MISSISSIPPI - FUTURE SCIENTISTS HS ZOOLOGY, Curriculum:

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

Science, High School Zoology:
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 Zoology 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. Formulate questions that can be answered through research and experimental design. (DOK 3).

c. Apply the components of scientific processes and methods in classroom and laboratory investigations.  (DOK 3).
d. Construct and analyze 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, data and conclusions to determine the scientific validity of research.  (DOK 3).

f. Recognize and analyze alternative scientific explanations for experimental results and to make predictions based on observations and prior knowledge. (DOK 3).
g. Communicate and defend a scientific argument in oral, written, and graphic form. (DOK 3).
Sample student research projects are available at the Future Scientist web site:

http://www.hsi.usda.gov/CornEarWorm/
HS Zoology DOKS Knowledge (concepts) that are covered by Future Scientists with specific examples:
LIFE SCIENCE:
2. Develop an understanding of levels of organization and animal classification.

a. Explain how organisms are classified and identify characteristics of major groups.  (DOK 1).  Reproduction: E.g. the corn earworm moth/caterpillar can be observed in the classroom as it goes through its life cycle.  The male and female moths will conjoin at he abdomen and the male will pass across a spermatheca.  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.                                                           

b. Identify and describe characteristics of the major phyla. (DOK 2); Circulatory system E.g. The caterpillar breathes through spiracles found in pairs on each segment of the body.  Insects do NOT breathe through their mouths but rather eat.  Insect excrement is known as ‘frass’.  Locomotion in the larval stage of the corn earworm is by six true legs attached to the thoracic segment and 5 pairs of pseudopods (false feet) attached to the abdomen.  The false feet are like ‘suckers’ and enable the worm to travel upside down under leaves.  As an adult moth it has wings that it pumps fluid into when it emerges from its pupa stage..
d. Differentiate among the characteristics. (DOK 1) Arthropoda/insects: E.g. students grow the insect through its life cycle (complete metamorphosis/4 stages) and can observe each stage from larva – pupa – adult – egg.  Three body parts: head (with antennae); thorax with wings and 6 jointed legs attached; abdomen with spiracles for breathing.  Vertebrate characteristics/Mammalia-bats: The Mexican Free-tailed bat has co-evolved with the corn earworm.  They both operate on the same sound frequency.  The bat actually sweeps the moth towards its mouth with a wing.  The bats migrate into Texas from Mexico in the spring to take advantage of the insects growing in the fields of crops: corn, citrus, cotton, sugar cane, sorghum etc.  The largest inhabitation of mammals on Earth is Bracken Cave near San Antonio, TX where approximately 20 million female bats give birth and swell the cave population to 40 million bats.
3. Differentiate among animal life cycles, behaviors, adaptations, and relationships:
a. Describe life cycles, alternation of generations, and metamorphosis of various animals and evaluate the advantages and disadvantages of asexual and sexual reproduction. (DOK 1); E.g. students can observe the corn earworm through its complete metamorphosis and compare it to the Incomplete metamorphosis of the Madagascar Giant Hissing Cockroach

b. Describe and explain concepts of animal behavior and differentiate between learned and innate behavior. (DOK 1); 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.
c. Evaluate the unique protective adaptations of animals as they relate to survival. (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…                                                                                                   

d. Compare and contrast ecological relationships and make predictions about the survival of populations under given circumstances. (DOK 3); E.g. 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 in the soil 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 and altered.  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 worms on the silks.  Once the worm enters the corn it is a waste of money to spray and only harms the environment.
e. Contrast food chains and food webs. (DOK 2); E.g. a FOOD CHAIN follows a single path as animals eat each other: The Sun provides food for the corn; the corn is eaten by the corn earworm that becomes a moth; the moth is eaten by a bat; the bat is eaten by a hawk.  The chain follows just one path of energy as animals find food.  A FOOD WEB shows how plants and animals are interconnected by different paths: Corn produces ears that are food for mice, birds, corn earworms and other insects.  These all attract birds, bats and snakes.  They are all interconnected for survival.                                                    
