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Abstract 

The Oracle project intends to ameliorate the management methods of 
cyanobacteria and associated toxins crisis in a changing climate context. Various 
recent studies emphasize that in a changing climate environment, higher summer 
water temperatures could lead to an increase of algal proliferations. This could in 
turn necessitate a reinforcement of the monitoring of toxic cyanobacteria in 
recreational waters. The aims of this project are a better understanding of 
potentially toxic cyanobacteria crisis occurrences in recreational waters, and the 
development of predictive monitoring routines. 
     Our study is based on public health survey data from 26 recreational lakes 
monitored every year since 2004 in Brittany (north-west France) in order to 
encompass spatial and interannual patterns of cyanobacteria development on a 
regional scale. 
     This project includes 4 steps: (i) characterizing the annual rhythm of 
cyanobacteria development, (ii) defining site-specific reference conditions 
(iii) developing or improving remote survey techniques, (iv) developing new 
cyanobacteria monitoring protocols based on site-specific crisis indicators. 
     Exploring the links between cyanobacteria cell densities, toxin occurrences 
and interannual meteorological factors on one hand and characterizing the 
climate change consequences on local meteorological conditions on another hand 
can give us insights on the potential evolution of cyanobacterial crisis in the 
future.  
Keywords: cyanobacteria, microcystins, climate change, recreational water 
quality. 
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1 Introduction 

Since their introduction in the public health debate [1–3], cyanobacteria and their 
toxins have gradually become a major concern for public health authorities. 
Literature reviews focusing on toxin production have been regularly published in 
the last 10 years, so biosynthetic pathways and toxicological issues are relatively 
well known [4–7]. 
     There is however no evidence of any direct relation between cyanobacterial 
biomass and toxin concentration, nor any consensus on toxins origin and 
ecological role in the cyanobacterial cell life cycle. This lack of knowledge of 
toxin causality and of understanding of toxins purpose prevents any attempt in 
the prediction of risk occurrence. 
     The relations between cyanobacterial biomass and trophic enrichment 
(eutrophication processes) are widely admitted, whereas the influence of 
meteorological parameters on in situ algal growth is rarely discussed. Some 
abiotic parameters have nevertheless been studied in vitro in terms of selection 
and growth rates of potentially toxic species [8–13] and through their influence 
on toxin biosynthesis [14–18].  
     Reports of in vitro influence of light and temperature on cyanobacterial 
growth and toxin production emphasize the possible consequences of climate 
change on public health concerns. Exploring the relations between in situ abiotic 
factors, climate change consequences, cyanobacteria distribution and public 
health parameters on a regional scale is the main objective of the ORACLE 
project. This project was initiated in 2012 and is based on an analysis of 
monitoring data collected by local health authorities since 2004 in Brittany (NW 
France). This analysis should enlighten some aspects of the interannual dynamics 
of cyanobacterial development in 26 lakes used as recreative waters, and is 
directed toward the development of indices predictive of cyanobacteria-
associated risk crisis. 

2 Methodology 

2.1 Data sources 

Our study is based on public health survey data from 26 recreational lakes 
monitored every year since 2004 in Brittany in the north-western quarter of 
France. 
     Cyanobacteria data, i.e. cell densities, species composition and microcystin 
concentrations, were collected from the regional public health authorities 
(Agence Régionale de Santé de Bretagne).  
     All other parameters were gathered from dedicated institutional databanks for 
hydrology (Minister for the Environment: BDHydro) and climate (MétéoFrance: 
Climathèque).  
     Lake morphology, i.e. depth, lake and watershed area, volume… came from 
Agence de l’Eau Loire-Bretagne or directly from lake owners. 
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Figure 1: Brittany location and spatial distribution of the 26 investigated 
sites. 

2.2 Data limitations 

Several categories of limitation were identified with the monitoring data: 
- Survey duration can vary every year on a local basis. Finding a common annual 
basis for data comparison in all sites reduced the time range to 16 weeks from 
early June to mid-September. This time range couldn’t include all the initial 
cyanobacteria appearance phases (from March to May), nor their decay phase 
(from October to November): our data thus only cover 50% of the common time 
range where cyanobacteria can be observed in Brittany. 
- Survey continuity: interannual exploitation of recreative waters cannot be 
assured, especially in case of low water quality. Only 26 sites out of a total of 40 
could be considered as continuously monitored since 2004. Our data could then 
only account for 58% of the monitoring data potentially available under a 
continuous sampling program. 
- Species composition lists are often incomplete, as sometimes all taxa 
considered as non-potentially toxic (chlorophyts, diatoms…) were left 
unidentified. Incomplete lists account for 23% of all the results available on the 
26 selected sites. 
- Hydrology: 30% of all sites are subjected to hydrometric surveys, leaving 70% 
of all discharges and residence times to be extrapolated from pluviometric data. 
- Water quality monitoring for nutrients are only present in 2 lakes: no trophic 
status index could be integrated initially to the study.  
- Toxin analysis: Microcystin (MCs) monitoring can rely on various methods 
(ELISA, HPLC, LC/MS) according to laboratories. None of these methods can 
give comparable results. The available MCs data were converted from 
quantitative results to positive detection frequencies, where a result higher than 
the highest quantification limit of all methods is considered a positive detection. 
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3 Results 

3.1 Cyanobacteria and associated risk parameters 

The first phase of the study focused on generic risk parameters for all 26 sites: 
exposition intensity, i.e. cyanobacteria cell density; exposition duration, i.e. the 
number of weeks every year with cell density higher than WHO alert level 3 
(100 000 cell/ml, [1]); exposition recurrence, i.e. the number of years with cell 
density higher than WHO level 3 whatever the duration; and MCs annual 
detection frequencies. 
     This phase underlined: 
- an interannual increase of the frequency of samples showing cell densities 
higher than WHO alert levels 2 and 3 (fig. 2a) 
- a positive, annual relation between exposition duration and maximal cell 
densities (fig. 2b) 
- a positive relation between interannual recurrence and annual exposition 
duration (fig. 2c) 
- an inverse relation between MCs detection frequency and cyanobacteria cell 
density (fig. 2d) 
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Figure 2: Cyanobacteria exposition parameters summarized, 2004–2011. 

     The abiotic factors identified as correlated with these health risk parameters 
are summarized in table 1. 
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Table 1:  Abiotic factors correlated with cyanobacterial risk parameters 
where +/- are the Pearson correlation signs for p < 0.05. 

 Cell density Duration > 
WHO lev.  3 

Interannual 
Recurrence 

MCs 
detection 
frequency 

Morphology     
Depth - - -  
Surface  -   
Watershed drainage index   -  
Meteorology     
Summer temperature    + 
Winter temperature     
Summer sunshine  -  + 
Winter sunshine + +  - 
Summer pluviometry    - 
Winter pluviometry -    
Position     
Longitude vs N. - -   
Latitude vs W.     

3.2 Cyanobacteria species composition 

Cyanobacteria species composition was separated into 5 subgroups according to 
taxonomic and cell dimensions criteria, and following the strategists’ definition 
by Reynolds [19, 20] of c-strategists (competitor species), r-strategists (ruderal 
species) and s-strategists (stress-resistant species): 
- r-Nostocales (e.g. Anabaena sp., Aphanizomenon sp.) 
- c-Chroococcales (e.g. Aphanothece sp., Aphanocapsa sp., Merismopedia sp, 
Snowella sp.…) 
- s-Chroococcales (Microcystis sp., Worochininia sp.) 
- c-Oscillatoriales (e.g. Limnothrix sp., Pseudanabaena sp.,…) 
- r-Oscillatoriales (Planktothrix sp.) 
     The species known for potential toxin production are then the r-Nostocales, s-
Chroococcales and r-Oscillatoriales. Our data show however that cell densities of 
r-Nostocales and s-Chroococcales are positively correlated with MCs detection 
frequency (r²=0.55 et 0.61, p<0.05), which is not the case for r-Oscillatoriales 
(r²=-0.74, p<0.05).  
     We defined group dominance as the frequency of one strategist group 
accounting for at least 50% of a sample total cell density. Under this assumption, 
only meteorological factors could be identified as correlated with group 
dominance episodes (table 2). Surprisingly, some winter conditions appeared 
correlated with cyanobacterial development in the next summer. 
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Table 2:  Factors correlated with dominance episodes of cyanobacterial 
strategist groups (+/-: Pearson correlation signs for p<0.05). 

 r-Nostoc. c-Chrooc. s-Chrooc. c-Oscil. r-Oscil. 

Meteorology      

Summer temperature + -  +  

Winter temperature     + 

Summer sunshine +    - 

Winter sunshine - +  -  

Summer rain -    + 

 
     Interestingly, the s-Chroococcales (Microcystis, Worochininia) showed no 
correlation with any abiotic parameter, i.e. neither meteorology nor morphology. 
This can indicate that the relevant factors (trophic status index, residence time) 
are still to be integrated in the study. 

3.3 Cyanobacteria at the regional scale 

A dominance episode frequency mapping showed distinct NW-SE separations 
between 3 strategist groups: c-Chroococcales are concentrated in the western part 
of Brittany, whereas r-Nostocales and r-Oscillatoriales are concentrated in the 
eastern part (fig. 3). Dominance frequencies for c-Oscillatoriales and  
s-Chroococcales did not show notable geographic distribution. 
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Figure 3: Spatial distribution of cyanobacterial group dominance frequency. 
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      This geographic distribution of c-Chroococcales, r-Nostocales and  
r-Oscillatoriales can be compared with their dependency to meteorological 
factors (table 2), and with regional climatic distribution of temperature, sunshine 
and rain during the growth period (i.e. May–October, fig. 4). 
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Figure 4: Climate parameters in Brittany inferred from 2001–2011 data. 

     Oceanic climate in Brittany shows a distinct separation along a NW to SE 
axis parallel to the sites distribution line, with increasing temperatures and 
sunshine and decreasing pluviometry in the SE direction. This can be compared 
with distribution data for r-Nostocales (temperature and sunshine: positive 
correlations) and s-Chroococcales (temperature: negative correlation), with cell 
densities and exposition duration (longitude: negative correlation), and with MCs 
detection frequency (temperature and sunshine: positive correlations). 
      Relating meteorological factors to cyanobacteria in a changing climate 
context is part of the ORACLE project. The temperature and pluviometry 
evolution for the May–October period were extrapolated from 1st order 
regression slopes and mapped (fig. 5). Temperatures show a strong tendency to 
increase in all Brittany, with a maximal increase rate on the northern coast. On 
the other hand, summer pluviometry tends to increase on the western and eastern 
sectors while decreasing in the center of Brittany. 
     Sunshine data are currently being completed at the regional scale, but the 
available data show a tendency to increase in the NW and SE quadrants, while 
decreasing in the NE and SW quadrants. This is of particular concern, as higher 
sunshine values and temperatures are positively correlated to r-Nostocales 
dominance phases and MCs detection frequencies. 
 

y-October)
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Figure 5: Evolution of temperature and pluviometry in Brittany extrapolated 
from monthly data 1981–2011. 

4 Conclusion 

At the end of its first year, the ORACLE project results are indicative of further 
potential development: 
- site-specific morphological and climatic parameters could be integrated in a 
risk index indicative of each site ability to a recreative exploitation. This index 
could be used as a support for Bathing Water Directive 2006/7/CE [21], as this 
directive asks for the integration of cyanobacteria parameters without giving 
guidelines or risk parameter definitions.  
- at the annual scale, parameters such as cell density, MCs detection frequency 
and exposure duration appear correlated with winter meteorology (e.g. 
pluviometry and sunshine hours). This could be developed as a predictive 
indicator of hazard situations before the beginning of recreative water use in the 
next summer. 
- at the survey time scale, parameters such as temperature, sunshine hours and 
pluviometry appear to be indicators of crisis situation occurring in the next 20 to 
30 days. 
      A closer use of meteorological surveys in the prediction of cyanobacteria and 
toxin occurrences appears to be an important perspective, potentially leading to 
alerting procedures directed specifically toward high cell densities and/or toxin 
occurrences. 
     As a wider development perspective, it can be noted that climate change 
consequences in Brittany are noticeable and show high geographic variability on 
a 300 km scale.  
     Several studies already described long-term modifications of cyanobacterial 
populations responses to climate change, in terms of proliferation frequencies 
(see for example [22–24]) or in terms of species composition [25–27], although 
in some cases no evolution can be highlighted [28]. 
     Our results show a dependency of summer cyanobacteria populations not only 
on summer conditions, but also on winter meteorology. Moreover, long-term 
evolution of the summer and winter parameters can differ locally, or even show 
opposite slopes at small geographic scale. Integrating this small scale variability 
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into a larger, regional scale model could enlighten the apparently opposite results 
of more site-specific studies. 
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