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1. SUMMARY OF THE PROJECT 

 

1.1 – Problem Statement 

As climate changes the rate at which ecosystems respire (R) – i.e., convert organic carbon 

into carbon dioxide gas,and photosynthesize (P) – i.e. convert CO2 into carbon, play key roles in 

creating biosphere feedbacks (Yvon-durocher et al., 2012). Global carbon budgets suggest that we 

underestimate the importance of aquatic ecosystems for releases and uptake of carbon dioxide 

(Houghton, 2007). Especially lakes are receiving increasing attention with recognition of lakes as 

sensitive hot spots for carbon processing with an estimated release and storage of carbon similar to 

the receiving oceans. 

This is because of their intimate contact with the surrounding landscape, supplying high 

level of organic matter and nutrients, making lakes very productive but also very sensitive to 

changes in their catchments (Williamson et al., 2008).  

Technical innovation has greatly improved our ability to monitor lakes and provide detailed 

insight and knowledge on a range of chemical, physical and biological properties of lake 

ecosystems (Figure 1).  

 

 

Combining sensors on automated mooring systems makes it possible to follow changes in 

oxygen content, algal biomass and lake physics. Changes in oxygen can be used to reveal rates of P 

and R (collectively called metabolism) at the ecosystem scale on hourly and daily time scales 

(Figure 2). This is because microscopic microalgae and benthic plants produce oxygen as a by-

product of photosynthesis where CO2 is incorporated into new organic material. Simultaneous 

respiration by all lake organisms consumes oxygen and liberates CO2. As photosynthesis requires 
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Figure 1. Example of a monitoring 

system deployed in Denmark. The 

winch system is connected to a 

multi-sonde measuring profiles of 

water temperature, oxygen, pH, 

conductivity and chlorophyll every 

half hour. Also the system has a 

series of underwater light sensors 

and a meteorological station 

measuring wind speed, air 

temperature, and surface 

irradiance. 
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light, this process only occurs during daylight, while respiration is a continuous process with much 

less daily variability.  

 

 

The wealth of information gathered by automated monitoring systems greatly enhances our 

ability to understand how lakes function and respond to longer term reductions in nutrient loading 

and to episodic perturbations such as storms and heavy rainfall generating pulse inputs of nutrients 

and organic matter. Despite of decades of research in carbon processing in lakes, recent 

methodological improvements (Staehr et al. 2010, 2012a) have made it clear that our understanding 

of the controls of P and R in lakes has been heavily biased by our technical and modeling skills 

(Staehr et al. 2012b).  

A review of the last 80 years of research in P and R of aquatic ecosystems showed that our 

current understanding is dominated (80%) by studies in northern temperate systems (Staehr et al. 

2012b). This unbalance can bias our understanding of environmental control of carbon processing 

in lakes, with the likelihood of misinterpretations and poor predictive ability for the responses of 

huge proportion of the world’s lakes.  

This study will improve our current knowledge of how carbon processing in lakes, responds 

to changes in the meteorological (light, temperature, wind) environmental conditions (inputs of 

nutrients and organic matter from the surrounding landscape). Furthermore, this study will apply 

state-of-the art instrumentation to measure P and R of lakes at the relevant ecosystem and time 

scales, hereby providing a better understanding of the drivers of carbon processing and the 

magnitude of P, R and net CO2 fluxes in lakes around the world. 
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Figure 2. Measurement of lake 

metabolism with the open water diel 

technique.  After accounting for gas 

exchange with the atmosphere (Fatm), 

the rate of increase in oxygen during 

daylight reflects rates of gross primary 

production (GPP) minus ecosystem 

respiration (R), while decreasing 

oxygen during night solely reflects 

ecosystem respiration (Staehr et al. 

2010). 
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1.2 – Objectives: 

a) To improve our current knowledge of the environmental controls of carbon cycling in lakes, 

with focus on temporal and spatial variability in P, R and net CO2 fluxes, and differences 

between tropical and temperate lakes.   

b) To strengthen the current research collaboration on temporal and spatial variability in lake 

metabolism, comparing temperate and tropical lakes. 

c) To test the importance of environmental drivers of carbon processing in lakes 

d) To develop models of carbon processing in lakes  

 

1.3 –Project Structure 

The project consists of 4 themes (Figure 3): 

 

 

Theme 1: 

Use of automated high frequency (HF) buoy data to determine temporal (daily to seasonal) 

and spatial (vertical and horizontal) changes in rates of carbon processing in lakes around the world. 

This will continue our current investigations on A) lakes in the Middle Rio Doce Lacustrine 

System, Minas Gerais, Brazil (CNPq-PELD-Site 4), B) lakes currently monitored in Denmark, C) 

European lakes monitored as part of an EU project (NETLAKE) and finally, D) a global dataset 

available through the Global lakes observatory ecological network (GLEON). In addition we’re 

going join the efforts with collaborators at Universidade Federal de Santa Catarina (UFSC) to 

improve investigations on Peri Lake, Santa Catarina, Brazil, a subtropical freshwater lake 

dominated by Cyanobacteria. 

Figure 3.Project organization 

and involved team. HF = 

high frequency buoy data, LF 

= low frequency (regular 

monitoring data), PVE = 

Special Visiting Researcher. 

Post-doc; Ph.D. 

students; PVE; Host  

and collaborator 

researchers 

Ph.D. students; 

PVE; Collaborator 

researchers 

Post-doc; Ph.D 

student;PVE; Host 

researcher 

Pos-doc; PVE 
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Team: 1 Post-Doc student; Special Visiting Researcher (PVE); 1 sandwich PhD student; 1 

Collaborator/PhD student;2 Collaborator Researchers; Host researcher. 

 

Main questions: 

 Is the temporal variability in P and R larger than the spatial? 

 Do P and R vary more in small compared to large lakes, or in temperate relative to 

tropical lakes?And related to subtropical, are there any differences? 

 To which extent are lakes net heterotrophic (P<R) – is there a latitudinal pattern in 

this? 

 Is the direct effect of environmental drivers (eg. light, temperature and nutrients) on 

P and R similar in lakes of different size and at different latitudes? 

 Do lakes dominated by Cyanobacteria have the same pattern in P and R? 

 

Theme 2: 

Use of existing available long-term frequency (LF) monitoring data on lake water quality, to 

estimate seasonal changes of net CO2 fluxes in lakes around the world. Potential data set for this 

analysis are the long term ecological research (LTER), conducted since 1999 in lakes of the Middle 

Rio Doce Lacustrine System, Minas Gerais, Brazil (CNPq-PELD-Site 4), data collected in Peri 

Lake since 2007, and data from other LTER sites around the globe. 

 

Team: 2 sandwich PhD student; Special Visiting Research (PVE); 2 Collaborator researchers. 

 

Main questions: 

 Are lakes generally net sources of CO2 to the atmosphere? 

 Are there typical temperate, subtropical and tropical seasonal patterns? And how is it 

concerning inland and coastal waters? Or dominated x non-dominated by 

Cyanobacteria. 

 How important is the surrounding landscape? 
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Theme 3: 

Execution of a factorial mesocosm experiment (Figure 4) to test the effects of differences in 

availability in light, nutrients and organic matter for lake ecosystem P and R. Replicates will be 

assembled to 8 different combinations: supplemented or not of nutrients, addition or not of 

degradable organic matter and shadowing or not, totaling 16 mesocosms. Wind speed, surface 

radiation and barometric pressure sensors will be deployed in the experiment area. Each mesocosm 

will have an oxygen sensor and three underwater radiation sensors. The experiment will be 

conducted in a Brazilian and in a Danish lake, both oligotrophic and with high water transparency. 

In each lake the experiment will be carried out for 4 weeks. Chlorophyll, colored dissolved organic 

matter, dissolved organic carbon, nutrients, pH and turbidity will be measured weekly in each 

mesocosm. 

 

Team: 1 Post-Doc student; Special Visiting Research (PVE); 1 sandwich PhD student; Host 

researcher. 

 

Main questions: 

 What is the relative importance of light availability, nutrients and organic matter 

concentrations for magnitudes and variability in P and R? 

 Which of these factors limits P and R? Are their effects synergistic? 

 Are these lakes experiencing photoinhibition? And if so, can the degree of 

photoinhibition be softened or aggravated by presence/absence of nutrients? 

 

 

 

Figure 4. Design of mesocosm 

experiment. 
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Theme 4: 

Knowledge integration in a lake metabolism model (Figure 5). 

All data collected by the other themes and literature data will be integrated to build a lake 

metabolism model using STELLA software (http://www.iseesystems.com) or similar. This model 

will consider drivers and proxys in different levels of organization - (a) metaparameters: land use 

and geology of the catchment, system morphometry and latitude; (b) external parameters: rainfall, 

air temperature, irradiance, wind, input of nutrients and organic matter; and (c) internal parameters: 

autotrophic and heterotrophic biomass,  light availability, water temperature, water column stability. 

This model will be an important tool for management and decision makers, since it will supply 

information about lakes functioning. In addition it will provide important knowledge to understand 

and predict changes in these ecosystems.  

 

Team: 1 Post-Doc student; Special Visiting Research (PVE). 

 

 

 

1.4 – Targets to be met: 

 8 scientific papers published in journals of recognized academic relevance; 

 Predictive model for lake metabolism; 

 1 PhD thesis; 

 1 Post-doctoral internship; 

 3 exchange stays for ongoing Ph.D. studies; 

 Strengthen collaboration between Aarhus University in Denmark and UFMG in Brazil. 

Figure 6. Conceptual model of the 

importance and interactions between 

meta parameters, external and 

internal drivers of metabolic 

processes, including net flux of 

CO2. 

 

http://www.iseesystems.com/softwares/Education/StellaSoftware.aspx
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2. IMPLEMENTATION SCHEDULE 

This study builds upon a strong existing collaboration between researchers from Brazil (José 

Fernandes Bezerra-Neto and Francisco Barbosa from the Graduate Program in Ecology, 

Conservation and Wildlife Management -ECMVS, Institute of Biological Sciences (ICB) of 

Universidade Federal de Minas Gerais (UFMG) and Mauricio Mello Petrucio from Universidade 

Federal de Santa Catarina (UFSC)) and Denmark (Peter Staehr, Aarhus University, Department of 

Bioscience). 

The overall plan of the project is shown on the time schedule below. The schedule assumes 

the project beginning in March 2014. 

T- All 4 themes; T followed by numbers – specific theme; Br – Brazil; Dk – Denmark. 

  
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

PVE in 

Brazil 

2014 -- -- 
    

X 
     

2015 X 
      

X 
    

2016 
      

X 
     

PhD 

sandwich 

student in 
Denmark 

2014 -- -- 
          

2015 
   

T3 
T1,2,

3 

T1,2,

3 

T1,2,

3 
T1,2 T1,2 T1,2 T1,2 T1,2 

2016 T2 T2 T2 T2 T2 T2 
      

Post-doctoral 
student in 

Denmark 

2014 -- -- 
          

2015 
     

T3 
      

2016 
T1,3,

4       

T1,3,

4     

Collaborators 

in Denmark 

2014 -- -- 
 

T1 T1 
   

T2 
   

2015 
     

T3 
      

2016 
            

Gathering 
data 

2014 -- -- 
T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

2015 T2,4 T2,4 T2,4 T2,4 T2,4 T2,4 T2,4 
     

2016 
      

T1,4 
     

Theme 

3_Mesocosm 
Experiment 

2014 -- -- 
    

Br 
     

2015 
     

Dk 
      

2016 
            

Analyzing 
data 

2014 -- -- T1 T1 T1 T1 T1 T1 T1 T1 T1 T1 

2015 
T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 

T1,2,

4 
T2,4 T2,4 T2,4 T2,4 T2,4 T2,4 

2016 T4 T4 T4 T4 T4 T4 
 

T1 T1 T1 
  

Preparing 

manuscripts 
and/or 

reports 

2014 -- -- 
 

T1 T1 T1 T1 T1 T1 
 

T1 T1 

2015 T1,2 T1,2 T1,2 T1,2 T1,2 T1,2 T2 T2 T2 
 

T1,2 T1,2 

2016 T T T T T T 
T1,2,

4 

T1,2,

4 

T1,2,

4 
T1,4 T1,4 

 

Submit 

manuscript 

2014 -- -- 
       

T1 
  

2015 
      

T1 
  

T2 
  

2016 
   

T1 
  

T3 
  

T2 
 

T1,4 
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Gathering data: includes field work; gathering data already collected by members of this project 

and/or by collaborators and by networks; and literature data. 

Analyzing data: includes quality control and quality assurance of the data, exploratory analysis, 

statistics, interpretations, figures and models. 

Literature review: it will be done concomitantly with other activities all over the project duration. 

 

 

3. DETAILED BUDGET 

 Theme 1 

o Field work in Santa Catarina………………..……………………R$ 14,695.70 

 Displacement assistance for 5 during 2 weeks; 

 R$ 177.00 per person per day……………….R$ 12,390.00 

 Flight tickets for 4 ...........................................R$   2,305.70 

o Collaborator/Ph.D. student in Denmark (2014) ………………R$ 16,336.00 

 Displacement assistance in Denmark for 1 during 8 weeks 

 Hotel ~R$160.00 per person per day 

 Meals ~R$50.00 per person per day 

 Transportation in Denmark~R$20.00 per person per day 

 USD 100.00 per day ………………………..R$ 12,600.00 

 Flight tickets for 1 …......................................R$   3,736.00 

 Theme 2 

o Collaborator researcher in Denmark (2014) …………….……R$  10,036.00 

 Displacement assistance in Denmark for 1 during 4 weeks 

 Hotel ~R$160.00 per person per day 

 Meals ~R$50.00 per person per day 

 Transportation in Denmark~R$20.00 per person per day 

 USD 100.00 per day ……………………….R$ 6,300.00 

 Flight tickets for 1 ….....................................R$ 3,736.00 

 Theme 3 

o Mesocosm field work in Brazil (2014) ……………………………..R$ 3,414.00 

 Accomodation at Parque Estadual do Rio Doce (free) 

 Meals for 4  during 4 weeks …………..…..R$ 2,240.00 
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 Gas (300 km x 2 = 600 km) …….................R$    174.00 

 Transportation of sensors from Denmark to Brazil 

……………………………………………...R$ 1,000.00 

o Mesocosm Field Work in Denmark (2015) ………………….....R$ 21,072.00 

 Displacement assistance in Denmark for 2 during 4 weeks 

 Hotel ~R$160.00 per person per day 

 Meals ~R$50.00 per person per day 

 Transportation in Denmark~R$20.00 per person per day 

 USD 100.00 per day per person ………….R$ 12,600.00 

 Flight tickets for 2 ........................................R$   7,472.00 

 Transportation of mesocosms to Denmark 

……………………………………..……….R$   1,000.00 

o Mesocosm building ………………………………………...……..R$ 2,698.70 

 Chemicals 

 Nitrate ...............................................R$ 100.00 

 Phosphate ..........................................R$ 100.00 

 Silicate ...............................................R$ 100.00 

 Tools …………………………………….…R$ 200.00 

 Others 

 Float 33L 

o 2 per mesocosm, 

o R$ 18.75 each ……………….R$ 600.00 

 Waterproof transparent polyethylene 

o (circunference - 3.14m; length - 3m) 

o R$ 12.52 per meter  ................R$ 600.96 

 Translucent polyethylene for 8 mesocosms 

…………………………………….. .R$ 150.24 

 PVC collar 

o 3.14m each mesocosm = 60m 

o R$ 21.95 per 10m …………...R$ 131.70 

 Ropes (R$ 3.00 per meter) ………….R$  90.00 

 Batteries 9V, DO sensors (32 units)…R$ 480.00 
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 Lithium batteries for radiation sensors (24 units) 

………………………………………..R$ 24.00 

 Lithium batteries AA (8units) .............R$  25.80 

 Lithium batteries C (16 units) ……......R$ 96.00 

 Theme 4 

o STELLA software ..............................................................................R$ 1,734.00 

 USD$ 700,00 + 18% fees 

o PDJ in Denmark (2016) .…………………………………………..R$ 13,772,00 

 Displacement assistance in Denmark for 1 during 4 weeks 

 Hotel ~R$160.00 per person per day 

 Meals ~R$50.00 per person per day 

 Transportation in Denmark~R$20.00 per person per day 

 USD 100.00 per day ………………………R$ 6,300.00 

 Flight tickets for 1 – (twice in the year) .....R$ 7,472.00 

 Laboratory Analysis 

o 16 mesocosms x 4 sampling x 2 experiments x replicates = 128 samples 

o Fiel Work in Santa Catarina – 4 sampling x 8 stations x replicates = 64 samples 

 

o Laboratory material ……………………………………....………R$ 28,297.00 

 Chlorophyll membranes (192 units) ............R$    300.00 

 Total Suspended Solids membranes (192 units) 

…………………………………………......R$     300.00 

 Dissolved organic carbon membranes (192 units) 

…………………………………………… ....R$    800.00 

 Acetone (18L) ...............................................R$  1,935.00 

 Standard solution for organic carbon ............R$     300.00 

 Standard solution for inorganic carbon .........R$     300.00 

 Reagents for nutrients analysis .....................R$ 21,346.00 

 Standard solution for Turbidity ……….........R$   1,544.00 

 Standard solution for pH ……………...........R$  1,020.00 

 Standard solution for conductivity ……........R$     392.00 

 Sodium sulfite for DO calibration (1kg) .......R$      60.00 
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o Maintenance of equipments 

 TOC, Hydrolab, Spectrophotometer and sensors ….....R$ 28,320.00 

 R$ 8,000.00 per year + 18% fees 

 Bibliographical survey ..................................................................................R$ 1,000.00 

o Articles and books 

 Communicating results (publication charges) …………………….……R$ 8,500.00 

 

TOTAL = R$ 149,875.40 

 

 1 Post-doctorate scholarship for 36 months  

 3 Ph.D. sandwich abroad scholarship 

o 1 for 4 months; 1 for 12 months; 1 for 8 months 

 4 traveling expenses and fees for the Special visiting researcher 

o 1  in 2014; 2 in 2015;1 in 2016 

 

 

4. DESCRIPTION OF THE ACTIVITIES TO BE DEVELOPED BY OTHER 

PROJECT PARTICIPANTS 

 

 Postdoctoral student in Brazil 

Candidate: Ludmila Silva Brighenti 

The postdoctoral student (PDJ) will be responsible for the development of the activities in 

Brazil during the absence of the Special Visiting Researcher (PVE). Beyond other activities that 

becomes necessary, the PDJ will be responsible for: 

o Coordinating, with the supervision of the PVE and of the host researcher, the 

activities related to Theme 1, 3 and 4; 

o Planning and organizing field campaigns within other members of the team; 

o Making the interlocution between the themes and the collaborators; 

o Supervising and effectuating data gathering, organization and analysis; 

o Developing model; 

o Preparing manuscripts. 
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 Sandwich Ph.D. student abroad 

o Scholarship to benominated 

o Will be responsible for the ongoing activities of the theme 2 under the 

supervision of Professor Francisco A.R. Barbosa. 

o Among other activities the student should: 

 compile data from long term monitoring programs around the world; 

 do quality assurance and quality control of the data collected; 

  analyze and interpret data; 

  prepare manuscripts. 

o During the student stay in Denmark, he/she will be supervised by the Special 

Visiting Researcher (PVE) to analyze and interpret data collected. 

 

 Sandwich Ph.D. student abroad 

Candidate: Luciana Pena Melo Brandão 

o Collaborate with the activities in theme 3 under the supervision of Professor José 

Fernandes Bezerra-Neto (UFMG). 

o Currently the student is in the second year of her doctorate (August 2013 - July 

2016) and works with the spectrophotometric characterization of colored 

dissolved organic matter (CDOM) and attenuation of visible and ultraviolet 

radiation in tropical lakes. The proposed work for this student is part of theme 3 

and includes her participation in organization of field work and analysis of 

samples of the mesocosm experiments in Brazil and Denmark. The main 

questions of this approach are: 

 1) How important is the amount of organic matter of allochthonous 

source, nutrients and light availability on the photobleaching and 

photodegradation rates? 

 2) The photobleaching is increased with the addition of limiting nutrients 

for microbiota that degrades organic matter? 

 3) What is the effect of the quality of CDOM in the attenuation of visible 

and ultraviolet radiation? 

o In order to assist the field work and analyze the total data set this student will 

spend four months in Denmark. 
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 Sandwich Ph.D. student abroad  

Candidate: Denise Tonetta 

o Collaborate with the activities in theme 1 and 2 under the supervision of 

Professor Mauricio Mello Petrucio (UFSC). 

o Among other activities the student should: 

 compile data from low frequency and long term monitoring programs in 

Brazilian coastal lakes and other coastal lakes around the world;  

 do quality assurance and quality control of the data collected; 

 gathering data from high frequency about Danish temperate lakes, 

tropical lakes in the Middle Rio Doce and in the subtropical Peri Lake, to 

analyze the aquatic metabolism specifically in lakes dominated by 

Cyanobacteria. 

 analyze and interpret data; 

 prepare manuscripts. 

o During the student stay in Denmark, she will be supervised by the Special 

Visiting Researcher (PVE) to analyze and interpret data collected. 

 

 Ph.D. student collaborator 

Candidate: Laura Martins Gagliardi 

o Collaborate with the activities in theme 1 under the supervision of Professor José 

Fernandes Bezerra-Neto (UFMG). 

o Her PhD thesis study lake metabolism in a spatial scale. The major aim is 

investigate the meta-parameters influence, such as lakes morphometry and their 

catchments, on the aquatic systems internal and external drivers and consequently 

on their metabolic rates. For that, high-frequency data of DO, wind speed and 

radiation underwater, analyzes of chlorophyll-a, nutrients, DOC and CDOM 

samples were performed in 12 tropical lakes in the Middle Rio Doce. We also 

analyzed lakes catchment, morphometric parameters and land use. 

o During her stay in Denmark, she will perform specific analysis with the 

supervision of the PVE in the data of her thesis and data collected in Danish 

lakes. In order to address the issues raised in the Theme 1 of this project.  
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5. INFRASTRUCTURE AND TECHNICAL SUPPORT FOR THE 

DEVELOPMENT OF THE PROJECT  

The infrastructure and technical support for the development of the project will be provided 

by the Laboratório de Limnologia, Ecotoxicologia e EcologiaAquática (LIMNEA), affiliated to 

General Biology Department, Institute of Biological Sciences (ICB) of the Universidade Federal de 

Minas Gerais (UFMG). LIMNEA posses the necessary infrastructure for water quality analysis (e.g 

total phosphorus, total nitrogen, dissolved nutrients, chlorophyll) and also for in situ measurements 

(e.g multiparametric sonde Hydrolab MS-5). Also posses equipments for measuring organic matter 

concentrations – TOC analyzer (Shimadzu TOC-5000), Gas-cromatograph (Shimadzu 1240), 

spectrophotometer(Shimadzu 1700) and sediment (furnace and precision scale). The field logistic 

includes boat and outboard motor and equiped lab in Parque Estadual do Rio Doce. All of these 

devices have already been acquired and are part of the collection of LIMNEA. 
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