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853 lakes

40 years 
1977-2017

Quantify long-term community change and 

associated functional characteristics of lake 

phytoplankton in Finland



Joint Species Distribution Modelling framework

Hierarchical Modelling of Species Communities (HMSC)*

Ovaskainen & Abrego (2020) Joint Species Distribution Modelling. Cambridge University Press.

Tikhonov et al. (2020) Methods Ecol Evol, 2020; 00:1–6.

Tikhonov et al. (2019) Hierarchical Model of Species Communities. R package version 3.0‐12.

Ovaskainen et al. (2017) Ecology Letters, 20, 561– 576.

*

165 species 

Jointly modelling ...

Presence - absence 



853 lakes
1057 spatially explicit sites

666 watersheds (catchment areas)

54 river basins (draining to coastal areas)

165 species

STUDY DESIGN
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Hierarchical Modelling of Species Communities (HMSC)

Considering …



EXPLANATORY COVARIATES

Physico-chemical 

water variables 

Lake bathymetry Land use proxies 

Temperature

Phosphorous concertation

Nitrogen : phosphorous

Water colour

Lake size (surface area)

Mean depth

Retention days 

(residence time of water)

Urban area

Agricultural area

Mineral forest area

Peat forest area

Hierarchical Modelling of Species Communities (HMSC)

Including …



PHYLOGENY AND TRAITS

Hierarchical Modelling of Species Communities (HMSC)

Accounting for  …



Hierarchical Modelling of Species Communities (HMSC)

Accounting for  …

TRAITS



Community Type or Regions of Common Profile (RCP)

Change of community types over time
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Aphanocapsa delicatissima
Aphanocapsa holsatica
Coelomoron pusillum
Anathece clathrata
Anathece minutissima
Cyanodictyon planctonicum
Chroococcus minutus
Woronichinia naegeliana
Microcystis aeruginosa
Microcystis wesenbergii
Microcystis botr ys
Dolichospermum flosaquae
Dolichospermum lemmermannii
Dolichospermum sigmoideum
Dolichospermum mendotae
Dolichospermum crassum
Dolichospermum fuscum
Dolichospermum curvum
Anabaena planctonica
Aphanizomenon flosaquae
Aphanizomenon yezoense
Aphanizomenon skujae
Cuspidothrix issatschenkoi
Planktothrix agardhii
Pseudanabaena mucicola
Planktolyngbya limnetica
Plagioselmis nannoplanctica
Cryptomonas erosa
Ceratium hirundinella
Ceratium rhomvoides
Peridinium cinctum
Parvodinium umbonatum
Gymnodinium fuscum
Cyclotella radiosa
Cyclotella stelliger a
Stephanodiscus rotula
Skeletonema potamos
Fragilaria crotonensis
Ulnaria delicatissima
Diatoma tenuis
Aulacoseira ambigua
Aulacoseira granulata
Aulacoseira italica
Aulacoseira subarctica
Melosira varians
Urosolenia er iensis
Tabellaria flocculosa
Nitzschia holsatica
Staurodesmus dejectus
Spondylosium planum
Staurastrum anatinum
Pseudosphaerocystis lacustr is
Sphaerocystis schroeter i
Stauridium privum
Tetraedron caudatum
Pediastrum duplex
Lacunastrum gracillimum
Scenedesmus ellipticus
Desmodesmus armatus
Desmodesmus opoliensis
Coelastrum microporum
Coelastrum astroideum
Acutodesmus acuminatus
Westella botryoides
Ankistrodesmus fusiformis
Pandorina morum
Botryococcus terr ibilis
Lemmermannia komarekii
Mucidosphaerium pulchellum
Dinobryon bavaricum
Dinobryon sociale
Dinobryon crenulatum
Chrysococcus ornatus
Mallomonas caudata
Mallomonas akrokomos
Synura uvella
Chrysosphaerella longispina
Trachelomonas hispida
Trachelomonas intermedia
Trachelomonas volvocinopsis
Euglenaformis proxima
Gonyostomum semen
Stichogloea doeder leinii
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Community Type or Regions of Common Profile (RCP)
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What are the characteristics of the different clusters?

Change of community types over time



Decreasing size with increasing temperature 
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Nationwide restructuring of community types, 

displaying altered trait profiles 

Higher prevalence of cyanobacterial species 

Smaller phytoplankton size structure linked to 

higher temperatures 
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Future direction/ ongoing work 

Global & 

national drivers

RCPs
Downscaled Climate scenarios

Time: 2020-2100 

VEMALA-model
All nutrient loads from land, 

waste water treatment and 

industrial outlets

Nutrient leaching & 

loads entering

aquatic ecosystem

HMSC
Joint Species 

Distribution Model

Ecological 

outcomes
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