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ABSTRACT 
Quarry Microbiome Observatory Project show the importance of microbial communities in the ecological dynamic 
of lakes, taking together classical approximations to Limnology with the new High-Throughput Genomics, in order 
to understand better the pressing problem of eutrophication, suffered by many aquatic systems nowadays. 

 

 

 

INTRODUCTION 

Microorganisms play a key role in aquatic systems, especially in nutrient and biogeochemical cycles and thus, 

they are closely related to water eutrophication and algal bloom. Bacteria and Archaea are the most important 

taxa of microbes in order to investigate and understand the dynamical processes that happens in microbial 

communities in lakes, due to their abundance and metabolic diversity (1). 

By other hand, the sediment is the reservoir of nutrients for the water body, playing the sediment microbes the 

most important role, being the drivers of nutrient interchange between water body and sediment, which affects 

the trophic water level(2), because sediment microbes are the fundamental linchpin in energy an matter  

transformations in aquatic environments (3).  

Globally, aquatic environments, like lakes and ponds, function as biogeochemical integrators of the surrounding 

landscape, processing large amounts of materials and therefore have a really important influence on global 

biogeochemical cycles of carbon (C) and nitrogen (N) (4). 

High-throughput genomics has expanded enormously the research into microbial ecology because it has shed 

light into the problem of uncultivable microorganisms, enabling the knowledge of genomic composition of 

microbial communities, undiscovered until the development of Next Generation Sequencing (NGS) technics(5). 

One of those technics is known as amplicon sequencing, consisting basically in amplify by PCR a concrete gen, 

using a pair of primers designed on purpose, from an environmental sample, producing different amplicons, at 

least in principle, one for each organism in the sample. Later, these amplicons are sequenced using some NGS 

technology and the results are analyzed by some computing method. Typically, for taxonomical purposes in 

microbial ecology, the amplicon more frequently used is the gene (DNA) that codified for small subunit (SSU) of 

ribosomes. Is the case of gene which codified for rRNA16S for Prokaryotes (6) and its equivalence for Eukaryotes 

rRNA 18S (7). For Fungi, the most employed barcode is some region of the Internal Transcribed Spacer (ITS) 

which is capable to show more accurately phylogenetic information (8). 

Áridos Sanz is a subsidiary company of Hanson-Heidelberg Cement Group that exploit a gravel pit sited on 

Valladolid (Spain) in which there is a golf course with a small shallow lake (4.7 x104 m2 of surface). This water 

body is the result of a restoration process executed in early 90´s and nowadays is likely affected by 

eutrophication, due to its proximity to many crop fields, whose infiltrations probably influence the lake dynamics. 

An example being the elevated concentration of ammonium found in this shallow lake (SM4). 

Taking into account the above considerations, the fundamental question that we pretend to answer with this 

study is that follows: 

 

“Can we identify any pattern between microbial community and physiochemical parameters of 

water and sediment along seasons using amplicon sequencing in order to adopt actions to 

solve the eutrophication that apparently suffers the golf lake sited on Áridos Sanz Gravel Pit?” 
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MATERIALS AND METHODS 

Sample collection 

In order to gather the possible seasonality 
variation in the composition of microbial 
community of the lake, we have taken samples 
of water and sediment in two different 
campaigns, the first in April and second in July. 
As we can see in Figure 1, water samples come 
from five different sites and sediment ones from 
three. 

Water samples was gathered using plastic 
bottles for the surface samples and bailers 
bottles for underwater samples (0.75 meters 
deep). Sediment was collected by the employ of 
a limnological manual sediment sampler (Hydro-Bios® Sediment Corer). All samples were mixed with the others 
of their same origin with the intention of analyze just three combined samples for physiochemical parameter 
laboratory analysis (SM3), as well as for sequencing processes. Direct measures of some physiochemical 
parameters were collected using a multiparameter water meter Hanna Hi-9828, principally pH, water 
temperature (T), dissolved oxygen (DO) y conductance (C). 

All samples were maintained under 4ºC until the next steps detailed in this section. 

DNA Extraction 

Water DNA was obtained thanks to Power Water® DNA Isolation Kit (MO BIO Laboratories) with the protocol 
provided by the producer (SM5), using 0.20 µm nitrate cellulose filter. For its part, soil DNA was isolated with 
Power Soil ® DNA Isolation Kit (MO BIO Laboratories), employing the producer’s protocol (SM5). 

Amplicons Libraries Preparation and Sequencing 

Purified DNAs were quantified by Picogreen (Invitrogen) and 3ng of input DNA was used in first PCR of 20 
cycles with Q5® Hot Start High-Fidelity DNA Polymerase (New England Biolabs) in the presence of 
100nM/200nM of specific primers for each kind of library prepared (16S, 16S Archaea, 18S and ITS, in SM5). 

After the first PCR, a second PCR of 13 cycles was perfomed with Q5® Hot Start High-Fidelity DNA Polymerase 
(New England Biolabs) in the presence of 400nM of primers of the Access Array Barcode Library for Illumina 
Sequencers (Fluidigm). 

The finally obtained amplicons were validated and quantified by an Agilent 2100 Bioanalyzer and, for each type 
of amplicon, an equimolecular pool was purified by agarosa gel electrophoresis and titrated by quantitative PCR 
using the Kapa-SYBR FAST qPCR kit forLight Cycler 480 (Kapa BioSystems) and a reference standard for 
quantification. The pools of amplicons were denatured prior to be seeded on a flowcell at a density of 12pM, 
where clusters were formed and sequenced using a MiSeq Reagent Kit v3 (Illumina), in a 2x300 pair-end 
sequencing run on a MiSeq v3 sequencer. The average number of sequences per sample was 190.000 
approximately.  

Data Preprocessing 

Either forward reads or reverse ones of the raw sequencing data were joined using PANDAseq(9), which joins the 
two paired reads, correcting sequencing errors in the overlap region, and discarding those pairs that do not align 
between them or that have low quality. This software also removes the sequence of the primers, discarding the 
pairs that have not primers sequences. Finally, allows the filtering of the obtained sequences by their length. 

OTU Clustering, Taxonomy Assignment and Diversity Indexes  

After preprocessing, the data obtained were analyzed using QIIMETM software(10) in order to classify groups of 
closely related individuals based on similarity between sequences (94% threshold) and calculate alpha and beta 
diversity (SM1). 

Statistical Analysis 

We used R (11) for statistical analysis of data, specifically to generate heat maps and test hypothesis.  

  

Figure 1. water and sedimet samples placed on the lake 
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RESULTS  

At the moment of the submission of this final report, we can only take into account the information of April 

campaign because we are expecting the results of physiochemical water and sediment parameters of July 

samples, as well as the sequencing data, due to unexpected external problems (Spain summer holydays). Thus, 

we can show partial results, awaiting July results, excepting direct measures picked by multiparameter water 

meter. 

Multiparameter Water Meter Measures 

PARAMETER  APRIL JULY 

T (ºC) 15.1± 1,3 24.4± 0,2 

pH  9.8± 0,3 8.6± 0,3 

Dissolved Oxygen (mg/l)
 
 8.00±0.41 5.94±0.34 

Conductivity (μS/cm)
   498±3 451±4 

 

 
 
16S Bacteria 
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Figure 2. A) Rarefaccion curves using Shannon index of alpha-diversity. B) 2-D PCoA plot using UniFrac method showing beta-diversity. C) Heat map 
with the fiveteen most abundant OTUs of Bacteria. Singletons, doubletons and Archaea have been removed. Numbers represent relative abundances 

(%) over the totality of Bacteria. W1: Surface water, W2: 0.75 m deep water and S: sediment. 

A) 

B) 

C) 

Table 1. Direct data obtained with the employ or multiparamenter water meter. Average measures and confidence interval for 
α=0.05. 
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16S Archaea 

 
18S Eukarya 

C) 
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Figure 3. A) Rarefaccion curves using Shannon index of alpha-diversity. B) 2-D PCoA plot using UniFrac method showing beta-diversity. C) Heat map 
with the twelve most abundant OTUs of Archaea. Singletons, doubletons and Bacteria have been removed. Numbers represent relative abundances 
(%) over the totality of Bacteria. Arch.:Archaea, Cren.:Crenarchaeota, Eury.: Euryarchaeota, Parv.: Parvarchaeota, W1: surface water, W2: 0.75 m 

deep water and S: sediment. 

Figure 4. A) Rarefaccion curves using Shannon index of alpha-diversity. B) 2-D PCoA plot using UniFrac method showing beta-diversity. C) Heat map 
with the fiveteen most abundant OTUs of microbial Eukaryotes. Singletons, doubletons and nonmicrobial eukaryotes  have been removed. Numbers 
represent relative abundances (%) over the totality of microbial Eukaryotes. Arch.: Archaeplastidia, Opis.. Opisthokonta, Alve.: Alveolata, Stra.: 
Stramenopiles, W1: surface water, W2: 0.75 m deep water and S: sediment. 
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ITS Fungi 

Physiochemical Parameters 

 

 
Table 2. Physiochemical parameters of water samples colected in in surface (W1) and 0.75 m (W2) deep in A) and sediment sample in B) 

W1 

W1 

W2 

W2 

Figure 5. A) Rarefaccion curves using Shannon index of alpha-diversity. B) 2-D PCoA plot using UniFrac method showing beta-diversity. C) Heat map 
with the fiveteen most abundant OTUs of Fungi. Singletons and doubletons have been removed. Numbers represent relative abundances (%) over the 

totality of Fungi. Asc.: Ascomycota, Bas.: Basidiomycota, W1: surface water, W2: 0.75 m deep water and S: sediment. 

A) 

B) 

C) 
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S 
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DISSCUSION 

T-test for the physiochemical parameters (Table 1) obtained using multiparameter water meter confirm that 

variables present different averages (Welch Two Sample t-test, p-value<<0.05), which suggests possible 

changes in the composition of microbial community, thanks to its fine sensibility to environment. The July results 

must shed light into this hypothesis. 

With respect to physiochemical parameters that we observe in Table 2, there is no anomaly in general, being 

able to explain the values of this variables with the hydrogeomorphology of the land in which the lake is included 
(12), (13). Most significantly is the change found in pH (Table 1) and Nitrogen (Table 2) in April with respect to 

previous analysis (SM4) realized in the same period, where we can appreciate an increase of pH, from 8.2 to 

9.8, and Nitrogen  content, especially in ammonium, from 37 mg/l to under detection threshold. The change in 

dissolved oxygen (Table 1) content could be explained by increase of temperature according to Henry´s Law. 

The technics employed to detect ammonium in both reports cannot 

differentiate between ammonium and ammonia. Is known that the 

equilibrium between both species deepens on temperature and pH, 

increasing ammonia, the most toxic, when either temperature or pH 

increase. In the situation found in April, with an elevate pH and a 

water temperature closed to 15 ºC (Table 1), would be expected to 

find more ammonia than ammonium, in case of they were present. 

Not detecting none of them suggest that microbial community of the 

lake is possibly capable to address the ammonium/ammonia to 

other forms of nitrogen, principally to nitrate through nitrification 

(Figure 6), as expected in an oxygenated (Table 1) shallow lake. 

Nitrate, afterwards, can follow other paths, such as denitrification in 

anoxic sediment layers or organisms uptake, primarily by plants and 

Algae (Figure 6), supported by the evidence of reduced quantity of 

total nitrogen detected (Table 2). The microorganisms which are 

capable of perform these reactions were found both water and 

sediment (Figures 2, 3 & SM2). Nitrifying bacteria, as Nitrobacter and Nitrosomonas, belong to different groups 

of Proteobacteria, the principal bacterial taxa found in this study (Figure 3). Likewise, denitrifying bacteria, such 

as Pseudomonas and Paracoccus, also are members of same phylum.  

Other denitrifying sediment process, generally considered less important, are performed by Plantomycetes, also 

detected in this project (Figure 2), through anaerobic ammonium Oxidation (Anammox). Examples of genera are 

Brocadia or Kuenenia. 

By other hand, another anoxic denitrifying mechanism, also performed in sediment, is dissimilatory nitrate 

reduction to ammonium (DNRA), less known that mentioned before. DNRA reduce nitrate producing ammonium, 

apparentlly at higher rates when temperature increase (15). The role of DNRA in nitrogen cycle in this lake is an 

interesting and open issue which need further studies. In any case, diatoms (Figure 4) and fermentative 

prokaryotes (Figures 2 & 3), which perform that reaction (16) are present in the lake of the golf court. 

Is generally accepted that in shallow lakes CO2 distribution is uniform and its total content depends on the 

equilibrium established between atmospheric CO2, the bicarbonate-carbonate buffer system, external loadings, 

sedimentation as calcium carbonate, contributions of metabolic respiration, its utilization in photosynthesis and 

its release in methane formation. A possible explanation for pH variations observed in our study (Table 1) could 

be the equilibrium mentioned above, since CO2 concentration is the major factor affecting pH in the majority of 

lakes. Alkaline pH values correspond to the land geomorphology (12), but de difference found between April and 

July measures, could be fundamentally due to the time when the measures were taken (SM3).  In April pH 

values were taken later than in July. Early in the morning, photosynthesis works at low rate and respiration is 

preponderant, causing an increase of CO2 in water, which produce a decrease of pH, thanks to equilibrium shift 

between CO2/HCO3
−  in the direction of bicarbonate formation and proton production. As morning progresses, 

photosynthesis displace respiration and consumption of CO2 is higher that its production, shifting the equilibrium 

between CO2/HCO3
− in the direction of CO2 release coupled to proton disappearance, increasing pH as a result. 

Alpha-diversity found in this work is generally extremely elevated (Figures 2, 3, 4 & 5), highlighting alpha-

diversity obtained in the sediment by the amplification or 16S rRNA gene, which Shannon Diversity Index is 

Figure 6. Nitrogen cycle in shallow lakes (14). SON 
denotes for soluble organic nitrogen. 
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approximately 10.7,  taking account all sequences amplified.  This value exceeds abundantly that found in gut 

microbiome (17) and in other sediment samples of lakes (3). 

With respect to beta-diversity, PCoA performed separate clearly three communities in all cases (Figures 2, 3, 4 & 

5), being closer W1 and W2 communities that any of them with respect to S, as expected. The elevate 

percentage of variation explained by PCoA, upper than 95%, is in all cases is due to small size of the samples. 

A Spotlighted microorganism which present implications in species conservation founded in this study is 

Aphanomyces astacii (SM2). This eukaryote belong to SAR/Stramenopiles/Perosnosporomycetes and is the 

causal agent of aphanomycosis, a mortal disease for European freshwater crayfish (Austropotamobius pallipes), 

that was introduced at the same time with red swamp crayfish (Procambarus clarkii). On the contrary and 

fortunately Batrachochytrium dendrobatidis, which cause chytridiomycosis in amphibians, has not been detected 

despite of huge amount of Chytridiomycetes encountered in this lake (Figure 5 & SM2). 

The most important microbes causing economic losses in crops detected in this study are Phytophthora sp. 

(SM2), Gibberella fujikuroi and different species of the genera Aspergillus, like A. niger, A. flavus, A. candidus. 

Aspergillus Fungi could also produce aspergillosis in humans, but its amount is far from being dangerous. 

 

CONCLUSIONS 

As conclusions of our study we can highlight the following points: 

 Apparently the shallow lake of the golf court do not suffer high levels of eutrophication considering that 

we did not discover high values of nutrients neither water nor sediment, as well as we did not found a 

typical composition of eutrophic communities, usually rich in Cyanobacteria and Chlorophyceae. 

 The fluctuation of nutrients in the lake needs an exhaustive study, but evidences brought out in this work 

suggest that the origin of nitrogen, especially in N𝐻4
+- N form, come from the use of ammonium rich 

fertilizers in crop fields that surround the lake. 

 The rich community of microorganisms found in the lake are possibly capable of buffer the fluctuations of 

nitrogen levels found in this study. 

 The Shannon Diversity Index found in all samples is really elevated, standing out the case of 16S 

amplicon library. 
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SUPPORTING MATERIAL (SM) 

 SM1. Next Generation Sequencing Reports 
https://drive.google.com/open?id=0B_n-yGxvUJUPMVdxSHp3N3lTNzA 

 SM2. Next Generation Sequencing Results 
https://drive.google.com/open?id=0B_n-yGxvUJUPU2g2SHZ2cU51QjA 

 SM3. Physiochemical Parameters of water and sediment 
https://drive.google.com/open?id=0B_n-yGxvUJUPSHJrQk4wekdMR28 

 SM4. Technical Reports 
https://drive.google.com/open?id=0B_n-yGxvUJUPWjVPNnpWTWEwMEU 

 SM5. Protocols 
https://drive.google.com/open?id=0B_n-yGxvUJUPbzdwUmRhWXN2djQ 
 
 

NEXT STEPS 

Quarry Microbiome Observatory maintain open a plenty of issues which are interesting to continue studying. 

Moreover, we are expecting nowadays for the new results of the samples gathered on July, which surely will 

contribute showing new perspectives, and of course, new questions. As next steps, we propose as follows: 

 Predict possible metabolic functionalities using TAX4FUN software tool 

 Compare the physiochemical parameters of water and sediment samples obtained in April and July  

 Compare the microbial communities observed in April and July  

 Find tendencies between microbial species  abundances and water and sediment physiochemical 

parameters  

 Identify synchrony of microbial species and changes in co-occurrence 

 Look for other possible causes of eutrophication and increase of water turbidity, as could be fishes like 

carps (Cyprinus carpio), present in the lake 

 Collect more data to analyze what happens in Falls and Winter 

 Establish a permanent monitoring project to follow water quality in the lake and its relation with microbial 

community dynamics 

 Contextualize more deeply the ecological processes that occur in the lake with its surrounding area, 

studying also other shallow lakes in the gravel pit, the Duero Channel and the Duero River. 
 

  

https://drive.google.com/open?id=0B_n-yGxvUJUPMVdxSHp3N3lTNzA
https://drive.google.com/open?id=0B_n-yGxvUJUPU2g2SHZ2cU51QjA
https://drive.google.com/open?id=0B_n-yGxvUJUPSHJrQk4wekdMR28
https://drive.google.com/open?id=0B_n-yGxvUJUPWjVPNnpWTWEwMEU
https://drive.google.com/open?id=0B_n-yGxvUJUPbzdwUmRhWXN2djQ
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Project focus: 

☐Biodiversity management 

☐Cooperation programmes 
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☐Endangered and protected species 

☐Invasive species 

☒Landscape management - rehabilitation 

☐Rehabilitation 

☒Scientific research 

☐Soil management 

☐Urban ecology 

☒Water management 

 
Flora: 

☐Conifers and cycads   

☐Ferns   

☐Flowering plants   

☐Fungi   

☐Mosses and liverworts 

 
Fauna: 

☐Amphibians   

☐Birds   

☐Dragonflies & Butterflies   

☐Fish   

☐Mammals   

☐Reptiles   

☐Spiders   

☐Other insects   

☐Other species 

 

Microorganisms: 

☒Bacteria  

☒Archaea  

☒Eukarya  

☒Fungi 

Habitat: 

☐Cave   

☐Cliffs   

☐Fields - crops/culture   

☐Forest   

☐Grassland   

☐Human settlement   

☐Open areas of rocky grounds 

☒Recreational areas   

☐Screes   

☐Shrubs & groves   

☐Soil   

☐Wander biotopes 

☒Water bodies (flowing, standing)   

☐Wetland 

 

Stakeholders: 

☐Authorities   

☐Local community   

☐NGOs   

☐Schools   

☒Universities 

 
 


