Text-Dependent Questions and Writing Prompt for Complex Text

Article Title: Research Spotlights a Previously Unknown Microbial ‘Drama’ Playing in the Southern Ocean
Vocabulary Questions:
1. The authors say in the text that “iron fertilization will drive phytoplankton blooms.” What do they mean by this phrase?

2. The article says at one point that “diatoms were found to be malnourished.” What does the term malnourished mean?


Text Evidence/Content Questions:
1. How does this study challenge previous views and assumptions held by scientists on microbial interactions within the Southern Ocean ecosystem?

2. What is the importance of phytoplankton for the Antarctic ecosystem?

3. What types of relationships are found between phytoplankton and the different types of bacteria referred to in this article, and what is the significance of each?

Writing Prompt:
Using evidence from the text, explain the importance of the ecological relationships occurring in the Antarctica between microorganisms, and explain why this study has important implications for the entire Antarctic region.
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Text-Dependent Questions and Writing Prompt for Complex Text

Article Title: Research Spotlights a Previously Unknown Microbial ‘Drama’ Playing in the Southern Ocean
Vocabulary Questions:
1. The authors say in the text that “iron fertilization will drive phytoplankton blooms.” What do they mean by this phrase?
In this article, iron is an important limiting factor in the growth and blooming of phytoplankton. The author describes how iron “drives” the blooms, which refers to the fact that iron is an added nutrient that pushes or causes the phytoplankton bloom to occur. Researchers are aware of the importance of iron and actually will fertilize the waters with it to promote blooms.

Misconception/clarifications: Iron fertilization or seeding is a controversial process that is being studied carefully by scientists. The goal is to increase phytoplankton blooms to increase the productivity of the ecosystem and also remove carbon dioxide from the ocean. The following link provides more information for the teacher if he or she would like to discuss this in more detail: Link: http://www.whoi.edu/oceanus/series/ocean-iron-fertilization

2. The article says at one point that “diatoms were found to be malnourished.” What does the term malnourished mean?
Although scientists found an abundance of diatoms in the water, they did not have the nutrients needed in order to be considered healthy and were considered to be starving or malnourished. Phytoplankton require specific nutrients such as iron and Vitamin B12 in order to perform metabolic and physiological processes as well as to use photosynthesis to produce the sugar and carbohydrates they need for energy.

Text Evidence/Content Questions:
1. How does this study challenge previous views and assumptions held by scientists on microbial interactions within the Southern Ocean ecosystem?
The Southern Ocean is home to large phytoplankton blooms and is the base of food webs that have global implications. Scientists up to this point assumed the phytoplankton’s growth was controlled by the amount of iron and sunlight it received. However, they realized Vitamin B12 was essential for large and sustained blooms. The phytoplankton cannot synthesize Vitamin B12 themselves and are reliant on a specific type of bacteria to supply them with it. They discovered other previous unknown ecological relationships and interactions that drive this ecosystem as well. With the impending effects of climate change, it is even more important to understand the cooperation/mutualism and competition that exists between phytoplankton and bacteria.


2. What is the importance of phytoplankton for the Antarctic ecosystem?
Phytoplankton are the main producers and are at the base of the food webs found in the Southern Ocean. Because of the environment and lack of other producers, it is essential that phytoplankton support the other organisms in this ecosystem. Some of the other organisms found in this food web are seals, penguins, and whales. All ocean organisms depend on phytoplankton either directly or indirectly.

3. What types of relationships are found between phytoplankton and the different types of bacteria referred to in this article, and what is the significance of each?
Phytoplankton have two very contrasting relationships with the different types of bacteria found in this region. One type of bacteria is involved in a cooperative, or mutualistic, relationship with the phytoplankton. This bacteria provides Vitamin B12 for the phytoplankton, and in return the phytoplankton provide the bacteria with food and energy. This relationship is beneficial to both of the organisms involved. There is a different group of bacteria also dependent on the phytoplankton for food and energy, but this group actually competes against the phytoplankton for Vitamin B12. All three microorganisms, the two groups of bacteria and the phytoplankton, compete against each other for iron due to its scarcity in the Southern Ocean. Competition between different species will negatively affect at least one population by reducing growth rates and numbers.

Misconception/Clarification: Because its solubility in seawater is very low, iron is rare in the open ocean and is considered a scare but necessary resource for many organisms. Explain to students that iron is essential for most organisms for the regulation of metabolic processes. Iron is very important for organisms that use photosynthesis because it is involved in the synthesis of chlorophyll, the main pigment used in this process. 

In terms of Vitamin B12, bacteria and archaea are the only organisms that can synthesize the vitamin. The Vitamin B12 helps the phytoplankton extract the carbon dioxide from the water for photosynthesis. 

The following article can be used if teachers choose to discuss more about Vitamin B12 production: Link: http://www.livescience.com/44021-new-vitamin-source-discovered-underwater.html

Writing Prompt:
Using evidence from the text, explain the importance of the ecological relationships occurring in the Antarctica between microorganisms, and explain why this study has important implications for the entire Antarctic region.

At the base of oceanic food webs are phytoplankton, which use photosynthesis to make their food by producing sugar and carbohydrates. These one-celled organisms are important because of the global implications of supporting the food webs found in the Southern Ocean. All ocean organisms depend on phytoplankton either directly or indirectly. It has always been assumed that the factors regulating the growth and bloom of phytoplankton have been light and the availability of iron—due to its limited availability in the ocean. The importance of iron has long been recognized by scientists because it will promote phytoplankton blooms.

Recent research has discovered Vitamin B12, as well as iron, is required for the health and survival of phytoplankton. The phytoplankton rely on a specific type of bacteria, perhaps even cultivating the bacteria themselves, in order to acquire the vitamin. The bacteria benefit from this relationship by receiving food and energy from the phytoplankton. This new information is extremely important because researchers can continue to monitor these interactions and try to predict what can happen to the ecosystems if these relationships change in the future. The information also made scientists aware that the microbial interactions were more complex than they previously imagined.

While studying the interactions between the Vitamin B12 supplying bacteria and phytoplankton, researchers discovered another type of bacteria involved in this relationship. These other bacteria used the phytoplankton for food and energy but competed for the Vitamin B12. The interactions appear to become more complicated because all three aforementioned microorganisms compete against each other for the iron.
 
Scientists are very interested in the balance between these different organisms and the specific relationships among them. In ecosystems, there are always going to be limited resources such as nutrients; as a result, competition will naturally occur when demand is greater than the supply. One species is usually better than others in the competition, leading to a decrease in the population of the other species. Researchers are describing this system as precariously balanced because if one organism out-competes the other, no one knows what may happen in the future.


Misconceptions: Many students don’t think of the oceans as containing microorganisms. There is an abundance of bacteria, viruses, archaea and protists found in ocean water. The microorganisms can be extremely beneficial by supplying nutrients to other organisms, acting as a food source, etc. They can also be pathogenic, causing harm to other organisms living in the water, and can affect humans as well. The following site provides information on the types of microorganisms found in the ocean: 
Link: http://www.waterencyclopedia.com/Mi-Oc/Microbes-in-the-Ocean.html
Students often don’t understand the term plankton. Plankton is not an actual plant or animal, but is composed of multiple types of organisms that free-float in the ocean. When referring to phytoplankton, these organisms all use photosynthesis for their energy, although some get energy by other sources as well. The most common phytoplankton are diatoms (the phytoplankton referenced in the article) and dinoflagellates. Zooplankton are microscopic or tiny animals that float with the currents or can’t swim very well. Zooplankton can consist of single celled organisms, jellyfish, larva of fish, tiny crustaceans, or a variety of other organisms.
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