MISSISSIPPI - FUTURE SCIENTISTS HS BIOLOGY, Curriculum:

How it aligns with the HS Biology objectives (2010 Mississippi Science Framework):

Science, High School Biology:
Knowledge and skills are developed throughout the year of involvement in the program.  The focus is on conducting research on the Corn Earworm, Helicoverpa zea (Boddie) and then presenting that research at the end of the school year back at the USDA/ARS Research Laboratory where the teacher attended a Future Scientists summer institute.

All of the following HS Biology INQUIRY/ scientific investigation skills are covered:
 1. Apply inquiry-based and problem-solving processes and skills to scientific investigations:
a. Conduct a scientific investigation demonstrating safe procedures and proper care of laboratory equipment. (DOK 2);
b. Identify questions that can be answered through scientific investigations. (DOK 3).

c. Identify and apply components of scientific methods in classroom investigations.  (DOK 3).
d. Interpret and generate graphs (e.g. plotting points, labeling x-and y-axis, creating appropriate titles and legends for circle, bar, and line graphs. (DOK 2).

e. Analyze procedures and data to draw conclusions about the validity of research.  (DOK 3).

f. Formulate and revise scientific explanations and models using logic and evidence (data analysis). (DOK 3).
g. Communicate effectively to present and explain scientific results, using appropriate terminology and graphs. (DOK 3).
Sample student research projects are available at the Future Scientist web site:

http://www.hsi.usda.gov/CornEarWorm/
HS Biology DOKS Knowledge (concepts) that are covered by Future Scientists with specific examples:
LIFE SCIENCE:
3. Investigate and evaluate the interaction between living organisms and their environment.

a. Plant and animal species; adaptations of organisms (DOK 2). E.g. the corn earworm moth/caterpillar has several adaptations that make it a highly successful insect that costs farmers in the USA alone over $1 billion annually in crop losses and control efforts.  The female moth can have between 300-3,000 eggs and spreads them all over a corn field so some have a good chance of surviving and reproducing.  The worm is a ubiquitous feeder and takes its name from the crop on which it is feeding: Corn earworm; cotton boll worm; sorghum head worm; strawberry fruit worm; tomato fruit worm so is named Helicoverpa zea to cover everything!  This makes it hard to eradicate unlike the Cotton Boll Weevil that ONLY feeds on cotton.  The corn earworm is adapted to feed inside the corn so avoids predation and then digs a hole beneath the corn plant as a caterpillar and makes a ‘cave/hole’ about 10 cm underground where it pupates and then emerges as a moth and crawls out the hole the caterpillar made.  It can fly at night, sometimes carried hundreds of miles to settle in a new field to feed and lay eggs.  It is a dull green color as an adult so has good camouflage to avoid predators.  It operates on the same frequency as its major predator, the Mexican Free-tailed Bat as they have co-evolved and so the moth take avoidance flight when it senses a bat is zeroing in the eat.  By comparison, the bat can locate the moth by hearing its frequency.  *Through time, the moth has adapted by changing its diet as new crops have been introduced or become planted over larger areas.  If one food source runs out or the crop fails, the moth simply moves to feed on a different crop causing $200M damage annually when it eats strawberries in California or $100M damage annually to the tomato harvest in Florida.  Bats have evolved to eat fruit.  The largest bats in the world are the Giant Fruit Bats of Pemba-an island in The Indian Ocean off the coast of Tanzania, Africa that almost became extinct in the 1960s because their niche was under threat.  Locals were cutting down the tall trees where the bats need to rest and shooting them with shotguns because they are slow flying.  Other bats have different niches eating i.e. nectar, fish in Puerto Rico, frogs in South America…                                                           

b. Provide examples to justify the interdependence among environmental elements. (DOK 2); E.g. Bacillus thuringiensis is a naturally occurring bacterium in the soil and has been genetically spliced into various plants like corn to protect it from insect attach.  It serves to interrupt the insect’s digestive system so that the insect fails to develop and leaves the crop basically intact.  The corn earworm predates upon the corn (or cotton, tomato, strawberry, sorghum plants) and becomes part of the food web when consumed itself in its larval form or as an adult moth by bats and birds.  The Giant Madagascar Hissing Cockroach has a symbiotic relationship with a mite that lives on its body feeding on its sweat and saliva.  In return, the mite keeps the cockroach clean of molds and fungi as it forages on the forest floor in its natural habitat.
c. Examine and evaluate the significance of natural elements and human activities on major ecosystems (e.g. population growth, technology, loss of genetic diversity, consumption of resources). (DOK 2). E.g. Agricultural monoculture is economically beneficial but places stress on: the European Honey Bee (Apis mellifera) because it has a mono-diet when placed in crop fields to pollinate, for example, Pecans in California for six weeks before being trucked north go pollinate in apple orchards.  This is thought to be one of the contributing factors to Colony Collapse Disorder (CCD) as it stresses the bees.  Corn is very demanding of the valuable resources of water and fertilizers.  It actually takes more energy to produce ethanol from corn than is released when the ethanol is burned.  Corn is grown widely and with its use as corn syrup is probably found in about 70% of all produce in the supermarket.
5. Demonstrate an understanding of the molecular basis of heredity

a. Analyze and explain the molecular basis of heredity and the inheritance of traits to successive generations (DOK 3); E.g. the worm has a huge color variation from green to red to brown.  It was hypothesized that this might be genetic so an experiment was conducted that separated the worms by color.  The red worms that became adults were then mated to see if the offspring would breed true and be red.  That did not turn out to be the case but, this was only one trial so might be replicated.  *Inherited traits in the ‘wild’ Corn earworm are that they know to pump fluid into their wings on emergence, drink sugars through the proboscis and migrate.  Some recent research suggests that a learned behavior of the moths is the ability to locate the corn as a trait passed along by the caterpillar stage.  In contrast, corn earworms raised in the lab lose these characteristic traits and will mate irrespective if corn silks are there or not.
6. Demonstrate an understanding of principles that explain the diversity of life and biological evolution

d. Analyze and explain the roles of natural selection, including the mechanisms of speciation (e.g. mutations, adaptations, geographic isolation) and applications of speciation (e.g. pesticide and antibiotic resistance). (DOK 3); E.g. *PESTICIDES: Bt corn has been genetically engineered with addition of a gene of Bacillus thuringiensis that is a natural pesticide that affects the digestive system of the corn earworm and other insects. It is a naturally occurring bacterium and is very effective in protecting the corn.  The moth will still lay eggs on the silks but the worms do not develop.  Bt corn can only be used to feed animals in UK and Europe but can be used in human food in USA.  The insect develops resistance so the pesticide is always being amended and introduced at different strengths.  Also, the USDA/ARS through Integrated Pest Management (IPM) does not solely rely on pesticide treatment but a combination of agricultural practices that includes targeted spraying.  This is a new field where the mass of adult moths exiting a field are tracked on radar so that the farmer can be alerted to when the moths are in the vicinity and spraying will be effective with eggs and 1st instar woms on the silks.  Once the worm enters the corn it is a waste of money to spart and only harms the environment. * ADAPTATIONS: The corn earworm moth/caterpillar has several adaptations that make it a highly successful insect that costs farmers in the USA alone over $1 billion annually in crop losses and control efforts.  The female moth can lay between 300-3,000 eggs and spreads them all over a corn field so some have a good chance of surviving and reproducing.  The worm is a ubiquitous feeder and takes its name from the crop on which it is feeding: Corn earworm; cotton boll worm; sorghum head worm; strawberry fruit worm; tomato fruit worm so is named Helicoverpa zea to cover everything!  It is adapted to feed inside the corn so avoids predation and then digs a hole beneath the corn plant as a caterpillar and makes a ‘cave/hole’ about 10 cm underground where it pupates and then emerges as a moth and crawls out the hole the caterpillar made.  It can fly at night, sometimes carried hundreds of miles to settle in a new field to feed and lay eggs.  It is a dull green color as an adult so has good camouflage to avoid predators.  It operates on the same frequency as its major predator, the Mexican Free-tailed Bat as they have co-evolved and so can take avoidance flight when it senses a bat is zeroing in the eat.  *MUTATIONS: corn earworm caterpillars and pupae were flown on the NASA Astonaut weightless training plane (Vomit Comet) in the summer of 2011 to see if they would successfully complete the life cycle.  The worms were not adversely affected but the adult moths, when compared to the control, emerged with deformed wings attributed to the adverse impact of being subjected to twice gravitational force as the plane flew parabolas.                                                            
