Answer Key
Text-Dependent Questions and Writing Prompt 

Article Title: Shedding Light on Millipede Evolution
Vocabulary Questions:
1. Explain what the term defense mechanism means as it is used in the text. How does it relate to the author stating that the millipede repurposed its glow?

The term “defense mechanism” means this bioluminescence evolved to help the millipedes protect themselves from predators. It is thought the bioluminescence initially evolved as an adaptation against the hot weather the millipede lived in. The reaction used to create the light neutralizes harmful by-products from oxygen metabolism. However, as millipedes moved higher up in elevation, they displayed brighter bioluminescence, most likely to warn away predators. The purpose of bioluminescence had changed from what it was originally used for.

2. Explain how the habitats of the millipede have affected the evolution of bioluminescence in this organism.

The author suggests that the initial use of bioluminescence by M. bisipita was an adaptation in response to living in an area that was hot and dry. When the millipede metabolized oxygen in this hot habitat, it would produce harmful byproducts. The chemical reaction the millipede used to produce light actually neutralized these products. 

This study showed that habitat had another effect on the bioluminescence as well. When comparing the millipedes living at lower elevations to those at higher elevations, the latter had a brighter glow. The author believes the millipedes at higher elevations have more predators, so they have evolved an even brighter glow.


Text Evidence/Content Questions:
1. Explain the relationship between bioluminescence and the toxicity of the millipede, using text evidence.

The bright green glow found in the millipede is a warning signal to predators to
stay away. When the millipedes feel threatened, they release hydrogen cyanide, a 
poisonous gas. Scientists have also discovered that the brighter the 
bioluminescence, the larger the cyanide glands, which suggest the toxicity of the 
millipede is related to the intensification of their bioluminescence.


2. How does the use of molecular biology (sequencing the DNA) shed light on the evolutionary relationship between the millipedes in the genera of Xystocheir and Motyxia? Explain using specific details from the text.

When the author rediscovered the millipede in the genus Xystocheir, he was surprised that it actually had a faint glow; Xystocheir was not thought to be bioluminescent. The author of the article wanted to be able to trace the evolutionary path of bioluminescence, and for context, he wanted to see where Xystocheir would be placed. It was determined Xystocheir was very closely related to millipedes in the genus Motyxia and their other relatives. 

3. Using specific evidence from the article, explain why bioluminescence is important for other species, including humans.

Other species use bioluminescence for a variety of reasons, including as part of their defense mechanisms and as a lure to attract prey and to provide illumination for the organism. New species that use bioluminescence are still being found and studied by scientists.

In the text, the author gives examples of how bioluminescence is being applied in science research in many different fields. Researchers are using it to track the movement, interaction, and growth of cancer cells and to tag biomolecules so they can be followed. Researchers are using it to find cellular activity that would indicate the purity of soil and water samples based on the biological activity present. 

Student misconceptions: Just because various organisms can bio-luminesce, this does not mean they are closely related. Organisms can show convergent evolution, which is the process where unrelated organisms evolve similar traits based on adaption to similar environmental situations, environments, or niches. 

Writing Prompt: 
New information from discoveries and investigations adds to the body of science knowledge and often contributes to revising or changing ideas. 

Discuss the reasons the author gives for his placement of this millipede in the genus Motyxia as opposed to placing it as an unrelated species in our evolutionary tree database. Be sure to include the author’s explanation of how the millipede Motyxia bistipita derived its ability to fluoresce, and note the significance of this adaptation for its survival and evolution. Use detailed information from the text in your response.

	The discovery of the Motyxia bistipita millipede in high elevation areas of California proved that these millipedes do indeed fluoresce at night. Because of this, scientist Paul Marek realized they were not a separate species of millipede but had to be related to other luminescent millipedes of the genus Motyxia. By comparing DNA sequences of the millipedes, he realized X. bistipita shared an evolutionary history with members of the genus Motyxia. He re-named them (M. bistipita) and re-evaluated their evolutionary relationship and their placement on our database of phylogenetic/evolutionary trees.
	Marek conducted biochemical analysis of the bioluminescent compounds and ascertained that the reaction was linked to the way the millipede interacts with oxygen. Lower elevation relatives originally developed this glow as a byproduct of the way they neutralize peroxides, and produce harmful chemicals, when they metabolize oxygen in a heated environment. He also ascertained that higher elevation millipedes produce a brighter glow and surmised that the brighter glow is linked to more intense cyanide production. His premise is that higher elevation millipedes have more predators, and that this responsive adaptation is part of the evolution of the species. 
	There are few species of millipedes among the rest of their relatives that are able to bio-luminesce, so this discovery and reorganization on the evolutionary tree is a significant one for entomologists. Marek closes his discussion with a statement about the slow step-by-step nature of this significance in one section: “These findings show that even seemingly complex, intricate traits we see today may have evolved through many small steps, and from an original function unrelated to its present day role. These findings also provide insights into how the spectacular biodiversity of our planet evolved.” 
	Changes to scientific beliefs usually transpire after new and inconvertible evidence, which better explains or refutes existing ideas is presented. Paul Marek’s work not only shows how beliefs about species in the field of evolution are updated, but also is a great example of the nature of science at work. Not only is science advanced, but its practical application is a bonus for society. 

Clarification: Once again remind students of the difference between bioluminescence and fluorescence. Explain to them bioluminescence is light produced by a chemical reaction within an organism; it is of their own production. Fluorescence is a physical process where energy from a light is absorbed and re-emitted almost immediately. This is usually seen in the presence of black light.
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