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Abstract 
 
Little is known about the horizontal spatial variation of water quality in lakes and the 
underlying mechanism causing such a potential variation. This study focused on five 
research questions:  

1. Is there a horizontal spatial variation of water quality in lakes? 
2. Can a mid-lake sample be regarded as representative for the whole lake? 
3. How large is the horizontal spatial variation of water quality in the littoral zone 

and between the littoral and the pelagic zone? 
4. Which factors affect the potential horizontal spatial variation in Storträsket? 
5. How much of the horizontal spatial variation in the bays can be explained by 

the effects of land use in the surrounding landscape? 
Pelagic and littoral surface water samples were taken at 14 localities in Storträsket, a 
boreal lake at the land uplift coast in northern Sweden. Eleven water quality factors 
were included in this study: chlorophyll concentration, conductivity, colour, pH, 
Secchi depth, total organic carbon and total contents of nitrogen, phosphorous, iron, 
magnesium and manganese. Water quality between the littoral and the pelagic zone 
was significantly different for two of eleven water variables. Differences in water 
quality between bays were significant for seven of eleven water variables. This 
indicated, that the bays average might not be a good measure of the individual bays’ 
water quality. Lake morphology and land use in the local catchment areas of the 
studied bays was analysed in a geographic information system. The water quality 
variables of the bays were analysed for correlations with the area of two main land use 
types (coniferous forest and mire) in the local catchments. The area of coniferous 
forest correlated significantly with total N concentrations in the bays. The area for 
mire correlated significantly with chlorophyll, Fe, Mn, and total P concentration. Data 
on colour, conductivity, pH and temperature from a second sampling occasion at 
Storträsket (119 localities) was interpolated (kriging) to assess the variation of water 
quality in the whole lake. Colour, conductivity and temperature were significantly 
different between the northern and the southern basin of Storträsket. My results 
indicated that there is a horizontal spatial variation of water quality. Therefore, I would 
not regard a mid-lake sample as representative for the whole lake. Land use in the 
vicinity of Storträsket, lake morphology, and inlets entering the lake had an impact on 
both, the variation of local water quality in the littoral zone and the spatial variation of 
water quality in the whole lake. The occurrence of mires in the local catchments of the 
bays had the largest impact on the variation of water quality in the littoral zone. Thus 
effects of land use in the surrounding landscape should be taken into account when 
discussing determining factors of spatial variation of water quality in lakes. 
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1 Introduction 
A mid-lake surface water sample is the conventional sampling method within the 
Swedish Environmental Monitoring Program of Lakes (SEMP). The water chemistry 
of the mid-lake sample is regarded as representative for the water quality of the whole 
lake (Göransson et al., 2004). However, such homogeneity in water quality is unlikely, 
especially in the littoral zone of lakes. Bays with for example different wave and wind 
exposure, different sediment substrates and different impacts of potential inlets should 
indeed show spatial variation in water quality. Compared with terrestrial systems, the 
knowledge on spatial variation of environmental patterns in aquatic systems is limited 
(Turner, 1990; Wiens, 2002). While the vertical spatial variation of water quality is 
well studied, much more effort has to be put into the horizontal spatial variation 
(Wetzel, 2001). Especially little is known about the underlying mechanisms causing 
potential horizontal variation. Recently a landscape ecological approach was used to 
analyze spatial variation in macrophyte communities in the littoral zone of a fluvial 
lake. Léonard et al. (2008) found that the landscape morphometric context (e.g. 
shoreline complexity, relative width of bays, duration of wind exposure and fetch) can 
resolve as much of the spatial pattering of makropytes as the environmental variables 
(e.g. depth and sediment richness). Focussing on whole-lake approaches, land use in 
the catchment has been shown to affect the overall lake water chemistry, especially 
macronutrients, and the phyto-/zooplankton community structure (Arbuckle & 
Downing, 2001; Dodson et al., 2005; Gergel et al., 1999; Knoll et al., 2003). Changes 
in land use also caused the degradation of water quality and macropyte communities in 
wetlands around the Great Lakes basin (Lougheed, 2001). Effects of land use in the 
surrounding landscape on the spatial variation of bay water quality are however 
unknown. The aim of this study was to evaluate the relative importance of lake 
morphology and land use in the surrounding landscape for the spatial variation of 
water quality in Storträsket, a boreal lake at the land uplift coast in northern Sweden. 
The following research questions have been addressed: 
 

1. Is there a horizontal spatial variation of water quality in lakes?  
2. Can a mid-lake sample be regarded as representative for the whole lake? 
3. How large is the horizontal spatial variation of water quality in the littoral zone 

and between the littoral and the pelagic zone of Storträsket? 
4. Which factors affect the potential horizontal spatial variation in Storträsket? 
5. How much of the horizontal spatial variation in the bays can be explained by 

the effects of land use in the surrounding landscape? 
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2 Material and Methods 

2.1 Study area 
Storträsket is a shallow (mean depth 3 m) humic soft-bottomed lake in the middle 
boreal sub-zone (Ecke, 2009) with a surface area of 189 ha. It is located close to the 
village Sangis between Kalix and the Finnish border in the county of Norrbotten, 
northern Sweden (Fig. 1). It lies within the land uplift area close to the coast of the 
Gulf of Bothnia (distance about 6 km). The catchment of the lake (536 ha) is 
dominated by coniferous forest (73 %), mainly of mesic (46 %) and xeric (18 %) 
dwarf shrub type (Lantmäteriet, 1988). Open mires cover 19 % of the catchment. 
There is sparse human settlement at the south-western coast of the lake.  
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Figure 1 Geographical location of Storträsket a) in Sweden and b) between Kalix and 
Haparanda. 
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2.2 Field sampling 

2.2.1 Local water quality 
Pelagic and littoral surface water samples at a water depth of 50 cm were taken at 14 
localities in Storträsket 27-28 August 2008 (Fig. 2a). Localities 2, 8 and 10 were 
divided into three sub-locals (A, B, C) located close to each other. Localities 1 - 3,    
5 - 9 and 11 were to represent the water quality in nine different bays of the lake 
(littoral zone). Localities 10, 12 and 14 were to represent water quality in the middle of 
the lake (pelagic zone). The mid-lake sample M1 was taken in the deepest area (about 
5 m) of Storträsket (locality 10). M1 was complemented with a second mid-lake 
sample M2 at locality 14 (4.7 m deep). The mid-lake sample M3 was taken in the 
deepest area (2 m) of the southern basin (locality 12). Because this study focused on 
the differences in water quality between bays and mid-lake samples, localities 4 and 13 
were not included in the statistical analyses. The samples were analyzed for 
conductivity, pH, and total contents of 22 major and trace elements at the laboratory 
ALS Scandinavia AB, Luleå, and for alkalinity, chlorophyll, colour, macronutrients, 
and total organic carbon (TOC) at the laboratory Eurofins, Lidköping. Water depth at 
each sample point was measured with a levelling staff (water depth < 2 m) or a 
handheld echo sounder (water depth > 2 m), respectively. Water transparency was 
measured as Secchi depth. For the purpose of this study, chlorophyll concentration, 
conductivity, colour, pH, Secchi depth, TOC and total contents of nitrogen (total N), 
phosphorous (total P), iron (Fe), magnesium (Mg) and manganese (Mn) were included 
in the statistical analyses. These variables belong to the best studied water quality 
factors (Wetzel, 2001). 
 
 

2.2.2 Whole lake survey 
The August water samples were complemented with field sampling of pH and 
temperature at 119 localities 19-20 September 2008 using the probe HANNA 
instruments HI 991301. Water depth was measured with a handheld echo sounder. 
Colour grading was conducted within 48 h after sampling using the chloroplatinate 
scale with the Nessleriser system 2150 with Daylight 2000 unit, Nessleriser 50 ml 
cylinder, and the disk NSB. Conductivity at a sample temperature of 4 ºC was 
measured within five days after sampling with the conductivity meter HANNA 
instruments HI 8733. Samples were stored in darkness at 4 ºC. In addition to the 20 
sample points which also had been sampled in August, 99 randomly chosen points (of 
769 potential sampling points in a 50 m raster superposed to the lake) were sampled at 
this second occasion (Fig. 2b). 
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tion of sample points in Storträsket for a) sampling of local 

 in the DTM up to a maximum depth of 2 m. The 
atchment was adjusted manually to streams, topographic contour lines and a road in 
e vicinity of the lake. To define the local catchment areas of nine different bays, the 

ays were superposed by a segment of a circle with the same area as the respective bay 
± max. 0.4 %). The outermost point of the segment was set as the centre of a circle 
epresenting the local catchment area (Fig. 3). Three different radii were chosen 
epending on the bays’ area: 150 m for bays < 2 ha, 200 m for bays of 2 - 3 ha, and 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    
Figure 2 Geographic loca
water quality and b) whole lake survey. 
 
 

2.3 Methodology 

2.3.1 Impact of land use on local water quality 
Lake morphology and land use in the catchment of Storträsket was analysed in a 
geographic information system (GIS) with the ArcGIS-software (ESRI, 2006). A 
digital terrain model (DTM) (Lantmäteriet, 2009) with a raster size of 50 m × 50 m 
was used to determine the catchment of Storträsket with the basin-tool of the GIS. The 
ill-tool was used to fill sinksf

c
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b
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r
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250 m for bays > 3 ha. Parts of the local catchment circles located outside the 

ay 6 were separated along the aisle of a power line, considering also the local contour 
nes. Land use information was derived in the GIS from an aerial photograph 
orthophoto) (Lantmäteriet, 2009), the Topographic Map (Lantmäteriet, 2009), the 
egetation Map (Lantmäteriet, 1988) and the database GSD-Land and Vegetation 
over (Lantmäteriet, 2009). The information source with best agreement with the 
erial photograph was chosen for each land use unit, i.e. a patch on the aerial 
hotograph with homogeneous appearance and characteristics compared to the 
eighbour patches (e.g. a field). If necessary, land use unit borders were adjusted to the 
hotograph. Most land use types occurred at < 4 bays (see 3.1.4 Land use). Therefore I 
ombined the land use types coniferous forest of mesic, moist and xeric dwarf shrub 
pe and forest/mire complex dominated by mire vegetation and pine to the combined 
nd use type coniferous forest and the land use types open dry mire, open wet mire, 

nd mire with dwarf shrubs and features of wet open mire to the combined land use 
pe mire. For each bay, I calculated the area of the combined land use types. The 

emaining land use types were not included in the statistical analyses. Intercorrelations 
mong the water quality variables were analysed by means of Spearman’s rank 
orrelation coefficients and a principal component analysis (PCA) using the software 
tatistica (StatSoft, 2005). The bays’ water quality variables as well as the principal 
omponents found in the PCA were analysed for correlations with the area of 
oniferous forest and mire in the local catchments of the bays by means of scatterplots 
nd Spearman’s rank correlation coefficients. Also correlations between the bays’ 
ater quality variables and the geographic location of the sample points (Y-

oordinates) was analysed by means of scatterplots and Spearman’s rank correlation 
oefficients. For correlation analyses average values were used for bay 2 and bay 8. 
he variation among the three sub-samples taken at both, bay 2 and bay 8 (within bay 

as analysed by means of meanplots ± standard error (SE). The variation 
 the 

nd the pelagic zone was analysed by means of 
eanplots ± SE and Mann-Whitney U tests. 
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Figure 3 Illustration of the method for defining the local catchments of the bays. The 
superposed segment has the same area as the bay. Its outermost point is the centre of the 
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2.3.2 Spatial variation of water quality in the whole lake 
The spatial variation of water quality was assessed by interpolation (kriging) of water 
quality data from the whole lake survey (colour, conductivity, pH, temperature and 
water depth) with the spatial analyst tool of the GIS. A spherical semivariogram model 
and three different combinations of number of points to include and maximum 
distance (dmax) of points to include were applied: a) 6 points, no maximum distance 
(setting A); b) 12 points, d  = 250 m (setting B); c) 18 points, dmax max = 350 m 
(setting C).  
 
To create a more realistic result for water depth, I created additional points in the GIS 
on the shore line of the lake. The shore line shape file was split at its vertices and 
converted into a point feature. A water depth of zero was assigned to all shoreline 
points. For simplicity, negative results for water depth that occurred in certain parts of 
the lake were assigned to the category 0 - 0.25 m. 
 
The GIS was not able to estimate the semivariogram for colour at setting B. To avoid 
this error I replaced the often occurring value of 125 mg Pt/l with varying values 
ranging from 124.9 to 125.1 mg Pt/l. 
 

Differences in water quality between the 
northern and the southern basin of Storträsket 
and between the first and the second sampling 
day were analysed by means of meanplots ± SE 
and Mann-Whitney U tests in Statistica 
(StatSoft, 2005). The border between northern 
and southern basin of Storträsket was drawn at 
the lake’s narrowest spot in the channel 
connecting both basins (Fig. 4). The two sample 
points close to the border were excluded from 
the statistical analysis of the northern and the 
southern basin and of the first and the second 

 

sampling day. 
 
 
 
 
 
 
 
 
 
 

 
Figure 4 Northern and southern basin of Storträsket and sample points excluded from 
statistical analysis of the northern and the southern basin and of the first and the second 
sampling day.  
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3 Results 

ere identical (7.40 and 7.45, respectively) (Fig. 5g). The difference 
etween the bays and M1 was significant (P < 0.05) for Fe and total N (Fig 5b and h). 

, h, and k). M3 was lower than the 
ays’ average for chlorophyll, Fe, colour, Mn, Secchi depth, and total P (Fig. 5a, b, c, 

 

 

n
The variation of water quality within 
quality variable (Fig. 6). Difference
(P < 0.05) for chlorophyll, colour, Fe,
b, d, f, h, i, and k). 
 
 

3.1.3 Intercorrelation among water
Analysis 

Several of the studied water quality va
(Table 1). 
 
Table 1 Spearman’s rank correlation coefficients of significantly correlated water quality 
variables. Statistical significance is indicated with * P < 0.05, ** P < 0.01, *** P < 0.001. 
 

 Conductivity Fe Mg Mn Secchi depth Total P 

3.1 Local water quality 

3.1.1 Water quality variation between bays and the mid-lake sample 
The average of the mid-lake sample M1 exceeded the bays’ average for chlorophyll, 
Fe, Mn, total N, total P, and TOC (Fig. 5a, b, f, h, j, and k). It was lower than the bays’ 
average for colour, conductivity, Mg, and Secchi depth (Fig. 5c, e, d, and i). Average 
pH values w
b
M2 exceeded the bays’ average for chlorophyll, total N, total P, and TOC (Fig. 5a, h, j, 
and k). M2 was lower than the bays’ average for colour, conductivity, Mg, Mn, pH, 
and Secchi depth (Fig. 5c, e, d, f, g, and i). Fe concentrations were similar (1.32 and 
1.21 mg/l, respectively) (Fig. 5b). M3 exceeded the bays’ average for Mg, 
conductivity, pH, total N, and TOC (Fig. 5d, e, g
b
f, i, and j). For total N and TOC all three mid-lake samples exceeded the bays’ average 
(Fig. 5h and k). For colour and Secchi depth all three mid-lake samples were lower 
than the bays’ average (Fig. 5c and i).
 

 and between bays 
bay 2 and within bay 8 differed for each water 
s between bay 2 and bay 8 were significant 
 Mn, Secchi depth, total N, and total P (Fig. 6a, 

 variables and Principal Component 

riables were significantly intercorrelated 

3.1.2 Water quality variation withi

Chlorophyll -0.72 * 0.77 *  -0.70 *   
Conductivity   0.74 *    
Fe   0.87 ** -0.73 * 0.87 ** 
Mg 

 

      

   Mn   0.73 * 
Secchi depth      -0.69 * 
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The first three pr
variation among t

incipal components of the PCA explained 80 % of the water quality 
he bays. The first principal component (PC1) explained 48.6 %, the 

PC2) 19.7 % and the third principal component (PC3) 
d as a gradient of decreased colour and decreased 

ctivity and 

wed a trend to decrease in northern direction 
P > 0.05) (Fig. 10a). 

l, % of total local catchment 
 deviation. 

second principal component (
12.0 %. PC1 was interprete
concentrations of chlorophyll, Fe, Mn and total P, and of increased condu
Secchi depth, as well as of increased concentrations of Mg and TOC (Fig. 7a and b). 
PC2 was a gradient of decreased pH (Fig. 7a). PC3 was a gradient of increased 
concentrations of total N (Fig. 7b). 
 
 

3.1.4 Land use 
15 land use types occurred in the local catchment areas of the studied bays (Table 2). 
Only four land use types occurred in more than three catchments: Coniferous forest 
with mesic dwarf shrub, forest/mire complex dominated by mire vegetation and pine, 
open dry mire, and open wet mire (Fig. 8B). Drainage ditches run into bay 1, bay 2 
and bay 6 (Fig. 8B a and c and Fig. 9). The combined land use types coniferous forest 
and mire occurred in nine and eight catchments, respectively, and covered 81 % of the 
total local catchment area. Mire area increased in northern direction (P < 0.05) 
(Fig. 10b). Coniferous forest area sho
(
 
Table 2  Land use types in the local catchment areas; % tota
area; % mean, mean of proportion in each catchment; s, standard

Land use type % total % mean (s) 

Clear-cut (Cc) 0.4 0.5 (1.5)

Coniferous forest (C) 57.3 57.2 (15.4)

o C. f. –  mesic dwarf shrub type (C1) 32.0 31.9 (19.9)

)

.6 (12.8)

 (13.8)

h (D) 0.2 0.2 (0.4)

ields (F) 4.0 2.6 (5.2)

r line (P) 2.9 (5.9)

0.7 0.7 (1.3)

23.9 28.4 (22.9)

o Open dry mire (M1) 5.4 (9.8)

 Open wet mire (M2) 18.2 21.5 (25.4)

 Mire with dwarf shrubs and features of wet open mire (M3) 1.3 1.6 (4.8)

g forest (Y) 3.5 (10.5)

o C. f. –  moist dwarf shrub type (C2) 8.3 4.8 (11.0

o C. f. –  xeric dwarf shrub type (C3) 6.9 7

o Forest/ mire complex dominated by mire vegetation and pine (C4) 10.1 13.0

Drainage ditc

F

Former farmland left to succession (Su) 3.3 1.6 (4.8)

uses and yards (I) 3.9 2.3 (5.1)Individual ho

Powe 3.4 

Street (St) 

Mire (M) 

4.4 

o

o

Youn 2.9 
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3.1.5 Impact of land use on local water quality 
The area of coniferous forest in the local catchments of the bays was negatively 
correlated with the concentration of total N (P < 0.01) (Fig. 11h). Chlorophyll 
concentration showed a trend to increase when forest area increased (P > 0.05) 
(Fig. 11a). 
 
The area of mire in the local catchments was negatively correlated with chlorophyll 
concentration (P < 0.01), Fe concentration (P < 0.001), Mn concentration (P < 0.01), 
nd total P concentration (P < 0.01) (Fig. 12a, b, f, and j). Conductivity and Secchi 
epth showed a trend to increase when mire area increased (P > 0.05) (Fig. 12e and i). 

 correlated with the area of mire (P < 0.01) (Fig. 13b). 

oncentrations. Mn concentration showed a trend to decrease in 
orthern direction (P > 0.05) (Fig. 14f). 

 in the bays 

a
d
 
PC1 was positively
 
 

3.1.6 Impact of geographical location and bay orientation on local water 
quality 

The Y-coordinates of the sample points in the respective bays were negatively 
correlated with Fe (P < 0.05), colour (P < 0.05), and total P (P < 0.01) (Fig. 14b, c, 
and j), i.e. the further north the bay was located the clearer was the water and the lower 
were Fe and total P c
n
 
Bay orientation had no impact on the variation of water quality
(Appendix I). 
 

9 



 
2.0120

b)
*

a)

C
hl

or
op

hy
ll 

[m
g/

m
3 ]

30

60

90

1.2Fe
 

1.6

  [
m

g/
l]

0.8

50

100

75

C
ol

ou
r  

 [m
g*

Pt
/l] c)

0.72

0.76

M
g 

  [
m

0.80

g/
l]

d)

2.10

2.16

2.22

C
on

du
ct

iv
ity

 [m
S/

m
] e)

40

56
f)

48

M
n 

  [
µg

/l]

7.6 1.1

/l]

6.8

7.2pH

g) h)
*

0.9

1.0

To
ta

l N
   

[m
g

0.8

48

50

52

54

Se
cc

hi
 d

ep
th

 [c
m

] i)

B M1 M2 M3

12

14

TO
C

   
[m

g/
l]

k)

50

60

70

80

To
ta

l P
   

[µ
g/

l]

B M1 M2 M3

 

j)

 
Figure 5   Water quality (mean ± SE) in bays 
and mid-lake samples. B, bays (n = 9); M1, mid-
lake sample (point 10) (n = 3); M2, second mid-
lake sample (point 14) (n = 1); M3, third mid-
lake sample (point 12) (n = 1). Significant 
differences between B and M1 are indicated 
with * P < 0.05, ** P < 0.01, *** P < 0.001 
(Mann-Whitney U test).  
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Figure 7 PCA loading plot of a) the first two principal components (PC1 versus PC2), and 
b) the first and third principal component (PC1 versus PC3); Chl, chlorophyll. 
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Figure 8A Location of studied bays in Storträsket. 
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Figure 8B Land use in the local catchment areas of the bays, a) bay 1 and bay 6, b) bay 2, c) 
bay 3, d) bay 5, e) bay 7, f) bay 8, g) bay 9, h) bay 11. For abbreviations see Table 1.  
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Figure 9 Ditches and creeks flowing into and out of Storträsket; ?, connection uncertain. 
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Figure 11   Water quality in relation to the area of 
coniferous forests (C) at respective bays. 
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Figure 12   Water quality in relation to the area 
of mire (M) at respective bays. Significant 
correlations are indicated with * P < 0.05, 
** P < 0.01, P < 0.001 (Spearman’s rank 
correlation test). 

*** 

 
 

17 



 

-4

0

4

PC
1

a)

-4

0

4

PC
1

b)
**

-3

0

3

PC
2

c)

-3

0

3

PC
2

d)

100 300 500 700

C   [ha]

-3

-1

1

PC
3

e)

0 100 200 300

M   [ha]

-3

-1

1
PC

3
f)
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Figure 14   Water quality in relation to Y-
coordinates of the sample points in the 
respective bays. Larger Y-coordinates indicate 
more northern locations. Coordinate system 
RT90 2.5 gon W. Significant correlations are 
indicated with * P < 0.05, ** P < 0.01, 
*** P < 0.001 (Spearman’s rank correlation test).
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3.2 Spatial variation of water quality in the whole lake 
Interpolation revealed spatial variation of colour, conductivity, pH, temperature and 
water depth (Fig. 15-19). All variables (except pH) and the Y-coordinates of the 
sampled points differed significantly (P < 0.001) between both, northern and southern 
basin and sampling day 1 and sampling day 2 (Fig. 20 and 21). The differences 
between northern and southern basin were larger than between day 1 and day 2, except 
for pH. Differences of temperature were similar (1.4 °C between basins and 1.2 °C 
between days) (Fig. 20d and 21d). Only average pH showed a larger difference 
between day 1 and day 2 (difference 0.13) than between the two basins 
(difference 0.04) (Fig. 20c and 21c). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
l] in Storträsket; a) setting A: 6 points, no Figure 15 Spatial variation of colour [mg*Pt/

maximum distance, b) setting B: 12 points, dmax = 250m, c) setting C: 18 points, 
dmax = 350 m. 
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Figure 17 Spatial variation of pH in Storträsket; a) setting A: 6 points, no maximum 
distance; b) setting B: 12 points, dmax = 250m; c) setting C: 18 points, dmax = 350 m. 
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 = 350 m. 

 

 

a) b) c) 

Figure 19 Spatial variation of water depth [m] in Storträsket; a) setting A: 6 points, no
is 5  m 

 
0maximum d tance; b) setting B: 12 points, dmax = 250m; c) setting C: 18 points, dmax = 3

.

0 10.5

Kilometers

22 



 

90

105

120

135

C
ol

ou
r  

 [m
g*

P
t/l

] a)
***

2.3

2.4

2.5

2.6

C
on

du
ct

iv
ity

 [m
S

/m
] b)

***

7.6

7.7

7.8

7.9

pH

c)

N S
8

9

10

11

Te
m

pe
ra

tu
re

   
[°

C
] d)

***

N S
1

2

3

4

W
at

er
 d

ep
th

   
[m

]

7330

7331

7332

7333

Y-
co

or
di

na
te

 [k
m

]e)
***

f)
***

N S
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4 Discussion 

4.1 Local water quality 
Variation of water quality between the littoral and pelagic zone appeared rather small. 
Only two of eleven variables differed significantly between the zones. However, my 
study suggests that average water quality of the bays might not be a good measure of 
the individual bays’ water quality. Seven of eleven water variables for example 
differed significantly between bay 2 and bay 8. Also the water quality among the mid-
lake samples showed a large variation for seven of eleven variables. Thus, in contrast 
to Göransson et al. (2004), I would not regard the mid-lake sample as representative 
for the whole lake. 
 
Total N concentration in the bays seemed to be determined by other mechanisms 
compared to the other water quality variables because it was represented by a separate 
principal component in the PCA. The remaining variables (chlorophyll, colour, 
conductivity, Fe, Mg, Mn, Secchi depth, TOC, and total P) could be combined to the 
most powerful principal component (PC1) explaining almost half of the variation of 
water quality among the bays. Most of these variables were also intercorrelated 

 
Land use, mainly the occurrence of mires, in the local catchments had a large impact 
on the local water quality in the littoral zone. Mires are generally poor in nutrients. 
Low P concentrations (max. 40 µg/l) in surface water of mires were found by 
Tahvanainen et al. (2002). In my study total P concentration decreased when the area 
of mire in the local catchments increased. This was probably caused by a hydrologic 
connection between the lake and the mires. P is usually the limiting factor for primary 
production in freshwater lakes (Wetzel, 2001). Low primary production and thus a low 
concentration of phytoplankton in bays that were influenced by mire could explain 
both decreasing chlorophyll concentrations and the trend to increased water 
transparency (measured as Secchi depth). Concentration of phytoplankton is, besides 
the amount of resuspended material and coloured matter in the water, one of the main 
influential factors on Secchi depth (Håkanson, 1996). On the other hand, increased 
primary production in bays with coniferous forest dominated catchments caused by 
higher P availability, might explain both, the decrease of total N and the trend to 
higher chlorophyll concentrations. This hypothesis has to be treated with caution 
because the field sampling for the local water quality fell together with an algae bloom 
caused by cyanobacteria. Cyanobacteria are able to fix nitrogen from the air and are 
thus not dependent on dissolved nitrogen. The distribution of phytoplankton in the lake 
could also be influenced by wind. The two main wind directions in August and 

asing total N concentrations in 

(chlorophyll, conductivity, Fe, Mn, Secchi depth and total P). PC1 was correlated with 
the area of mire in the local catchments of the bays. This indicated that land use in the 
vicinity belongs to the factors which affect the overall water chemistry in the littoral 
zone. 

September at the coast of the Gulf of Bothnia are south-north and north-south (SMHI, 
2006). Because the longest axis of Storträsket goes in the same direction, 
phytoplankton floating on the water surface could have been blown out of the northern 
basin to accumulate in the southern basin. The decre
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bays with increasing f
forest compared to m

orest area could also be caused by a smaller input of N from 
ire. Forest is likely to retain more nitrogen for biomass 

roductive mires. Low Fe concentrations in surface water 

ay orientation determines the duration of wind exposure, which in turn influences the 

production than the rather unp
of mires (max. 0.89 mg/l) were also reported by Tahvanainen et al. (2002), while 
Åström et al. (2001) found average Fe concentration of 2 mg/l in streams with forested 
catchments. This could probably explain the negative correlation between Fe 
concentration and mire area, which was the strongest correlation found in this study. 
Fe and Mn commonly behave similar in freshwater systems (Wetzel, 2001). Also in 
my study, Fe and Mn were strongly correlated and Mn concentration decreased with 
increased area of mires. The trend of conductivity to increase with the area of mires 
was caused by differences in conductivity between the northern and the southern basin 
(see below). 
 
A change in land use appeared along the north-south axis of Storträsket from mire to 
coniferous forest. Also lake morphology varied along this axis. Y-coordinates were 
significantly correlated with Fe and total P. A trend occurred with Mn. These three 
water variables were also correlated with the area of mires. Because the significance 
levels for the correlations with mire were higher for Fe and Mn and as high for total P, 
I concluded that they were mainly caused by the change in land use. The increase of 
colour in southern direction possibly was another sign of increased phytoplankton 
concentration in the southern basin because of enhanced primary production and 
because of wind blow.  
 
B
creation of waves and their mechanical forces onto the littoral zone, causing among 
others the resuspension of material (Håkanson, 1996). Wind exposure effects also the 
macrophyte species distribution in bays (Léonard et al., 2008). However, in this study 
bay orientation did not show any impact on local water quality. Probably the number 
of studied bays was too small. 
 
 

4.2 Spatial variation of water quality in the whole lake 
There are four possible factors that could influence the spatial variation of water 
quality along the north-south axis of Storträsket: a) different weather condition on the 
two sampling days, b) changes in morphology, c) differences in land use around the 
northern and the southern basin, and d) different water supplies of the basins. 
 
Weather conditions at the two sampling days in September (whole lake survey) were 
different. The first day was colder, windy and drizzly while the second day was less 
windy and partly sunny. The main direction of sampling for the whole lake survey was 
from north to south (Fig. 2b). This was probably the main reason for the increase in 
water temperature in that direction. In addition water temperature increases usually 
from morning to afternoon. Nevertheless, the difference in average water temperature 
between days was slightly smaller than that between basins. This suggested that there 
might still be other influential factors. Storträsket had a varying morphology. The 
northern and southern basin did not only differ in water depth, but also in surface area 
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(51 and 138 ha, respectively) and shore-line shape. The northern basin was elongated. 
The southern basin was divided into the rather round centre part of the lake and an 
attached U-shaped part with pronounced bays. The longest fetch (distance over which 
the wind can blow uninterrupted by land), about 2.9 km, stretched from the northern 
basin right down through the centre part and was orientated like the main wind 
direction (SMHI, 2006). This left the attached U and the eastern half of the centre part 
relatively wind protected. The lower water temperature in the northern basin could be 
partly explained by a greater impact of wind chill. Also differences in water volume 
might be important because the larger volume of the southern basin could have stored 
more heat. As discussed earlier, wind from the north could also have contributed to 
increased colour in the southern basin by blowing phytoplankton southwards. In this 
case also resuspension of material in the littoral zone would have increased, because of 

aves created by the wind (Håkanson, 1996). Another important factor for increasing 

d Mg concentrations in all three northern bays. In total six 
maybe seven) forest and mire drainage ditches run into the southern basin, all from 

d from the remaining water body and thus experienced 
ss water mixing. 

e for the 
hole lake. Land use in the vicinity of Storträsket, lake morphology, and inlets 

w
colour was the probably higher primary production in the southern basin caused by 
changes in land use in the vicinity of Storträsket from north to south, as discussed 
before. Differences in conductivity were probably caused by differences in water 
supply. Two creeks run into the northern basin, both originating in mires (Fig. 9). 
Because of their curving shape these two creeks gave the impression to be of natural 
origin rather than artificial. It is thus likely, that they are fed by groundwater with a 
high content of dissolved minerals. This is supported by the findings for the local 
water quality: a) the correlation between conductivity and Mg concentration and b) the 
elevated conductivity an
(
eastern direction (Fig. 9). Forest and mire ditching has been found to increase 
conductivity and Mg concentration in streams (Åström et al., 2001). This stands in 
contrast with the lower conductivity in the southern basin found in my study. An 
explanation could be dilution of the ditch water after entering the lake. This is 
supported by the fact that the only bay with elevated conductivity in the southern 
basin, bay 2, was quite separate
le
 
 

4.3 Conclusions 
The water quality in Storträsket is not homogeneous. The local water quality in 
different bays as well as the whole lake survey revealed horizontal spatial variation of 
water quality. Thus a mid-lake sample should not be regarded as representativ
w
entering the lake had an impact on both, the variation of local water quality in the 
littoral zone and the spatial variation of water quality in the whole lake. The 
occurrence of mires in the local catchments of the bays had the largest impact on the 
variation of water quality in the littoral zone. Thus effects of land use in the 
surrounding landscape should be taken into account when discussing determining 
factors of spatial variation of water quality in lakes. 
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4.4 Outlook 
Future research in this field could among others include the following:  
• A field study to verify the assumptions concerning the inlets and to assess the 

quantities of in- and outflow of Storträsket.  
• A field sampling in late autumn after the lake has been mixing to consider 

seasonal variation of water quality and variation over time. 
• The analysis of the data on the contents of major and trace elements in 

macrophytes which have been collected at the first sampling occasion. 
• A comparison of several lakes to verify if the findings of Stortäsket can be 

generalised. 
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Appendix I.  ± SE); sw, south-west (n = 2); 
nw outh-east (n = 3); ne, north-east (n = 1). 
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