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Performance of the Phytoplankton Index for Lakes (IPLAC): a multimetric phytoplankton index to

assess the ecological status of water bodies in France

Christophe Laplace-Treyture®, Thibaut Feret *

Irstea, UR EABX, 50 avenue de Verdun, F-33612 Cestas Cedex, France.

Abstract

A new phytoplankton-based index was designed to respond to the Water Framework Directive (WFD)
requirements concerning the assessment of lake ecological status. The “Indice Phytoplancton
Lacustre” (IPLAC) is a multimetric index, taking into account biomass, abundance and species
composition of communities. The first metric is based on the total phytoplankton biomass (MBA), the
second on the abundance and taxonomic composition (MCS) of 165 indicator taxa. The IPLAC was
developed on 2 independent databases, one for the calibration and the second for the validation of
the metrics. The calibration dataset was composed of 255 “lake-years” from 214 distinct lakes
sampled between 2005 and 2012. The validation dataset included 173 lake-years in order to confirm

the response of the index to the trophic gradient and anthropogenic pressure.

The results show that the IPLAC correctly highlights chemical pressure (eutrophication). Especially
high Pearson correlations are shown with total phosphorus (r=-0.71, p-value <0.001), chlorophyll-a
(r=-0.83, p-value <0.001) and water transparency (r=0.73, p-value <0.001) which are the main proxies
for the trophic level. Corine land cover was used as an indication of the anthropogenic pressure and
good correlations are also found with the watershed land use, negatively correlated with agricultural
area (r=-0.60, p-value <0.001), population density (r=-0.36, p-value <0.001) and positively with forest
area (r=0.57, p-value <0.001).

The index is WFD-compliant and is dedicated to natural lakes and artificial water bodies in

metropolitan France, and will be routinely used by the French Ministry of the Environment to assess
lake ecological status through the phytoplankton community. However, the results must be carefully
interpreted in two cases: reservoirs with large water level fluctuations, and samples that include less

than 5 indicator species.
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1. Introduction

Since 2000, the WFD - Water Framework Directive (European Parliament, 2000) - obliges Member
States to implement tools to assess the ecological status of water bodies. This common goal requires
assessment of the ecological status of water resources through the development of biological indices
and not simple chemical analyses. The WFD requires that the ecological status of lakes be judged by
the use of four major biological elements including the phytoplankton community. In this context,
phytoplankton-based indices must be developed, taking into account biomass, abundance, species

composition of communities, frequency and intensity of blooms (European Parliament, 2000).

At the European level several national methods have already been proposed: the German Phyto Lake
Index (PSI) (Mischke et al., 2008), the Brettum index in Austria (Brettum, 1989; Dokulil et al., 2005;
Wolfram et al., 2011), the Phytoplankton Trophic index (PTI) in UK (Phillips et al., 2012). All these
methods are based on similar standardized sampling protocols and use 3 to 6 surveys per year,

during the phytoplankton growing period, to assess the ecological status of lakes.

The trophic level is determined by the nutrient load reached in a lake. Thus it is complex to
evaluate as it depends on many parameters including phosphorus as the main trigger and also
nitrogen (OECD, (1982). Some authors (Fabbro et al. (2000), Salmaso (2003) and Coste et al. (2009))
derived a trophic index from the axes of a Principal Component Analysis (PCA) based on a group of
paramaters representative of this gradient. Others (Ptacnik et al., 2009) use total phosphorus as an
indicator of the gradient, as it was decided by the European intercalibration expert groups (GIG)
dedicated to lake ecological status assessment (European Commission, 2011). Hence, most of the
indices developed for lake assessment in respect to WFD requirements, evaluate the trophic status of
water bodies using the total phosphorus as a proxy (de Hoyos et al., 2014; Phillips et al., 2014;
Wolfram et al., 2014).

None of the phytoplankton-based European indices cited above are adapted to the high diversity of
French lakes (highly variable climate, relief, anthropogenic impact, and artificial or natural type). That
is why in 2007 the development of a multimetric phytoplankton index applicable to all French lakes
was initiated. The index had to be compliant with the WFD requirements. It must be based on the
taxonomic composition of phytoplankton and must highlight eutrophication through total

phosphorus contents, in order to be comparable with other European indices. Although a
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phytoplankton index (lp.), developed in 1990 and revised in 2003 (Barbe et al., 2003a; Barbe et al.,
2003b; Barbe et al., 1990) already existed, this old index was neither WFD compliant nor multimetric.
Thus substantial improvements had to be done to obtain a new index.

The aim of the study is to present the different steps in the development of the IPLAC (“Indice
Phytoplancton Lacustre”), a new phytoplankton index dedicated to assess the ecological status of
lakes and reservoirs of the whole French metropolitan hydrosystem (not applicable to overseas
water bodies). Based on a large database, the index was designed in two complementary metrics
based on phytoplankton biomass and taxonomic composition, using calibration and validation
datasets. The ability of IPLAC to reveal different pressure gradients is also discussed, with

recommendations for managers who should be routinely using this index.

2. Materials and methods

2.1 Sampling methods and acquisition of environmental data

In order to develop the phytoplankton index, the first step consisted in creating a large lake database
at a national level. The data were collected by the water agencies between 2005 and 2012 according
to a standardized sampling method (Laplace-Treyture et al., 2009) which recommends a survey at
each season (winter to autumn) with 3 during the growing season (May to October). The surveys
should be separated by one month, at minimum, in order to be clearly different and thus
representing the growing season. The sampling must be performed at one point in the deepest part
of the lake and the sample must integrate the whole euphotic zone. Taxa are determined at the
species level with an inverted microscope and results are expressed in biovolume using standard cell
values defined in the software Phytobs (Hadoux et al., 2015) or when the standard cell values are
missing directly from calculation onto the sample. The counting process followed European Standard
NF15204 (2006) as specified by Laplace-Treyture et al. (2009). Water chemistry samples were also
collected from the euphotic zone at the same time. Total phosphorus (TP) and chlorophyll were
analyzed by the standard methods NF EN ISO 6878 (2004) and NF-T 90-117 (1999) respectively.
Environmental data such as Secchi depth were measured during each phytoplankton campaign. The
physical characteristics of the lakes (Table 2) were provided by water agencies from GIS and
bathymetric studies. The land use and watershed areas were calculated from Corine Land Cover
database (European Union, 2006). The first classification level of Corine Land Cover was used to
determine 5 classes of land use: agricultural, intensive agricultural, forest, artificial, wet area.

Population density was also added using Corine Land Cover 2000 (European Union, 2000).
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2.2 Datasets

The database includes 290 sites (Figure 1), including 28 reference sites, which are defined following a
specific approach with emphasis on land use (Corine Land Cover). Such reference sites are
considered to be slightly or not impacted by human pressure (European Parliament, 2000). The
criteria selected are detailed in Ministére de I'Ecologie et du Développement Durable (2004). The
watershed should have more than 90% of natural land cover (forest, wet area) and intensive

agricultural should be absent. No urban or industrial discharges are permitted.

The surveys used for the index development were conducted at each season with 3 during the
growing period (May-October). Phytoplankton samples with less than 5 taxa determined were
omitted, the samples being considered as incomplete and not representative of the whole

phytoplankton community. We called a “lake-year” a year of survey (at least 3 campaigns) for a

specific lake.
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Figure 1: Study area and sites, distinguishing reference and non-reference sites

Table 1: Distribution of the floristic dataset from 2005 to 2012 in lake-years

2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012

26 35 57 67 70 76 65 31
Number of lake-years
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The dataset includes 427 lake-years, from 290 distinct lakes, sampled between 2005 and 2012 (Table
1) and was divided into two sub-datasets. It was decided to keep 60% of the dataset for the
calibration sub-dataset, which include the reference dataset, and 40% for the validation sub-dataset.
This repartition was done to obtain two robust sub-datasets, with a larger one for calibration, which
are representative of the whole territory studied and are covering similar characteristic ranges. So,
the calibration dataset, composed of 254 lake-years from 214 distinct lakes, was used to define the
ecological profile of the taxa and index parameters. The reference dataset, totally included in the
calibration dataset, was composed of 47 lake-years sampled on reference lakes and was used to
define the reference model and fix boundaries of ecological quality classes. Finally, the validation
dataset was composed of 173 lake-years and was used to confirm the response of the index to the
trophic gradient and anthropogenic pressure.

Even if, regional based indices respond probably better than large scale based indices (Marchetto et
al., 2009), no other sub-division of the dataset, for example by ecoregion, was made for the
development of the index. Due to the high typological diversity of French lakes (depth, altitude and
biogeography) it appeared difficult to distinguish homogeneous cluster with a reasonable statistical
size. Thereby it was developed continuous model including typological parameters at national level
on the whole French metropolitan territory. This method also has the advantage of being less subject

to the threshold effect present in discrete models.

2.3 Statistic analysis

All statistical analyses were carried out using R (R Development Core Team, 2014). In order to be
comparable, all environmental and chemical data were log transformed except land use classes on

which an angular transformation (arcsine (Vx)) was applied (Legendre and Legendre, 1998).

2.4 Development of the Algal Biomass Metric

The algal biomass metric, MBA (“Métrique de Biomasse Algale”), was developed in the first step of
the process (De Bortoli and Argillier, 2008; De Bortoli et al., 2007). It was based on total biomass
evaluated by average chlorophyll-a concentration, which is a good rating of the total phytoplankton
biomass available in the water body (Carvalho et al., 2012; Poikane et al., 2010). The metric was
expressed in Ecological Quality Ratio (EQR) with the ratio Chloro,./Chloro, where Chloro is the
observed mean chlorophyll-a for the growing season and Choro, is the reference of chlorophyll-a (in

ug.I"t expected in reference conditions). The latter was defined with a model between mean
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chlorophyll-a and the mean depth of the water body (Z in m) on the French reference dataset (De
Bortoli and Argillier, 2008). De Bortoli and collaborators showed that mean depth was the main
factor influencing the concentration of chlorophyll-a in reference lakes. The equation model was
defined following equation 1. The chlorophyll-a reference depends on the mean depth of the lake

and is thus a site-specific value.
CthT'Oref — 10[0.754—0.489><10g10(Z)] (Eq. 1)

To respect the concept of the WFD, 4 quality thresholds for five ecological quality classes (High,
Good, Moderate, Poor and Bad) should be defined. These EQR thresholds were based on the
prediction interval of this linear model (equation 1). The MBA threshold H/G was defined as the
prediction interval of 90% of the model used on the reference sites. The other three thresholds are
calculated directly using the distance between the reference value and the H/Ggqz value, obtained by
the relation “Log (MBAqR) - Log (TP)". Finally, ecological class thresholds were transformed by linear
interpolation in order to fall on a linear scale (0.2, 0.4, 0.6 and 0.8) for respectively Bad/ Poor, Poor/
Moderate, Moderate/Good and Good/High thresholds. Moreover, this transformation facilitates
metrics aggregation in normalized EQR (nEQR) and the comparison with other European indices

(Poikane et al., 2011). See Appendix A for the detailed formulae.

2.5 Development of the Specific Composition Metric

The specific composition metric, MCS (“Métrique de Composition Spécifique”), qualifies the trophic
level of a lake from the phytoplankton communities determined during the different annual surveys.
In the whole dataset, 1,417 different taxa were recorded and used for the metric development.
Ecological profiles were first defined along the trophic gradient based on total phosphorus
concentration for taxa determined at not less than species level and for taxa which occurred more
than 25 times in dataset. These profiles were defined for each taxon by two values, the optimum and
the tolerance. The values, representing the distribution of the taxon biovolume along the TP
gradient, were calculated using the mean TP and the TP standard deviation for each taxon weighted
by the taxon biovolume. This method is an adaptation of the weighted averaging method (ter Braak
and van Dam, 1989). Total phosphorus data were log-transformed. Optima and tolerances were
scaled between 0 and 20 and between 0 and 3 respectively. Finally, a box-cox transformation (Box
and Cox, 1964) was applied in order to obtain a normal distribution and give a better distribution of
the scores along the whole range. Thus, optima and tolerances were named respectively “specific

scores” and “stenoecy coefficients”.
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These values allow the calculation of the MCS metric for each campaign (MCS,) using the Zelinka and
Marvan formula (1961), (Equation 2). The mean MCS is calculated on the growing period with at least

3 surveys per year.

?=1 CSL X Si X Bi
=15 X B;

MCS, = (Eq.2)

aw3n

Where B;: Biovolume of species “i” in mm?>.I"?,
CS; : Specific score of species “i”, from 0 to 20,

S; : Stenoecy coefficient of species “i” from 0 to 3.

The final notation determines a quality level. It is obtained by the ratio between the mean observed
value of the MCS and the expected value in reference condition (Ecological Quality Ratio EQR;
Equation 3).

MCS,

The MCS,.swere calculated on reference dataset with the Equation 2. The results were used to
develop a model to calculate the MCS,¢ for all the other lakes. After testing different models
including typological and geographical parameters (mean depth, max depth, elevation, volume,
residence time, latitude and alkalinity), it has been established the more relevant model with the
following equation (Equation 4) which combines mean depth and altitude of the water body. Thus,

reference values can be derived for all lakes and for lake types with no reference sites.
MCS,ef = 10.134 4+ 2.603 X Log,o(Z + 1) + 0.3148 x Log,o(Alt + 1) (Eq. 4)

Z: the mean depth of the water body in meters

Alt: the altitude of the water body in meters.

The ecological status thresholds were defined from MCS;qr distribution on the reference dataset. The
High/Good boundary was defined as the 25% quantile of the reference range according to Hering et
al. (2006). The 3 other boundaries were defined by dividing the rest of the range on the calibration
dataset into 4 equal classes. Finally, they were rescaled by linear interpolation by equation 5, in order

to obtain normalized EQR (MCS,eqr) and to fall on the same linear scale as the MBA metric.

MCSpggr = 1.205 X MCSpy,p — 0.3318 (Eq. 5)
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2.6 Metric aggregation and index validation

The WFD requires an assessment of both abundance and taxonomic composition of the
phytoplankton (European Parliament, 2000). To provide an overall assessment of this biological
element, the IPLAC index, is a linear combination of the two metrics in normalized EQR (section 2.3
and 2.4). All the values of the two metrics above 1 are brought back to 1 and all the exceptional
values below 0 are set at 0 before aggregation. The best ratio to aggregate MBA and MCS was
determined in order to optimize the correlation between IPLAC and total phosphorus. The better
correlation (r?) was researched between IPLAC and TP by varying the ratio of the two metrics. Finally

the IPLAC, over a range from 0 to 1, is obtained on the basis of equation 6.

IPLAC = 0.7 X MCSppog + 0.3 X MBAngor (Eq.6)

The IPLAC ecological status thresholds are the same as the constitutive metrics with a linear scale:

High/Good 0.8; Good/Moderate 0.6; Moderate/Poor 0.4 and Poor/Bad 0.2.

To validate this assessment method, IPLAC was applied to the validation dataset (section 2.1),

independent of the calibration-development dataset.
2.7 Testing the sensitivity of the IPLAC

The responses of the IPLAC to different types/levels of external anthropogenic pressure or trophic
classification of lakes were studied. For that goal, a complementary analysis between the IPLAC and
different chemical parameters and the Secchi depth was conducted. The mean concentration of total
phosphorus (TP), nitrate (NO5), nitrite (NO,’), ammonium (NH,"), Kjeldahl nitrogen, chlorophyll-a and
the mean Secchi depth during the growing period were calculated. Pearson correlations were
analyzed between each parameter, the final index and its metrics. Secondly, the OECD (1982) trophic
classification of lakes, based on total phosphorus (annual mean), chlorophyll-a (annual maximum and

mean) and Secchi depth (annual mean), was compared with the IPLAC values of water bodies.

Then, the first classification level of Corine Land Cover (2006) was used to determine 6 classes of land
use, defined in section 2.1. Pearson correlations were calculated and analyzed between these classes
with IPLAC and its 2 metrics. The response of IPLAC to the population density was studied at the

watershed level after logarithmic transformation.

2.8 From a floristic point of view
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A floristic analysis was conducted to analyze the distribution of algal groups in the different IPLAC
classes. First of all, the range of total biovolume and the biovolume of cyanobacteria (in mm*.I"),
according to ecological quality classes from bad to high, was observed. The relationship between
biovolume and trophy was studied. Finally, boxplot representations were used to visualize biovolume

ratios of different taxonomic groups versus IPLAC ecological quality classes.

3. Results and discussion
3.1 Characteristics of database content

The main physical characteristics of the datasets are summarized in Table 2. The lakes sampled have
a wide range of physical characteristics including lakes in plains and mountains, and lakes that were
shallow, very shallow and deep from 0.8 m to 309.7 m depth. The different catchment areas vary
from 0.37 to 10,484 km? for the general database with no significant difference between the
calibration dataset and the validation dataset. Thus, the datasets used cover the whole diversity of
the French territory and for the major parameters the ranges are comparable between the
calibration dataset and the validation dataset. The chemical characteristics (Table 3) also present
quite a wide range of values with low and high mineralization and with different trophic levels. TP
varies from 3.67 to 811.40 pg.I'* and nitrate from 0.10 to 30.09 mg.I™ in the database. Similarly, the
watershed characteristics from Corine Land Cover (European Union, 2006) of sampled lakes (Table 4)
present wide ranges from watershed totally covered by agriculture to no agricultural area and from 0

to 100% of forest area.

Table 2: Summary of the main physical characteristics of the water bodies in the datasets available from 2005 to 2012

(with Min: minimum value, Sd: standard deviation, Max: maximum value and N: observation number)

Mean Sd Min Max N
Altitude (m) 490.04 591.40 0.00 2,841.00 214
Max depth (m) 29.01 37.16 0.80 309.70 204
Non reference | Mean depth (m) 11.56 17.44 0.30 153.00 214
Lake area (km?) 5.21 39.85 0.09 577.12 214
Watershed area (km?) 331.10 1,058.85 0.44 10,484.20 209
Calibration dataset
Altitude (m) 1,416.76  814.04 13.00 2,841.00 27
Max depth (m) 33.27 32.71 3.00 150.00 27
Reference Mean depth (m) 14.84 16.13 1.00 69.00 27
Lake area (km?) 5.40 14.42 0.09 57.57 27
Watershed area (km?) 94.58 318.56 0.55 1,620.88 27
Validation dataset Altitude (m) 395.40 356.50 0.00 2,081.80 116
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Max depth (m) 23.00 21.73 1.30 96.00 106
Mean depth (m) 8.69 8.67 0.40 41.00 116
Lake area (km?) 1.34 1.47 0.09 10.46 116

Watershed area (km?) 318.68  1,149.45 0.37 10,484.20 113

Table 3: Summary of mean chemical characteristics and Secchi depth of the water bodies in the datasets available from

2005 to 2012 (with Min: minimum value, Sd: standard deviation, Max: maximum value and N: observation number)

Mean Sd Min Max N
Total Phosphorus (ug.I™) 80.06 127.24 367  811.40 412
Chlorophyll-a (ug.I™) 14.67 20.30 0.41 169.00 396
Conductivity - 25°c (uS.cm™) 24751 19548 11.57 1,330.50 254
Kjeldahl Nitrogen (mg.I™) 149 1.17 0.15  9.84 250
Ammonium (mg.™) 0.27 0.64 0.01 9.36 268
Nitrite (mg.|™) 0.05 0.05 001 028 268
Nitrate (mg.I"") 2.89  4.48 0.10  30.09 268
Orthophosphate (PO4) (mg.I") |0.27 2.12 0.01 33.51 268
Secchi depth (m) 285 272 0.10  19.40 252

Table 4: Summary of the watershed characteristics of the water bodies in the datasets available from 2005 to 2012 from
Corine Land Cover 2006 and 2000 for population density (with Min: minimum value, Sd: standard deviation, Max:

maximum value and N: observation number)

Mean Sd Min Max N
Mean population density (people/km?) |42.37 96.18 0.00 1142.94 284
% Artificial area 3.23% 7.29% 0.00% 57.38% 284
% Agricultural area 41.78% 31.08% 0.00% 100.00% 284
% Forest area 46.01% 31.48% 0.00% 100.00% 284
% Humid area 0.07% 0.45% 0.00% 5.71% 284

3.2 Optimum and tolerance

The metric MCS is based on the weighted averaging method using total phosphorus as a proxy of the
trophic gradient. For each taxon of the calibration dataset an optimum and a tolerance, used as
specific score and stenoecy coefficient, was calculated. A list of 165 indicative taxa was obtained (see
Appendix B) distributed in the main algal groups: Chlorophyta and Charophyta (82), diatoms (34),
Chrysophyta (17), cyanobacteria (16), Dinophyta (8), Cryptophyta (5) and Euglenophyta (3). Some of
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the selected taxa have already been reported as indicator species in other indices (Marchetto et al.,

2009), (Mischke et al., 2008), (Wolfram et al., 2011).

The specific values of the list are consistent with the literature. Most cyanobacteria show low specific
scores whereas Dinophyta show high specific scores. Nevertheless, some differences exist with other
taxonomic lists used in other European indices. 72 taxa from the taxonomic list have a specific score
for the index IPLAC but not for the Tl index of Norway (Ptacnik et al., 2009). The latter is more
dedicated to Nordic region with oligotrophic and mesotrophic lakes and IPLAC covers a broader

gradient, which can explain a larger taxonomic list.

On the other hand, up to 62% of the taxa contributing to IPLAC also contribute to the PTSI German
index (Mischke et al., 2008) depending of the lake types in which more species contribute (332
species). In both indices, species or infra-species are used. The choice of not using genera in MCS was
made to provide a more precise ecological assessment as already done in the PTSI. The definition of
specific score and stenoecy coefficient at species level are more precise because in genera some

species can be ubiquitous and others specific to a small ecological range.

In comparison with the Brettum index (Wolfram et al., 2014), the list of contributing taxa is more
extended in the IPLAC. The Brettum has only 80 taxa taken into account for Austria. The lake types
covered by the IPLAC are greater than for the Brettum which is applicable to Alpine types. In the
Austrian method species and genus contribute to the index. This point differs with IPLAC in which

only species, or infra-species, are used.

The detailed indicator list of the MCS (Appendix B) is sorted by increasing specific scores. The first
part of the list is composed of taxa with low specific scores, corresponding to more eutrophic lakes.
These species belong mostly to the phyla of Cyanobacteria, Euglenophyta and some Chlorophyta
which is comparable with the Italian index - MedPTI (Marchetto et al., 2009). This is consistent with
other literature which describes the cyanobacteria species, Microcystis aeruginosa Kitzing in
hydrosystems with high TP concentration usually eutrophic (Cellamare et al., 2007), (Berrada et al.,
2000), (Joung et al., 2011). Planktothrix agardhii (Gomont) Anagnostidis & J. Komarek is associated
with water quality degradation in small lake (Silva et al., 2011). Its presence is favored by increasing
TP concentration from sediment resuspension (Mischke, 2003). The same author describes
Limnothrix redekei (Van Goor) Meffert as dominant in eutrophic lakes in association with Plantothrix

agardhii. These species are indicative of high trophic status.

In contrast, only 4 cyanobacteria species in the MCS list, Aphanothece minutissima (West)

Komarkova-Legnerova & Cronberg, Chroococcus limneticus Lemmermann, Synechococcus elongatus
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Nageli and Aphanothece clathrata W. & G.S. West are qualified as indicative of low trophic status and
so appear in the last part of the list with higher specific scores. Reynolds (2006) also considered the

genus Synechococcus as characteristic of low nutrient and clear water.

In the last part of the MCS taxa list are placed species sensitive to the trophic elevation, essentially
Heterokontophyta (Chrysophyceae), Dinophyta and part of the Bacillariophyta, as also done in the
Brettum index (Wolfram et al., 2014). Chrysophyceae are associated with cold and clear water and
very low trophic status (Reynolds, 2006). This algal group is interestingly not considered in the
MedPTI index (Marchetto et al., 2009). This may be explained by the geographical distribution of this
algal group poorly represented in the Italian reservoir and more specific of Nordic lakes (Ptacnik et
al., 2009). The genera Dinobryon, Chrysolykos, Kephyrion, Peridinium, Peridiniopsis and Cyclotella are
the main representative taxa of the sensitive group with CSi values above 15.9.Three species of
Peridinium, P. umbonatum Stein, P. willei Huifelt-Kaas and P. inconspicuum Lemmermann have quite
high scores, respectively 14.4, 16.84 and 20, in agreement with the Italian index (Marchetto et al.,

2009) that classifies the genus Peridinium with one of the highest trophic values.

In the PTSI, Mischke et al. (2008) highlighted 6 Peridinium species including P. umbonatum and willei
but the scores for this genus are variable from 0.94 (P. willei Huifelt-Kaas) to 4.15 (P. cinctum (O.F.
Muller) Ehrenberg). This variability justifies the use of species instead of genera in the bioindicator

list.

The middle part of the MCS list is dedicated to the Chlorophyta, Charophyta and Cryptophyta. The
former is a large algal group with many species (De Reviers, 2003) largely distributed around the
world and over a broad trophic range. The CSi values for this group are around 10. Among the
ubiquitous taxa there are Oocystis, different Scenedesmus, Desmodesmus and Monoraphidium
species. Some Charophyta species, like Closterium and Staurastrum are also in that group which is
comparable with the Brettum index or the PTSI (Wolfram et al., 2014). Five species of the phylum
Cryptophyta, cosmopolitan (Klaveness, 1988) and widely distributed in terms of latitude and trophic

state (Reynolds, 2006), belongs to this part of the taxon list.

33 IPLAC and the trophic gradient (TP)

The IPLAC was developed to reveal the trophic gradient of water bodies and especially the total
phosphorus concentration. The two metrics MBAcqg and MCS,cqr, Were significantly correlated to

the total phosphorus in the calibration and validation datasets (Table 5).
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Calibration (n=255) Validation (n=173)

MCSnear 0.51%** 0.4%**
MBAcar 0.3%** 0.24%%*
IPLAC 0.54%** 0.43%%*

Table 5: Pearson correlations between total phosphorus and IPLAC and its metrics on the calibration and validation

datasets (*** p-value<0.001; n: number of lake-years)

According to the dataset available, a good relationship can be observed (Table 5) between IPLAC and
the average concentration of total phosphorus in the growing season with an explained variance of
close to 0.54 with the calibration dataset and close to 0.43 with the validation dataset. The validation
dataset allows the index performance to be assessed and its application to an independent dataset
(Marchetto et al., 2009) to be validated. MCS has a higher correlation coefficient with TP than MBA
on both calibration and validation datasets with 0.51 and 0.4 respectively. It is interesting to note
that the association of the 2 metrics, MCS and MBA, increases the explained variance of the final
index. This is also the case for other indices like the Phytoplankton multimetric for unstratified Polish
lakes with large catchment areas (Hutorowicz and Pasztaleniec, 2014). The relationship between
IPLAC and TP is consistent with a decreasing IPLAC when TP increases, as shown in Figure 2. Such a
strong relationship was also obtained with other metrics like the Size phytoplankton index (0.23), the
Morpho-functional group index (0.33) and the Phytoplankton trophic index (0.67) as described in
Carvalho et al. (2012) or the Phytoplankton multimetric for Polish lakes (from 0.33 to 0.70) described

in Hutorowicz et al. (2014).

In terms of quality classes, the IPLAC showed a clear stepwise transition from high to bad status
(Figure 3) along the trophic gradient (TP) on both calibration and validation dataset. Note that only
one lake-year from the validation dataset was classified in bad status so the distributions in this class
were not comparable. The sites with low TP concentrations during the growing season were
classified in high ecological status by the IPLAC. On another hand, the sites with high TP
concentrations were classified as having a worse than moderate status. This classification can be
observed for other assessment methods in Europe (de Hoyos et al., 2014; Hutorowicz and

Pasztaleniec, 2014; Phillips et al., 2014; Wolfram et al., 2014).
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Figure 2 : IPLAC correlation with the average concentration of growing season total phosphorus (log scale in p.g.l'l) on the

calibration (white) and validation (grey) datasets
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Figure 3: Range of growing season total phosphorus according to IPLAC ecological quality classes on the calibration

(white) and validation (grey) dataset

3.4 IPLAC and other water chemistry parameters

To consolidate the IPLAC response to pressure, a correlation analysis between IPLAC and its metrics

with several chemical parameters and Secchi depth was performed on both databases (calibration
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and validation). It shows very strong Pearson correlations with Secchi depth, chlorophyll-a and total
phosphorus (Table 6). For Secchi and TP, coefficients are higher with the final index, above the
absolute value of 0.70, than with the separate metrics. The increase of the IPLAC index is clearly
related to the increase of the transparency in the water body. With chlorophyll-a, as expected, the
correlation is higher and strongest with the MBA alone, as a consequence of the construction of the
metric. Secchi depth, chlorophyll-a and total phosphorus represent the trophic level of the water
bodies for the OECD evaluation. Thus, these responses are compliant with the index goals even if the
IPLAC results are not well distributed along the OECD trophic classification (paragraph 3.5).
Moreover, the IPLAC responded to nitrogen. This latter is the second most important parameter in
the development of the phytoplankton community (Reynolds, 2006) after phosphorus. The
correlation was essentially with Kjeldahl nitrogen with correlation coefficients from -0.42 for the
MBA to -0.56 for the IPLAC. The correlations with ammonium (maximum -0.28) and nitrate
(maximum -0.23) were weak and a little higher for nitrite. Comparable correlations were obtained for
the phytoplankton multimetric for Polish lakes (Hutorowicz and Pasztaleniec, 2014) and also in other
Central Baltic assessment methods (Phillips et al., 2014) similar to the IPLAC index. Usually,
correlations with nitrogen forms are weaker than with phosphorus due to the fact that phosphorus is

generally the limiting nutrient.

IPLAC MCShear MBAear

Conductivity -0.29 **¥*  -0.28 *** Q.21 ***
Kjeldahl nitrogen |[-0.56 *** -0.54 *** -0.42 ***

Secchi depth 0.73 ***  0.67 ***  0.61 ***
Ammonium -0.27 *¥** 022 ***  _0.28 ***
Nitrite -0.33 *¥** 0,28 *** .32 ***
Nitrate -0.23 ***  -0.16 **  -0.3 ***

Total phosphorus |-0.71 *** -0.69 *** -0.52 ***
Chlorophyll-a -0.83 *** 0,62 *** .0.89 ***

Table 6 : Pearson correlation between IPLAC, MCS, gqr and MBA qr With chemical parameters and Secchi (***p-

value<0.001, **p-value<0.01)

3.5 IPLAC analysis along the OECD trophic gradient

We then compared IPLAC results to the widely accepted OECD trophic classification (1982). The

database available does not contain all the necessary parameters to define the trophic status for
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each lake-year, thus, this comparison was established on a reduce dataset (198 lake-years). In
France, very few lakes meet the conditions of ultra-oligotrophy and our dataset only included one
high mountain lake, Lac Bleu in the Pyrenees, as ultra-oligotrophic with an IPLAC value near 1. In the
4 other OECD trophic classes, the IPLAC ranges show that only “hyper-eutrophic” lakes have a bad
status. All the OECD trophic classes have lakes of High ecological quality (IPLAC >0.8). Finally, the

more eutrophic the lakes, the wider the IPLAC range.
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Figure 4: Range of IPLAC values according to the OECD trophic classification

3.6 Cross analyses of IPLAC and watershed land use

To have a more general view of the IPLAC behavior towards anthropogenic pressure, watershed land
use was studied (Kuhar et al., 2011) and compared to the IPLAC score and its two metrics. Pearson
correlations between each watershed land use with IPLAC and its metrics were calculated (Table 7).
This analysis shows that IPLAC responds negatively to agricultural area (-0.60), intensive agricultural
area (-0.47) and to the population density (-0.36). There is no clear difference between the response
to intensive and to all agricultural areas. Moreover, IPLAC responded positively to the forest area and
did not respond to artificial areas or wetlands. The two metrics independently responded in the same
way as the index. Katsiapi et al. (2012) in Greek lakes, showed that cyanobacteria were closely
associated with artificial and agricultural land use, and that Chrysophytes and Dynophyta were
closely associated to area of forest. These observations are consistent knowing that cyanobacteria
are the taxonomic group the most negatively influent on the IPLAC and, inversely, Dynophyta the

most positively influent (regarding the taxa scores).
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IPLAC MCS,ar MBAeqr
Agricultural area -0.60 -0.52 053
Intensive agricultural area 0477 0397 043"
Artificial area -0.04 -0.03 -0.01
Forest area 057" 0527 047"
Wetland 010"  0.08 0.08
Population density (people.m‘z) 036 -029"" 033"

Table 7: Relationships (Pearson correlation) between IPLAC, MCS,;qr and MBA oz With watershed land use (***p-

value<0.001, **p-value<0.01, *p-value<0.05)

3.7 Floristic analysis according to IPLAC ecological status

The IPLAC response to pressure can be analyzed more precisely through the distribution of absolute
biovolumes and relative algal group biovolumes. The cyanobacteria biovolume and total
phytoplankton biovolume ranges, according to IPLAC ecological status, show a clear stepwise
transition from high to bad status as shown in Figure 5. The bad status presents a total biovolume
higher than in the other classes with a range between 25 -100 mm?.I". At the same time, sites
classified as high and good status show total biovolumes below 8 mm?®.I". Some overlap is observed
within the different classes. Comparable results and curves were obtained in the Central Baltic
intercalibration exercise (Phillips et al., 2014) for the shallow and very shallow calcareous lake types.
Values below 5 mm?.I" were compiled for high and good classes and values from 50 to 500 mm?>.I*
for bad status. The relationship between total biovolume, log-transformed, and IPLAC is consistent. It
is also the case for cyanobacterial biovolume but the distribution shows a different pattern.
Cyanobacterial biovolume in bad statuses is clearly separate from the others with values between
10-100 mm?®.I"%, indicating high cyanobacteria concentrations in that class. Fewer concentrations are
observed in the other classes but with overlap, essentially in high to moderate classes. Similar results
were found with the common metric developed for the Wiser EU FP7 project in Northern and Central
Europe (Phillips et al., 2012). IPLAC does not take the intensity of blooms (no special metric) directly
into account as recommended by the WFD (European Parliament, 2000). But the distribution of
cyanobacterial biovolume along the IPLAC classes shows that the index already reflects the increase
in algal biomass especially cyanobacteria blooms. Thus, it does not justify the use of an additional
metric for blooms as in other European indices (Wolfram et al., 2014). IPLAC is then fully WFD

compliant.
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In relative biovolume (Figure 6), the IPLAC ecological status classification shows a clear increase of
cyanobacteria biovolume from high to bad quality and inversely a clear decrease of Dynophyta. The
lakes in bad status are totally dominated by cyanobacteria. Other groups are poorly present. These
lakes are quite shallow (mean depth between 1-10 m) and at low altitudes (5-250 m) and with a very
high trophic level and high phytoplankton biomass (73-557 pg.I™"). Cyanobacteria are tolerant to
strong anthropogenic pressure (de Hoyos et al., 2014; Reynolds, 2006). The Chrysophytes
(Heterokontophyta) decrease with greater trophic availability so are positively correlated with the
IPLAC values. This group is sensitive to pressure as also observed in siliceous Mediterranean
reservoirs (de Hoyos et al., 2014). Green algae (Chlorophyta and Charophyta) present, like the
Cryptophyta, an increase of the relative biovolume from high to moderate classes then a decrease to
bad class. Diatoms (Bacillariophyta) show a different distribution along the IPLAC classes. They
remain present between 15 to 45% in all classes except bad that have values below 15%. This group
is composed, in lakes in France, of ubiquitous species that accept low to quite high anthropogenic
pressure. A quite similar distribution was observed in siliceous Mediterranean reservoirs (de Hoyos
et al., 2014) and in very shallow calcareous lakes in the Central Baltic region (Phillips et al., 2014).

Euglenophyta is the least represented algal group in the different IPLAC classes, globally below 10%.
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Figure 6: Range of biovolume ratio (relative biovolume in percentage) of taxonomic groups according to IPLAC ecological

quality classes

4, Conclusions

The IPLAC index is a multimetric index, based on the phytoplankton community, resulting from the
aggregation by weighted sum of two normalized metrics, the MBA or total Algal Biomass Metric and
the MCS or Specific Composition Metric. The first metric is based on the average concentration of
chlorophyll-a during the growing season, which is a good rating of the total phytoplankton biomass
available in the water. The second is based on the sampled species composition expressed in

biovolume. This index can be applied to all lakes, natural or not, located in the metropolitan territory
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of France. The IPLAC completely fulfills the WFD requirements and, for that reason, can be used for

the ecological assessment of lakes.

The IPLAC responds to the trophic gradient in accordance with the WFD guidelines, and consistently
with particularity of French water bodies. It is especially correlated to total phosphorus, chlorophyll-a
and the Secchi depth, which are the main proxies for the trophic level. Good correlations are also

available with the watershed land use, essentially agricultural area and forest area.

Nevertheless, some limitations in the use of IPLAC are evident. The mean depth is a building
parameter of the index, thus, the response is certainly worse for reservoirs with high level intra-
annual fluctuations. Reference values can be strongly impacted in these cases. Moreover, IPLAC was
developed on French territory. Its application in other country, essentially with different lakes’

characteristics, would require precautions.

The taxonomic list for the MCS,eqr calculation has been purposefully reduced in order to keep only
the ecological profile statistically valid. As a precaution, we recommend that evaluation in water
bodies having very few taxa in the MCS list be considered as unreliable. Thus, we recommend the use
of the index for taxonomic lists having at least five taxa in the MCS list. In order to have taxonomic
lists at species level usable for the index, strong attention should be payed to the species
determinations in the lab. It is essential, in case of bloom, to identify at species level, at least the

dominant taxa.

Finally, IPLAC will be used by the French Ministry of Environment and the water agencies to evaluate
lake ecological status (Ministére de I'environnement, 2015) with the biological quality element

phytoplankton.
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Appendix A: Calculation procedure with equations of the total biomass metric (MBA)
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The metric MBA depends on the relationship between “mean depth of the water body and
concentration of chlorophyll-a". Thus the calculations are specific to each water body.

1% step.
Determine the Reference value of chlorophyll-a (Chloro, in pug.I™) with equation 1.

CthTOref — 10[0.754—0.489X10g10(2)] (Eq. 1)

with Z: the mean depth of the water body in meters.

2" step.
Calculation of MBAgqr with the equation 2.

Chloroyes

Chlorog,ean

With Chloroean: mean of the chlorophyll-a concentration during the growing season in

pg.l™.

3" step.

This MBA metric is built from a mathematical prediction model. Thus, the following formulae were

extracted directly from the model.

Determine the threshold H/G expressed in pg/l of Chloro-a by the prediction interval
with the equation 3.

_ (log10(Z)—0.9425)
0.754 0.489><log10(Z)+1.7109x0.1424x\/1.0385+ 20773 (Eq.3)

H/Gpredicted =10

4" step.

Determine the other quality thresholds expressed in pg/l of Chloro-a. They are derived
from the relationship between log(chloro in EQR) and log(TP) with the equations 4, 5
and 6.

(log10(2)—0.9425)?

1.7109x0.1424x\/1.0385+ o ( )
: Eq.4

0.754—0.489x10g10(Z)+2%
G/Mpredicted =10

(log10(Z2)—0.9425)?

4.0773 (Eq5)

1.7109><O.14-24><\/1.0385+

0.754—0.489x10g4(Z) +3X
M/Ppredicted =10



5" step.

6™ step.
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(log10(Z2)—0.9425)?

0.754—0.489%l0og(Z)+4X 1.7109><O.14-24><\/1.0385+ 20773

P/Bpredicted =10

EQR transformation of the thresholds with the equations 7 to 10.

Chloroyer

H/GEQR = H/Gpredicted (Eq.7)

G /Mo = % (Eq.8)
M/Psgr = % (Eq.9)
P/Bsor = % (Eq. 10)

(Eq.6)

Transforming MBAgqg into normalized EQR (MBA ¢qr). The equations determined are

unique to each “depth / chlorophyll-a" ratio. The logarithmic regression equation that

exists between the thresholds MBAgq, determined for the couple “depth /
chlorophyll-a”, and the normalized EQR must be determined.

Example for a water body:

Mean depth (Z): 18 m and Mean chlorophyll-a (Chloromean): 3.5 pg.I™ reported in the

Table 1, 2 and 3. The logarithmic regression equation between tables 2 and 3 is
equation 11.

MBAygor = 0.3497 X In MBAgog + 1.0016 (Eq. 11)

Table 1 Table 2 Table 3
Chloromean 3.5 MBAcqr 0.4 MBA ear 0.68117313
Chloro,s 1.4 Referencegqr 1 Referenceneqr 1
H/Gpredicted 25 H/Gear 0.56 H/Gnear 0.8
G/Myredicted 4.4 G/Mear 0.31818182 G/Mear 0.6
M/P predicted 7.8 M/Pear 0.17948718 M/Pear 0.4
P/Bpredicted 13.9 P/Bear 0.10071942 P/Bnear 0.2
Status classification G




Author-produced version of the article published Iin Ecological Inaicators, 2016, 69, 666-694.
The original publication is available at http://www.sciencedirect.com/ doi : 10.1016/j.ecolind.2016.05.025
©. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/

Appendix B: List of indicator taxa selected for the MCS metric in the IPLAC index with the author of
the taxa, the phylum, the specific score (CSi), the stenoecy coefficient (Si) and the taxon code used in

routine survey. The list is ordered by increasing CSi

Taxon Author
Taxon name Phylum CSi Si
code
APAELA Aphanocapsa elachista W. & G.S. West Cyanobacteria 0 3
(Hohn & Hellerman) Theriot
CYSINV Cyclostephanos invisitatus Bacillariophyta 1.01 |1.76
Stoermer & Hakans
TEAINC Tetraedron incus (Teil.) G.M. Smith Chlorophyta 1.25 |3
STEPAR Stephanodiscus parvus Stoermer & Hakansson Bacillariophyta 2.44 12.75
DEDINT Desmodesmus intermedius (Chodat) Hegewald Chlorophyta 3.12 |2.29
(Gomont) Anagnostidis & J.
PLAAGA | Planktothrix agardhii Cyanobacteria 3.68 |2.62
Komdrek
SCEOBL Scenedesmus obliquus (Turpin) Kitzing Chlorophyta 443 |[2.25
MIOAER Microcystis aeruginosa Katzing Cyanobacteria 446 |1.36
Trachelomonas volvocina var. Y.V. Roll
TRAVOP Euglenophyta 4.64 |2.59
punctata
PEDDUP | Pediastrum duplex Meyen Chlorophyta 5.11 |2.08
NIZACI Nitzschia acicularis (Kitzing) W.M.Smith Bacillariophyta 5.12 |1.69
TERSTA Tetrastrum staurogeniaeforme (Schroeder) Lemmermann Chlorophyta 523 |1.81
TEATRG Tetraedron trigonum (Nageli) Hansgirg Chlorophyta 5.36 |1.57
COEMIC Coelastrum microporum Nageli Chlorophyta 5.44 |2.21
CLOACU Closterium acutum Breb. Charophyta 5.51 |2.02
DEDOPO | Desmodesmus opoliensis (P.G. Richter) E.H. Hegewald Chlorophyta 5.76 |2
CRCAPI Crucigeniella apiculata (Lemmermann) J. Komarek Chlorophyta 5.79 |2.67
MONTOR | Monoraphidium tortile (W.et G.S.West) Komarek-Legn. | Chlorophyta 5.85 |1.44
ANKFAL Ankistrodesmus falcatus (Corda) Ralfs Chlorophyta 5.87 |1.25
SCESUB Scenedesmus subspicatus Chodat Chlorophyta 5.9 1.49
CHSRUF Chrysococcus rufescens G.A. Klebs Heterokontophyta |6.19 |1.47
PEDTET Pediastrum tetras (Ehrenberg) Ralfs Chlorophyta 6.27 |1.78
TCHALT Tetrachlorella alternans (G.M. Smith) Korshikov Chlorophyta 6.31 |1.54
ACSHAN | Actinastrum hantzschii Lagerheim Chlorophyta 6.41 |2.13
LIMRED Limnothrix redekei (Van Goor) Meffert Cyanobacteria 6.53 |2.07
TREPLA Treubaria planctonica (G.M.Smith) Korshikov Chlorophyta 6.54 |2.26
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DIDINE Didymocystis inermis (Fott) Fott Chlorophyta 6.68 |1.96
AULGRA | Aulacoseira granulata (Ehrenberg) Simonsen Bacillariophyta 7.01 |1.99
STEHAN Stephanodiscus hantzschii Grunow Bacillariophyta 7.12 |1.84
DEDARM | Desmodesmus armatus (Chodat) Hegewald Chlorophyta 7.16 |1.62
SCEECO Scenedesmus ecornis (Ehrenberg) Chodat Chlorophyta 7.2 1.78
SCEBIC Scenedesmus bicaudatus Dedusenko Chlorophyta 7.3 1.84
PEDBOR | Pediastrum boryanum (Turpin) Menegh. Chlorophyta 7.34 |1.87
DICEHR Dictyosphaerium ehrenbergianum | Naeg. Chlorophyta 7.37 |2.24
KOLLON | Koliella longiseta (Vischer) Hindak Chlorophyta 7.44 179
DEDCOM | Desmodesmus communis (Hegewald) Hegewald Chlorophyta 7.54 |1.64
CRYCUR Cryptomonas curvata Ehrenberg emend Penard Cryptophyta 7.8 1.38
PSDFIN Pseudodidymocystis fina (Komarek) Hegewald & Deason | Chlorophyta 793 |14

CYSDUB Cyclostephanos dubius (Fricke) Round Bacillariophyta 8.01 |2.18
PHTLEN Phacotus lenticularis (Ehrenberg) Stein Chlorophyta 8.03 |1.35
LAGCIL Lagerheimia ciliata (Lagerheim) Chodat Chlorophyta 8.13 |[1.89
PHALON | Phacus longicauda (Ehrenberg) Dujardin Euglenophyta 8.15 |1.14
ANYJUD | Ankyra judayi (G.M.Smith) Fott Chlorophyta 8.28 |1.76
CRCREC Crucigeniella rectangularis (Naegeli) Komarek Chlorophyta 8.3 1.69
OOCMAR | Oocystis marssonii Lemmermann Chlorophyta 8.4 1.89
TEACAU Tetraedron caudatum (Corda) Ralfs Chlorophyta 8.41 |[1.16
PSELIM Pseudanabaena limnetica (Lemmermann) J. Komarek Cyanobacteria 8.44 |1.86
SCEDEN Scenedesmus denticulatus Lagerheim Chlorophyta 8.51 |1.57
TRAVOL Trachelomonas volvocina Ehrenberg Euglenophyta 8.7 1.33
CYCMEN | Cyclotella meneghiniana Kutzing Bacillariophyta 8.74 |1.87
SCEOBT Scenedesmus obtusus Meyen Chlorophyta 8.92 |1.61
CLOACV Closterium acutum var. variabile | (Lemmermann) Krieger Charophyta 8.99 |1.28
SCEACM | Scenedesmus acuminatus (Lagerheim) Chodat Chlorophyta 9.01 |1.7

TABFEN Tabellaria fenestrata (Lyngbye) Kutzing Bacillariophyta 9.19 |1.8

CCTMIN Choricystis minor (H. Skuja) Fott Chlorophyta 9.25 |[1.14
STXDIC Stelexomonas dichotoma E.W. Lackey Heterokontophyta |9.3 1.41
PSDPLA Pseudodidymocystis planctonica | (Korshikov) Hegewald & Deason | Chlorophyta 9.41 |1.26
SIDORN Siderocelis ornata (Fott) Fott Chlorophyta 9.46 (1.4

APADEL Aphanocapsa delicatissima W. & G.S. West Cyanobacteria 9.59 |1.24

Aulacoseira granulata var. (Ehrenberg) Simonsen (0.M.)
AULANG Bacillariophyta 9.61 |1.21
angustissima Simonsen

CRYOVA | Cryptomonas ovata Ehrenberg Cryptophyta 9.63 (1.8

MOTSIM | Monactinus simplex (Meyen) Corda Chlorophyta 9.66 |1.67
MERTEN | Merismopedia tenuissima Lemmermann Cyanobacteria 9.83 |1.62
APHFLO Aphanizomenon flos-aquae (Linnaeus) Ralfs Cyanobacteria 9.88 |1.98
CLOACI Closterium aciculare T. West Charophyta 9.95 [2.11
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MONARC | Monoraphidium arcuatum (Korshikov) Hindak Chlorophyta 10 1.45
DEDABU | Desmodesmus abundans (Kirchner) Hegewald Chlorophyta 10.02 |2
(Schmidle) Marvan, Komarek &
RDOCON | Raphidocelis contorta Chlorophyta 10.06 | 0.93
Comas
MELVAR | Melosira varians C. Agardh Bacillariophyta 10.15]1.85
SPESCH Sphaerocystis schroeteri Chodat Chlorophyta 10.36 | 1.49
MONMIN | Monoraphidium minutum (Naegeli) Komarek-legn. Chlorophyta 10.45|1.27
(Brébisson ex Bornet &
DOLFLO Dolichospermum flos-aquae Flahault) Wacklin, Hoffmann & | Cyanobacteria 10.4712.1
Komdrek
HYACON | Hyaloraphidium contortum Pascher & Korshikov Chlorophyta 105 |2.21
MONKOM | Monoraphidium komarkovae Nygaard Chlorophyta 10.6 |1.44
TERTRI Tetrastrum triangulare (Chodat) Komarek Chlorophyta 10.65 | 1.46
OOCBOR | Oocystis borgei Snow Chlorophyta 10.66 | 1.84
COUPLA | Coenococcus planctonicus Korshikov Chlorophyta 10.68 | 1.78
NECROS | Nephrochlamys rostrata Nygaard Chlorophyta 10.69 | 1.48
OO0CSOL | Oocystis solitaria Wittr. Chlorophyta 10.79|1.31
SCEELL Scenedesmus ellipticus (W & G.S.West) Chodat Chlorophyta 10.95(1.31
TEAMIN Tetraedron minimum (Braun) Hansgirg Chlorophyta 10.99 | 1.38
DIATEN Diatoma tenuis C. Agardh Bacillariophyta 11.02 | 2.38
HARRET | Hariotina reticulata Dangeard Chlorophyta 11.03]2.23
(H. Skuja) G. Novarino, I.A.N.
PLGNAN | Plagioselmis nannoplanctica Cryptophyta 11.06 | 1.33
Lucas & S. Morrall
WORNAE | Woronichinia naegeliana (Unger) Elenkin Cyanobacteria 11.11(1.93
ENCMIN | Encyonema minutum (Hilse in Rabh.) D.G. Mann Bacillariophyta 11.25]0.8
MONCON | Monoraphidium contortum (Thur.) J. Komarek-Legn. Chlorophyta 11.29|1.24
OOCLAC | Oocystis lacustris Chodat Chlorophyta 11.32]1.4
DICPUL Dictyosphaerium pulchellum Wood Chlorophyta 11.34|1.96
MONNAN | Monoraphidium nanum (Ettl) Hindak Chlorophyta 11.36 | 1.06
PADMOR | Pandorina morum Bory Chlorophyta 11.46 (1.9
MONGRI | Monoraphidium griffithii (Berk.) Legn. Chlorophyta 11.49 | 1.06
(Lemmermann) Cronberg & J.
APAHOL | Aphanocapsa holsatica Cyanobacteria 11.59(1.34
Komdrek
TABFLO Tabellaria flocculosa (Roth) Kiitzing Bacillariophyta 11.66 | 0.98
OOCPAR | Oocystis parva W.et G.S.West Chlorophyta 11.69(0
STACIN Staurastrum cingulum (West & West) G.M.Smith Charophyta 11.69|1.77
CLLVUL Chlorella vulgaris Beij. Chlorophyta 11.7 |1.26
LAGGEN | Lagerheimia genevensis (Chodat) Chodat Chlorophyta 11.75|1.48
ANYLAN | Ankyra lanceolata (Korshikov) Fott Chlorophyta 11.89 | 1.66
AULDIS Aulacoseira distans (Ehrenberg) Simonsen Bacillariophyta 11.92|1.52
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ANYANC | Ankyra ancora (G.M. Smith) Fott Chlorophyta 12 1.73
MALAKR | Mallomonas akrokomos Pascher Heterokontophyta |12.02 | 1.85
FRACRO Fragilaria crotonensis Kitton Bacillariophyta 12.13(1.83
CRYMAR | Cryptomonas marssonii Skuja Cryptophyta 12.16 | 1.63
CHRMIN | Chroococcus minutus (Kitzing) Nageli Cyanobacteria 12.360.82
ULNULN | Ulnaria ulna (Nitzsch) Compere Bacillariophyta 12.48 |1
PLKGEL Planktosphaeria gelatinosa G.M. Smith Chlorophyta 12.66 | 1.14
TEATRI Tetraedron triangulare Korshikov Chlorophyta 12.752.07
ASTFOR Asterionella formosa Hassall Bacillariophyta 12.79|1.5
CRUTET Crucigenia tetrapedia (Kirchn.) W.G.S. West Chlorophyta 12.7911.63
CERHIR Ceratium hirundinella (O.F.M.) Bergh. Dinophyta 12.95]1.38
PUNRAD | Puncticulata radiosa (Lemmermann) Hakansson Bacillariophyta 12.98 | 1.05
PHTLED Phacotus lendneri Chodat Chlorophyta 13.02|1.94
DICSUB Dictyosphaerium subsolitarium Van Goor Chlorophyta 13.1 |1.29
URSLON Urosolenia longiseta (zacharias) Bukhtiyarova Bacillariophyta 13.28 | 1.74
AULAMB | Aulacoseira ambigua (Grunow) Simonsen Bacillariophyta 13.33|1.86
ULNUAC | Uinaria ulna var. acus (Nitzsch.) Compere Bacillariophyta 13.381.35
SCRSET Schroederia setigera (Schroed.) Lemmermann Chlorophyta 13.44(1.14
TRETRI Treubaria triappendiculata Bern. Chlorophyta 13.54]1.8
NAVLAN | Navicula lanceolata (C. Agardh) Ehrenberg Bacillariophyta 13.61|0.76
RHDLAC | Rhodomonas lacustris Pascher & Ruttner Cryptophyta 13.68 | 1.56
DINSOC Dinobryon sociale Ehrenberg Heterokontophyta |13.69|1.21
CYCOCE Cyclotella ocellata Pantocsek Bacillariophyta 13.81 1.1
SALFRE Salpingoeca frequentissima (Zach.) Lemmermann Heterokontophyta |14.06]1.91
PERUMB | Peridinium umbonatum Stein Dinophyta 14.4 |1.44
AULSUB Aulacoseira subarctica (O0.Muller) Haworth Bacillariophyta 14.56 | 1.93
DISPSE Discostella pseudostelligera (Hustedt) Houk & Klee Bacillariophyta 14.57(0.83
CYCBOD | Cyclotella bodanica Grunow Bacillariophyta 14.71|1.05
MONCOV | Monoraphidium convolutum (Corda) J. Komarek - Legn. Chlorophyta 14.71]0.29
ERKSUB Erkenia subaequiciliata Pavoni Haptophyta 14.78 | 1.59
ACNZAC | Acanthoceras zachariasii (Brun) Simonsen Bacillariophyta 14.87 | 1.66
COEAST Coelastrum astroideum De Notaris Chlorophyta 14.94 | 1.02
MONCIR | Monoraphidium circinale (Nyg.) Nygaard Chlorophyta 15.07 |1
CYccyc Cyclotella cyclopuncta Hakansson & Carter Bacillariophyta 15.1 [1.25
COOFOT | Coenochloris fottii (Hindak) Tsarenko Chlorophyta 15.27 | 1.57
COCPLA Cocconeis placentula Ehrenberg Bacillariophyta 15.31]0.71
Ulnaria delicatissima var. (W.Smith) Aboal & Silva
ULNDAN o Bacillariophyta 15.31|1.56
angustissima
(West & West) Hentschke &
DEDGRL | Desmodesmus granulatus Chlorophyta 15.67 | 1.37
Torgan
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APOCLA | Aphanothece clathrata W. & G.S. West Cyanobacteria 159 |1.12
DINSTI Dinobryon sociale var. stipitatum | (Foged) Krammer Heterokontophyta |16.01 | 1.66
GYMLAN | Gymnodinium lantzschii Utermohl Dinophyta 16.2 [1.73
KIROBE Kirchneriella obesa (W.West) Schmidle Chlorophyta 16.25|1.41
BITCHO Bitrichia chodatii (Reverdin) Chodat Heterokontophyta | 16.35]1.89
KEPSPI Kephyrion spirale (Lackey) Conrad Heterokontophyta | 16.38|1.87
ACDMIN | Achnanthidium minutissimum (Kitzing) Czarnecki Bacillariophyta 16.56 | 1.93
GYMHEL | Gymnodinium helveticum Penard Dinophyta 16.7 |2.24
PERWIL Peridinium willei Huifelt-Kaas Dinophyta 16.84 | 1.96
KEPMAS | Kephyrion mastigophorum Schmidt Heterokontophyta |16.87|1.44
KATFUN | Katodinium fungiforme (Anissimova) Loeblich 111 Dinophyta 17.06 | 2.07
CYYPLA Chrysolykos planctonicus B. Marck Heterokontophyta |17.09]1.92
DINDIV Dinobryon divergens Imohf Heterokontophyta |17.18|1.74
SYCELO Synechococcus elongatus Nageli Cyanobacteria 17.24 | 1.88
CYCCOM | Cyclotella comensis Grunow Bacillariophyta 17.25(2.3

CHRLIM Chroococcus limneticus Lemmermann Cyanobacteria 17.28 (1.43
PEPCUN Peridiniopsis cunningtonii Lemmermann Dinophyta 17.46 | 1.77
DINELE Dinobryon elegantissimum (Korshikov) Bourrelly Heterokontophyta |17.73]2.42
DINSER Dinobryon sertularia Ehrenberg Heterokontophyta |18 1.76

(West) Komarkova-Legnerova &
APOMIN | Aphanothece minutissima Cyanobacteria 18.02]12.43
Cronberg
DINCYL Dinobryon cylindricum Imhof Heterokontophyta | 18.27 | 2.66
ELAGEL Elakatothrix gelatinosa Wille Charophyta 18.31]1.89
DISSTE Discostella stelligera (Cleve & Grunow) Houk & Klee | Bacillariophyta 18.46 | 2.16
FRAARC Fragilaria arcus (Ehrenberg) Cleve Bacillariophyta 18.5 |2.22
Dinobryon sociale var. (Brunnthaler) Bachm.
DINAME ) Heterokontophyta | 19.23]2.42
americanum
DINBAV Dinobryon bavaricum Imhof Heterokontophyta |19.59|1.84
PERINC Peridinium inconspicuum Lemmermann Dinophyta 20 2.19
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