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Abstract 

The aim of the present study was to distinguish areas with different chemical properties within 

Neusiedler See and to determine which background processes are responsible for this pattern. 

Uni-and multivariate data analysis was applied to the data concerning 13 mainly chemical and 

some biological parameters for the time period 2000-2009 from 33 sampling sites. The sampling 

locations were first clustered then grouped. Besides reed belt and open water areas, smaller local 

sections influenced by water inputs (the treatment plant, the river Wulka, the channels of weekend 

houses) were separated as well. Using Wilks’ Lambda distribution it was determined that the main 

ions have a greater effect on forming the cluster groups than those parameters in close relation to 

the biological processes. These results concurred with those obtained from the principal 

component analysis (PCA) conducted on the whole lake and on the groups as well. It can be stated 

that most of the variance in the dataset can be explained by the main ions. The spatial distribution 

of the principal component scores was visualized with isoline maps. The result of this research was 

that Neusiedler See cannot be treated as one homogeneous system. This exceptional variability 

originates from the lake’s shallow water depth, unstable water balance, and anthropogenic activity 

(agriculture, tourism, sewage treatment) in the lake’s surroundings. 

 

Keywords: cluster analysis, Neusiedler See, principal component analysis, spatial 

variability, water quality 
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Introduction 

Surface water quality is a very sensitive issue, which transcends national 

boundaries (Yidana et al. 2008). One of the best examples is Lake 

Fertő/Neusiedler See, which lies on the Hungarian-Austrian border. Because of 

the Iron Curtain for decades neither country had any information concerning the 

state of the lake on the other side. Nowadays, however, with both countries being 

member states of the European Union, not only does the possibility exist for the 

two countries to assess the true state of the whole lake, but they are also obliged to 

do so (Water Framework Directive 2000/60/EC). It is recognized that water 

quality monitoring is one of the highest priorities in environmental protection 

policy (Simeonov et al. 2003), because to determine the quality of any body of 

water, its physical, chemical and biological parameters must be measured 

systematically (Sargaonkar and Deshpande 2003). Precise and effective 

monitoring is, however, not enough, if the acquired data is not analyzed 

thoroughly. In the case of the area studied in this research, because of its 

fragmented habitat structure and unstable water balance (Löffler 1979), the data 

sets deriving from it are complex, comprising mostly chemical and biological 

parameters which are often difficult to interpret and draw meaningful conclusions 

from. The application of different multivariate statistical methods, like cluster 

analysis (CA), discriminant analysis (DA) and principal component analysis 

(PCA) helps in the interpretation of such complex data matrices as are found in 

the case of Neusiedler See in order to obtain a better understanding of water 

quality and the ecological state of the study area (Zhou et al. 2007). Parallel to the 

fragmented habitat structure the study area is daily exposed to severe 

anthropogenic activity, mostly on the Austrian side, in the areas used for 

recreation. Anthropogenic influences such as recreational use, the influence of 
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agriculture, and changes in precipitation inputs degrade surface waters which, 

because of their constantly changing surroundings, need to be monitored even 

more accurately. 

Using explorative multivariate data analysis methods on the time series of 

the Austrian part of Neusiedler See the lake’s heterogeneity was examined, and 

the question was raised whether it is possible to distinguish areas with different 

chemical properties within the lake, and if yes, what those properties are and 

which background processes might result in this pattern. 

 

Materials and methods 

 

Study area description 

Neusiedler See (47
o 

42’ N, 16
o 

46' E) is the largest lake in Austria (309 km
2
, 

75 km
2
 of which lies in Hungary) (Dinka et al. 2010). It is situated in the lowest 

plain of the country, at 116 m above sea level. It is a shallow (avg. 1.1 m), well-

mixed lake with regulated outflow, and large water level fluctuations (Dokulil and 

Herzig 2009) (Fig. 1). The Neusiedler See regarding its water balance is 

considered to be somewhere between astatic and semiastatic (Padisák J. 2005) 

During the centuries the lake has dried out many times and its water level varied 

in a wide interval, sometimes resulting in enormous floods. Its waters can be 

described as salty (sodium and magnesium salts). Neusiedler See is Europe’s 

western-most and largest steppe lake, and is considered to be a wetland. Despite 

the growth in awareness of their importance as ecosystems, these wetlands are 

often endangered ecosystems. Their importance lies within their biological 

productivity, hydrological and biogeochemical cycling and as habitats both for 
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humans and wildlife (Mitsch and Gosselink 1986). In 1977 the Austrian, and in 

1979 the Hungarian part of the lake was taken under UNESCO protection as a 

biosphere reserve (Dinka et al. 2004; Dinka et al. 2010). Ten years later in 1989 

this highly protected nature conservation area was brought under the de-jure 

protection of the Ramsar Convention. From 1991 the Fertő-Hanság National Park 

with the Nationalpark Neusiedlersee-Seewinkel became a part of the IUCN’s1 

protection zone, while in 2001 it gained the World Heritage status. 

Two main habitats can be identified in the lake, the reed (Phragmites australis) 

belt (174 km
2
)2 and the open water area. A third habitat can be distinguished as 

well which are the channels in the reeds. The water balance of the lake is unstable 

mostly because its main water input comes from precipitation and its main output 

is evapotranspiration. Besides precipitation the Wulka and Rákos streams 

contribute to the lake’s water input. The Wulka reaches the lake between Purbach 

and Oggau (AU), while the Rákos reaches it at Fertőrákos (HU) (Löffler 1979). 

The air is almost constantly in motion, because of orographic effects the 

prevailing wind direction is NW, which is followed (according to frequency) by 

SE. Thermal stratification can only be observed in summer under no-wind 

conditions and only for short periods, because the 2 ms
-1 

wind is sufficient to mix 

the water column and stir up the sediment (Löffler 1979). 

 

Data and sampling sites 

The database used was acquired from the Neusiedler See Biological Station 

in Illmitz. This station is part of the national Water Inspectorate (AU) which 

                                                           

1 International Union for Conservation of Nature and Natural Resources 

2 110 km2 on the Austrian, 64 km2 on the Hungarian part of the lake 
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monitors the lake at 38 sampling sites both from the reed belt and the open water 

as well. It is worth mentioning that the samples from the reed belt were taken 

from channels within the dense reed stands. These reed channels form a transition 

zone between the reed and the open water habitats. 

 

Fig. 1 Location of Neusiedler See and its sampling sites 

 

The sampling was conducted monthly, though in certain cases, weekly. The 

sampled parameters which suited the conditions of the methods applied3 are as 

follows: pH, dissolved O2, K
+
, Na

+
, Ca

2+
, Mg

2+
, Cl

-
, SO4

2-
, HCO3

-
 (mg l

-1
), total 

phosphorus (TP), NH4-N, NO3-N, chlorophyll-a (Chl-a) (µg l
-1

). The descriptive 

statistics of the parameters can be seen in Table 1. 

 

Table 1 Descriptive statistics of the parameters used 

 

CO3
2-

 was not used because its values are highly dependent on pH4, which 

in certain sampling sites was below 8.3. If the zero values had been used the 

correlation coefficients between the parameters would have changed at those 

sampling sites. Because the same laboratory methods were employed in gathering 

the data, the results were comparable and comprehensive. The analyses were 

conducted for the time interval 2000-2009 because before the turn of the century 

the parameters in question were not measured frequently enough for these 

statistical methods to be applied. During the winter months and occasionally even 

                                                           

3 Parameters have to be measured at all sampling sites at all investigated time points 

4 Under pH 8.3 there is likely to be no carbonate in the water (Daniel 1999)  
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in March most of the lake is covered with ice, so at many monitoring sites no 

sampling was conducted during the cold period, as a result these dates have been 

left out of the analyses. Specifically, 34 time points from 33 sampling stations 

were examined, altogether 14,586 data (Fig. 1). The detailed description of the 

sampling sites can be found in A1. 

 

Piper diagram 

“Piper diagrams were used (Piper 1944; Fig. 2) to display the relative 

concentrations of the major cations and anions on two separate trilinear plots, 

together with a central diamond plot where the points from the two trilinear plots 

are projected. The central diamond-shaped field (quadrilateral field) is used to 

show the overall chemical character of the water (Hill 1940; Piper 1944).” (Güler 

et al. 2002). 

 

Cluster analysis 

Cluster analysis (CA) is a multivariate method which groups variables or 

cases based on their similarity. The most common type is hierarchical CA, where 

each case starts in a separate cluster and joins up to the other clusters as the 

linkage distance grows and only one cluster remains (Lattin et al. 2003; McKenna 

2003). This is visualized on a dendrogram. CA was conducted on 34 points and 13 

parameters using Ward’s method (Ward 1963), and squared Euclidean distance. A 

similar approach has been successfully applied to the assessment of water quality 

in: Wunderlin et al. (2001), Simeonov et al. (2003), Singh et al. (2004), Shrestha 

and Kazama (2007), Zhou et al. (2007), Filik Iscen et al. (2008), Juahir et al. 

(2011). 
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Discriminant analysis 

To verify the accuracy of the cluster results, discriminant analysis (DA) was 

used, because the data were not normally distributed. The analysis was carried out 

in order to show to what extent the planes separating the groups could be 

distinguished by building a predictive model for group membership. The model is 

composed of a discriminant function (for more than two groups a set of 

discriminant functions) based on linear combinations of the predictor variables 

that provide the best discrimination between the groups (Johnson and Wichern 

1992). The result of the discriminant analysis is visualized on the surface 

stretched between the first two discriminating planes (function 1 and function 2) 

(Ketskeméty and Izsó 2005). 

 

Wilks’ lambda distribution 

After the verification of the cluster groups, the role of each parameter was 

analyzed in determining the formation of the cluster groups. Using Wilks’ λ 

distribution (Wilks 1932) a Wilks’ λ quotient was assigned to every parameter for 

each sampling, where the quotient is:  

 

where xij is the j
th

 element of the i
th

 group,  the i
th

 group’s mean, and  the total 

mean. 

The value of λ is the ratio of the within-group sum of squares to the total 

sum of squares. It is a number between 0 and 1. The smaller the quotient is, the 

more it determines the formation of the cluster groups (Hatvani et al. 2010). 
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Principal component analysis (PCA) 

The final method was PCA, which was used to determine the reduced 

number of latent variables (principal components) which explain most of the 

variance in the experimental data set in the groups obtained by cluster analysis, 

and for the whole lake as well. In other words it is a powerful pattern recognition 

technique that attempts to explain the variance of a large dataset of intercorrelated 

variables with a smaller set of independent variables (principal components) 

(Simeonov et al. 2003). The reason why PCA was applied instead of factor 

analysis (FA) is that, while the PCA uses a correlation matrix, the FA uses an 

adjusted correlation matrix. In this matrix the elements on the diagonal 

(commonalities) can be estimated in different ways, as a result different solutions 

(of the FA) may be acceptable. The principle component (PC) can be expressed as  

zij = ai1x1j + ai2x2 j + ... + aimxmj 

where z is the component score, a is the component loading, x is the measured 

value of the variable, i is the component number, j is the sample number, and m is 

the total number of variables (Juahir et al. 2011). A similar approach has been 

successfully applied to the assessment of water quality in Simeonov et al. (2003), 

Shrestha and Kazama (2007), Yidana et al. (2008), Filik Iscen et al. (2008), Kazi 

et al. (2009). 

 

Data representation techniques 

As discussed before, the Piper diagram in general represents the whole 

system; however knowledge regarding the inter-group differences is also needed. 

The most common tool to represent these differences is the box-and-whiskers 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



9 

plot. More than one statistic can be visualized on them, where the boxes show the 

interquartile interval and the black line in the box is the median. Two upright lines 

can be drawn from the boxes if the database requires them. The data from which 

these lines are drawn are between 1.5 and 3 times the interquartile interval. Data 

with even higher values are indicated with a circle (offsets), and the extreme data 

with an asterisk (Norušis 1993; Vega et al. 1998).  

 

Software used and data handling 

All maps in the study were prepared using Golden Software Surfer 9 and 

kriging as a linear estimation method. Interpolation was applied between the 

sampling sites, while beyond the sampling sites (near the shore of the lake) 

extrapolation was applied. The statistical evaluations were made using IBM SPSS 

Statistics 19 and Microsoft Office Excel 2010. Using cluster analysis the data 

were z-scale standardized. 

 

Results and discussion 

 

Piper diagram 

All the measured values of the ions were presented on Piper-diagrams (Fig. 

2) (including CO3
2-

)5, in order to determine which facies the lake belongs to, 

based on the dominant ions. However, in the case of cations no dominant type was 

determined in about 40% of the samples. In about 60% of the samples only the 

sodium type was identified. In the case of anions, again no dominant type was 

                                                           

5 A Piper diagram cannot be produced without carbonate 
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determined. This is based on the works of Morgan and Winner (1962) and Back 

(1966) quoted in Freeze and Cherry (1979). 

 

Fig. 2 Piper diagram for anion and cation facies derived from major ion percentages 

 

It is clear that no groups can be identified on the basis of the Piper diagram, 

because the samples were located close to each other, unlike in the study by Güler 

et al. (2002). Despite the lack of groups in the Piper diagram, the lake is known to 

be highly variable/unstable (Dinka et al. 2004) so it was expedient to use 

multivariate methods for further investigation. 

 

Spatial variations in water quality 

Clustering the 34 time points, eight representative groups were identified. In 

the following these are considered to be relatively similar water quality areas. 

Their sampling stations can be seen in Table 2, with their spatial locations in Fig. 

3.  

 

Table 2 Sampling stations forming the cluster groups 

 

Fig. 3 Spatial distribution of the separated groups 

 

Along with the three large, two smaller areas could be distinguished in the 

NW and SE regions, and three sampling sites (29, 34, 38) formed separate 

“groups” in themselves. The characteristics of the groups will only be interpreted 

after their statistics are discussed. 
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Discriminant analysis pointed out that the original groups were correctly 

identified in 89.0% of the cases. This did not change much even after cross 

validation (86.6%). The result of the DA can be seen in Fig. 4.  

 

Fig. 4 Cross-validated discriminant results 

 

Parameters influencing the grouping of the sampling locations 

A Wilks’ lambda quotient was calculated for each of the 34 time points, for 

every parameter examined, and their averages were determined. The smallest (0.2-

0.3) quotient belongs to the main ions. These are followed by pH (0.38), dissolved 

oxygen (0.42), with even higher values coming after them TP (0.53), NO3-N 

(0.53), NH4-N (0.53) and chlorophyll-a (0.62). As a next step the obtained Wilks’ 

lambda quotients (34 x the number of parameters) were clustered. 

It is clear that the parameters can be distributed into two distinct groups 

according to their Wilks’ lambda quotients on the dendrogram (Fig. 5). The main 

anions and cations with pH and dissolved oxygen (average 0.29) influenced the 

formation of the cluster groups the most, despite the fact that on the Piper diagram 

(Fig. 2) no groups were distinguishable. Parameters in close relation to the 

nutrient cycle, however, had a smaller influence (average 0.55). 

 

Fig. 5 Dendrogram of Wilks’ lambda quotients 

 

Because Neusiedler See is a sodic lake the input waters, which are low in 

ions, may produce great differences between the areas. This may be the reason 

why ions have a much more determining role in forming the cluster groups than 
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the other parameters. Aside from the ions, pH and dissolved oxygen were among 

the more determining parameters. Their concentrations show big differences in 

the two main habitats of the lake (reed belt, open water). 

 

Group statistics 

The groups obtained from the 34 time points were compared using boxplots. 

The median of pH (Fig. 6a) in Groups 1 and 4 is higher than in the others, the 

smallest values can be observed in Groups 7 (Station 34) and 8 (Station 38). In 

Group 6 (Station 29) the interquartile interval of pH was the widest, this means 

that this is the place where its values varied between the widest boundaries. The 

concentrations of dissolved oxygen (Fig. 6b), - as in the case of pH - were higher 

in the eastern part of the lake (Groups 1 and 4) than elsewhere. The lowest values 

were observable in Group 7 (Station 34). 

The ions, except for calcium, behave similarly, so sodium was chosen to 

represent these ions (Fig. 6c). The smallest concentrations were observable in 

Groups 5 and 6, while the highest values were in Groups 4, 7 and 8. The median 

of total phosphorus (Fig. 6d) is higher in Groups 5, 6, and 8 than in the others. In 

Groups 1, 2 and 4, which cover most of the eastern and central part of the lake, 45 

extreme values were recorded, 27 of them in April and May 2004. The 

chlorophyll-a concentrations in Groups 1, 2, 4 and 6 (the middle and eastern parts 

of the lake) are lower than in the western, Groups 3, 5 and 7. In Group 8 (Station 

38) values clearly higher than the average were registered on many occasions 

(Fig. 6e). 

 

Fig. 6 Box-and-whiskers plot: pH (a); dissolved oxygen (b); sodium (c); TP (d); Chl-a (e) 
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Differences became obvious between the groups based on coefficients of 

variation (CV). These CVs were determined for the whole lake and the distinct 

groups. The groups’ CVs were compared to each other and the whole lake as well. 

In the following, the CVs of a few exceptional parameters will be discussed (Fig. 

7). H
+
 concentration6 in Group 6 for example shows extremely high variability, 

while if the other groups are compared, the western part of the lake (Groups 3, 5, 

7 and 8) is still more variable than the part comprising Groups 1, 2 and 4. The CV 

of dissolved oxygen is similar to that of the pH, which is lower in Groups 1, 2 and 

4; on the contrary the CV of Group 7 (Station 34) is three times the average of the 

whole lake. The CVs of the ions are highest in Groups 5 and 6. In the case of total 

phosphorus there are again great spatial differences between the groups. In the 

western groups (3, 7 and 8, but not Group 5), the CV of TP is half the average for 

the lake and one-third of that of Groups 1 and 4. Last but not least the variability 

of chlorophyll-a is higher in Groups 1, 4 and 7 than the average for the lake. 

 

Fig. 7 CVs of the parameters in each cluster group 

 

Detailed group descriptions based on the basic statistics 

The eight groups individually cover certain (smaller or larger) areas in the 

Austrian part of the lake. Referring to the covered areas each group received a 

name.  

Group 1 (“open water”) contains most of the lake’s sampling sites. Here the 

pH and dissolved oxygen values are higher, while the parameters in close relation 

                                                           

6 pH was converted to hydrogen ion concentration because of its logarithmic scale 
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to the nutrient cycle show lower concentration in comparison to most of the other 

groups. 

Group 2 (“transient”) is considered to be a transition zone between the reed 

belt and the open water area; it covers the SW part of the lake and consists mostly 

of the sampling sites located within a 100m range in front of the reed belt. 

Group 3 (“the reed belt”) sampling sites are mainly the ones located in the 

channels that are used to gain access to the reeds in the case of cutting or mowing 

and fishing. In these 5-6 m wide channels pH and dissolved oxygen values are 

lower, while chlorophyll-a shows higher concentrations than at most of the 

sampling sites. 

Group 4 (“the bay”) consists of the two sampling sites (Stations 3 and 4) 

located in the SE part of the lake. This area often “behaves” differently from the 

open water, which has its own general current system operating clockwise, in 

most cases independently of the wind direction. Here the retention time of ions 

increases. The connection between Group 4 and the area with the general current 

is ensured by a couple of narrow channels. In bays like Group 4 mixing of the 

water only occurs when there are suitable wind conditions, and in certain cases 

currents can even developed which are opposite to the general current 

(counterclockwise) of the open water (Löffler 1979). However if the wind is 

strong enough, intensive exchange can be observed between the “separated” bay 

and the open water. This may be the reason for the separation of sampling sites 3 

and 4. In this particular group the concentration of dissolved oxygen and the main 

anions and cations (except calcium) is noticeably high and the chlorophyll-a is 

low. 

Group 5 (“the Wulka”) is influenced by the inflow of the river Wulka. It 

enters the lake in a diffuse way, through a 5 km long reed belt. The low ion 
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concentrations are caused by the diluting effect of the Wulka (originating from the 

Lajta Mountains) (Grosina 1990). From the high phosphorus values it became 

obvious that this input source can be responsible for a considerable part of the 

lake’s phosphorus loads; it transports the phosphorus washed into its water from 

agricultural land. This frequently happens during heavy rains. 

Group 6 (“the sewage treatment plant”) consist of only one sampling site 

(Station 29). It is located near the sewage treatment plant situated in the vicinity 

of Podersdorf. The ion concentrations at sampling site 29 are lower than in its 

surroundings and the interquartile interval of pH is quite wide. This may happen 

because of the chemical composition of the treated sewage reaching the lake 

causing a local effect (dilution). It must be stated that the local currents carry these 

extra inputs towards the inner parts of the lake. 

Group 7 (“the weekend houses”) consists of sampling site 34 alone. In the 

group’s surroundings many weekend houses can be found, all connected to 

communal sewage system. Despite this fact, extremely low dissolved oxygen 

values were occasionally recorded. The reason behind this is the oxygen 

consumption of the organic substances oxidation.  

Last but not least Group 8 (“the hotel”) again contains only one sampling 

site (Station 38), which is located near a hotel. The water in front of the hotel has 

good light conditions because it is shielded from the wind by the nearby buildings. 

Furthermore it has a high nutrient content (like all the areas near the sore). Again, 

the conditions are optimal for algae to reproduce. This may be the reason behind 

the high chlorophyll-a content of the water along its low CV. The concentrations 

of pH and dissolved oxygen were low, while the values for ions showed high 

concentrations. This sampling location separated from its neighboring ones 

because of the high ion concentration.  
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Differences between the groups 

The differences between the groups can be seen in the boxplots. For 

example the chemical, biological processes in the reed belt produce humic 

substances which originate mostly from the decomposition of reed detritus. This, 

and the diluting effect of the inflowing water results in lower pH in Groups 3, 5, 7 

and 8 (Fig. 6a). These inflowing waters can be considered to be truly 

representative of the lake only after flowing slowly through the reed belt. In the 

open water, because of the frequent mixing, and low nutrient input, the oxygen 

conditions are good. On the contrary, in the reed belt oxygen concentrations are 

low (Fig. 6b) or in certain cases even anaerobic conditions may occur (Löffler 

1979; Dinka and Szeglet 2001). The lack of mixing and the oxidization of organic 

substances decreases dissolved oxygen content. 

In the reed channels (Groups 3, 7 and 8, but not Group 5) the CV of total 

phosphorus is lower than average (Fig. 7), because the reed stands have a role in 

the exchange of nutrients, absorbing nutrients from the sediment and water, and 

returning these throw the processes of excretion and mineralization (Dykyjová 

and Úlehlová 1998), thereby forming a crucial link in the detritus food chain 

(Wetzel 2001; Dinka et al. 2010). The reed belt functions as a sink for a 

significant percentage of the phosphorus coming from diffuse sources 

(agriculture, livestock, etc.), dampening its effect in the channels. 

The chlorophyll-a parameter, an interesting situation should be discussed, as 

in the open water (Groups 1, 2, 4 and 6) the chlorophyll-a content is much lower 

than in the channels and in front of the reed belt in the western part of the lake 

(Groups 3, 5, 7 and 8) (Fig. 6e). This happens because the reeds protect the water 
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from the wind and as a result mixing is less frequent, while the width of the 

channels (5-6 m) enables good light conditions and the area is rich in nutrients 

providing good conditions for algae growth. On the contrary in the open water 

wind frequently stirs up the sediment and light conditions limit algae growth, in 

this way prohibiting their multiplication.  

 

Principal component analysis 

In determining the latent variables present over a long time period in the 

lake and the distinct groups, PCA was applied to the data for the years 2000-2009
7
 

(Table 3), except for the year with extreme droughts (2004) (Table 4). Only 

component loadings with an absolute value higher than 0.708 were considered to 

be a part of further investigations (in bold). Only the first two principal 

components were evaluated because these were the only ones explaining a 

significant part of the data’s variance. 

 

Latent variables present in the whole lake for the time interval 2000-2009 

 

Table 3 1
st

 and 2
nd

 principal components of the PCA results (2000-2009) except 2004 

 

Two principal components were identified as responsible for 57.6% of the 

data’s variance. The first one explained 40.3% of the total variance of the data and 

in it only the ions with the exception of calcium had significant component 

                                                           

7 From this point on the time interval 2000-2009 only refers to the years without 2004. 
8 The decision regarding the margin where a component score is considered to be 
relevant or not was made based on the study of Cloutier et al. 2008. 
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loadings, while the second explained 17.3% of total variance where only the pH 

and dissolved oxygen parameters had high component loadings. The component 

scores were determined for each sampling site; as a result, we were able to 

produce isoline maps describing their spatial changes. Three areas were 

distinguishable on this map regarding the first PC (Fig. 8a): two areas with smaller 

component scores in the NE and NW parts of the lake, and one with high 

component scores on the western side. The second PC’s component scores 

gradually increase from NW to SE (Fig. 8b), suddenly reaching an explicit 

boundary (open water), indicating a change in habitat . The anomaly seen in the 

NW part of the lake in the case of the first PC cannot be observed in the case of 

the second PC. 

 

Fig. 8 Spatial distribution of the 1
st

 (a), and the 2
nd

 PC’s component scores (b) for the years 2000-

2009 except 2004 

 

Latent variables present in the whole lake for the exceptional year 2004 

 

Table 4 1
st

 and 2
nd

 principal components of the PCA results (2004) 

 

Regarding the exceptional year 2004, the first PC explained 43.8% and the 

second 18.6% of the total variance in the data. As in the case of the PCA 

conducted on the longer datasets (2000-2009) the ions were present in the first PC 

except for calcium. The difference was that in the case of 2004 HCO3
-
 component 

loadings did not reach the critical 0.70 value. In the second PC pH lost its 

determining role, while TP and calcium gained their position next to dissolved 

oxygen as a determining parameter. In the first PC’s map (Fig. 9a) there is no 
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noticeable difference between 2004 and years 2000-2009, however in the second 

PC’s map (Fig. 9b) the component scores show a gradual decrease from their 

maximum in the NW part of the lake towards its center. This picture is highly 

different from the one presented in Fig. 8b. The PCA maps were prepared for each 

individual year as well, these concurred with the map of the whole time interval 

(2000-2009) except of course for the year 2004.  

 

Fig. 9 Spatial distribution of the 1
st

 (a), and the 2
nd

 PC’s component scores (b) for the year 2004 

 

Given that Neusiedler See is a salt lake, during PCA in the first PC only the 

inorganic parameters were dominant (except for calcium). It can be stated that 

ions determine the variance of the dataset the most, while calcium and biogenic 

carbonate precipitation play a less significant role. In the second PC the reason 

behind the determining role of pH and dissolved oxygen is the presence of humic 

substances and the oxidation of organic matter respectively. These are responsible 

for the water’s brown color in the reed belt (Dokulil and Herzig 2009). 

From the component loading maps (2000-2009) (Figs. 8a and 8b) it became 

clear that the Wulka, the sewage treatment plant, the hotel and the weekend 

houses can have a pronounced and local impact on the processes evolving in 

Neusiedler See. Because all of these sampling sites exercise influence on the ion 

content of the water, all of their locations can clearly be seen on the first PC’s 

maps (Figs. 8a and 9a)s. On the maps with the values of the second PC (Fig. 8b and 

9b) the effect of the Wulka cannot be seen because it does not have a serious effect 

on the pH and oxygen conditions, unlike the other three sampling sites (29, 34, 

38). The key to the year 2004 being separate lies in the unusually high phosphorus 

values. This was caused by the unusually strong wind conditions which stirred up 
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the lakes sediment this way increasing the suspended solids. This may have 

happened in 2003 as well when the water in the reed belt almost fully evaporated, 

so its role as a significant sink factor for TP decreased. 

 

Latent variables present in the different cluster groups 

Because cluster analysis pointed out that there is more than one 

distinguishable area in the lake, PCA was conducted on the individual groups as 

well. Only those groups (Groups 1, 2, 3) were part of the analysis which had 

enough samples to conduct PCA on. The component loadings of the three groups 

can be seen in Table 5. 

 

Table 5 Component loadings in Groups 1, 2, 3  

 

The first PC explained 37-43% of the total variance of the data (Table 5) 

and the second PC 13-16%. As in the case of the previous analyses (2000-2009) 

the ions were present in the first PC except for again calcium. It is worth 

mentioning that the component loading of HCO3
-
 in Groups 2 and 3 was lower 

than 0.70. The second PC does not show homogeneity, as did the first PC. In the 

second PC of Group 1 calcium and TP, in Group 2 dissolved oxygen and in Group 

3 pH and dissolved oxygen had component loadings higher than 0.70.  

Regarding the results obtained from the PCA conducted on the groups it can 

be said that the differences in the second PC originate from the different habitats’ 

processes. 
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Conclusions 

This study demonstrated that uni-and multivariate data analysis methods are 

excellent tools in interpreting complex datasets, as in this case in which data were 

retrieved from 33 sampling locations of Neusiedler See, regarding 13 chemical 

and biological parameters for the time interval 2000-2009. With cluster analysis 

the sampling sites were grouped and the grouping verified by discriminant 

analysis. At the different time points the sites showed different group patterns 

which indicate the variability of the lake’s habitats and processes (just as the CVs 

did). Eight different areas were distinguished. Using Wilks’ lambda statistics it 

was verified that the ions are most responsible for the conformation of the 

previously discussed cluster groups. The parameters closely connected to the 

nutrient content were less relevant in this question.  

From the data of the selected 34 time points boxplots were produced. The 

parameters were then compared regarding each group. The anthropogenic activity 

in the lake’s surroundings has a great and localized effect on the lake’s water 

chemistry. The Wulka and the sewage treatment plant both have a clear effect on 

ion variability. The local (treated sewage at Station 29) and diffuse (materials with 

high nutrient content washed in from agricultural areas; Stations 13, 16 and 17) 

phosphorus loads are both considerable.  

The final approach was to identify the parameters accounting for most of the 

variance of the dataset. It became clear that the ions are most determining. The 

component score maps proved the suspicion that the inflows and reeds have a 

great effect on the pH and oxygen conditions along with concentrations of the 

main anions (Cl
-
, SO4

2-
, HCO3

-
)’ and cations (K

+
, Na

+
, Mg

2+
)’, in the area. The 

determining component scores proved to be stable throughout the investigated ten 

years. In space the first principal component shows a stable picture while in the 
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second principal component the component loadings of the variables differ to high 

extent between the reed belt and the open water.  

In summary it can be said that Neusiedler See cannot be treated as one 

homogeneous system. The parameters are highly variable in space and time, to a 

greater degree than was suspected. This exceptional variability originates from the 

lake’s shallow water depth, unstable water balance, and anthropogenic activity 

(agriculture, tourism, sewage treatment etc.) in the lake’s surroundings. Based on 

the information obtained it is possible to optimize the current management even 

further, in this way increasing its cost efficiency, which is a yet greater question in 

this period of financial crisis.  
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