
 

                       
                      

 

 

 
 

  

  

  

 

 

 
        

    
      

       
         

 

 

   

   

     

      

  

    

 

  

  

 

   

  

 

 

Data Point 

Educator Materials 

Microbial Community Response 
to an Oil Spill 

HOW TO USE THIS RESOURCE 

Show the figure below to your students along with the caption and background information. The “Interpreting the 

Graph” and “Discussion Questions” sections provide additional information and suggested questions that you can 

use to guide a class discussion about the characteristics of the graph and what it shows. 

Caption: The bacterial taxa that were overabundant in oil plumes during and after the Deepwater Horizon oil 
spill in the Gulf of Mexico. The gray bars indicate the time periods when the abundance of bacterial taxa was 
“enriched” (> 2 times the prespill abundance in that area). The time period between the green and blue lines is 
when oil was being partially captured, reducing oil inputs by over 50%. The time period after the blue line is 
when the oil well was completely shut in and the flow of oil into the gulf ceased. 

BACKGROUND INFORMATION 

The Deepwater Horizon drilling unit in the Gulf of Mexico exploded on April 20, 2010, leading to the blowout of 

one of the wells. This resulted in the release of 50,000 to 70,000 barrels of oil and natural gas per day into the 

water from April 20 until June 4. Oil and natural gas are primarily made up of hydrocarbons, which are molecules 

composed of hydrogen and carbon. As oil was released, large hydrocarbon plumes formed in the deep waters of 

the gulf. On June 4, the oil flowing from the well was partially captured, reducing the leak rate to about 60% of 

the original rate. After 83 days, the well was completely shut in, halting the leak. 

The plumes stimulated the growth of naturally occurring bacteria that use hydrocarbons as fuel to grow and 

reproduce. In the process, they break down the hydrocarbons into smaller molecules, thereby degrading the 

hydrocarbons into components that in turn feed other microbe communities. Researchers observed the 

succession of the enriched bacteria populations using data from before, during, and after the 83-day spill. 

Relative abundance of bacterial taxa over time was used to determine microbial response and the potential for 

biodegradation of the oil spill. The chart below describes some of the roles of each of the bacterial taxa 

represented in the graph: 
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Microbe Consumes/breaks down 

Oceanospirillales, Pseudomonas linear-chain hydrocarbons (6 or more carbons) 

Colwellia, Cycloclasticus, and Pseudoalteromonas cyclic hydrocarbons (harder to break down than 
linear bonds) 

Methylomonas methane (most abundant hydrocarbon released in 
spill) 

Piscirickettsiaceae methanol and/or formaldehyde (produced by 
Alteromonadaceae) 

Flavobacteriaceae, Alteromonadaceae, and 
Rhodobacteraceae 

complex organic matter (e.g., bacteria) 

INTERPRETING THE GRAPH 

Researchers found that the bacterial community structure changed over time in response to the amount of 

hydrocarbons that were released into the Gulf of Mexico as a result of the spill as well as the types of 

hydrocarbons and organic matter present as bacteria broke them down. During the first stage of the spill, when 

the oil was leaking at the fastest rate, Oceanospirillales and Pseudomonas taxa were the most enriched bacteria in 

the plume. They specialize in degrading linear-chain hydrocarbons called alkanes. Oceanospirillales are also 

chemotactic to hydrocarbons, meaning they will move toward these compounds, which may have aided their 

rapid response to suspended oil droplets early in the spill. 

Suspended oil droplets and linear-chain alkanes, the preferred food of Oceanospirallaceae and Pseudomonas, 

disappeared once the oil began being partially captured. Linear-chain alkanes were broken down and replaced by 

cyclic alkenes benzene, toluene, ethylbenzene, and xylene (BTEX). At the same time, the abundances of the cyclic 

alkene-degrading specialists Colwellia, Cycloclasticus, and Pseudoalteromonas increased. Cyclic bonds are harder 

to break down than linear bonds, which is why these hydrocarbons were broken down later than the linear-chain 

hydrocarbons. Methane was the most abundant hydrocarbon released in the spill, and the period of highest 

methane oxidation (June 8 until July 18) coincided with the highest abundance of the methane-oxidizing bacteria 

Methylomonas. Piscirickettsiaceae, another methane-oxidizing bacteria, started increasing in late June and 

continued increasing until late August, well after all the methane had been consumed. This suggests they may 

have been growing on carbon sources other than methane. They were likely consuming methanol and/or 

formaldehyde, which are produced by Alteromonadaceae, which were enriched at the same time. 

After the well was shut in, the microbial community was dominated by Flavobacteriaceae, Alteromonadaceae, 

and Rhodobacteraceae, which are optimized for the degradation of complex organic matter. This organic matter 

was the decaying blooms of bacteria that died when their hydrocarbon sources were depleted after the spill 

ceased. Through this study, the researchers found that deep-ocean microbial communities are highly sensitive to 

the presence of released hydrocarbons and can be used as biosensors to detect contamination. 

Teacher Tip: Prompt your students to explain the parts of the graph as applicable: 

 Graph Type: Timeline

 X-axis: Time

 Y-axis: Bacterial taxa enriched in the hydrocarbon plume (> 2 times higher than typical abundance)

 Oil Spill Stages: Unmitigated spill = left of green line; partial capture of oil = between green and blue

lines; full well shut in = right of blue line
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DISCUSSION QUESTIONS 

 Which bacterial taxa were overabundant before partial capture of oil began? Which two taxa returned to

normal abundance soonest? Why do you think their abundances decreased when they did?

 What does the dashed line on June 3 represent? How do you think this action by humans changed the

microbial community?

 What does the solid line on July 15 represent? How do you think this action by humans changed the

microbial community?

 If bacteria like Oceanospirillales and Pseudomonas were not naturally present in the Gulf of Mexico

before the spill, do you think Colwellia, Cycloclasticus, and Pseudoalteromonas would have increased in

abundance? Why or why not?

 The study states that methane was the most abundant hydrocarbon released during the spill. What is one

possible explanation for the fact that Methylomonas did not become enriched until early June?

 Explain the relationship between Piscirickettsiaceae and Alteromonadaceae. Which of the two bacteria

may not have been enriched without the other? Explain your reasoning.

 Do you think Flavobacteriaceae, Rhodobacteraceae, and Saprospiraceae are oil-degrading bacteria?

Support your claim with evidence from the graph and background reading.

 What do you think was the source of complex organic matter that fueled the enrichment of bacteria after

the well was shut in?

 The hydrocarbon-degrading bacteria in this study have existed naturally in the ocean for millions of years,

long before humans began drilling for oil. What is a possible explanation for this?

 How can information from this study be used to detect and/or mitigate future oil spills?

SOURCE 

Figure 6 from: 

Eric A. Dubinsky et al., Succession of hydrocarbon-degrading bacteria in the aftermath of the Deepwater Horizon 

oil spill in the Gulf of Mexico. 2013. American Chemical Society. Environ. Sci. Technol. 2013, 47, 10860−10867. 

View article: http://hazenlab.utk.edu/files/pdf/2013Dubinsky_etal_EST.pdf 

AUTHOR 

Kim Parfitt, Central High School, Cheyenne, Wyoming 

Edited by: Gary Anderson, PhD, Lawrence Berkeley National Laboratory; Bridget Conneely and Aleeza Oshry, HHMI 
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