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Summary

For OSPAR (Oslo Paris convention) state analysis of marine benthos in the Southern North Sea, a
common method, based on the Margalef index, has been adopted and published recently.
However, there were not yet trend analysis results for the benthic quality within the Southern
North Sea available. Therefore, a trend analysis method has been developed for this purpose. The
results of this method, applied to the Dutch part of the Southern North Sea, are reported here.

The non-parametric Theil-Sen slope estimator, and the Mann-Kendall test, appear to give results
which are comparable with linear regression, because the data distributions of the normalized
Margelef index values are approximately normal. The principal advantage of these robust
statistical methods is that no assumptions on the data distribution are necessary and that they are
relatively robust for outliers. This makes these two methods straightforward to use.

The presented trend analysis method is proposed as a valid, practical and standard method to
perform data exploration and trend analyses of marine benthic index values. These methods are
available in a user friendly and freely available R script, called EDATA (Exploratory Data and
Trend Analysis). More specifically, these methods are proposed as a useful addition to the
available OSPAR/MSFD Margalef method and associated BENMMI software.
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Introduction
Context and information need
In 2017, OSPAR published a range of environmental quality assessments of the OSPAR area
(OSPAR, 2017a). As a part of these assessments, the benthic quality of the Southern North Sea
was assessed using the Margalef index (OSPAR, 2017b, Van Loon et al., 2018). The Margalef
method is the regional implementation of the OSPAR BH2 indicator in the Southern North Sea,
and the Dutch implementation of the MSFD D6C5 criterion. Using this index, and areas-habitats
defined by the Dutch Rijkswaterstaat MWTL monitoring programme, average Margalef index
values for the period 2010-2015 were calculated and reported. For the habitat definition, the
EUNIS level 3 (Long, 2006; sand, mud, coarse, mixed) was used. However, these index values
were not yet assessed, because no Threshold Value (minimum quality level) has yet been agreed
upon in OSPAR.

The Margalef method, referred to above, is well suited for benthic status analysis of a
marine area-habitat. However, no method has yet been reported for benthic trend analysis using
the Margalef method. A trend method is needed, because it can probably give more detailed
information on the development of the benthic quality within an assessment area within time,
compared to a periodic benthic status assessment using period averaged benthic quality values.

Trend analysis methods
It is common practice in environmental statistics to perform some exploratory data analysis
(EDA), before engaging in trend analysis. The purpose of this EDA is to obtain basic insight in
the data quality (e.g., occurrence of potential outliers) and data distribution, and to investigate
which type of trend analysis is appropriate (Zuur et al., 2010). If applicable based on visual
inspection of scatter plots of benthic quality index values against time or another X-variable,
linear or multi-linear regression are commonly used trend analysis methods. If clear deviation of
linearity of the plots is observed, non-linear regression has to be applied (Oude Voshaar, 1994). If
the data are not normally distributed, which is one of the basic conditions for applying linear
regression, data transformation (e.g. logarithmic) or Generalized Linear Modeling (GLM) are
common approaches to solve this problem (Zuur et al., 2010). An alternative approach, which is
both simple and effective, is the use of robust regression techniques such as the Theil-Sen slope
estimator and the Mann-Kendall test. These techniques do not make assumptions on the data
distribution, are robust for outliers, and are applicable for a broader range of trends (i.e.,
monotonically increasing/decreasing trends instead of only linear trends). The power of these
methods often comparable to those of linear regression in case all the assumptions for linear
regression are met. In other cases, the power is even better. In this study, both linear regression
and robust regression techniques are applied and compared.

Aims of this study
Therefore, the following aims of this study were defined: (a) to develop a statistically correct,
transparent and practical data exploration and trend analysis method, using normalized Margalef
index values obtained with the OSPAR method; and (b) to apply this method to the five Dutch
marine areas, as defined in the OSPAR method.
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Methods
Area-habitat definitions
The five Dutch marine areas-habitats, used in the OSPAR assessment, are based on a traditional
Rijkswaterstaat monitoring area definition as follows: CoastalZone-sand, the Offshore-sand, the
FrysianFront-sand, the OysterBanks-mud, and the DoggerBank-sand (Figure 1). The Frysian
front is a transitional area on the border of the Offshore and the OysterBanks. Note that only one
habitat was assigned per area, to have sufficient samples for trend analysis.

A complete list of the OSPAR marine areas-habitats, which are used in the OSPAR and MSFD
multi-metric assessment of benthos in the Southern North Sea, is given in Appendix 1 (Van Loon
et al., 2018). The Dutch areas-habitats are marked orange. A short characterization of these
marine areas-habitats is given in Table 1.

Table 1: characterization of the Dutch marine areas-habitats.

Marine area-habitat Characterization
NL_CoastalZone_Sand Shallow coastal zone (median depth 12 m); predominantly sandy

bottom; relatively high natural physical stress due to currents, waves
and occasional storms.

NL_Offshore_Sand Deeper than coastal zone (median depth 30 m), predominantly sandy
bottom; lower natural physical stress.

NL_FrysianFront_Sand Transitional zone between the Offshore area and the Oyster Banks
(median depth 37 m). Mostly a sandy habitat, but also contains muddy
parts.

NL_OysterBanks_Mud Relatively deep area (median depth 48 m); sedimentation area which
has led to a muddy bottom; low natural physical stress.

NL_DoggerBank_Sand Area with intermediate depth (median depth 33 m); predominantly
sandy bottom; relatively low natural physical stress.
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Figure 1. Distribution of all Dutch Rijkswaterstaat monitoring locations in the Coastal Zone (I),
Offshore (II), Frysian front (III), Oyster Banks and Dogger Bank. The borders of the Frysian
front are indicated with orange lines. New locations from 2015 are indicated as white dots.
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Benthic data
The benthic data used in this study are available on the internet (Van Loon, 2018).
The availability of benthic samples per Dutch area-habitat is shown in Table 2. The minimum
number of samples per area-year was set at 5. Therefore, the data period used begins in 1995. In
1999, the sample area of the box corer used changed from 0.060 m2 to 0.078 m2. This small
change is sample area is most likely effectively corrected for by the Margalef index (Van Loon et
al., 2018), and therefore these samples sizes were combined in the trend analysis.

Table 2. Availability of Dutch Rijkswaterstaat benthic monitoring locations for the period 1991-
2015.

Period Coastal
zone

Offshore Frysian
front

Oyster
banks

Dogger
bank

Total nr
samples

1994 9 7 4 4 1 25
1995-2014 19 30-28 20 24 7 98-100
2015 57 31 21 36 19 164

Note that in 2015, the number of benthic monitoring locations was substantially increased for the
purpose of more accurate assessments of new Dutch marine protected areas and the existing
Natura2000 areas. In Figure 1, the old and new monitoring locations are shown. These additional
locations were maintained in the trend analysis, because the improved spatial coverage using
these new locations outweighs the potential disadvantage of increasing the weight of this more
reliable data point in the trend analysis.

Index calculation
For each benthic sample, the Margalef index score was calculated using the BENMMI software
(Walvoort and Van Loon, 2018). The BENMMI software is written in R and is freely available.

Mobile epifaunal benthic species (Mysida and decapoda) were removed from the dataset,
because they are sampled unreliably. The Margalef index score were transformed into
Normalized Index Values (NIVs), by dividing them with the respective Margalef reference value
per area (Van Loon et al., 2018). This results in comparable NIVs for the five analyzed areas.

Statistical tests
Exploratory data analyses was performed as follows. Outlying Margalef scores were studied by
producing box-and-whisker plots, and outliers are indicated above and below the plot whiskers
(75 percentile + 1.5 interquartile range; 25 percentile – 1.5 interquartile range. The interquartile
range is the distance between the 25 and 75 percentile). The normality of the distribution of the
Margalef results was tested graphically by making histograms and QQ-plots, and numerically
using the Shapiro-Wilk test.

Trend analysis were performed using linear regression, and non-parametric Theil-Sen
(Theil 1950, Sen 1968) slope estimation combined with the non-parametric Mann-Kendall test
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(Kendall 1938), using the EDATA tool (Exploratory Data Analysis and non-parametric Trend
Analysis; Walvoort and Van Loon, 2017c). The trend period used is 1995-2015. The results of
both trend analysis methods are compared.

Results
Exploratory data analysis
The boxplots of the Margalef normalized index values per Dutch area-habitat are shown in Figure
2. It can be observed that in the NL_CoastalZone and NL_Oysterbanks no potential outliers
(extreme values) are present. In the other three areas, approx. 2 to 4 potential outliers are
observed per area, which is a very small percentage of the total number of samples. We don’t
remove these samples, because we don’t have evidence to conclude that these are errors in the
sampling or taxonomic analysis. In addition, no extreme outliers are observed. In view of these
considerations, these outliers were not investigated further, and maintained in the set of results.

Figure 2: box plots of the Margalef normalized index values (D*) for the Dutch coastal zone,
Dogger bank, Frysian front, Offshore and Oyster banks. The outlying data points are shown.

The histograms of the normalized Margalef values are shown in Figure 3.
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Figure 3: histograms of the Margalef values for the Dutch coastal zone, Dogger bank, Frysian
front, Offshore and Oyster banks.

The QQ-plots are shown in Figure 4.

Figure 4: QQ-plots for the Dutch coastal zone, Dogger bank, Frysian front, Offshore and Oyster
banks.
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It appears from the histograms and the QQ-plots, that the QQ-plots give a more precise visual
indication of deviations from normality than the histograms. However, the histograms remain
useful to show the basic shape of the data distribution. These QQ-plots visually show that there
seem to be some deviations of normality in the NL_CoastalZone, the NL_Offshore and the
NL_Oysterbanks, especially in the left tail of the QQ-plots.

The quantitative results of the Shapiro-Wilk test are shown in Table 3.
It appears that the Margalef results distribution of the NL_Offshore and the NL_Oysterbanks
deviate significantly (α=0.05) from normality. For these result sets, linear regression is in
principle less appropriate, and non-parametric trend tests are preferable. For the
NL_CoastalZone, NL_DoggerBank and NL_FrysianFront, the null-hypothesis that the data come
from a normally distributed population cannot be rejected. These quantitative results comply well
with the visual results from the QQ-plots.

Table 3: Shapiro-Wilk normality test results; trend slopes and trend significance values for linear
regression (LR), Theil-Sen (TS) slope estimation, and Mann-Kendall (MKtest. Significantly non-
normally distributed Margalef results are printed in bold. The data period used is 1995-2015.
Note that trends of Normalized Index Values (range, 0-1) are presented.

AREA p_value
Shapiro

Slope LR p-value LR Slope TS p-value MK

NL_CoastalZone 0.0611 -0.0013 0.22 -0.0016 0.22
NL_Offshore 0.0269 -0.0054 <0.0000 -0.0060 <0.0000
NL_FrysianFront 0.7748 0.0018 0.072 0.0020 0.080
NL_OysterBanks 0.0300 0.0009 0.21 0.0007 0.24
NL_DoggerBank 0.9837 0.0028 0.038 0.0027 0.043

The results show that there is a small significantly increasing Margalef trend in the Dogger bank
(p=0.04), and a significantly decreasing trend in the Offshore (p<0.0000). No significant trends
can be detected for the Coastal Zone, The Frysian Front, and the Oyster Banks. The results
obtained using linear regression, and using the non-parametric trend methods, are quite
comparable. For consistent reporting of the most robust results, without assumptions about the
data distribution, the Theil-Sen and Mann-Kendall results were finally used. The trend plots,
using non-parametric Theil-Sen slope estimation, are shown in Figure 5.
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Figure 5: trend plots of normalized Margalef index values (D*) for the five Dutch marine areas,
for the period 1995-2015. The red dots are the median normalized Margalef values.  The annual
median values per area are listed in Appendix 3.

Discussion
For each Dutch marine area, only one habitat has been assigned in order to keep as much samples
as possible for data analysis.. It is known that the Frysian front also contains muddy parts.
However, no clear differences between Margalef reference values for sandy and muddy habitats
were found (Van Loon et al., 2018), which enables the combined assessment of the Frysian front
samples.

The addition of the new fixed sampling locations in 2015 may have caused a slight
systematic shift in the annual average index value. On the other hand, this larger number of
samples will give a better spatial representation of the benthic quality of that area, which justifies
a larger weight of this data year in the trend analysis. Alternatively, the new sampling locations
could be removed from the trend analysis, to keep the same number of fixed locations per area.
However, the latter procedure would lead to a loss of valuable spatial information, and was
therefore not preferred. In case of the Dogger bank, the new sample locations, first sampled in
2015, represent another part of this area as the old sampling locations (see Appendix 2).
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However, the annual average for 2015 does not show a clear deviation from the trend line for the
Doggerbank (see Figure 3). In case of the Oyster Grounds, the central part is sampled more
intensively, starting in 2015. Also in this case, the annual average for 2015 does not show a clear
deviation from the trend line. This supports the choice to maintain these additional new sampling
locations within the trend analysis.

The results of Theil-Sen and linear regression appear to be quite comparable, which
confirms the correctness of the trend results. Since the deviations from normality for the Offshore
and the Oyster grounds are small, the linear regression results are not influenced by this.
However, for correct and straightforward trend analyses regardless of the data distribution, the
Theil-Sen and Mann-Kendall were used as standard methods.

The use of relatively short trend periods, e.g. of 5 or 6 most recent data years, appeared to
result in different trend results in two areas due to inter-annual variations, compared to the trend
over a larger time period for the same area. It appears therefore in this study, that the use of a
longer trend period (1995-2015) gives the most relevant and reliable trend information, because a
broader historical view of the benthic quality is obtained, and the effect of inter-annual variations
is reduced.

It is known that the taxonomic expertise in benthic laboratories to identify benthic species
slowly improves over the years. This is likely to have resulted in a slow increase in the number of
species which were reported over the years. Consequently, a small increasing trend in species
richness and the Margalef index could be present due to this effect alone. It may be possible in
the future to develop a correction procedure for this, by using a “lowest common taxonomy level”
for the trend period analyzed. For example, the Statistics Netherlands has reported a procedure
for this, which is interesting to investigate further (CBS, 2017). However, it is not expected that
this effect would essentially change the trend results reported in this report.
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Appendix 1:  OSPAR Marine Areas and Habitats

OBJECTID HABITAT Period
Average
Margalef

normalized
(2010-2015)

BE_NorthSea Coarse 0.46
BE_NorthSea Sand 0.50
DE_BorkumReefGround Sand 0.53
DE_Coastal Sand 0.47
DE_Doggersbank Sand 0.60
DE_ElbeUrstromValley Mud 0.80
DE_ElbeUrstromValley Sand 0.63
DE_SyltOuterReef Coarse 0.67
DE_SyltOuterReef sand 0.66
NL_CoastalZone Sand 0.52
NL_DoggerBank Sand 0.82
NL_FrysianFront Sand 0.67
NL_Offshore Sand 0.52
NL_OysterBanks Mud 0.75
UK_FarnesEast Mixed 0.84
UK_FarnesEast Sand 0.85
UK_HoldernessOffshore Mixed 0.78
UK_MarkhamsTriangle Coarse 0.67
UK_NEFarnesDeep Mixed 0.77
UK_NNorfolkSandbanks Coarse 0.65
UK_NNorfolkSandbanks Sand 0.42
UK_SwallowSand Sand 0.90
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Appendix 2:  Dutch national Rijkswaterstaat MWTL benthic monitoring locations. The
new locations, added in 2015, are also presented (see also Figure 1).



16

Appendix 3: annual mean and median values of the normalized Margalef index value per
area-year

OBJECTID Year Mean Median
NL_CoastalZone 1995 0.6061 0.6161
NL_CoastalZone 1996 0.3713 0.3240
NL_CoastalZone 1997 0.5219 0.5182
NL_CoastalZone 1998 0.6207 0.6539
NL_CoastalZone 1999 0.4905 0.5140
NL_CoastalZone 2000 0.6018 0.5722
NL_CoastalZone 2001 0.6356 0.7067
NL_CoastalZone 2002 0.6176 0.6458
NL_CoastalZone 2003 0.6183 0.6617
NL_CoastalZone 2004 0.5875 0.6275
NL_CoastalZone 2005 0.5681 0.5878
NL_CoastalZone 2006 0.5459 0.5345
NL_CoastalZone 2007 0.4711 0.5525
NL_CoastalZone 2008 0.5349 0.5145
NL_CoastalZone 2009 0.5006 0.5260
NL_CoastalZone 2010 0.5005 0.5405
NL_CoastalZone 2012 0.5187 0.4841
NL_CoastalZone 2015 0.5410 0.5614
NL_DoggerBank 1995 0.7690 0.8209
NL_DoggerBank 1996 0.6933 0.6946
NL_DoggerBank 1997 0.8277 0.8177
NL_DoggerBank 1998 0.7157 0.7265
NL_DoggerBank 1999 0.8223 0.8127
NL_DoggerBank 2000 0.7852 0.7448
NL_DoggerBank 2001 0.8649 0.8676
NL_DoggerBank 2002 0.7390 0.7528
NL_DoggerBank 2003 0.8298 0.8435
NL_DoggerBank 2004 0.7437 0.7767
NL_DoggerBank 2005 0.8090 0.7808
NL_DoggerBank 2006 0.8630 0.9038
NL_DoggerBank 2007 0.7466 0.7455
NL_DoggerBank 2008 0.7131 0.7929
NL_DoggerBank 2009 0.8399 0.8690
NL_DoggerBank 2010 0.9151 0.9479
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OBJECTID Year Mean Median
NL_DoggerBank 2012 0.7297 0.7129
NL_DoggerBank 2015 0.8264 0.8126
NL_FrysianFront 1995 0.6403 0.6322
NL_FrysianFront 1996 0.5243 0.5124
NL_FrysianFront 1997 0.6025 0.5903
NL_FrysianFront 1998 0.6123 0.5976
NL_FrysianFront 1999 0.6492 0.6768
NL_FrysianFront 2000 0.7416 0.7762
NL_FrysianFront 2001 0.6783 0.6833
NL_FrysianFront 2002 0.7646 0.7368
NL_FrysianFront 2003 0.6964 0.6947
NL_FrysianFront 2004 0.6463 0.6224
NL_FrysianFront 2005 0.6593 0.6631
NL_FrysianFront 2006 0.6659 0.6919
NL_FrysianFront 2007 0.6258 0.6151
NL_FrysianFront 2008 0.6515 0.6763
NL_FrysianFront 2009 0.5811 0.5754
NL_FrysianFront 2010 0.6805 0.6994
NL_FrysianFront 2012 0.6261 0.6256
NL_FrysianFront 2015 0.6934 0.6893
NL_Offshore 1995 0.6059 0.5860
NL_Offshore 1996 0.5775 0.5611
NL_Offshore 1997 0.5759 0.5812
NL_Offshore 1998 0.5719 0.5669
NL_Offshore 1999 0.5420 0.5243
NL_Offshore 2000 0.5263 0.5051
NL_Offshore 2001 0.5572 0.5243
NL_Offshore 2002 0.6567 0.6426
NL_Offshore 2003 0.5807 0.5832
NL_Offshore 2004 0.5735 0.5695
NL_Offshore 2005 0.5340 0.5140
NL_Offshore 2006 0.5586 0.5145
NL_Offshore 2007 0.4635 0.5009
NL_Offshore 2008 0.4724 0.4779
NL_Offshore 2009 0.4359 0.4142
NL_Offshore 2010 0.5021 0.5178
NL_Offshore 2012 0.5231 0.4910
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OBJECTID Year Mean Median
NL_Offshore 2015 0.5260 0.4939
NL_OysterBanks 1995 0.6781 0.6913
NL_OysterBanks 1996 0.6662 0.6369
NL_OysterBanks 1997 0.8012 0.7695
NL_OysterBanks 1998 0.6916 0.6652
NL_OysterBanks 1999 0.7497 0.7241
NL_OysterBanks 2000 0.7318 0.7182
NL_OysterBanks 2001 0.7271 0.7074
NL_OysterBanks 2002 0.7526 0.7616
NL_OysterBanks 2003 0.7440 0.7464
NL_OysterBanks 2004 0.7401 0.7742
NL_OysterBanks 2005 0.7163 0.7279
NL_OysterBanks 2006 0.6738 0.6611
NL_OysterBanks 2007 0.7155 0.7391
NL_OysterBanks 2008 0.6465 0.6335
NL_OysterBanks 2009 0.6646 0.6371
NL_OysterBanks 2010 0.7417 0.7273
NL_OysterBanks 2012 0.7556 0.7350
NL_OysterBanks 2015 0.7632 0.7666


