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ABSTRACT  
The aim of this study is to characterize the current spatial distribution of three main phyla of 
phytoplankton (Cyanobacteria, Charophyta and Chlorophyta) from 77 Latvian lakes and ponds, 
analysed from modern surface sediment samples through a non-pollen palynomorph approach. 
The Pearson cross-correlation and the principal component analysis were applied to test the 
potential correlation of phytoplankton with climate (mean winter and summer temperature), 
water (pH), environmental (land use – forest, agriculture and urban) and sediment (organic and 
carbonate matter) variables. The results show the dominance of Chlorophyta in Latvian lakes 
and ponds. Cyanobacteria were dominant in sites closer to human-populated and recreation 
centres, including urban and agricultural land-use areas. In more turbid and polluted 
environments, Chlorophyta thrive today. Charophyta dominated in forested areas. Although 
Chlorophyta dominate in present-day waterbodies, the rather high relative proportion of 
Cyanobacteria draws attention to a potential threat. As the cross-correlation results indicate a 
negative correlation between Cyanobacteria and mean winter temperatures, in warmer climates 
Cyanobacteria can overtake other phytoplankton. The results of this study can be further used 
in lake and pond management. 
 

Introduction
Lakes are critical resources for water supplies and food security, as well as highly 
valued destinations for recreation and tourism. Extensive climate warming over the 
last few decades has affected lake water temperatures (O’Reilly et al. 2015). A striking 
consequence of climate change for aquatic ecosystems is that many are experiencing 
shorter periods of ice cover, as well as earlier and longer summer stratified seasons, 
which often result in a cascade of ecological and environmental consequence, such 
as warmer summer water temperatures, alterations in lake mixing and water levels, 
declines in dissolved oxygen, increased likelihood of cyanobacterial algal blooms, 
and the loss of habitat for native cold­water organisms (Smol 2008; Woolway et al. 
2022).  

Establishing the susceptibility and trophic changes in lake ecosystems is an 
important management issue on a local and regional scale. In this context, a 
palaeolimnological approach that employs the microfossil record of algae has been 
considered to be one of the most influential approaches for determining the ecological 
status of lakes (EC 2000). Lacustrine sedimentary environment is ideal for studying 
the status of a waterbody. Under limited oxygen conditions, phytoplankton survives 
for hundreds to thousands of years. There are more than 2300 lakes larger than 1 ha 
and even more than 10 000 lakes smaller than 1 ha in Latvia, comprising in total 1.6% 
of the country’s territory (Apsīte and Kļaviņš 2023). Hence, monitoring the current 
status of lakes is a crucial aspect for maintaining water quality and resulting 
ecosystem services. In current Latvian legislation, lakes smaller than 50 ha are not 
distinguished as separate waterbodies. Only if future monitoring data shows that this 
is necessary to achieve environmental quality objectives, this decision will be 
reviewed. Never theless, the majority of small lakes and ponds are not currently 
monitored in Latvia and there is a lack of information on algal composition.  
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Considering the average sedimentation rate of 0.5 cm/year 
(since 1950 CE) in Latvian lakes, the topmost cm comprises 
approximately the last five years (Stivrins et al. 2021). Hence, 
the topmost sediment represents modern phytoplankton data 
that has not been biased by extreme blooming years of algae, 
but contains smoothed information. In this study, I focus on 
phytoplankton that has been identified through the non­pollen 
palynomorphs analysis. This means that acid­resistant fresh ­
water organic­walled algal palynomorphs (hereinafter phyto ­
plankton) have been identified from pollen slides (Stivrins et 
al. 2022). Phytoplankton comprises a diverse number of 
phyla, but here diatoms are excluded from Chlorophyta, as 
they do not survive chemical treatment and are a subject of 
independent analysis.  

The aim of this study is to characterize the current spatial 
distribution of three main phyla of phytoplankton (Cyano ­
bacteria, Charophyta and Chlorophyta) from Latvian lakes 

and ponds, analysed from 78 modern surface sediment samples 
through a non­pollen palynomorph approach. To see possible 
influencing and driving factors for the presence of phyto ­
plankton in lakes and ponds throughout the territory of Latvia, 
I use statistical methods to test the relation of phytoplankton 
to climate and environmental variables. Before proceeding 
further, it is important to underline that the raw data used in 
the current study has been previously published and is 
available to everyone (Stivrins et al. 2022).  

Study area 
The study area is Latvia, located in north­eastern Europe 
within the hemi­boreal vegetation zone. The study sites were 
natural lakes and human­made waterbodies (ponds, dams and 
quarries; Fig. 1). In total, 78 surface samples were obtained 
from 77 waterbodies across the entire territory of Latvia, and 
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Fig. 1.  Location of lakes and ponds in Latvia referred to in the current article. 1 – Lake Liepājas (3715 ha), 2 – Avotu quarry (1.3 ha),  
3 – Lake Durbes (670 ha), 4 – Alsungas dam (7.8 ha), 5 – Lake Zvirgzdu (74.7 ha), 6 – Lake Ķikuru (21.6 ha), 7 – Lake Pinku (29 ha),  
8 – Pond Cūku (1.2 ha), 9 – Lake Usmas (3469.2 ha), 10 – Lake Sūnezers (1.4 ha), 11 – Lake Lielais Pēterezers (2.9 ha),  
12 – Lake Rūmiķis (1.5 ha), 13 – Lake Vēžezers (7 ha), 14 – Lake Saldus (22 ha), 15 – Vaides dam (5.4 ha), 16 – Lake Talsu (3.6 ha),  
17 – Lake Sasmakas (252 ha), 18 – Lake Lielais Vipēdes (20.1 ha), 19 – Lake Sesavas (17 ha), 20 – Lake Spārnu (14 ha),  
21 – Lake Vaskaris (22.1 ha), 22 – Lake Apguldes (38.7 ha), 23 – Lake Gauratas (13.8 ha), 24 – Pond Zoltners I (0.5 ha), 
25 – Pond Zoltners II (0.2 ha), 26 – Indrānu watershed (24 ha), 27 – Pond Rengas (0.4 ha), 28 – Pūtēļu quarry (7.3 ha),  
29 – Lake Melnezers (10.3 ha), 30 – Lake Liliju (2.6 ha), 31 – Lake Slokas (250 ha), 32 – Jelgavas clay quarry II (3.4 ha),  
33 – Jelgavas clay quarry I (1 ha), 34 – Jelgavas clay quarry III (3.2 ha), 35 – Lake (quarry) Ozolnieku (18 ha), 36 – Pond (quarry) 
Staļģenes (1.8 ha), 37 – Lake Velnezers (3.5 ha), 38 – Lake Mazais Baltezers (198.7 ha), 39 – Lake Sekšu (11.7 ha), 40 – Lake Lilastes 
(183.6 ha), 41 – Lake Limbažu Dūņezers (135.6 ha), 42 – Lake Limbažu Lielezers (256.4 ha), 43 – Lake Ungurpils (22.4 ha),  
44 – Pond Grančas (0.4 ha), 45 – Lake Purezers (10 ha), 46 – Lake Augstrozes Lielezers (400 ha), 47 – Lake Mazais Ozolmuižas (17 ha), 
48 – Lake Burtnieku (4006 ha), 49 – Lake Āraišu (32.6 ha), 50 – Lake Bānūzis (42.6 ha), 51 – Lake Gulbenes (30.3 ha), 52 – Lake Ilzes 
(42.4 ha), 53 – Lake Rijas (6 ha), 54 – Lake Asmenis (4.8 ha), 55 – Lake Dabaru (17.8 ha), 56 – Lake Brenkūzis (11.8 ha),  
57 – Lake Stupēnu (37.5 ha), 58 – Lake Kaupēnu (11.3 ha), 59 – Lake Trikātas (13 ha), 60 – Lake Bricu (16 ha), 61 – Lake Laukezers (50.4 ha), 
62 – Lake Ilzenieku (26.8 ha), 63 – Lake Spiļvu (5.6 ha), 64 – Lake Baltezers (45 ha), 65 – Lake Driksnas (40.5 ha), 66 – Lake Kapu (5.4 ha), 
67 – Pond Esplanādes (1.5 ha), 68 – Lake Gubiščes (18.5 ha), 69 – Lake Lielais Stropu (417.9 ha), 70 – Lake Mazais Stropu (15.3 ha),  
71 – Lake Lubāns (8070 ha), 72 – Lake Gluhoje (1.7 ha), 73 – Lake Lielais Svētiņu (18.8 ha), 74 – Lake Čertoks (1.9 ha),  
75 – Lake Puderovas (9.7 ha), 76 – Lake Zosnas (Rāznas) (156.5 ha), 77 – Pond Dagdas (0.33 ha), 78 – Lake Dagdas (484.1 ha). 



the size of the sampled sites varied from 0.33 to 8070 ha, 
located along different climate, environmental and geograph ­
ical gradients. The average annual air temperature in Latvia 
was +6.8 °C for the climatic normal for 1991–2020 and the 
aver age annual precipitation 679 mm, according to the Latvian 
Environment, Geology, and Meteorology Centre data.  

Materials and methods 
Data on non­pollen palynomorphs, climate and environment 
is from the project ʽEstablishing training data set of pollen 

and non­pollen palynomorphs for Latvia – a fundamental 
ground for climate, landscape, vegetation and water quality 
reconstructions and modellingʼ (No. LZP­2020/2­0060) and 
are available in Stivrins et al. (2022). Although the data has 
been published and discussion presented in the framework of 
the training­set evaluation of taxa at the species level, the 
results have not been properly discussed at the phylum level – 
spatial distribution patterns and the significance for the status 
of present­day waterbodies. The data set comprises a vast 
amount of information, and for the current study pur poses, 
I combined species/taxa into three dominant phyla present in 
the samples – Cyanobacteria, Charophyta and Chlorophyta 
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TAXON NAME [with taxonomic authority] CLASSIFICATION 
Anabaena [Bory ex Bornet & Flahault]  Cyanobacteria/Nostocaceae/Anabaena 
Aphanizomenon [Morren ex Bornet & Flahault] Cyanobacteria/Aphanizomenonaceae/Aphanizomenon 
Rivularia [C. Agardh ex Bornet & Flahault] Cyanobacteria/Rivulariaceae/Rivularia 
Gloeotrichia [Thuret ex Bornet & Flahault] Cyanobacteria/Gloeotrichiaceae/Gloeotrichia 
Gloeotrichia pisum [Thuret ex Bornet & Flahault] Cyanobacteria/Gloeotrichiaceae/Gloeotrichia 
Gloeotrichia natans [Rabenhorst ex Bornet & Flahault] Cyanobacteria/Gloeotrichiaceae/Gloeotrichia 
Oscillatoriaceae [Engler] Cyanobacteria/Oscillatoriaceae 
Spirulina [(Lagerheim) Kirchner] Cyanobacteria/Spirulinaceae/Spirulina 
Spirulina [Turpin ex Gomont] Cyanobacteria/Spirulinaceae/Spirulina 
Microcystis [Lemmermann] Cyanobacteria/Microcystaceae/Microcystis 
Botryococcus braunii [Kützing] Chlorophyta/Botryococcaceae/Botryococcus 
Botryococcus neglectus [(West & G. S. West) J. Komárek & P. Marvan] Chlorophyta/Botryococcaceae/Botryococcus 
Botryococcus pila [J. Komárek & P. Marvan] Chlorophyta/Botryococcaceae/Botryococcus 
Chlamydomonas [Skuja] Chlorophyta/Chlamydomonadaceae/Chlamydomonas 
Hariotina reticulata [P. A. Dangeard] Chlorophyta/Scenedesmaceae/Hariotina 
Hariotina polychorda [(Korshikov) E. Hegewald in E. Hegewald, P. F. M. Coesel 
& P. Hegewald] 

Chlorophyta/Scenedesmaceae/Hariotina 

Pediastrum boryanum var. boryanum [Meyen] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum duplex var. regulosum [Raciborski] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pseudopediastrum boryanum var. longicorne [(Reinsch) Tsarenko] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum boryanum var. brevicorne [A. Braun] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum orientale [(Skuja) V. Jankovská & J. Komárek] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pseudopediastrum integrum [(Nägeli) M. Jena & C. Bock in Jena & al.] Chlorophyta/Hydrodictyaceae/Pseudopediastrum 
Pediastrum boryanum var. pseudoglabrum [Parra Barrientos]  Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum boryanum var. cornutum [(Raciborski) Sulek in Fott] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pseudopediastrum forcipatum [(Corda) Lenarczyk in Lenarczyk & al.]  Chlorophyta/Hydrodictyaceae/Pseudopediastrum 
Stauridium tetras [(Ehrenberg) E. Hegewald in Buchheim & al.] Chlorophyta/Hydrodictyaceae/Stauridium 
Monactinus simplex var. echinulatum [(Wittrock) Pérez, Maidana & Comas] Chlorophyta/Hydrodictyaceae/Monactinus 
Pediastrum simplex var. pseudoglabrum [Parra] Chlorophyta/Hydrodictyaceae/Pediastrum 
Monactinus simplex [(Meyen) Corda]  Chlorophyta/Hydrodictyaceae/Monactinus 
Pediastrum marvillense [Thérézien & Couté ex Parra Barrientos] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum duplex var. gracile [(A. Braun) Raciborski] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum boryanum var. angulosum [(Ehrenberg) Hansgirg] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum duplex var. rugulosum [Raciborski] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pediastrum duplex var. asperum [(A. Braun) Hansgirg] Chlorophyta/Hydrodictyaceae/Pediastrum 
Pseudopediastrum perforatum [(Raciborski) Lenarczyk in Lenarczyk & al.] Chlorophyta/Hydrodictyaceae/Pseudopediastrum 
Pseudopediastrum subgranulatum [(Raciborski) Lenarczyk in Lenarczyk & al.] Chlorophyta/Hydrodictyaceae/Pseudopediastrum 
Pseudopediastrum alternans [(Nygaard) M. Jena & C. Bock in Jena & al.] Chlorophyta/Hydrodictyaceae/Pseudopediastrum 
Stauridium privum [(Printz) Hegewald in Buchheim & al.] Chlorophyta/Hydrodictyaceae/Stauridium 
Scenedesmus [Meyen] Chlorophyta/Scenedesmaceae/Scenedesmus 
Scenedesmus arcuatus var. gracilis [(T. Hortobágyi) F. Hindák] Chlorophyta/Scenedesmaceae/Scenedesmus 
Tetradesmus obliquus [(Turpin) M. J. Wynne] Chlorophyta/Scenedesmaceae/Tetradesmus 
Tetradesmus lagerheimii var. biseriatus [(Reinhard) Taskin & Alp in Taskin & al.] 
Tetradesmus obliquus [(Turpin) M. J. Wynne] 

Chlorophyta/Scenedesmaceae/Tetradesmus 
Chlorophyta/Scenedesmaceae/Tetradesmus 
 
 

 
Table 1. Phytoplankton taxa included in the study 
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(Table 1). Then, for the tests, I selected the main climate and 
environment data that possibly drive the abundance and dis ­
tribution of phytoplankton in waterbodies. 

A 3 cm top sediment sample was obtained from the 
waterbodies using a gravity corer (KC Denmark) through ice 
in winter 2021 and from a boat in winter, spring­summer 
2020–2021. A total of 78 samples were treated for non­pollen 

palynomorph (NPP) analysis, as explained below. Initial work 
on smear slides showed that the identification process was 
challenging, and therefore, certain treatment steps were 
necessary (Stivrins et al. 2022). Hydrochloric acid (HCl 10%) 
was added to a 1 cm3 sample to remove carbonates and dis ­
solve the Lycopodium tablet (Stockmarr 1971), after which 
5% potassium hydroxide (KOH) was added (water bath 
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TAXON NAME [with taxonomic authority] CLASSIFICATION 
Desmodesmus perforatus [(Lemmermann) E. Hegewald] Chlorophyta/Scenedesmaceae/Desmodesmus 
Tetradesmus dimorphus [(Turpin) M. J. Wynne] Chlorophyta/Scenedesmaceae/Tetradesmus 
Desmodesmus denticulatus [(Lagerheim) S. S. An, T. Friedl & E. Hegewald] Chlorophyta/Scenedesmaceae/Desmodesmus 
Scenedesmus obtusus [Meyen] Chlorophyta/Scenedesmaceae/Scenedesmus 
Desmodesmus communis [(E. Hegewald) E. Hegewald] Chlorophyta/Scenedesmaceae/Desmodesmus 
Desmodesmus opoliensis [(P. G. Richter) E. Hegewald] Chlorophyta/Scenedesmaceae/Desmodesmus 
Desmodesmus bicaudatus [(Dedusenko) P. M. Tsarenko] Chlorophyta/Scenedesmaceae/Desmodesmus 
Scenedesmus armatus [(Chodat) Chodat] Chlorophyta/Scenedesmaceae/Scenedesmus 
Scenedesmus quadricauda var. lefevrii [(Delandre) Dedusenko in Korshikov] Chlorophyta/Scenedesmaceae/Scenedesmus 
Desmodesmus perforatus [(Lemmermann) E. Hegewald] Chlorophyta/Scenedesmaceae/Desmodesmus 
Desmodesmus pannonicus [(Hortobágyi) E. Hegewald] Chlorophyta/Scenedesmaceae/Desmodesmus 
Scenedesmus ellipticus [Corda] Chlorophyta/Scenedesmaceae/Scenedesmus 
Lemmermannia triangularis [(Chodat) C. Bock & Krienitz in C. Bock & al.] Chlorophyta/Trebouxiophyceae incertae sedis/  

Lemmermannia 
Tetrastrum staurogeniiforme [(Schröder) Lemmermann] Chlorophyta/Scenedesmaceae/Tetrastrum 
Pleurococcus [Meneghini] Chlorophyta/Chaetophoraceae/Pleurococcus 
Planctonema lauterbornii [Schmidle]  Chlorophyta/Oocystaceae/Planctonema 
Crucigenia fenestrata [(Schmidle) Schmidle]  Chlorophyta/Trebouxiophyceae incertae sedis/  

Crucigenia 
Lemmermannia tetrapedia [(Kirchner) Lemmermann]  Chlorophyta/Trebouxiophyceae incertae sedis/  

Lemmermannia 
Tetraëdron minimum [(A. Braun) Hansgirg]  Chlorophyta/Hydrodictyaceae/Tetraedron 
Tetraëdron triangulare [Korshikov]  Chlorophyta/Hydrodictyaceae/Tetraedron 
Tetraëdron trigonum [(Nägeli) Hansgirg]  Chlorophyta/Hydrodictyaceae/Tetraedron 
Treubaria schmidlei [(Schröder) Fott & Kovácik]  Chlorophyta/Treubariaceae/Treubaria 
Tetraëdron caudatum [(Corda) Hansgirg]  Chlorophyta/Hydrodictyaceae/Tetraedron 
Cosmarium baileyi [Wolle]  Charophyta/Desmidiaceae/Cosmarium 
Cosmarium franzstonii [Taft]  Charophyta/Desmidiaceae/Cosmarium 
Cosmarium formosulum [Hoff in Nordstedt]  Charophyta/Desmidiaceae/Cosmarium 
Cosmarium variolatum [P. Lundell] Charophyta/Desmidiaceae/Cosmarium 
Cosmarium protractum [(Nägeli) De Bary] Charophyta/Desmidiaceae/Cosmarium 
Cosmarium pseudopyramidatum [Willi Krieger & Gerloff] Charophyta/Desmidiaceae/Cosmarium 
Cosmarium turpinii [Brébisson] Charophyta/Desmidiaceae/Cosmarium 
Euastrum lacustre [(Messikommer) Coesel] Charophyta/Desmidiaceae/Euastrum 
Euastrum bidentatum [Nägeli] Charophyta/Desmidiaceae/Euastrum 
Euastrum luetkemuelleri [F. Ducellier] Charophyta/Desmidiaceae/Euastrum 
Staurastrum [Ralfs ex Ralfs] Charophyta/Desmidiacae/Staurastrum 
Staurastrum ophiura var. pentacerum [Wolle] Charophyta/Desmidiaceae/Staurastrum 
Staurastrum pingue [Teiling] Charophyta/Desmidiacae/Staurastrum 
Staurastrum pingue var. planctonicum [(Teiling) Coesel & Meersters]  Charophyta/Desmidiaceae/Staurastrum 
Staurastrum tetracerum [Ralfs ex Ralfs]  Charophyta/Desmidiacae/Staurastrum 
Staurastrum anatinum [Cooke & Wills]  Charophyta/Desmidiacae/Staurastrum 
Staurastrum punctulatum [Brébisson in Ralfs]  Charophyta/Desmidiacae/Staurastrum 
Staurastrum gracile [Ralfs ex Ralfs]  Charophyta/Desmidiacae/Staurastrum 
Staurastrum arachne [Ralfs ex Ralfs]  Charophyta/Desmidiacae/Staurastrum 
Spirogyra [Link, nom. cons] Charophyta/Zygnemataceae/Spirogyra 
Transeauina glyptosperma [(De Bary) Guiry]  Charophyta/Zygnemataceae/Transeauina 
Mougeotia capucina [C. Agardh] Charophyta/Zygnemataceae/Mougotia 
Zygnema [C. Agardh] Charophyta/Zygnemataceae/Zygnema 

Table 1. Continued 



their conjugate base pairs to produce soluble organic salts, 
which were then removed by washing with water. The pre ­
pared samples were stored in glycerol. Currently, there is no 
consensus among NPP scientists on how long or how many 
remains should be counted. In this case, I relied on a constant 
exotic marker count, i.e., I counted NPPs until 100 Lycopodium 
spores were reached per sample. NPPs were identified using 
published literature (e.g., Bellinger and Sigee 2010; Miola 
2012; Guiry and Guiry 2021). 

Land cover was characterized using Corine Land Cover 
2018 data (EEA 2020) with aggregated thematic land cover 
categories – forest, agricultural area, and urban area (within 
a 1 km buffer zone). Information on the climate at each site 
was derived from the nearest meteorological station (climatic 
normal for 1991–2020), collected by the Latvian Environ ment, 
Geology, and Meteorology Centre. Water properties (pH) 
were measured from a boat from May to August (Fig. 2) using 
a WTW multimeter. The relative composition of sediment 
(organic and carbonate matter, %) was measured through the 
loss­on­ignition method (Dean 1974).  

In this study, I used the Pearson cross­correlation and the 
principal component analysis (PCA) to test the potential cor ­
relation of phytoplankton with climate (mean winter and 
summer temperature), water (pH), environment (land use – 
forest, agriculture and urban) and sediment (organic and 
carbonate matter) variables. Pearson’s r is the most commonly 
used parametric correlation coefficient. Prior to the correla ­
tion, I used a logarithmic data transformation with the pur ­
pose of making data more normally distributed (Hammer 
et al. 2001). The PCA finds components accounting for 
as much of the variance in data as possible (Davis 1986; 

Legendre and Legendre 1998), which were tested using the 
broken stick method (Jackson 1993) in Past v.4.11 (Hammer 
et al. 2001). 

Results 
In total, 88 species/taxa comprise three phyla (Cyanobacteria = 
10, Chlorophyta = 55 and Charophyta = 23). Chlorophyta 
dominated in 65 waterbodies (Fig. 3), Cyanobacteria in ten 
waterbodies and the lowest dominance was for Charophyta 
in two sites (Lake Čertoks (site 74 in Fig. 1) and Vaides dam 
(site 15 in Fig. 1)). Within 17 waterbodies > 50 ha, Chlorophyta 
dominated in 15 sites, while Cyanobacteria prevailed in 
two lakes. In smaller sites, such as < 10 ha, Cyano bacteria 
dominated in six out of 29 waterbodies. Although only ten 
sites in total were dominated by Cyanobacteria, the majority 
of the sites (seven out of ten; 70%) were located in cities and 
in high human­induced activity zones. Charophyta dominated 
in forested regions with limited human activities nearby. 
Meanwhile, Chlorophyta dominated in different regions 
and settings (Fig. 3). 

The PCA results indicate that Chlorophyta can dominate 
in forested, agricultural, paludified and urban settings (Fig. 4). 
Hence, it is a matter of species/taxa composition, which can 
then be used for characterizing a waterbody’s trophic status 
more precisely. The PCA results show correlation between 
Cyanobacteria, urban and agricultural settings. Although a 
few sites dominated by Cyanobacteria are located in forested 
regions, these sites are mainly known to be influenced by 
anthropogenic activities. Charophyta phyla show a correlation 
between increased organic matter and forested regions.  
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Fig. 2.  A – water property measurements from a boat in Lake Sesavas (site 19 in Fig. 1). B – the loss-on-ignition analysis at the 
University of Latvia.  



The results of Pearson correlation reveal both signifi�
cantly positive and negative correlations (Fig. 5), i.e., Cyano �
bacteria were significantly negatively correlated with carbon �
ate matter content and winter temperature, while a some � 
what positive correlation was found between Cyanobacteria, 
urban and forest variables. Chlorophyta were significantly 
positively correlated with agriculture and winter temperature. 
A minor positive correlation was observed be tween Chlor o �
phyta and carbonate matter content, and a negative correlation 
with forest and urban factors (Fig. 5). Charophyta did not 
show significant correlations, but a potential significant cor �

relation seems to be with forest and a negative correlation 
with agriculture and winter temperature (Fig. 5).  

Discussion 
Before discussing algae, it is important to underline the het �
erogeneity of waterbodies in Latvia. Each studied site differs 
and so do the modern sediments. For instance, in a 40�year�
old man�made quarry, new organic sediment has accumu �
lated, indicating the beginning of the waterbody infil ling pro �
cess (Fig. 3). Few natural lakes (mainly coastal) tend to have 
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Fig.�3.  Spatial distribution 
and relative coverage of 
Cyanobacteria (A), 
Chlorophyta (B) and 
Charophyta (C) in the lakes 
and ponds of Latvia. Names 
of each site are shown in 
Fig. 1.  

–

–

–

–

–

–

–

–

–



less organic matter (Fig. 3) than smaller sites in other loca 

tions. These differences in ecosystems, influenced by exody 

namic processes and the ontogeny of individual water bodies, 
regulate the current algal composition.  

Three dominant phyla of algae are present in current 
waterbodies of Latvia – Chlorophyta, Cyanobacteria and 

Charophyta (Fig. 3). Algae per se do not imply that the 
waterbody is in poor conditions, because they are part of 
living organisms within the lacustrine ecosystem (Hou et al. 
2022). 

Chlorophyta dominate in Latvian lakes and ponds, and 
the dominance is a matter of geographical location, land use 
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Fig. 4.  Principal component analysis of modern phytoplankton in waterbodies and distribution between sites, indicating both the 
relative share of forest (CORINE) within a 1 km radius around the waterbodies (circle – >50%, square – 20–50% and star – <20% forest 
cover) and the dominant phytoplankton phyla in a particular site (green – Chlorophyta, yellow – Cyanobacteria, grey – Charophyta), as 
well as climate (Tsum – mean summer temperature, Twint – mean winter temperature), sediment composition (organic and carbonate 
matter), water (pH) and land-use (urban, forest, agricultural) variables.  
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Fig. 5.  Pearson correlation between Cyanobacteria, Chlorophyta, Charophyta and the variables of climate (mean summer and winter 
temperature), environment (water pH, land use – agriculture, urban, forest) and sediment (organic and carbonate matter). Significance 
p < 0.05 is boxed, colour: from red – significantly positive to blue – significantly negative.  
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and other environmental factors. Under higher agricultural 
pressure, the waterbody is enriched with additional nutrient 
supply leading to eutrophication, which is supported by the 
Pearson correlation showing a significantly positive correla ­
tion between Chlorophyta, agriculture and winter temperature 
(Fig. 6). Due to warmer winters, we might expect a decrease 
in Chlorophyta, but agricultural activities will continue and 
therefore also the presence and dominance of Chlorophyta in 
different waterbodies. Chlorophyta comprise a wide range of 
taxa and, therefore, it is not possible to state the actual health 
status of a waterbody from the phyla alone. Chlorophyta 
appear in agricultural, forested, urban and even peatland areas 
(Fig. 1). While for Cyanobacteria and Charophyta it can be 
possible to underline the trophic status or current status of the 
waterbody, it is challenging in the case of Chlorophyta, where 
taxa and species must be listed in the first place. Algae are 
influenced by an array of factors, such as climate (precipi ­
tation, temperature), brownification (dissolved organic carbon 
(DOC), dissolved inorganic carbon (DIC)), eutrophication, 
chemical leakage and also biota (Feuchtmayr et al. 2019; 
Stivrins et al. 2022). 

In small waterbodies located within forested regions, one 
might expect to see higher Charophyta abundance, as is evi ­
dent from the results (Figs 3–5, 7). Investigation on Char ­
ophyta should be continued because more samples and sites 
need to be studied to gain higher confidence about their pre ­
s ent distribution and environmental requirements in Latvian 
waterbodies.  

There is a significantly negative correlation between 
Cyanobacteria and mean winter temperature (Fig. 5), indi ­
cating that warmer winters favour the dominance of Cyano ­
bacteria, giving them a competitive advantage over other phyla 

of phytoplankton. Higher winter temperature could affect water 
temperature, resulting in the lower water level and increased 
lake residence time, leading to prolonged periods of thermal 
stratification of the water column (De Senerpont Domis et al. 
2013). The significantly negative correlation between Cyano ­
bacteria and carbonate matter in the Pearson correlation, and 
the close relationship between carbonate matter and agri ­
culture in the PCA possibly suggest that turbulent water and 
increased nutrient supply disrupts favourable living con ­
ditions for Cyanobacteria.  

Although Cyanobacteria can be found naturally in 
waterbodies when certain conditions exist, such as warm 
water rich in nutrients, Cyanobacteria can rapidly form harm ­
ful algal blooms. According to the results of this study, 
Cyanobacteria can occur more frequently in waterbodies of 
less than 50 ha that are located in urban or anthropogenic 
stress settings (Fig. 7). The positive statistical correlation 
between Cyanobacteria and urban land use underlines the 
anthropogenic drive for Cyanobacteria (Fig. 5). The surround ­
ings of Lake Lilastes (site 40 in Fig. 1) are > 50% pine forest, 
but since wastewater from the residential area is discharged 
into the lake, it is polluted, leading to the dominance of 
Cyanobacteria (Fig. 3). Similarly, Pond Esplanades (site 67 in 
Fig. 1) located in the centre of the second largest city in Latvia 
– Daugavpils – has a rather high anthropogenic stress setting, 
supporting the dominance of Cyanobacteria. Lake Gauratas 
(site 23 in Figs 1 and 3) – an official swimming site for the 
city of Dobele and characterized by agricultural land use – has 
an increased presence of Cyanobacteria. Sites dominated by 
Cyanobacteria should be addressed in the first place, because 
within the identified taxa were Anabaena and Aphanizomenon, 
which are able to develop blooms and produce toxic metab ­
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Fig. 6.  Topmost sediment obtained from a man-made quarry (Avotu quarry (site 2 in Fig. 1)) and a large shallow natural lake (Lake 
Liepājas (site 1 in Fig. 1)). Note the difference in the concentration of suspended material within the water column.  



olites dangerous for humans and living organisms, including 
hepatotoxins, neurotoxins and cytotoxins (Österholm et al. 
2020; Osburn et al. 2022).  

Waterbody management authorities and upcoming pro H
jects are welcome to use these results providing baseline 
information on the composition and presence of algae. From 
an applied point of view, these results should be considered 
together with information on water chemistry, as it is neces H
sary to identify the possible reasons for algal presence/ 
dominance to ensure that the right measures are taken for 
water quality improvement (e.g., closing wastewater inflow, 
cleaning a waterbody of sediment, etc.). Even without spe H
cific water chemical data based on the results of the current 
study and visiting the sites during the fieldwork, I see a need 
to proceed with implementing water management for the 
following sites: Lake Talsu (site 16 in Fig. 1), Lake Gauratas 
(site 23 in Fig. 1), Pond Zoltners I and II (sites 24 and 25 in 
Fig. 1), Lake Lilastes (site 40 in Fig. 1), and Lake Trik%tas 
(site 59 in Fig. 1). These sites are influenced by human activ H
ities and therefore visible algae blooming often occurs there. 
As algal composition differs from site to site, there is no 
single suggestion on how to proceed, but some action must 
be taken to improve the health of Latvian waterbodies.  

Conclusions 
The current study presents an overview of the distribution of 
the main phytoplankton phyla – Cyanobacteria, Chlorophyta 
and Charophyta – in Latvian lakes and ponds. Using pre H
viously published data sets, I investigated general patterns in 
the spatial distribution of phytoplankton in relation to avail H
able climate and environmental variables. By means of the 
principal component analysis and the Pearson crossHcorrela H
tion tests, it was possible to unravel current possible driving 
factors for phytoplankton spatial abundance. As expected, the 
dominant phylum was Chlorophyta (dominant in 65 water H

bodies), followed by Cyanobacteria (dominant in 10 sites) 
and last but not least Charophyta (dominant in two sites). Not 
only human impact (through agricultural and urban activ H
ities), but also climate (increase in mean winter temperature) 
influences the presentHday phytoplankton composition in 
Latvian lakes and ponds. This study shows that there are 
numerous sites requiring attention for waterbody manage H
ment and raising awareness about the current climate impact 
behind Cyanobacteria dominance in some of the Latvian 
waterbodies.  
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