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Predicting the occurrence of stoneﬂies (Plecoptera) on the
basis of water characteristics, river morphology and
land use
Koen Lock and Peter L. M. Goethals

ABSTRACT
Stoneﬂies are macro-invertebrates that are sensitive water quality indicators. Here, their occurrence
was modelled based on physical–chemical water characteristics, river morphology and land use with
ﬁve different modelling techniques. In a case-study in Flanders, stoneﬂies were found in 219 samples
and two sets of absence data were gathered: 219 random samples from sites without stoneﬂies and
219 samples from sites downstream of each sampling site where stoneﬂies were observed. With
both random and downstream absences, logistic regressions, artiﬁcial neural networks, support
vector machines, random forests and classiﬁcation trees could all successfully predict stoneﬂy
occurrence. For most environmental parameters, signiﬁcant differences were found between sites
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with and without stoneﬂies. As stoneﬂies were only detected in a few percent of the samples, the
ecological water quality is obviously still too low in most watercourses. Based on planned water
quality improvement measures, an ensemble forecast using the ﬁve mentioned modelling
techniques predicted that stoneﬂy prevalence will only increase marginally by 2015 and 2027. To
meet the European Union Water Framework Directive requirements, which states that all surface
waters should obtain a good ecological quality, a more ambitious management plan is needed to
decrease nutrient concentrations and improve habitat quality.
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INTRODUCTION
Achieving a good ecological status of groundwater and sur-

recently received attention in Flanders (Lock & Goethals

face water in Europe by 2015 is the main objective of the

).

European Union Water Framework Directive (WFD; Euro-

Flanders (the northern, Dutch speaking part of Belgium)

pean Council ). To assess water quality, the WFD

has a population of 6.2 million inhabitants and a high popu-

requires the use of biotic indicators such as macrobenthic

lation density of 456 citizens/km2. About 87% of the

fauna, ﬁsh fauna and aquatic ﬂora. All member-states have

households are connected to a sewage system, however

to develop methods that are concurrent with the WFD. In

only 70.3% are actually treated (VMM a). As rainwater

Flanders, where the presented case-study was performed,

is often not collected separately, untreated water is regularly

the Multimetric Macroinvertebrate Index Flanders (Gabriels

discharged after heavy rains, which results in problematic

et al. ) was developed in order to meet the requirements

drops in dissolved oxygen concentration and high levels of

of the WFD. In this index, stoneﬂies are recognised as the

substances such as ammonium. Flanders is also heavily

most sensitive group of water invertebrates, which only

industrialised and the intensive agriculture causes a heavy

occur in waters with a high ecological water quality. Despite

pressure as 53% of the land is used for agriculture (VMM

their importance as water quality indicators, stoneﬂies only

a). In addition, thousands of weirs have been built for
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ﬂood control, hundreds of kilometres of artiﬁcial banks have

be very large, making the choice of the appropriate model

been installed and the majority of the river channels have

even more difﬁcult, which is especially true when models

been straightened. Although the situation in Flanders is

are used to project distributions of species under future scen-

probably more problematic than in most other countries in

arios. Therefore, Thuiller et al. () proposed that

Europe due to the high population density, the other

ensemble forecasts with several modelling techniques

member-states have to deal with similar problems.

should be made and that the resulting range of predictions

As is the case in most European countries, river manage-

should be analysed rather than relying on the results of a

ment in Flanders has been conducted at the river basin level

single model. In the present study, ﬁve modelling techniques

using wastewater treatment plants and imposed standards of

were applied to predict stoneﬂy occurrence: logistic

efﬂuent concentrations. Although these measures resulted in

regressions (LR), artiﬁcial neural networks, support vector

a signiﬁcant improvement of the chemical and ecological

machines (SVM), random forests and classiﬁcation trees

water quality since the early 1990s (VMM ), many

(CT). With the exception of SVM, which only recently

Flemish watercourses still lack the ‘good’ ecological status

became popular for modelling ecological data (Ambelu

required by the European Union WFD. This is also reﬂected

et al. ; Hoang et al. ; Pino-Mejias et al. ), all

by the scattered distribution of the different stoneﬂy species

these modelling techniques have been frequently used for

in Flanders (Lock & Goethals ).

habitat suitability modelling.

Ameliorating water quality from bad to poor or moder-

The aim of the present study was to predict the presence

ate did not help populations of sensitive organisms such as

or absence of stoneﬂies in Flemish watercourses in order to

stoneﬂies. Recently, most waterbodies that had a bad or

provide insights useful for water quality management. Not

poor ecological water quality for macroinvertebrates have

only the traditional physical–chemical parameters were

improved due to the installation of waste water treatment

used to model the occurrence of stoneﬂies with the ﬁve men-

plants and the more stringent efﬂuent standards; however,

tioned modelling techniques, but it was also investigated

more than half of the locations that had a very good score

whether other parameters such as land use type and river

for macroinvertebrates have declined (VMM a). A ﬁrst

morphology could improve model performance. To evaluate

step should therefore be to protect the sites which still

the inﬂuence of the planned measures for quality improve-

have a high ecological water quality and contain sensitive

ment, an ensemble forecast using the same ﬁve modelling

organisms such as stoneﬂies. As most suitable habitats are

techniques was subsequently performed to predict stoneﬂy

now isolated, populations are extremely vulnerable to

prevalence (a fraction of samples where stoneﬂies are pre-

extinction and recolonisation possibilities might be limited

sent) in 2015 and 2027 based on modelled future oxygen

(Lock & Goethals ). Therefore, intentional interven-

and nutrient concentrations.

tions are also needed in order to connect isolated
populations by solving the present bottlenecks that prevent
the expansion of remaining populations. To efﬁciently allo-

METHODS

cate restoration efforts, ecological models are useful for
the assessment of these bottlenecks in the river basin

Macroinvertebrate data

(Mouton et al. ).
Any given modelling technique might be efﬁcient for

In the context of water quality monitoring by the Flemish

one dataset, however it might fail for another, thereby ren-

Environment

dering the identiﬁcation of ‘the’ best modelling technique

sampled at several thousand sampling points in Flanders

impossible. Another difﬁculty with the use of species distri-

since 1989. Sites are usually sampled every three years

bution models is that the number of available techniques is

between April and October. During monitoring, macroinver-

large and keeps rising, making it difﬁcult to select the most

tebrates are sampled by kicksampling using a standard

appropriate methodology. Recent analyses also demon-

handnet, as described by Gabriels et al. (). Stoneﬂies

strated that discrepancies between different techniques can

were identiﬁed to species level during a previous study
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(Lock & Goethals ); however, most species were very

and meandering were both categorised from 0 (absent) to 5

rare in Flanders, which makes it unfeasible to develop

(well developed) (Figure 1) and summed, which yielded a

species speciﬁc habitat suitability models. Therefore, it was

score from 0 to 10. Aerial photographs were used to dis-

decided to model the presence/absence of stoneﬂies in gen-

tinguish ﬁve different land use types. Along a stretch of

eral during the present study.

500 m upstream of the sampling point, the main land use
type along the watercourse was assigned to forest, meadow,
arable land, urban or industry. All parameters of the locations

Environmental parameters

used during the present study are given in the supporting
Conductivity, pH and dissolved oxygen were always measured

material. Differences in environmental parameters between

in the ﬁeld during macroinvertebrate sampling. Other chemi-

sites where stoneﬂies were present and absent were analysed

cal parameters (Table 1) were retrieved from monitoring

using Mann–Whitney U tests (StatSoft ). Chi-square tests

data of the chemical water quality database of Flemish surface

were used to test the difference in land use types between

waters. As the chemical monitoring, which was usually

sites with and without stoneﬂies.

performed on a monthly basis, was not carried out
simultaneously with the macroinvertebrate sampling, measure-

Modelling

ments from the last date before macroinvertebrate sampling
were used. The structural parameters included slope, sinuosity

In total, stoneﬂies were found in 219 samples from Flemish

and river morphology. The slope of a watercourse was deter-

watercourses. To obtain a prevalence of 50%, the same

mined based on the difference in height between two points

number of absences was used for modelling. Two sets of

1,000 m apart using GIS (geographic information system) soft-

absence data were retrieved. The ﬁrst set contained 219

ware applied on the Flemish Hydrographic Atlas (AGIV

samples randomly selected from sampling sites where no

). The same data were used to determine the sinuosity

stoneﬂies had been found. These samples were randomly

on a stretch of 100 m. River morphology was evaluated

selected from the database of the Flemish Environment

based on pictures of the sampling sites: pool-rifﬂe pattern

Agency, which contains about 10,000 samples distributed

Table 1

|

Median values (with 10 and 90 percentiles) of the assessed environmental parameters in samples where stoneﬂies were present, in samples downstream of samples where
stoneﬂies were present and in random samples where stoneﬂies were absent (BOD: biological oxygen demand; COD: chemical oxygen demand). Parameters differing signiﬁcantly with the samples where stoneﬂies were present are indicated with * in the absence columns

Parameter

Unit

pH

Present

Absent (downstream)

Absent (random)

7.44 (6.47–8.20)

7.46 (6.52–8.07)*

7.71 (7.28–8.04)

Conductivity

μS/cm

321 (139–625)

340 (209–758)*

805 (434–1390)*

Oxygen

mg/L

9.50 (7.65–11.1)

8.46 (3.64–10.8)*

6.58 (3.04–10.7)*

BOD

mg/L

2.5 (2.0–3.0)

3.0 (2.0–13)*

5.0 (2.2–13)*

COD

mg/L

23 (8.6–52)

24 (11–200)*

32 (13–77)

Ammonium

mg N/L

0.318 (0.0880–0.536)

0.640 (0.195–2.33)*

1.50 (0.229–7.22)*

Nitrite

mg N/L

0.029 (0.011–0.070)

0.057 (0.023–0.13)*

0.16 (0.030–0.39)*

Nitrate

mg N/L

3.13 (0.546–8.84)

2.88 (0.360–6.00)

3.65 (0.372–9.14)

Kjeldahl nitrogen

mg N/L

1.32 (0.800–2.54)

2.05 (1.10–4.97)*

3.30 (1.60–9.14)*

Phosphorus

mg P/L

0.50 (0.091–0.60)

0.50 (0.16–1.1)*

0.68 (0.30–1.9)*

Orthophosphate

mg P/L

0.080 (0.028–0.16)

0.15 (0.060–0.31)*

0.30 (0.097–1.0)*

Slope

m/1,000 m

2.59 (0.716–20.5)

1.91 (0.563–6.64)*

0.888 (0.133–3.67)*

1.04 (1.00–1.25)

1.02 (1.00–1.13)*

1.02 (1.00–1.22)

5 (3–8)

4 (0–6)*

3 (0–5)*

Sinuosity
River morphology

Classes from 0–10
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across Flanders. In the second set, samples were selected
from sites immediately downstream of each of the 219
sampling sites where stoneﬂies were observed. These downstream samples were speciﬁcally chosen in order to
determine why stoneﬂies were no longer present downstream from sites containing stoneﬂies. Because the
monitoring network in Flanders is quite dense, the downstream samples were situated on average only 2.4 km
(standard deviation: 1.6 km) from the sites containing
stoneﬂies.
Each of the three datasets was randomly split into two
thirds for training and one third for validation. During calibration, a 10-fold cross-validation was used to avoid
overﬁtting. Five modelling techniques were used to model
the presence/absence of stoneﬂies: LR, CT, random forests,
artiﬁcial neural networks and SVM. LR are used for the prediction of the probability of occurrence of an event by ﬁtting
data to a logit function logistic curve. Here, a multinomial
logistic regression with ridge estimator was used as a generalised linear model. The ridge value of the log-likelihood
was set to 10–8. Coefﬁcients and odds ratios were derived
for the attributes. CT summarise the relationships between
explanatory variables and the response variable (presence/
absence of stoneﬂies) in a dichotomously branching tree.
Each bifurcation is deﬁned by a certain value of one of the
explanatory variables dividing the dataset in two more homogenous subsets. CT were grown automatically using the J48
algorithm that minimises the impurity of the subsets (Witten
& Frank ). A fully grown tree would explain the training
data with a high accuracy, but it would fail for unseen data
because of overﬁtting. CT generality was increased by pruning, which usually yields simpler trees that result in better
classiﬁcation of unseen data (Dakou et al. ). The conﬁdence factor was set to 0.25 and the minimum number of
instances per leaf was set to 2. A dichotomous J48 tree
was generated with an indication of the number of leaves
and the tree size. Random forests (RF) are an ensemble
learning alternative to CT: many trees are constructed,
with classes that are predicted by majority vote. An RF is
grown by a procedure called bagging, which is short for
bootstrap aggregating, where each tree is independently constructed by using a bootstrap sample (with replacement) of
Figure 1

|

Pool-rifﬂe pattern and meandering were categorised from 0 to 5 based on
pictures of the sampling sites.

the entire dataset. Each node of the trees is split using
only a subset of the explanatory variables chosen randomly
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for each tree. Ten trees were generated and one was used as

the performance of each method, the percentage of cor-

a random seed number. The output included the number of

rectly classiﬁed instances (% CCI) and Cohen’s kappa

random features and the out of bag error. Artiﬁcial neural

statistics (K ) were used (Witten & Frank ). Percentage

networks (ANN) are non-linear statistical data modelling

CCI is the sum of the % true positive and true negative pre-

tools that are based on the architecture of biological

dictions. K measures the proportion of all possible

neural networks and consist of a group of interconnected

presences or absences that are predicted correctly by a

computing units or neurons. During a learning phase, con-

model after accounting for chance (Manel et al. ). For

nection weights among the neurons are adapted by

N data points, K is given by

backpropagating training data through the net. The
number of hidden layers was set to (attributes þ classes)/2,
the learning rate was set to 0.3 and the momentum to 0.2,

K¼

(a þ d)  (((a þ c)(a þ b) þ (b þ d)(c þ d))=N)
N  ((a þ c)(a þ b) þ (b þ d)(c þ d))=N)

the randoms seed to 0, the training time to 500 epochs
and the validation threshold to 20. The weights of the

where a is the number of true positive predictions, b is the

threshold, the nodes, the inputs and the attributes were

number of false positive predictions, c is the number of

derived. SVM are developed from a linear classiﬁer using

false negative predictions and d is the number of true nega-

a maximum hyperplane to separate two classes. In a non-

tive predictions.

linear case, the central idea of classiﬁcation with SVM is
to map training data into a higher-dimensional feature

Ensemble forecast

space and to compute separating hyperplanes that achieve
maximum separation between classes. The maximum separ-

The PEGASE water quality model (Deliège et al. ) was

ation hyperplane is only a function of the training data that

used to simulate the improvement of the water quality in

lie on the margin and are called support vectors. Platt’s

Flanders by the years 2015 and 2027 (Ronse & D’heygere

sequential minimal optimisation algorithm (Keerthi et al.

). The PEGASE model is a detailed hydrodynamic,

) was used for training a support-vector classiﬁer,

deterministic water quality model that consists of three sub-

which replaces all missing values, transforms nominal attri-

models: a hydrological and hydrodynamic submodel, a

butes into binary ones and multi-class problems are solved

thermal submodel and a biological submodel. In the ﬁrst

using pairwise classiﬁcation. The complexity parameter

scenario (2015), the standard policy as well as the proposed

was set to 1, the tolerance parameter to 0.001, epsilon to

measures in the ﬁrst period of the district plans are

10–12, the random seed to 1, the polykernel had a cache

implemented. In the second scenario (2027), all proposed

size of 250,007 and an exponent value of 1. The attribute

restoration measures are implemented and the water

weights were derived, with an indication of the number of

received from the neighbouring countries is expected to be

kernel evaluations.

of a good quality. Based on the planned measures, especially

All modelling techniques were performed using WEKA

collecting and treating a higher fraction of the domestic

software (Witten & Frank ). Changing the settings of

waste water, oxygen and nutrient concentrations were mod-

the models hardly resulted in better accuracies of the

elled using the water quality model PEGASE (VMM b).

models, which was probably due to the large differences

More speciﬁcally, models were developed using the ﬁve

in environmental variables between samples with and with-

mentioned techniques based on the concentration of

out stoneﬂies. It was therefore decided to use the default

oxygen, biological oxygen demand, nitrate, ammonium,

settings provided by WEKA (Witten & Frank ) for all

Kjeldahl nitrogen, phosphorus and orthophosphate. River

modelling techniques, which also assured uniformity of

morphology and land use were not included in these

the performed analyses. Four sets of models were devel-

models because these are not likely to change substantially

oped, which were either based on physical–chemical

by 2027, especially because there are no large scale plans

parameters, land use types, structural characteristics of the

to change these parameters. An ensemble forecast based

watercourses or all these parameters together. To evaluate

on the ﬁve techniques was used to model stoneﬂy
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prevalence in a reference situation in 2006 and the two

CCI and Cohen’s kappa higher than 0.8, only CT performed

future scenarios in 2015 and 2027.

slightly less accurately. When downstream samples were
used as absence data, model performance was still good,
but the accuracy was always somewhat lower. When down-

RESULTS

stream data were used to validate the models with random
absences (called inter-group validation in Table 2), the devel-

Environmental parameters

oped models did not perform as well. However, when
random data were used to validate the models with down-

Median values as well as 10 and 90 percentiles of all

stream absences, model performance remained good.

environmental parameters are listed in Table 1. Mann–
Whitney U tests indicated that most parameters differed

Ensemble forecast

signiﬁcantly between samples with and without stoneﬂies
(Table 1). Also the land use type differed signiﬁcantly (Chi-

On the basis of the modelled oxygen and nutrient concen-

square, p < 0.001) between samples with and without stone-

trations, the ﬁve mentioned modelling techniques were

ﬂies. While stoneﬂies were mainly found in forests,

used to make an average ensemble forecast of the stoneﬂy

downstream sites contained more meadow and urban area

prevalence. The modelled prevalence, which was about

and random sites without stoneﬂies contained more arable

13% in the reference year 2006, increased minimally in

land, urban and industrial areas (Figure 2).

2015 and slightly increased to about 16% in 2027 (Figure 3).
Models developed on the basis of random and downstream

Modelling
The presence and absence of stoneﬂies could be accurately
modelled based on physical–chemical parameters with all
ﬁve modelling techniques when random samples without
stoneﬂies were used (Table 2). Although somewhat less
accurate, presence and absence could still be modelled
based on the type of land use or based on structural parameters (slope, sinuosity and river morphology). When all
variables were used simultaneously, the accuracy of the
models was even higher with most cases more than 90%

absences resulted in very similar predictions.

DISCUSSION
Stoneﬂies can occur in all types of watercourses in Flanders,
from small streams to very large rivers (Lock & Goethals
). However, due to human impact, stoneﬂies now only
occur in a few percent of the sampled watercourses, which
are almost exclusively small streams. In the part of Belgium
south of the rivers Samber and Meuse, where the human
impact is less severe, stoneﬂies are still present in nearly
all watercourses, even in large rivers.
In the present study, all applied modelling techniques
resulted in reliable models, only the performance of CT
was slightly less accurate (Table 2). The high accuracy of
the developed models indicates that stoneﬂies were present
in the majority of the suitable watercourses. Hardly any
additional watercourses have become suitable for stoneﬂies
recently. If the water quality would have become suitable at
locations that were not yet colonised by stoneﬂies, this
would have resulted in a higher fraction of false positive predictions and the model accuracy would have been lower. In

Figure 2

|

Dominant land use in the samples where stoneﬂies were present as well as
downstream samples and random samples where stoneﬂies were absent.
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CCI and Cohen’s kappa statistics (K) for calibration, validation and inter-group validation when using all variables or only physical–chemical data, land use or structural characteristics with ﬁve different models: logistic regressions (LR), artiﬁcial neural networks (ANN), support vector machines (SVM), random forests (RF) and classiﬁcation trees (CT)
Calibration

Validation

Inter-group validation

Included variables

Absences

Model

CCI (%)

K

CCI (%)

K

CCI (%)

K

All variables

Random

LR
ANN
SVM
RF
CT
LR
ANN
SVM
RF
CT

95
96
91
93
88
77
84
77
89
85

0.90
0.92
0.83
0.86
0.77
0.54
0.68
0.54
0.78
0.70

95
95
95
93
89
76
82
78
83
79

0.90
0.89
0.89
0.86
0.78
0.52
0.63
0.56
0.66
0.59

70
66
69
71
61
85
85
90
87
78

0.38
0.33
0.38
0.41
0.22
0.70
0.70
0.81
0.74
0.56

LR
ANN
SVM
RF
CT
LR
ANN
SVM
RF
CT

86
90
86
86
83
71
76
71
78
75

0.73
0.80
0.72
0.72
0.66
0.41
0.53
0.42
0.57
0.51

88
89
86
88
80
77
74
77
79
75

0.77
0.78
0.71
0.75
0.60
0.55
0.48
0.53
0.58
0.49

65
60
59
60
64
82
82
82
78
79

0.30
0.21
0.18
0.19
0.27
0.63
0.63
0.64
0.56
0.59

LR
ANN
SVM
RF
CT
LR
ANN
SVM
RF
CT

82
81
82
82
82
70
64
70
70
70

0.63
0.61
0.63
0.63
0.63
0.40
0.28
0.40
0.40
0.40

86
78
86
86
86
67
67
67
67
67

0.71
0.56
0.71
0.71
0.71
0.34
0.34
0.34
0.34
0.34

66
67
66
66
66
78
78
78
78
78

0.32
0.34
0.32
0.32
0.32
0.56
0.56
0.56
0.56
0.56

LR
ANN
SVM
RF
CT
LR
ANN
SVM
RF
CT

75
86
75
86
77
65
65
66
89
79

0.51
0.73
0.51
0.72
0.54
0.30
0.29
0.32
0.77
0.59

75
83
73
87
79
64
64
60
81
77

0.49
0.66
0.45
0.74
0.58
0.27
0.29
0.21
0.62
0.53

67
51
68
75
73
70
67
67
69
64

0.34
0.01
0.36
0.49
0.45
0.40
0.34
0.34
0.38
0.27

Downstream

Physical–chemical
(pH, conductivity,
oxygen, BOD, COD,
nutrients)

Random

Downstream

Land use (one
parameter with ﬁve
types)

Random

Downstream

Structural (slope,
sinuosity, river
morphology)

Random

Downstream

by stoneﬂies, due to passive distribution from upstream

can be easily understood and communicated and therefore,

populations.

this technique is very suitable to show to river managers,

In Figure 4, a strongly pruned classiﬁcation tree is pre-

decision makers or even the public (Boets et al. ;

sented (that was not used in the analysis), which indicates

Dominguez-Granda et al. ). This ease of understanding

that stoneﬂies are present in waters with a low conductivity,

more than makes up for the small loss of predictive power.

but are only present in waters with a higher conductivity

The occurrence of stoneﬂies in Flanders could not only

when the slope is steep. This example illustrates that CT

be predicted based on the physical–chemical water
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accuracy of habitat suitability models, as was also observed
during the present study.
The developed models could accurately distinguish suitable from unsuitable habitats for stoneﬂies, especially with
random absences (CCI 88–96%; K 0.77–0.92). This was
not surprising since almost all environmental parameters
differed signiﬁcantly between samples where stoneﬂies
were present and random samples where they were absent
(Table 1). Although models developed using samples downstream from locations with stoneﬂies as absence data were
slightly less accurate, they were still able to predict the
occurrence of stoneﬂies with high conﬁdence (CCI
77–89%, K 0.54–0.78). These data suggested that the physical–chemical water characteristics of most watercourses
Figure 3

|

Average ensemble forecast of the stoneﬂy prevalence (with indication of the
standard deviation) in 2006, 2015 and 2027 based on water characteristics
modelled with PEGASE, for models developed with random as well as downstream absences.

in Flanders are still not good enough to allow the occurrence of stoneﬂies. In order to obtain a good water quality
in all Flemish water bodies, which should be the case by
2015 according to the WFD (European Council ),
there is thus still a lot of improvement required. De
Cooman et al. () indicated that these goals could only
be achieved by implementing small-scale efforts such as
natural bank restoration, ﬁsh passage construction or river
channel re-meandering, which affect physical and chemical
habitats both locally and at the basin scale. Although these
kinds of measures are undoubtedly beneﬁcial, they are
also very expensive. Especially, re-meandering is costly

Figure 4

|

Strongly pruned classiﬁcation tree predicting the presence or absence (in
random samples) of stoneﬂies in Flemish watercourses (correctly predicted
instances 86%, Cohen’s kappa 0.73).

and our models even indicated that sinuosity has only a
minor effect on the occurrence of stoneﬂies. Jahnig et al.
() concluded that habitat restoration within a small
stretch is generally not sufﬁcient to realize changes in

characteristics, but also based on the land-use or the river

benthic invertebrate community composition and that

morphology. Also in other regions, land-use appears to be

restoring habitat on a larger scale, using more comprehen-

a key factor inﬂuencing macroinvertebrate community com-

sive measures and tackling catchment-wide problems (e.g.

position among sites (Sponseller et al. ; Strayer et al.

water quality, source populations) are required for a recov-

; Compin & Cereghino ; Collier ). Urban and

ery of the invertebrate community.

industrial sites in the river basin represented the pressure

More cost-effective measures might therefore be the

with the most negative impact on macroinvertebrate indices,

installation of constructed wetlands for small-scale waste

while forests and pastures had a positive effect (Wasson

water treatment and the creation of buffer zones. Currently,

et al. ). An advantage of the parameters describing

agricultural land in Flanders usually extends up to the river

land use and river morphology is that they are quite stable

banks and a buffer zone is rarely present although these are

in time. On the other hand, physical–chemical parameters

known to decrease the runoff of nutrients and pesticides

can strongly ﬂuctuate, which can easily lead to erroneous

(Sahu & Gu ; Tran et al. ). Wasson et al. () indi-

conclusions regarding habitat suitability. Including land

cated that riparian corridors are manageable areas and

use and river morphology can therefore improve the

their creation along European watercourses should receive
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priority in order to achieve a good ecological status. On the

random forests and CT could all successfully predict stoneﬂy

other hand, constructed wetlands are considered as a

occurrence. Models using random absences and downstream

cost-effective alternative for the treatment of point-sources

absences both resulted in reliable predictions. Based on the

that cannot easily be connected to a sewage treatment

measures planned by the Flemish government, which

plant (Meers et al. ; Boets et al. ).

mainly consist of improved waste water treatment, an ensem-

Despite the improvement of the water quality since the

ble forecast using the ﬁve mentioned modelling techniques

beginning of the 1990s (VMM ), stoneﬂies still occur

predicted that stoneﬂy prevalence in Flanders will increase

only in a few percent of the sampled watercourses.

only marginally by 2027. More efforts will thus be needed

Obviously, a further improvement of the ecological water

to effectively reach a good ecological quality in all surface

quality is needed for sensitive species such as stoneﬂies.

waters as required by the WFD.

Nonetheless, an ensemble forecast with the ﬁve modelling
techniques indicated that stoneﬂy prevalence will only
increase from 13% in 2006 to 16% in 2027 when all the

ACKNOWLEDGEMENTS

planned measures are carried out (Figure 3). These measures
thus clearly indicate a lack of ambition to reach the goals of

We would like to thank the Flemish Environment Agency

the WFD, which is to achieve a good ecological quality in all

(VMM) for the opportunity to study their samples. Koen

surface waters by the year 2015, especially when it is taken

Lock was supported by a post-doctoral fellowship from the

into account that plans are rarely completely carried out as

Fund for Scientiﬁc Research (FWO-Vlaanderen, Belgium).

intended. The modelled prevalence in 2006 was even an
overprediction since in reality, stoneﬂies were observed in
<2% of the sampled watercourses in 2006. However, it

REFERENCES

should be taken into account that due to the rarity of stoneﬂies in Flanders, their prevalence strongly ﬂuctuates from
year to year, depending on the sampled watercourses, but
has never surpassed 10% during the last two decades. In
the same reference year 2006, <10% of the surface waters
reached a good ecological water quality for macroinvertebrates (VMM b), indicating that stoneﬂies are not too
sensitive to be used as ecological indicators and that their
prevalence actually gives a good reﬂection of the ecological
status of the Flemish watercourses.

CONCLUSIONS
Despite an improvement of the water quality since the beginning of the 1990s, stoneﬂies are still rare in Flanders. Most
environmental parameters differed signiﬁcantly between
samples with and without stoneﬂies, which suggests that
not only morphological river characteristics such as meandering and bank structure, but also physical–chemical
water characteristics of most watercourses in Flanders are
still not good enough to allow the presence of stoneﬂies.
LR, artiﬁcial neural networks, support vector machines,

Downloaded from https://iwaponline.com/jh/article-pdf/16/4/812/387362/812.pdf
by guest

AGIV  Vlaamse Hydrograﬁsche Atlas. Agentschap voor
Geograﬁsche Informatie Vlaanderen, Gent (see also http://
geo-vlaanderen.agiv.be/geo-vlaanderen/vha).
Ambelu, A., Lock, K. & Goethals, P. L. M.  Comparison of
modeling techniques to predict macroinvertebrate
community composition in rivers of Ethiopia. Ecol. Inform.
5, 147–152.
Boets, P., Lock, K., Messiaen, M. & Goethals, P. L. M. 
Combining data-driven methods and lab studies to analyse the
ecology of Dikerogammarus villosus. Ecol. Inform. 5, 133–139.
Boets, P., Michels, E., Meers, E., Lock, K., Tack, F. M. G. &
Goethals, P. L. M.  Integration of landscaping and
ecological development in constructed wetlands for manure
treatment. Wetlands 31, 763–771.
Compin, A. & Cereghino, R.  Spatial patterns of
macroinvertebrate functional feeding groups in streams in
relation to physical variables and land-cover in Southwestern
France. Landsc. Ecol. 22, 1215–1225.
Collier, K. J.  Temporal patterns in the stability, persistence
and condition of stream macroinvertebrate communities:
relationships with catchment land-use and regional climate.
Freshw. Biol. 53, 603–616.
Dakou, E., D’heygere, T., Dedecker, A. P., Goethals, P. L. M.,
Dimitriadou, M. L. & De Pauw, N.  Decision tree models
for prediction of macroinvertebrate taxa in the river Axios
(Northern Greece). Aquat. Ecol. 41, 399–411.
De Cooman, W., Peeters, B., Theuns, I., Vos, G., Lammens, S.,
Debbaudt, W., Timmermans, G., Meers, B., Van Erdeghem,

821

K. Lock & P. L. M. Goethals

|

Predicting the occurrence of stoneﬂies (Plecoptera)

M., Van Wauwe, P., Callebaut, R., Barrez, I., Van den Broeck,
S., Emery, J., Van Volsem, S., Bursens, K., Van Hoof, K.,
D’Heygere, T., Soetaert, H., Martens, K., Baten, I., Goris, M.,
Haustraete, K., Breine, J., Van Thuyne, G., Belpaire, C. &
Smis, A.  Environmental Report Flanders, Background
Document 2007, Quality Surface Water. Flemish Environment
Agency, Aalst.
Deliège, J.-F., Everbecq, J., Lagermans, P., Grard, A., Bourouag, T. &
Blockx, C.  Pegase, a software dedicated to surface water
Quality assessment and to European database reporting.
Proceedings of the European conference of the Czech
Presidency of the council of the EU. Toward Environment.
Opportunities of SEIS and SISE: Integrating Environmental
Knowledge in Europe. Masaryk University, Brno, 8 pp.
Dominguez-Granda, L., Lock, K. & Goethals, P. L. M. 
Application of classiﬁcation trees to determine biological
and chemical indicators for river assessment: case-study in
the Chaguana watershed (Ecuador). J. Hydroinform. 13,
489–499.
European Council  Directive 2000/60/EC of the European
Parliament and of the Council of 23 October 2000
establishing a framework for Community action in the ﬁeld of
water policy. Off. J. Eur. Commun. L327, 1–72, 22 December
2000, Brussels.
Gabriels, W., Lock, K., De Pauw, N. & Goethals, P. L. M. 
Multimetric Macroinvertebrate Index Flanders (MMIF) for
biological assessment of rivers and lakes in Flanders
(Belgium). Limnologica 40, 199–207.
Hoang, T. H., Lock, K., Mouton, A. & Goethals, P. L. M. 
Application of decision trees and support vector machines to
model the presence of macroinvertebrates in rivers in
Vietnam. Ecol. Inform. 5, 140–146.
Jahnig, S. C., Brabec, K., Buffagni, A., Erba, S., Lorenz, A. W.,
Ofenbock, T., Verdonschot, P. F. M. & Hering, D.  A
comparative analysis of restoration measures and their
effects on hydromorphology and benthic invertebrates in
26 central and southern European rivers. J. Appl. Ecol. 47,
671–680.
Keerthi, S. S., Shevade, S. K., Bhattacharyya, C. & Murthy,
K. R. K.  Improvements to Platt’s SMO algorithm for
SVM classiﬁer design. Neural Comput. 13, 637–649.
Lock, K. & Goethals, P. L. M.  Distribution and ecology of the
stoneﬂies (Plecoptera) of Flanders (Belgium). Ann. Limnol.
Int. J. Limnol. 44, 203–213.
Manel, S., Williams, H. C. & Ormerod, S. J.  Evaluating
presence-absence models in ecology: the need to account for
prevalence. J. Appl. Ecol. 38, 921–931.
Meers, E., Tack, F. M. G., Tolpe, I. & Michels, E.  Application
of a full-scale constructed wetland for tertiary treatment of

Journal of Hydroinformatics

16.4

|

2014

piggery manure: Monitoring results. Water Air Soil Pollut.
93, 15–24.
Mouton, A. M., Van der Most, H., Jeuken, A., Goethals, P. L. M. &
De Pauw, N.  Evaluation of river basin restoration
options by the application of the water framework directive
explorer in the Zwalm River basin (Flanders, Belgium). River
Res. Appl. 23, 1–16.
Pino-Mejias, R., Cubiles-de-la-Vega, M. D., Anaya-Romero, M.,
Pascual-Acosta, A., Jordan-Lopez, A. & Bellinfante-Crocci,
N.  Predicting the potential habitat of oaks with data
mining models and the R system. Environ. Modell. Softw. 25,
826–836.
Ronse, Y. & D’heygere, T.  Waterkwaliteitsmodellering als
beleidsondersteunend instrument bij de opmaak van
stroomgebiedbeheerplannen. Water 32, 1–6.
Sahu, M. & Gu, R. R.  Modeling the effects of riparian buffer
zone and contour strips on stream water quality. Ecol. Eng.
35, 1167–1177.
Sponseller, R. A., Benﬁeld, E. F. & Valett, H. M.  Relationships
between land use, spatial scale and stream macroinvertebrate
communities. Freshw. Biol. 46, 1409–1424.
StatSoft Inc.  STATISTICA (data analysis software system),
version 7. Statsoft, Tulsa; (see also www.statsoft.com).
Strayer, D. L., Beighley, R. E., Thompson, L. C., Brooks, S.,
Nilsson, C., Pinay, G. & Naiman, R. J.  Effects of land
cover on stream ecosystems: roles of empirical models and
scaling issues. Ecosystems 6, 407–423.
Thuiller, W., Lafourcade, B., Engler, R. & Araújo, M. 
BIOMOD – a platform for ensemble forecasting of species
distributions. Ecography 32, 369–373.
Tran, C. P., Bode, R. W., Smith, A. J. & Kleppel, G. S.  Landuse proximity as a basis for assessing stream water quality in
New York State (USA). Ecol. Ind. 10, 727–733.
VMM a MIRA-T 2008 Indicator Report. Flemish Environment
Agency, Aalst.
VMM b Flanders environment outlook 2030. In: Flanders
Environment Report (M. Van Steertegem, ed.). Flemish
Environment Agency, Aalst.
VMM  Year Report Water 2009. Available from: www.vmm.be/
pub/jaarrapport-water-2009. Vlaamse Milieumaatschappij,
Aalst.
Wasson, J. G., Villeneuve, B., Iital, A., Murray-Bligh, J., Dobiasova,
M., Bacikova, S., Timm, H., Pella, H., Menging, N. &
Chandesris, A.  Large-scale relationships between basin
and riparian land cover and the ecological status of European
rivers. Freshw. Biol. 55, 1465–1482.
Witten, I. H. & Frank, E.  Data Mining: Practical Machine
Learning Tools and Techniques. Morgan Kaufmann
Publishers, San Francisco.

First received 12 August 2013; accepted in revised form 2 October 2013. Available online 23 November 2013

Downloaded from https://iwaponline.com/jh/article-pdf/16/4/812/387362/812.pdf
by guest

|

