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1°

2°

What

Why 



biotic interactions in aquatic ecosystems biodiversity 

Investigations on freshwater ecosystems 

…understand how sensitive habitats might be affected by natural changes throughout 
the years, by human impacts or by climate changes. 
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1° What
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„The phytoplankton is an extremely diverse, polyphyletic group of photosynthetic
protists and cyanobacteria, which fuel food webs and drive biogeochemical
cycling” (Rousseaux & Gregg, 2014).

Phytoplankton

Phytoplankton funtional groups

1° What
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1°

„Phytoplankton trait-based approaches are designed to group species with
similar morphological and functional properties, thus indicating the optimal
ecological strategies for certain habitat conditions”. (Žutinić et al. 2014)

Phytoplankton functional classification 

What
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2° Why

‘Ecology is evolution in action’ (Krebs, 2009)….
„…thus, from an evolutionary perspective, functional criteria should comprise the 
biological processes and characters implicated in adaptation. The criteria used to 

define functional groups in phytoplankton include morphology, physiological 
features and, where appropriate, taxonomy. Besides biological and taxonomic traits, 

other criteria include ecological features, such as phenology, implicitly 
acknowledging that species showing similar seasonality respond similarly to a set of 

particular environmental conditions. In this respect, phytoplankton functional 
groups are arbitrary assemblages” (Salmaso et al. 2015) .
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… 



FUNKCIONALNA KLASIFIKACIJA FITOPLANKTONA U SLATKOVODNIM SUSTAVIMA HRVATSKE

3°

…beyond the state of the art 
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Kora Maja
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Pero 

Ostali  krasni  kolege

Nevidljivi tehničari 
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4°

5°

New 

Usefull
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4° New 

?
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Table. Phytoplankton functional classifications

Nico Salmaso, Luigi Naselli-Flores, Judit Padisák. (2015) Functional classifications and their application in phytoplankton ecology. Freshwater Biology



Vransko lake Cres
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Phytoplankton classes present in Vransko Lake from April to September 2010 were
Chrysophyta (12), Chlorophyta (7 species), Cyanobacteria (4) and Dinophyta (4). A total of 27
species was detected in the investigated samples. The dominant species were Dinobryon
sociale, Cyclotella spp., Ceratium hirundinella and Peridinium spp.

The average biomass ranged from 0.10 mg l-1 to 0.87 mg l-1.

Micropolitan Museum - Rotterdam, The Netherlands

DinobryonCyclotella Ceratium
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Fig Spatial and temporal destitution of phytoplankton total biomass in Vransko Lake in period from April to September 2010 (tree-
dimensional)
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TAXA MFG FG

IV Dinobryon spp. Peridinium spp. Cyclotella spp. II, V, VI E, Lo, A

V Dinobryon spp. Peridinium spp. Cyclotella spp. II, V, VI E, Lo, A 

VI Peridinium spp. Dinobryon spp. Ceratium sp. Cyclotella spp. V, II, VI Lo, E, A

VII Peridinium spp. Dinobryon spp. Cyclotella spp. V, II, VI Lo, E, A

VIII Cyclotella spp. Dinobryon spp. Peridinium spp. VI, II, V A, E, Lo 

IX Dinobryon spp. Cyclotella spp. II, VI E, A

Taxonomic phytoplankton assemblages are usually used as a good descriptor of waterbodies but they
do not always reflect the perceived ecological functions. A taxonomic unit may be composed of species
possessing different structural and functional properties.

Table. Monthly changes of dominant phytoplankton groups according to the three classifications used for to the studied deep karstic Vransko Lake Cres from

April to September 2010. (MFG-Morpho-functional groups according to Kruk et al., 2010; FG -Functional groups according to Reynolds et al., 2002 revised by

Padisak et al., 2009)

Functional classification 
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Fig Variation of relative proportion of the different algal, functional and  morfo- functional groups in Vransko Lake 2010.
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Lake (no. on the map)
Elevation (a.s.l.)

(m)
Surface area (km2) Volume (m3) Max depth (m) Geographic coordinates

Dinaric 

ecoregion

Lake Vransko (1) 13 5.75 220.3 x 106 74.5 44° 51´ 13˝N, 14° 23´ 23˝E
Coastal 

subregion

Lake Visovačko (2) 47 (Skradinski buk) 5.72 103 x 106 30.0 43° 51´ 33˝N, 15° 58´ 37˝E
Coastal 

subregion

Kozjak (3) 535 0.82 12.71 x 106 48.0 44° 53´ 27˝N, 15° 36´ 16˝E
Continental 

subregion

Prošće (4) 636 0.70 7.67 x 106 38.5 44° 52´ 06˝N, 15° 35´ 51˝E
Continental

subregion

Table. Physical properties of the investigated lakes.

Fig. Map of the investigated lakes: Vransko (1), Visovačko (2), Kozjak (3) and Prošće (4).
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Fig. NMDS ordinations of phytoplankton species with cluster overlap at 20% similarity.
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Fig. NMDS ordinations of phytoplankton FG in karstic lakes 
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Lake Vransko Visovačko Kozjak Prošće

IV E LO, E E P, C, E, D

V E B B, E E, P

VI LO B B, D -

VII E, LO B B C

VIII A, E, LO B B C, E

IX E B B C

Table 3 Monthly changes of dominant phytoplankton functional groups (FGs) in the investigated lakes from April to September.
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Fig. NMDS ordinations of: phytoplankton functional groups (FGs) with cluster overlap at 20% similarity.
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Diversification of functional groups creates more coprehensive available empirical

information for lakes and therefore increases the possibility of building a simple uniform

pattern which successfully describes a variety of species in karstic deep lakes.

Deep stratified near-pristine or high-to-good status karstic lakes are attributed with the

early spring (April) stratification forming, low total phytoplankton biomass, and with the

maximum phytoplankton biomass accumulating in July. The co-occurrence of functional

groups in those lakes is evident but typically distinct according to different biomass

proportions. By linking several functional groups in four lakes across the Croatian karst we

demonstrated regional distribution of phytoplankton in relation to the environment and

showed possible uniform typifying pattern which was not evident in purely taxonomic

observations of the lake assemblages.



Fig. Biplots of the CCA based on the biomass of the functional groups (FGs).
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5° Usefull

?
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Fig. Classification (a) and NMDS ordination (b) of the Functional Groups (FG) defined by Reynolds et al. (2002). The numbers 1–5 divide the main FG. The analyses were carried out taking

into account the environmental tolerance, that is, depth of the surface mixed layer (zm); mean daily irradiance (I); water temperature (Temp); soluble reactive phosphorus (SRP); dissolved

inorganic nitrogen (DIN); soluble reactive silicon (Si); dissolved carbon dioxide (CO2); zooplankton grazing (fZoo). (c) Ordination of tolerances as weighted averages of FG scores. (d) Vector

and surface fitting of trophic state coded numerically from 1 (ultraoligotrophy) to 9 (hypereutrophy).

Nico Salmaso, Luigi Naselli-Flores, Judit Padisák. (2015) Functional classifications and their application in phytoplankton ecology. Freshwater Biology
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Fig Simulation and expertise on the water quality categorization of the lake based on the estimated maximum concentration 
of phosphorus.



PHYTOPLANKTON IS A FUNDAMENTALLY IMPORTANT PREDICTOR OF 
ENVIRONMENTAL CHANGES IN AQUATIC ECOSYSTEMS

PHYTOPLANKTON AS A FUNDAMENTALLY IMPORTANT PREDICTOR OF 
ENVIRONMENTAL CHANGES IN AQUATIC ECOSYSTEMS
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Oligotrophic systems, are extremely sensitive to human impact. In the
investigation of 600 lakes in Europe only 18% represented reference lakes
with oligotrophic characteristics.

Phytoplankton approach presented in this study is a step forward to 
important conservation of such sensitive systems. 
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Table. Summary of analyses comparing different phytoplankton functional classifications

Nico Salmaso, Luigi Naselli-Flores, Judit Padisák. (2015) Functional classifications and their application in phytoplankton ecology. Freshwater Biology.
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Species specific adaptations to particular environmental conditions
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„Nije bitno koliko ste mali, bitno je da imate velike oči, bistar um i nekog pouzdanog uz sebe”  



Hvala  vam SVIMA na pažnji 
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