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Abstract This article summarizes the outcomes of the
16th Workshop of the International Association for
Phytoplankton Taxonomy and Ecology. Four major
issues dealing with the impact exerted by human
activities on phytoplankton were addressed in the articles
of this special volume: climate change and its impacts on
phytoplankton, the role of land use in shaping compo-
sition and diversity of phytoplankton, the importance of
autecological studies to fully understand how phyto-
plankton is impacted by stressors and the role of
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ecological classification to evaluate community changes
due to the different impacts. Case studies from different
types of aquatic environments (rivers, deep and shallow
lakes, reservoirs, mountain lakes, and temporary ponds)
and from diverse geographical locations (not only from
the Mediterranean and temperate regions, but also from
subtropical and tropical ones) have shown that a complex
spectrum of human impacts, not exclusively linked to
eutrophication, severely conditions structure and dynam-
ics of phytoplankton assemblage both in the short and
long terms. Moreover, the trade-offs between climate
change and other human-induced stresses as eutrophi-
cation, agricultural and urban land use or water overex-
ploitation contribute to make more severe the impact
exerted by humans on phytoplankton and, in turn, on the
functioning of aquatic ecosystems.

Keywords Climate change - Eutrophication - Land
use - Functional classification - Autoecology -
Modelling

Introduction

Though it accounts for less than 1 % of the photosyn-
thetic biomass on Earth—representing something
poorly visible and tangible compared with the terrestrial
vegetation—phytoplankton fuels trophic webs and
biogeochemical cycling, playing a key role in
global climate regulation, C-sequestration and oxygen
production (Boyce et al., 2010; McQuatters-Gollop
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et al., 2011; Winder & Sommer, this volume). Com-
pared with current published estimates for land plants
and for coastal vegetation, the production of phyto-
plankton accounts for nearly 50 % of the global net
primary production (Longhurst et al., 1995; Field et al.,
1998). Nevertheless, biomass development and phyto-
plankton composition have a huge impact on water
quality, affecting not only the recreational and land-
scape value of water bodies, but also the availability of
drinking water.

Short- and long-term environmental changes in lake
ecosystems are closely paralleled by changes in the
composition and biomass of phytoplankton communi-
ties. Changes most likely result from several overlap-
ping stressors and are measured at the population and
community level (at different taxonomical detail),
including modifications in biodiversity patterns, phe-
nology, dominance and frequency of algal blooms.
Human alterations include the effects due to eutrophi-
cation and climate change, as well as other impacts
connected with human activities and management, e.g.
hydrological alterations (damming of rivers, water
overexploitation), introduction of alien species, food—
web manipulations, over-fishing, shoreline landscap-
ing, aquatic plant management, dredging, introduction
of pollutants among the others. Many examples about
the effects of these alterations have been documented
in this special issue. However, in the plethora of
anthropogenically driven environmental stressors,
changes connected with nutrients and climatic dynam-
ics are considered having paramount importance.

At division or class level, a number of long-term
ecological investigations and synoptic studies com-
paring a large number of lakes have emphasized the
raising importance of cyanobacteria and, to a lesser
extent, diatoms over other algal groups coupled with
the increasing phosphorus concentration (Watson
et al., 1997). In rivers or in reservoirs, conditions of
high-nutrient concentrations associated with the sta-
bility of the water column can lead to high increase of
algal biomass and huge populations of cyanobacteria
(e.g. Naselli-Flores & Barone, 2003). At the other
extreme of physical gradients, high flow in large rivers
or in reservoirs is detrimental for the development of
high-phytoplankton biomasses and cyanobacteria
(Salmaso & Braioni, 2008), influencing the commu-
nity structure and the presence of meroplanktic and
metaphytic species (Abonyi et al., this volume).
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At species level, the role of trophic state of water
bodies as a selective mechanism was investigated during
the 11th TAP meeting. Resuming assembly rules,
Reynolds et al. (2000) highlighted that nutrient avail-
ability represented only one of the environmental
dimensions defining algal niches. At the same time, they
argued that the mechanisms of species selection
remained controversial, expressing a positive perception
about the relationship between defined species-clusters
and particular physical conditions (Padisédk et al., 2010).
The utilization of association labels (coda) in the study of
phytoplankton ecology underwent a remarkable pro-
gressinrecent years (Reynolds et al., 2002; Padisak et al.,
2009). Contemporarily, the definition of ecological
indices based on the trophic preferences of single
phytoplankton species or groups received an increasing
interest, particularly in Europe, under the demands of EU
Water Framework Directive (e.g. Kaiblinger et al., 2009;
Ptacnik et al., 2009). Nevertheless, the inability of many
indices to track closely the trophic state in different lakes
reminds us the hypervolumetric nature of algal niches
and the need of more reliable ecology in applied and
management-oriented studies.

In the last decade, several investigations documented
a significant increase of temperature in marine and
inland waters (Dokulil et al., 2006). Knowledge on the
effects of warming on phytoplankton is still at an early
stage, but it is accelerating (Keller, 2007; Matzinger
et al.,, 2007). Strong effects of warmer years on the
development of cyanobacterial biomass have been
demonstrated (Paerl & Huisman, 2009), and these
results were confirmed by modelling studies, which
showed a tradeoff between nutrient loading and tem-
perature, with a dominance of cyanobacteria in water
bodies characterized by comparable nutrient loadings
but with higher water temperatures (Elliott et al., 2006;
Johnk et al., 2008). In general, algae capable of
buoyancy regulation are favoured by increased water
stability and reduced mixing, with important effects on
the structure of phytoplankton assemblages (Winder &
Hunter, 2008; Tolotti et al., this volume). Further
complexity is added by geographic position, lake
morphometry and ecological interactions in modulating
the climate effects. For example, in northern temperate
lakes, an earlier timing of the spring phytoplankton
growth is favoured by earlier ice melting, stratification
and light availability (Weyhenmeyer et al., 2008).
Conversely, it was widely demonstrated that the effects
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of temperature fluctuations and thermal stability in large
deep lakes may involve a cascade of causal factors which
include the extent of mixing, the epilimnetic nutrient
replenishment and the algal growth (Goldman et al., 1989;
O’Reilly et al., 2003; Verburg et al., 2003; Salmaso,
2011). The disentangling of the interactions between the
North Atlantic Oscillation and trophic state over Northern
and Central Europe was recently resumed by George
(2010). The study of the impact of large scale climatic
fluctuations in the Mediterranean area, including the
southern subalpine lake district, has begun only recently
(Salmaso, 2012; Salmaso & Cerasino, this volume).

Climate change

Several contributions in this special issue highlighted
the importance of climate fluctuations on phytoplank-
ton structure and development. Climate fluctuations
are understood in a broad sense, from high frequency,
annual/seasonal changes (Dokulil & Teubner, this
volume; Salmaso & Cerasino, this volume; Morabito
et al., this volume) to long-term climate trends (Tolotti
et al., this volume).

Both Dokulil & Teubner (this volume) and Salmaso
& Cerasino (this volume) investigated the effects of
large scale atmospheric patterns on the development of
phytoplankton in two deep lakes at the northern (Lake
Mondsee) and southern (Lake Garda) side of the Alps,
respectively. Fluctuations in phytoplankton biovolumes
in Lake Mondsee were mostly due to the development of
Planktothrix rubescens (de Candolle ex Gomont) An-
agnostidis and Komarek. During the stratification
months, this species formed deep chlorophyll maxima
well below the thermocline at low temperatures and dim
light. Decadal changes in the biomass of P. rubescens
were controlled by phosphorus availability and eutro-
phication, while the interannual fluctuations over the
baseline long-term trend were, in turn, influenced by the
North Atlantic Oscillation, through its effects on the
timing of the onset of stratification.

Similarly, in Lake Garda, the interannual fluctua-
tions of cyanobacteria and P. rubescens showed a
strong link with the extent of vertical mixing and the
upward transport of phosphorus from the hypolimnion
to the trophogenic layers. In turn, interannual fluctu-
ations in P-replenishment were strictly controlled by
lake and air winter temperature and, ultimately, by the
winter fluctuations of large scale atmospheric modes

of circulation [East Atlantic (EA) and Eastern Med-
iterranean Patterns (EMP)] (Salmaso & Cerasino, this
volume). In this regard, the EA and EMP could
become two emerging and valuable ‘climatic tools’
helpful in explaining the effects of winter climate
variability on terrestrial and aquatic ecosystems over
the Mediterranean area.

Indirect effects exerted by climate in Lake Maggiore
were investigated by Morabito et al. (this volume).
Silica, phosphorus, temperature and wind were the key
explanatory variables in species selection. Specific
climate-linked events driven by deep mixing and floods
were shown to increase the Si:Pratio, favouring good-P/
poor-Si diatom competitors. Based on these findings,
these authors argued that the long-term development of
key species, such as Tabellaria flocculosa (Roth)
Kiitzing was driven by climate fluctuations and physical
factors rather than nutrient availability.

Long-term effects due to changes in nitrogen and
silica availability, and to rising water temperature and
thermal stability were documented in Lake Piburger
(Tolotti et al., this volume). The increase in nitrogen
during the late 1990s was regarded as a major trigger of
recent phytoplankton changes, followed by an increase
of taxa such as gelatinous species and small centric
diatoms able to overcome sinking losses in the more
stable environments as represented by the summer
epilimnion.

Winder & Sommer (this volume) reviewed the
direct and indirect effects of increasing lake temper-
atures. Direct effects act on physiology and phenol-
ogy, while indirect effects influence phytoplankton
through modifications in water column stratification,
availability of nutrients, light and grazing intensity.
These modifications favour shifts in phytoplankton
composition and structure, with straight consequences
for ecosystem functioning.

Based on field and laboratory experiments with
phytoplankton populations from an oligotrophic, low-
altitude lake in Central Spain, Rojo et al. (this volume)
analysed specific effects of climate change affecting PAR
and the light spectrum. Under enhanced UVR, phyto-
plankton biomass was one-third lower than the biomass
reached under only PAR due to a lower growth and
contribution of autotrophic picoplankton to total biomass.

Implications of environmental conditions, includ-
ing thermal regime, on the sedimentation and hori-
zontal distribution of phytoplankton were analysed by
Yacobi & Ostrovsky (this volume).
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Modelling approach

Climate fluctuations at different temporal and spatial
scales were instrumental to interpret phytoplankton
changes observed in the water bodies analysed so far. A
careful selection of explanatory variables and param-
eters was compulsory in the development of ecological
models aimed at determining the factors governing the
spatial distribution of P. rubescens in a southern
subalpine lake (Lake Pusiano; Carraro et al., this
volume). The distribution of the species in this lake was
strongly influenced by lake hydrodynamics. Thus, the
application of coupled physical/biological models
(ELCOM/CAEDYM) showed how the characteristics
of this species could be well suited to a re-oligotroph-
ication phase occurring concurrently with the strength-
ening stratification of a warming climate. However, the
use of these models can be affected by the lower
performances for nutrient and biological variables,
therefore advocating for a more comprehensive, mul-
tidisciplinary approach in the definition and develop-
ment of modelling tools in phytoplankton ecology. This
is considered an urgent task, because the integration of
simple mechanistic models and the use of complex
modelling represent promising ways to improve pre-
dictability and a tool to formulate and test hypotheses.

Land use and phytoplankton diversity

Since the development of Vollenweider’s models, it
was clear that the use and management of watersheds
were deeply connected to water quality. As a conse-
quence, the importance of anthropogenic activities in
determining lake and stream water chemistry was
unanimously recognized, and several papers have
been published since then showing the effects of land
use on nutrient enrichment (e.g. Harper & Stewart,
1987). However, the recognition that biodiversity in
lakes is influenced by land use in the watershed is
relatively new (Hoffman & Dodson, 2005). By
studying phytoplankton from an ecological point of
view, i.e. as a complex system of mutually interacting
populations, rather than as simple chlorophyll a
concentration, the impact of land use on biodiversity
clearly appears as shown by several papers included in
this volume.

In particular, by analysing phytoplankton assem-
blages in 18 Mediterranean lakes and reservoirs,

@ Springer

Katsiapi et al. (this volume) found that despite
differences in hydrological regime and morphomet-
ric/topographic variables, land use type was strongly
correlated with phytoplankton community structure.
Moreover, they showed that phytoplankton biomass
was significantly higher in water bodies having a
watershed with agricultural and artificial land cover
exceeding 30 %. This threshold was much lower than
what had been set in temperate lakes (Alvarez Cobelas
et al., 2005) and it is probably linked to the higher
catchment area/lake area ratio experienced by Med-
iterranean freshwater ecosystems. In addition, the
authors highlighted that in Mediterranean reservoirs
the effects of land use, although masked by the
operational use (e.g. Naselli-Flores, 2003; Naselli-
Flores & Barone, 2005), can be even greater than that
observed in natural lakes due to the higher catchment
area/lake area ratios.

Analogous results were obtained by Paul et al. (this
volume) who studied 11 lakes in the Rotorua region
(New Zealand). In particular, these authors demon-
strated that Cyanoprokaryota were negatively corre-
lated with native forest and positively with pasture,
whereas Chlorophyta were positively correlated with
native forest and urban land use and negatively with
pasture.

Other effects of land use on aquatic ecosystem
integrity, and ultimately on phytoplankton structure,
were shown by Naselli-Flores & Barone (this volume)
who studied phytoplankton dynamics in Mediterra-
nean temporary ponds. These ecosystems can be
recognized as aquatic environments only during their
water phase which can last from a few days to a few
weeks. In the rest of the year, they appear as land
depressions perfectly suitable to be filled up with
garbage or to be appointed for agricultural and urban
development. In addition, due to their small dimen-
sions, they are highly subjected to pollution by
fertilizers, pesticides or garbage, to water overexploi-
tation and/or to deepening for conversion into perma-
nent water bodies to fulfil irrigation needs.

Overexploitation of water resources and land use
changes are also important in large lakes. As shown by
Zohary et al. (this volume), the disappearing of the
recurrent Peridinium gatunense Nygaard spring
bloom in Lake Kinneret is due to a modification in
the amount of water from its main inflow, the Jordan
River. The seasonal patterns of phytoplankton in this
lake and the very regular spring bloom of its flagship
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dinoflagellate are famous among phytoplankton ecol-
ogists as a paradigm of the seasonal succession of
phytoplankton in lakes. A significant reduction in the
amount of fresher waters from Jordan River to fulfil
agricultural needs resulted in the interruption of the
regular appearance of P. gatunense in Lake Kinneret
from 1996 onward.

Analogously, modifications in the hydrological
cycle were shown to be effective in explaining the
interannual fluctuation of cyanobacterial blooms and
their different distribution in side-arms of a large,
dendritic reservoir by O’Farrell et al. (this volume).

Water regulation of freshwater ecosystems can
deeply interfere with phytoplankton structure and
dynamics as shown by Abonyi et al. (this volume).
These authors analysed data collected in the River
Loire. The catchment of this river covers almost 20 %
of France and is the most extended among the
European rivers flowing into the Atlantic Ocean.
Several reservoirs interrupt the water flowing and
interfere with potamoplankton dynamics by releasing
lacustrine species into the river waters. In addition,
urban and industrial wastewaters reaching the river
contribute to further alter the composition of the
phytoplankton assemblages.

Autoecology

Identifying phytoplankton is a time consuming work.
Moreover, the reliability of identification (at least for
those organisms which can be recognized without
genetic analyses) is supported by the experience of the
operator which, in turn, is based on the amount of time
spent observing phytoplankton at the microscope. In
addition, methodological correctness is of paramount
importance since observations carried out on fixed
material not always allow to correctly identify micro-
algae. On the other hand, live samples cannot be easily
managed and maintained when routine monitoring is
performed. Apart the aforementioned skills, all those
dealing professionally with phytoplankton cannot
avoid to have a good knowledge on autoecology of
species. Achieving this kind of knowledge is a
fundamental support to the correct identification of
microalgae. At the same time, a clear account of the
environmental conditions at the time of species
collection (and even during the weeks before collec-
tion) can provide a strong help in species identification.

Knowledge on autoecology is also important when
species have to be attributed to functional groups
(coda). This work cannot be done a priori and requires
some caution. As an example, it cannot be easy for an
inexperienced observer to identify Aulacoseira or
Cyclotella at species level. However, knowledge on
the autoecological requirements of the different spe-
cies can help in attributing the organism to the correct
codon and in reducing the possibilities of species
misinterpretation. Thus, if Aulacoseira is dominating
in poor light conditions, it will likely belong to the
granulata species rather than to the ifalica or to the
ambigua ones. In the same way, Cyclotella comensis is
unlikely to occur in eutrophic waters where most
probably C. meneghiniana will be present.

Autoecology of selected phytoplankton species was
investigated in six papers of this volume. Even for very
well-known species, autoecological studies may pro-
vide new insights that can be helpful to better
understand the dynamics and distribution of planktic
algae. This was demonstrated by Zohary et al. (this
volume) who found that the occurrence of P. gatun-
ense in Lake Kinneret depends on a yet unknown
microelement or/and an organic compound which
reach the lake from the Hula valley during flood
periods.

Dokulil & Teubner (this volume) presented an
almost exhaustive account on deep living P. rubescens
which confirms the preference of this organism for low
temperature and dim light. Moreover, these authors
argue that survival of P. rubescens during stratified
period is possible because of heterotrophic subsistence
and that life below the thermocline is aided by
physiological acclimation of photosynthesis and
buoyancy regulation. Analogous findings on metalim-
netic adaptations are shown in the paper by Carraro
et al. (this volume).

Adaptation to dim light was also investigated by
Uveges et al. (this volume), who studied the photo-
synthetic characteristics and physiological plasticity
of Aphanizomenon flos-aquae (L.) Ralfs blooming in
winter under the ice cover of Lake Stechlin. The study
underlined the importance of trade-off among differ-
ent traits in Cyanobacteria. In particular, the authors
showed that temperature optimum for growth
depended on light intensity. At low light
(7.5 pmol m~2s7"), the temperature optimum was
found at 2°C, allowing A. flos-aquae to bloom under
the ice cover.
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Adaptation to low temperature implies the exis-
tence of peculiar metabolic pathways and a well-
defined composition of metabolites. Flaim et al. (this
volume) studied the changes in galactolipid composi-
tion of the cold-adapted dinoflagellate Borghiella
dodgei Moestrup, Hansen & Daugbjerg in response to
temperature. Galactolipids are a class of molecules
which constitute one of the structural components of
the thylakoid membrane in eukaryotic chloroplasts. As
shown by the authors, the relative abundance of the
different galactolipids changes in response to temper-
ature in order to ensure to optimal fluidity to thylakoid
membrane and to allow the correct functioning of the
photosynthetic systems. This allows Borghiella to
outcompete other algae when water temperature is
between 3 and 5°C.

Stoyneva et al. (this volume) investigated the
causes of the phenotypic variability of Tetraédron
minimum Kiitzing ex Korshikov isolated from Lake
Kivu. In this lake, T. minimum was characterized by
an unusual ‘lemon shape’ instead of the typical
polygonal one. The authors carried out a detailed
investigation on the morphological and ecological
features of this species and suggested that the
peculiar lemon shape of 7. minimum represented a
defense against grazing by small zooplankton. Actu-
ally larger zooplankton disappeared from the lake
because of the introduction of a planktivorous fish;
this caused a disproportionate increase of small-
bodied herbivores and an increase in the grazing
pressure on 7. minimum which stimulated the occur-
rence of the ‘lemon shape’.

Functional group approach

Increasing need for substitute traditional taxonomic
approach to understand phytoplankton patterns has
recently resulted in the emergence of three approaches
of morpho-functional classifications (Reynolds et al.,
2002; Salmaso & Padisak, 2007; Kruk et al., 2010).
All these methods are in the focus of the papers in this
volume. Here we partition the discussion on functional
grouping to the following sections: notes on nomen-
clature, modifications in and additions to the three
classifications, comparisons, use for diversity analysis
of community structure and ecological status
assessment.
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Notes on the nomenclature

There is no written consensus on abbreviation of these
functional approaches. In order to avoid the future
confusion, the authors of this article advise to remain
consequent to the following form:

— functional group concept by Reynolds et al.
(2002)—FG

— morpho-functional group concept by Salmaso &
Padisak (2007)—MFG and

— the morphology-based functional group concept
by Kruk et al. (2010)—MBFG

For example, the MFG abbreviation in Stankovi¢
et al. (this volume) should be read as MBFG.

Modifications in and additions to the three methods

The FG method underwent a number of modifications
earlier [see summary by Padisak et al., (2009)].

Concerning the MFG, Tolotti et al. (this volume)
suggested to include another category (6¢c-ColoPenn)
into the original group 6 (large diatoms) for chain-
forming pennatae species since nutrient and climate-
related long-term changes in phytoplankton of the
Piburger See, Austria, was possible to handle only
with the separation of large Pennales into chain-
forming and single-celled species. This addition seems
very reasonable since shape, size and complexity (and
even symmetry) highly determine competitive perfor-
mance of species (Padisak et al., 2003; Naselli-Flores
et al., 2007; Naselli-Flores & Barone, 2011).

With detailed statistical analyses on a database
comprising data of 711 species from 925 samples
taken in 211 lakes, Kruk & Segura (this volume)
clarified some environmental variables as main driv-
ing forces leading to dominance of MBFGs. They
found that for Group I (small organisms with high
S/V), TP and TN were the most important variables.
For Group II (small flagellated organisms with
siliceous exoskeletal structures), no clear environ-
mental factors could be selected because of low-
explained variation. Probably the group is too com-
plex, because, for example, the Dinobryon visualized
on Fig. 1 in the paper by Kruk & Segura (this volume),
though have loricae, is not a siliceous flagellate. For
Group II (large filaments with aerotopes), light
attenuation and TP proved to be the main drivers.
According to these authors, TN and TZ (total
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zooplankton) were equally important for Groups IV
(organisms of medium size lacking specialized traits),
V (unicellular flagellates) and VI (non-flagellated
organisms with siliceous exoskeletons), additionally
temperature proved to be an important driver for both
Groups V and VI. SRSi as a main explanatory variable
for group VII (large colonies with mucilage) was
supposed to be, as pointed out by the authors clearly, a
proxy of catchment properties since these species do
not have direct silica demand.

Comparison of approaches

So far, only few papers addressed the comparison of
the above three grouping methods or at least their pair
wise comparisons. Izaguirre et al. (this volume)
applied all the three methods to phytoplankton of
three different types of pampa lakes (clear vegetated,
phytoplankton turbid and inorganically turbid). As a
major result, they demonstrated that all the three
classification systems separated the clear and the
turbid lakes. One of the disadvantages of the MFBG
approach with respect to the other two methods was its
incapability of discrimination of potentially mixo-
trophic and non-mixotrophic flagellates having differ-
ent representation in the studied pampa lakes (both in
Group V). Though Kruk et al. (2011) argued that
species in any particular group are basically inter-
changeable, this was not the case in this example and
Kruk and Segura (this volume) also commented on
this particular point of the MBFG grouping. The other
weakness of the MBFG was its low sensitivity to light
conditions (Kdpar) which (together with mixing
depth) are key drivers of phytoplankton species
selection in lakes (Zohary et al., 2010).

All the three grouping systems were developed for
lakes, and in their original descriptions, application for
river phytoplankton was either considered (FG;
Reynolds et al.,, 2002) or at least not excluded
(Salmaso & Padisak, 2007; Kruk et al., 2010).
Stankovi¢ et al. (this volume) compared the FG and
MFBG groupings on large lowland rivers. Since
diatoms typically dominate in these ecosystems, the
MFBG approach with its single group for all siliceous
non-flagellated species failed to discriminate between
eu- and tychoplanktonic diatoms which are crucial in
evaluation of riverine phytoplankton (Borics et al.,
2007) unlike the FG concept that allows clear
discrimination.

Diversity approach

Phytoplankton diversity patterns along with their
environmental drivers have been a recurrent research
subject (Reynolds et al., 1993; Sommer et al., 1993).
Recently, diversity is understood at a much more
complex way than the simple compositional diversity
as it was treated earlier. The morpho-functional
approaches (any of the three methods) have the
potential to assess functional diversity of phytoplank-
ton as challenged by Borics et al. (this volume). The
achievement of this approach has been manifold.
These authors in accordance with what was found for
the development of phytoplankton equilibrium pat-
terns (Naselli-Flores et al., 2003) explored that in
biomass ranges > 20 mg L™ only some FGs (H1, Sy,
M, Wg, J, Lo) were able to develop dominance, and if
s0, a sharp decline in diversity can be predicted. The
unusual behaviour of bloom-forming cyanobacteria
(H1, SN, M) was demonstrated by their ‘deviant’
behaviour from what can be theoretically expected:
the maximum diversity occurs when relative abun-
dance of these groups is zero. In other words, it means
that even an occurrence of these species in the flora
results in an immediate drop in diversity probably due
to their invasive nature. They attributed this behaviour
to the strong competitiveness of these species for light
and to certain other features like (for Wg) mixotrophy.
This study partly explains why just relationships to
light and potential mixotrophy were identified as
weakness of the MFBG approach (Izaguirre et al., this
volume; Kruk & Segura, this volume).

Ecological status assessment

Of the three morpho/functional grouping methods, the
FG was developed further to be used as a metrics in the
Water Framework Directive (European Parliament
and Council, 2000) by developing the Q (Padisak
et al., 2006) and the Qg (Borics et al., 2007) indices.
Performance of the Qg indices was tested annually and
on whole river stretch scale on River Loire (Abonyi
et al., this volume). Apart that the FG classification
allowed following both seasonal and spatial changes
in phytoplankton assemblages of River Loire, it
proved to be suitable to detect interruptions of the
river continuum (Vannote et al., 1980) by reservoirs
and large inflows and, moreover, alterations at lower
sections by non-point nutrient loads due to agricultural
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land use. This analysis represents a significant addition
to the River Continuum Concept.

Abonyi et al. (this volume) call the attention to
some limitations of the Qg index, namely that it does
not discriminate between natural and human-affected
benthic diatom dominance and the difficulty in sorting
diatoms to B-C-D coda in monitoring practice.
Implications for WFD are also mentioned in Borics
et al. (this volume) emphasizing that the threshold
value of 20 mg 1" algal biomass indicated by diver-
sity patterns corresponds to the poor ecological quality
threshold for German shallow lakes (Mischke et al.,
2002).
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