MISSISSIPPI - FUTURE SCIENTISTS Grade 8, Curriculum:

How it aligns with the Grade 8 objectives (2010 Mississippi Science Framework):

Science, Grade 8:
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 8th grade INQUIRY/ scientific investigation skills are covered:
 1. Draw conclusions and scientific investigations including controlled experiments:
a. Design, conduct, and analyze conclusions from an investigation that includes using experimental controls (DOK 3);
b. Distinguish between qualitative and quantitative observations and make inferences and observations.  (DOK 3).

c. Summarize data to show the cause and effect relationship between qualitative and quantitative observations (using standard, metric, and non-standard units of measurement).  (DOK 3) Tools: thermometers, scales, hand lenses, microscopes, calculators, balances, clocks) to gather and compare information (DOK 1); data: height, mass/weight, temperature, length, distance, volume, area, perimeter; Resources (e.g. Internet, electronic encyclopedias, journals, community resources etc.)
d. Analyze evidence that is used to form explanations and draw conclusions.  (DOK 3).

e. Develop a logical argument defending conclusions of an experimental method.  (DOK 3).

f. Develop a logical argument to explain why perfectly designed solutions do not exist. (DOK 3).
g. Justify a scientist’s need to revise conclusions after encountering new experimental evidence that does not match existing explanations. (DOK 3).
h. Analyze different ideas and recognize the skepticism of others as part of the scientific process in considering alternative conclusions.  (DOK 3).

Sample student research projects are available at the Future Scientist web site:

http://www.hsi.usda.gov/CornEarWorm/
8th grade DOKS Knowledge (concepts) that are covered by Future Scientists with specific examples:
 3. LIFE SCIENCE: Compare and contrast the structure and function of the cells, levels of organization of living things, basis of heredity, and adaptations that explain variations in populations.

a. Analyze how adaptations to a particular environment (e.g. desert, aquatic, high altitude) can increase an organism’s survival and reproduction and relate organisms and their ecological niches to evolutionary change and extinction. (DOK 3); 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. Compare and contrast the major components and functions of different types of cells.  (DOK 2); 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.  *The corn earworm has an EXOskeleton that it must ‘shed’ as it grows.  It breathes through ‘spiracles’ that let gases flow in and out of the body.  It has six true legs attached to the thorax and 5 pairs (10) of pseudopods (false feet) that enable it to cling and climb upside down on leaves to hide.
d. Describe heredity as the passage of instructions from one generation to another and recognize that hereditary information is contained in genes, located in the chromosomes of each cell.  (DOK 2); E.g. 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.
e. Explain energy flow in a specified ecosystem.  (DOK 2); E.g. the corn earworm population fluctuates depending on food source.  Another controlling factor is the temperature.  The population can increase rapidly with an ideal temperature of 85 degrees and conversely can be killed by cold.  The insect can overwinter in the ground in the pupa state, roughly south of a line demarcated by Interstate 70.  The worms will predate upon each othe so, often one large worm is found in an ear of corn although several 1st instar worms will have begun life eating inside the husk.  One might assume that a larger worm will always kill a smaller one but research has shown that if a small worm comes up behind a larger one in the corn husk, it can eat the larger worm because the latter is unable to turn around to fight back as it is embedded in a groove it has eaten in the corn..

f. Develop a logical argument for or against research conducted in selective breeding and genetic engineering.  (DOK 3); E.g. Bt corn has been genetically engineered with addition of a gene of Bacillus thuringensis 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.  A flawed study suggested that pollen from Bt corn would adversely affect Monarch Butterflies but the experimental group of butterflies was fed excessive amount of pollen that would never be ingested naturally.
h. Describe how an organism gets energy from oxidizing its food and releasing some of its energy as heat.  (DOK 1); E.g. animals ingest food and then digest it where it enters the bloodstream from the small intestines combining with oxygen in the cells of the body.  If the students feel their foreheads they will notice the thermal energy supplied by the oxidized food; and the kinetic energy that enables them to lift their hand to their forehead.  Both energy forms are derived from the chemical energy of food they ate.
