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Abstract: A high number of processes and parameters are responsible for shaping phytoplankton 
communities, among which nutrient availability and light intensity most oft en receive particular 
attention; however, the distance between communities (distance-decay relationships – DDRs) 
has been little studied in this context. Th us, to extend our knowledge, DDRs were studied in lo-
tic waterbodies in the region of Lake Balaton (Hungary). Our analysis shows that the distance-
decay relationship does not aff ect the structure of the phytoplankton community across diff erent 
streams. However, when examining diff erent locations in the same streams, we found a small but 
signifi cant eff ect. We conclude that deterministic processes like environmental fi ltering and species 
interaction are more important mechanisms shaping the structure of communities than stochastic 
processes like dispersal mechanisms and random eff ects.
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INTRODUCTION

Studying the various aspects of diversity plays a central role in ecological 
research. Th e Convention on Biological Diversity (CBD; article 2) defi nes biodi-
versity as the variability among living organisms from all sources, including ter-
restrial, marine, and other aquatic ecosystems, as well as the ecological complex-
es of which they are a part; this encompasses diversity within species, between 
species, and among ecosystems (Gaston and Spicer 2013). Th us, measuring 
biodiversity is quite complex and involves the analysis of genetic diversity, spe-
cies types, assemblages, biotic communities, traits, functional groups, and their 
abundance, biomass, or other measures (DeLong 1996).
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Understanding the structure and changes of phytoplankton assemblages 
through species alone is a major challenge. Although taxonomic information at 
species level can provide the most complete level of information, the defi ned spe-
cies niches are missing in many cases.  Th e classifi cation of species into diff erent 
traits and functional groups has greatly aided this understanding, and a few of them 
have become widespread: Reynolds’s functional groups (RFG) (Padisák et al. 
2009, Reynolds 1980, Reynolds et al. 2002), morpho-functional groups (MFG) 
(Salmaso and Padisák 2007), and the morphologically based functional groups 
(Kruk et al. 2010). It was a long journey to arrive at these classifi cations, during 
which algologists tried to classify the species along diff erent ecological concepts, 
such as r and K selection (Margalef 1978) and CSR strategy (e.g. Reynolds 
1988). Nowadays, in addition to the traditional microscopy-based identifi cation, 
DNA-based methods are gaining an increasingly important role in phytoplankton 
research (e.g., Tapolczai et al. 2025). Judit Padisák played a decisive role in devel-
oping the categorization of phytoplankton species and developing the concepts. Th is 
study is a tribute to her work, as it is exciting and challenging to gain a more precise 
understanding of the functioning of phytoplankton assemblages, which is largely 
based on her work. Although the explanations are becoming more precise, there is 
still a lot of information missing to accurately understand the changes occurring in 
phytoplankton assemblages. Th is is obvious when a typical phytoplankton biomoni-
toring data set (phytoplankton and classical environmental variables data matrix) 
is analysed with variation partitioning: a signifi cant part of the variance cannot be 
explained. In this regard, we investigate a variable that is rarely considered, namely 
the eff ect of the geographical distance between communities on their composition.

Th e distance–decay relationship (DDR) indicates the similarity between ec-
ological communities decreases as geographical distance increases. Consequently, 
it is anticipated that communities that are geographically distant will exhibit 
greater dissimilarity in their structure and composition than those that are closer 
(Nekola and White 1999, Soininen et al. 2007).

According to Baas Becking (1934) “Everything is everywhere, but the en-
vironment selects.”, which means that the taxa in a microbial community are de-
termined primarily by environmental factors and not the limitation of migration. 
Th is idea is actually the forerunner of the niche theory (Hutchinson 1957). 
But is it truly the case that “Everything is everywhere”? To test the theory, we ex-
amined whether the composition of phytoplankton communities could be relat-
ed to the distance between sampling points (both within and between streams).

Th us, in this study, we aimed to explore the diversity and the distance-de-
cay relationships of the phytoplankton community of the main infl ows of Lake 
Balaton. We hypothesise that there is no DDR among the sampled locations, be-
cause the eff ects of the local environment are the most important driving mecha-
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nism of the community structure. However, in case of the same watercourses, dis-
tance should be an important variable, because of the high number of drift ing cells.

MATERIALS AND METHODS

Study site and the measured variables

A total of 38 locations of 18 watercourses were included in this study (Fig. 
1) All the sampled streams and rivers are located in West Hungary and fl ows into 
Lake Balaton. Eight out of 18 watercourses were sampled at one location, all the 
other watercourses were sampled at least at two diff erent locations. Th us, it was pos-
sible to analyse DDR within and between watercourses. Sampling was carried out 
in September 2022. Physical and chemical variables (T = temperature (°C), DO = 
oxygen concentration (mg/L) and DO% = saturation (%), pH, Cond = conductivity 
(μScm–1), and Turb = turbidity (FNU)) were measured with a Hach Lange HQ40d 
multimeter and a Hach Lange TSS portable turbidimeter at the sampling sites. 
Additionally, ~1.5 litres water sample was collected and carried to the laboratory 
to measure the following variables: total phosphorus, soluble reactive phosphorus, 
total nitrogen, nitrite, nitrate, ammonium, soluble reactive silica, sulphate, chloride, 
bicarbonate, alkalinity, and chemical oxygen demand according to APHA (2012) 

Fig. 1. Location of the sampling sites (black dots) in the Balaton region. Lake Balaton and the larg-
est rivers (Duna and Tisza) are indicated in light blue and blue.
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methods. Phytoplankton samples were collected in glass containers and Lugol’s solu-
tion was added immediately. At least 400 settling units (cells, fi laments, and colonies) 
were counted in each sample using a Zeiss Axiovert 100 (Oberkochen, Germany) 
inverted microscope according to the standard methods developed by Lund et al. 
(1958) and Utermöhl (1958). Phytoplankton biomass was calculated based on 
the most similar geometric forms according to Hillebrand et al. (1999) using the 
Opticount cell counting soft ware (Hepperle 2008) and supposing 1 g cm–3 density. 
Phytoplankton taxa were sorted into Reynolds’ functional groups according to the 
classifi cation of Reynolds et al. (2002) updated by Padisák et al. (2009).

Statistical analysis

Data analysis was carried out in R 4.5.1. environment (R Core Team 2025). 
Principal component analysis (PCA) was used to explore the main patterns among 
environmental variables and the phytoplankton community. Intercorrelations of 
the environmental variables were checked, thus oxygen saturation and alkalinity 
were not used to keep r < 0.8. Th en environmental variables were scaled and the 
phytoplankton dataset was Hellinger transformed. “Envfi t” function in the “ve-
gan” package (Oksanen et al. 2022) was used to fi t the environmental variables 
onto the PCA ordination. 

DDR analysis “Geodist” function from the geodist package (Padgham and 
Sumner 2025) was used to calculate the spatial distances among the sampling 
locations and “vegdist” function in the “vegan” package (Oksanen et al. 2022) 
was adopted to get the Bray-Curtis dissimilarity matrix of the phytoplankton 
communities. Linear regression was used to analyse the relationship between the 
spatial distances and the dissimilarity values. Analyses of the samples occurred 
separately within and between the watercourses in the linear regression, thus the 
hierarchical structure is handled properly.

Variation partitioning was used to quantify the pure and the shared eff ects 
of the spatial and environmental variables on the RFG-based community com-
position. First, the most important environmental and spatial variables were se-
lected with forward selection in an RDA model using the “ordistep” function. Th e 
VIFs of the explanatory variables were limited to ten in the RDA model following 
Borcard et al. (2018). Secondly, variation partitioning was implemented with 
the “varpart” function and, third, the signifi cance of the diff erent fractions (the 
variation explained by a given set of variables) was tested by ANOVA with 1000 
permutations. Spatial variables used in the variation partitioning were calculated 
as follows: First, a distance matrix was acquired based on the GPS coordinates, 
then spatial predictors were calculated using the PCNM (Principal Coordinates of 
Neighbour Matrices) method with the “pcnm” function. All functions used in the 
variation partitioning are available in the “vegan” package (Oksanen et al. 2022).
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RESULTS

Description of the phytoplankton assemblages and environmental variables

Altogether, 253 taxa were found in the 38 locations (Fig. 1) belonging to 30 
RFG’s and 8 main taxonomic groups. Chlorophyta and Bacillariophyceae were the 
richest taxonomic groups with 89 and 56 taxa, respectively. Th e Bacillariophyceae 
group was dominated by tychoplanktonic elements, which is characteristic of 
small lotic waterbodies. Coda X2 and Tb were the most frequently occurring 
groups, which were found in 36 and 35 sampling spots. Rhodomonas spp. were 
typical taxa in the X2 group; additionally, Navicula and Nitzschia spp. represent-
ed mostly the Tb coda. In the case of biomass, W1 and Y groups were the most 
dominant, represented primarily by Euglena spp. and Cryptomonas spp. 

Th e fi rst two axes of the principal component analysis explained 36.7% of 
the total variance of the phytoplankton community (Fig. 2). Signifi cant relation-
ships were visualised on the PCA ordination among the phytoplankton func-
tional groups and environmental variables. Th ree variables NO2

- (R2 = 0.161, P = 
0.045), NH4

+ (R2=0.178, P = 0.029) and T (R2 = 0.2, P = 0.019) were correlated 
signifi cantly with the community structure.

Fig. 2. PCA ordination based on the phytoplankton community and environmental variables (only 
signifi cant ones are indicated).
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Distance deca y relationship

Th e distance among sampling locations varied between 1 and 100 km. 
Bray–Curtis dissimilarity of the phytoplankton community was not changed sig-
nifi cantly with increasing spatial distance in the case of diff erent streams (Fig. 3). 
However, if we compared the dissimilarity of the phytoplankton community in 
the case of given streams but at diff erent locations, we found a small (R2 = 0.1053) 
but signifi cant (p = 0.047) eff ect (Table 1).

Variation partitioning revealed that the phytoplankton assemblages catego-
rised according to RFG’s were determined by the analysed environmental variables 
in 6.4%, additionally variance explained by spatial structure was 9.7%. Th e shared 
eff ect was 3.5% and quite a signifi cant part (80.4%) remained unexplained (Fig. 4).

DISCUSSION

Our results suggest that the distance-decay relationship does not aff ect the 
structure of the phytoplankton communities across diff erent streams. However, 
when examining diff erent locations within the same stream, we found a small but 
signifi cant eff ect. Additionally, variation partitioning has shown that both environ-

Fig. 3. Distance decay relationship based on Bray–Curtis dissimilarities of the phytoplankton as-
semblages. Red dots are indicated values from diff erent streams and blue dots are indicated values 

comparing locations from the same waterbodies.
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mental variables and spatial structure are responsible for explaining some part of 
the variance; moreover, spatial structure accounts for 9.7%. Th ese results indicate 
that distance plays a negligible role in shaping phytoplankton communities across 
streams, suggesting that deterministic processes are far more important than stochas-
tic ones. Th e most important deterministic processes (niche theory – Hutchinson 
(1957)) are environmental fi ltering and interaction among species, while neutral 
theory (Hubbel 2001) assumes that stochastic processes are shaping the communi-
ties like dispersion, stochastic fl uctuations in birth and death rates, and other ran-
dom events/eff ects. Th us, in our case, dispersal processes appear unimportant for 
shaping a given community. Migration of species between waterbodies in the case 
of phytoplankton is a relatively poorly studied topic (Green et al. 2023), with a few 
exceptions: Tesson et al. (2018) studied the survival of resting cysts of dinofl agel-
lates by migratory waterbirds, whereas Manning et al. (2021) showed the survival 
of diatoms transported externally on waterbirds. Although Cellamare et al. (2010) 
suggested quite long time ago that waterbirds could be an important vector for the 
dispersal of phytoplankton species from Africa to Europe. However, experimental 
studies in this topic appeared only quite recently, during which it was discovered that 

Fig. 4. Results of the variation partitioning analysis conducted on phytoplankton functional 
groups. Percentages indicate the proportion of variation explained by environmental and spatial 

variables, and the shared and unexplained components.

Table 1. Results of the linear models.

Type Predictor Estimate Std. error t value M. R2 p Signifi cance

Within 
stream

(Intercept) 0.6077 0.0591 10.286 0.1053 2.91 × 10–¹² ***
distance 0.0075 0.00364 2.058 0.1053 0.0469 *

Between 
streams

(Intercept) 0.8771 0.0105 83.406 4.43 × 10–5 <2 × 10–¹6 ***
distance −0.000040 0.000234 −0.171 4.43 × 10–5 0.864
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Raphidiopsis raciborskii (Sha et al. 2025) and many other species (Görgényi et al. 
2023) can survive passing through a waterfowl’s digestive system, as they remain vi-
able in the faeces. Th is phenomenon probably contributed to the spread of some suc-
cessful species, such as Raphidiopsis raciborskii, across continents (Padisák 1997).

In the case of within-stream analysis we found a small but signifi cant DDR. 
It would be really interesting to know what the reader thinks about this result. 
Phytoplankton samples taken in a small stream only show a small degree of similarity 
as a function of distance. As stated in the hypothesis, we expected greater similarity 
due to the masses of cells drift ing down in the watercourse. DDR can be explained 
by various factors, both intrinsic and extrinsic ones (Nekola and White 1999). 
Although diff erent factors are important for diff erent organisms, the dispersal abil-
ity is a determining variable in the characteristics of DDR. DDR of the phytoplank-
ton communities was analysed in the tributaries of the Amazon River (Wetzel et al. 
2012). Although these waterbodies are much larger than those we studied, and the 
distances are much longer as well, the authors found higher similarities among the 
locations compared to our results. Th e results of the authors confi rmed that higher 
dispersal abilities cause lower distance decay rate. Unfortunately, we cannot compare 
how well the spatial structure explains the variance of the data. In our case, it is quite 
low (10%). It suggests that despite the drift ing cells, other variables are so important 
that they largely shape the communities. Most of the studies found that environmen-
tal variables are critically important (e.g. Wojciechowski et al. 2017). However, only 
~7% of the variance of the phytoplankton community data is explained by the meas-
ured environmental variables. Th e unexplained variance could be due to species inter-
action, microhabitat eff ects, or other factors that are diffi  cult to measure and study.

Taken together, these fi ndings highlight the complexity of phytoplankton 
community assembly and emphasize that our understanding of the principles 
governing the functioning and structure of phytoplankton communities is still 
far from complete.

* * *
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Összefoglaló: Szá mos tényező és különböző folyamatok felelősek a fi toplankton közösségek 
alakításáért, amelyek közül a tápanyagok hozzáférhetősége és a fényintenzitás kap leggyakrabban 
kiemelt fi gyelmet. A közösségek közötti távolság hatását (distance-decay relationship (DDR)) ke-
véssé vizsgálták ebben az összefüggésben, ezért munkánk során a DDR hatást vizsgáltuk a Balaton-
ba befolyó víztestekben. Eredményeink alapján, a DDR nem befolyásolja a fi toplankton közösség 
szerkezetét a különböző vízfolyások között. Azonban, amikor ugyanazon vízfolyások különböző 
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helyszíneit vizsgáltuk, kicsi, de szignifi káns hatást találtunk. A kutatás eredményei arra engednek 
következtetni, hogy a determinisztikus folyamatok, mint például a környezeti szűrés és a fajok köl-
csönhatása fontosabb mechanizmusok a közösségek szerkezetének alakításában, mint a sztochasz-
tikus folyamatok, úgymint a diszperziós mechanizmusok és a véletlenszerű hatások.
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