar, but more limited, effect on the distribution of the 
studied objects in the factorial space (Fig. 6). Further-
more, lakes located on moraines are in one part of the 
factorial space, which suggests that they differ in terms 
of morphometric features from the ones occurring on 
outwash plains. 

Basins of moraine-dammed and outwash lakes 
Lakes situated in a moraine landscape (no. 6, 

7 and 9; see Fig. 1) are characterised by a small area 
(0.31 ±0.31 ha; Me=0.17), whereas peatlands which 
surround them are almost seven times as big (2.13 
±1.36 ha; Me=2.59). The high value of Ohle coefficient 
(13.0 ±15.4; Me=4.8) shows that the lakes are very 
susceptible to the effect of peatlands. They have virtu-
ally equal length and breadth (58 ±30 m and 52 ±30 
m, respectively) and a very low coefficient of shore-
line development (1.15 ±0.10; Me=1.09), and are only 
slightly elongated (1.15 ±0.10; Me=1.09), which means 
that they are circular in shape. The maximum depth of 
moraine-dammed lakes is considerable (11.8 ±4.1 m; 

Me=11.7) and similar to the mean depth. The coeffi-
cient of depth is close to one (Fig. 7). The coefficient of 
basin concavity is very high (191.3 ±76.7; Me=211.8). 
Lake volume is small and very variable (8,949-110,567 
m3; Me=11,69), for example the bottom area (1,192-
8,119 m2; Me=1,871). The value of the mean bottom 
slope inclination is also very high and amounts to 0.47 
±0.21; Me=0.35, which means that the bottom slope 
angle varies from 27º to 45º. Right next to the shore 
(peatland) the walls descend vertically, whereas in the 
katotelm, in the places where water pockets form, the 
walls can be at an angle of more than 90º.

Lakes located on outwash plains, in comparison 
with the moraine-dammed lakes, have a four times 
bigger area (1,25 ±1,17 ha; Me=1,0). However, small 
lakes can also be found (< 0.3 ha; Fig. 7). Peatlands are 
a little bigger than the lakes (1.75 ±1.14 ha; Me=1.43), 
but Ohle (4.2 ±6.3; Me=1.5) and Schindler coefficients 
have three times lower values, which indicates that 
the lakes are more resistant to the effect of peatlands. 
What is more, they are distinctly elongated (1.69 ±0.38; 
p=0.047) due to a substantial difference between their 
maximum length and breadth (146 ±82 m and 89 

Fig. 6. Features and morphometric coefficients differentiating big (1, 4, 7, 8) and small lakes on outwash plains (white circles) and in 
moraine areas (black circles) 
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±49 m, respectively), as well as a higher, but still very 
low, coefficient of shoreline development (1.13 ±0.07; 
Me=1.14; p=0.04). The maximum depth of outwash 
lakes (6.0 ±2.4 m; Me=6.0) is almost twice as shal-
low as that of moraine-dammed lakes (p=0.02; Fig. 7). 
The coefficient of basin concavity is similar and very 
high (145.4 ±37.5; Me=138). The mean bottom slope 
inclination is four times smaller (0.12 ±0.05; p=0.003). 
The variation range of lake volume and bottom area is 
wide: 5,743-132,519 m3 and 1,791-29,317 m2. 

The differences between lakes from moraine 
areas and outwash plains are statistically significant 
especially for the features connected with depth (zmax, 
z, zr) and bottom slope inclination (N). The values 
of these features are decidedly higher for moraine-
dammed water bodies. It is worth mentioning, though, 

that deep peatland lakes with steeply inclined walls, 
whose catchment slopes have been shaped by river 
erosion, can also be found on outwash plains. 

Discussion

In lake-mire complexes, lake features are de-
pendent on the processes taking place in peatlands. If 
a deep peatland lake overgrows, then the features of its 
basin and aquatic environment are retained for a rela-
tively long time. The morphometric peculiarity of such 
lakes consists of a purely organic bottom with a very 
varied slope inclination. These are mainly small lakes 
with an area of up to 1 ha, which is generally included 
in catalogues of lakes (Choiński 2006). The small area 
and volume of such water bodies make them highly 

Fig. 7. Features and morphometric coefficients of lakes situated in moraine areas (1) and on outwash plains (2)



12 Krzysztof Banaś

susceptible to the effect of peatlands. On the one hand, 
the peatlands isolate them from the inflows from their 
catchments. However, that said, they contribute to the 
one-sided development of these lakes influenced by 
the features of peat deposits. Although, it should be 
emphasized that, among raised bogs themselves, there 
are substantial differences in the properties of water 
deposited in peat. This depends, above all, on the de-
velopment stage of vegetation and level of peat des-
iccation (Gorham et al. 1986; Engstrom 1987; Banaś 
1999; Banaś and Gos 2004). 

The shallowest sections of the littoral zone in 
peatland lakes are covered with a floating mat under 
which there are vertical peat walls rarely occupied by 
submerged plants (Banaś and Gos 2008). Deeper, wa-
ter ‘pockets’ of various sizes are always found. Plants 
do not occur in such pockets because of the shortage 
of light and intensive filling with peat coming from the 
katotelm. The deepest parts of lake basins are flat and 
can be occupied but this is possible only in shallow 
water bodies. Peatland lake waters are rich in humic 
substances, which cause high light extinction (Nielsen 
and Ekelund 1993; Frimmel 1994; Schindler et al. 
1996) and limit the occurrence of submerged plants in 
the deepest zones of the littoral (Bociąg 2000). 

Fig. 8. Graphic models of peatland lake basins: 1 – basins of big lakes with high volume and small contact area with the peat deposit, 
2 – basins of small lakes with small volume and big contact area with the peat deposit 

In peatland lakes, the development of sub-
merged vegetation is limited by the neighbouring 
peatlands, whereas in other equally small lakes, whose 
bottom resembles a bowl (see Fig. 4), such a limit-
ing factor does not occur. As a result, in small lakes 
which are not located in peatlands the surface that can 
be occupied by submerged plants is relatively big. In 
general, peatland lake basins are deeper than in other 
equally small water bodies (see Fig. 4). With such ar-
rangement of the bottom topography, there are very 
few places potentially able to be occupied (Banaś and 
Gos 2008). Above all, there is a lack of places for vas-
cular plants which anchor themselves in the substrate. 
In peatland lakes, there are acidic, organic, and highly 
hydrated sediments which limit the occurrence of 
aquatic plants and lead to changes in vegetation struc-
ture (Roelofs 1983; Grahn 1985; Arts 1987; Szmeja 
1994a, b, c). The presence of such sediments results 
in the replacement of basiphilous and neutrophilous 
species with acidophilous ones, mainly bryophytes 
(Szmeja 1992, 2000; Bociąg 2000).

Two models of peatland lake basins were dis-
tinguished (Fig. 8). The first one is typical of big but 
shallow lakes with substantial volume. Such lakes oc-
cur on outwash plains and are characterized by low 
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peat walls and small water pockets in the katotelm. In 
addition, their floating mat is poorly developed. The 
second model is characteristic of small but deep water 
bodies with small volume. They mainly occur in mo-
raine areas. Their high vertical walls consist of peat 
deposits and the water pockets under the katotelm 
have substantial capacity. The floating mat is fully de-
veloped. The big peatland area and small lake volume 
make such lakes susceptible to the effect of acid and 
strongly coloured peatland waters rich in organic mat-
ter (Banaś and Gos 2004). 

The presented models are stages in the trans-
formation of acid oligotrophic lakes towards raised 
bogs. According to Tobolski (2003), more than half of 
peatlands in NW Poland were formed in this way. It 
should be noted; however, that the overgrowth process 
in peatland lakes is very slow (Kowalewski and Tobol-
ski 1997; Timmermann 1998). This is probably due to 
the fact that it is not the floating mat that determines 
the overgrowth rate but the slow formation of peat 
deposits in the katotelm. Deep lakes overgrow longer 
than shallow ones, as in deep lakes a thicker peat de-
posit visible under water in the form of high walls is 
needed. Clods of peat break off the vertical walls of 
peat deposits, fall to the bottom of the water body, and 
disturb the structure and stratigraphy of limnic sedi-
ments. 

The floating mat is especially well developed in 
small and deep water bodies where water mixing rates 
are very low. In favourable environmental conditions 
the floating mat forms only a 3-meter broad belt. In 
my opinion, the floating mat can be a significant cause 
of lake overgrowth only in the terminal phase of this 
process. What is more, in winter, outer fragments of 
the floating mat are often broken off (Timmermann 
and Succow 2001) or destroyed by islands floating on 
a lake. Some edge fragments of the floating mat fall 
down to the bottom under the weight of vigorously 
developing bryophytes. Such a situation occurs when 
there are no vascular plants on the edge of the float-
ing mat, as their rhizomes and roots would otherwise 
strengthen this structure (Tobolski 2003; Banaś and 
Gos 2008). 

The presented models, especially the second one 
(Fig. 8 – 2), emphasise the morphometric peculiarity 
of peatland lakes in comparison with other water bod-
ies (Major 2008). They also reveal their regional vari-
ation. The first model dominates on outwash plains, 
while the second one in moraine areas. It is worth 
mentioning that in both cases the peat deposit isolates 

peatland lakes from the influence of the surrounding 
catchments. In the conditions of complete isolation 
and when water bodies are not fed with subterranean 
waters, the physical and chemical water properties 
in lakes can be similar to the properties of the water 
trapped in the peat deposit.
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