Incorporating Mesoamerican Content into the Biology Curriculum
 Stefanie Tietz
Level: High School (can be adapted to MS science as needed)
Introduction: These biology unit extensions were created after completing a four week NEH Summer Institute titled “Mesoamerican Cultures and Their Histories: Spotlight on Oaxaca” during the summer of 2010.  This summer institute provided an in depth look at the local culture through archeology, ethnohistory, the arts and film.  Even though the relationship to biology may not be immediately obvious, it was in fact amazing how much of what we learned and encountered had a biological connection.  It is these connections that I wish to bring to my students to help make them realize that what they are learning has an immediate impact on their everyday life.
Objective: To raise student interest, participation and retention of my at risk Hispanic population for specific curricular units by providing examples of current and relevant situations from their native country.  This material however is of interest not only to the Hispanic population and can help liven up the curriculum for all biology students.
Units chosen to be expanded with Mesoamerican content:

· Invertebrates Unit (Natural Dye production using Cochineal and Purpura)

· Genetics/Evolution Unit (Artificial Selection, ex: corn)
Teacher’s note:  These unit expansions are designed to enrich the existing biology curriculum and to give students real life examples of material learned that they can relate to. General suggestions are given as to where in the curriculum these extensions might fit, but placing is at the teacher’s discretion.
Invertebrate Unit

Natural Dye Production Using Invertebrates
Teacher’s note: This unit extension is designed to fit into the Invertebrate unit. Since both mollusks and arthropods are included, placement after Arthropods would be most beneficial.
EQs:
- What are the negative and positive consequences of producing a single organism in large quantities? How does this affect the surrounding ecosystem?
-Is interfering with the natural ecology of the organism’s environment detrimental to other organisms in its environment? 
-How does an animal evolve strategies to deter predators?
Georgia Science Standards:
SB4:Students will assess the dependence of all organisms on one another and the flow of energy and matter within their ecosystem.
SB4f: Relate animal adaptations, including behaviors, to the ability to survive stressful environmental conditions.
SB5d: Relate natural selection to changes in organisms.
Lesson Set up
Day1:
Tyrian Purple Article – This will familiarize students with the concept of using various invertebrates for dye production. Assign as homework prior to the lecture.  Have them answer the questions. 
Day 2:
Lecture – “Cochineal- Red Gold of the Mixtec.”
(Time needed: 30minutes)
Prepare a teacher handout ahead of time.  Several notes are written at the bottom of each slide to verbally pass on to students. It would also be helpful to prepare a handout of slides for students to take notes on ahead of time.

Day 3:
Webquest – “Purpura on the coast of Oaxaca”
Can be done in class or assigned as home work.

Tyrian Purple 

Never before in history—or since—did a color bequeath so much glory to a nation.

One day while Hercules was strolling along the shores of Phoenicia with a nymph he loved, named Tyrus, his dog, who was running beside them, came upon a Murex trunculus, with head protruding from its trumpet-like shell. The dog quickly devoured the shellfish and came away with a mouth stained brilliant purple. Enraptured by the tint, Tyrus claimed a robe of that same striking shade as the price Hercules would have to pay for her hand.

Hercules, being Hercules, was able to gather from the Mediterranean waters enough mollusks to fulfill the wish of his ladylove. Thus goes the legend of the origin of Tyrian purple.

The true story of the purple-dyeing industry of Tyre also has its beginnings so far back in antiquity that they have become obscure, faded into the past along with the fabled cities and colonies of Phoenicia. Whatever the circumstances of the origin of the reddish-purple dye, the trade and prosperity of Phoenicia depended on it to a vast degree. Horites of Mesopotamia reached the Mediterranean and described the shoreland as "knaggi" which meant "belonging to (the land) of purple." This word became "kena" in Phoenician, "kena'an" in Hebrew and finally "Canaan," an Old Testament term for Palestine. It was the Greeks who applied to the Canaanities (with whom they first traded) the term Phoenicia, from the Greek "phoinix," meaning purple-red.

Probably, then, purple-dyeing had been established in Phoenicia about the 17th century B.C., when the term "purple" had already been linked to the inhabitants of Palestine.

Tyrian purple was praised by prophets and poets. Homer wrote his great epic poems during the heyday of Phoenicia and spoke of the brilliance and beauty of the cloths that Paris brought back to Troy from there. In the Old Testament, Ezekiel lamented the fall of Tyre, and spoke of—"perfect beauty" and of "purple and broidered work and fine linen . . ."

At certain periods of history, wearing purple was considered the prerogative of priests, senators and emperors. The term "born to the purple" to this day has the connotation of high or royal birth because during the Byzantine period empresses bore their royal offspring in special chambers draped in the opulence of purple cloth.

The island city of Tyre, known as the indomitable "Mistress of the Mediterranean," somehow survived for more than 2,000 years the waves of civilization and conquest that swept the eastern shores of the Mediterranean. And long after Phoenicia ceased to exist as a nation, the Syrians carried on the Tyrian purple-dyeing industry. In the first century, A.D., the Greek geographer Strabo, with less elegance than Ezekiel or Homer, referred to Tyre as a city made "unpleasant for residence" by the smell from the many dye works. Throughout the era of Rome's great empire, when silk was imported from China, it was sent to Beirut to be loomed, then on to Tyre to be dyed, with purple silk fetching the highest prices.

Much later, a 12th-century visitor speaks of the "purple dye" of the city and describes Tyre as "very commercial and one to which traders resort from all parts." Yet another pilgrim of that century writes that Tyre "surpasses in beauty all the cities of Phoenicia."

Pliny seems to offer the best account of the Tyrian method of dyeing, although the fine points of the process, which gave the Tyrians their unmatched superiority, is still anyone's conjecture.

The dye that made Tyrian purple unique was extracted from the meat of not one, but two distinct species of shellfish—the Purpura pelagia or Murex trunculus, and the Purfura lapillus or Buccinum lapillus. The Buccinum is found on rocks in comparatively shallow water, while the Murex prefers deeper water. In modern times it has been dredged from depths of 25 fathoms. Both shells have a wide mouth, like a trumpet, and a spiral form terminating in a small, rounded head. The Murex is much larger, however, and the shell more rough and spinous.

In ancient times, the waters of the Phoenician coast abounded with these now rare shellfish. Although they were to be found widely along the shores of the eastern Mediterranean, it appears that only on the rocky part of the coast between Tyre and Haifa, near Mount Carmel, wefe they so abundant that, from a few drops of fluid per fish, so vast an industry was maintained.

The coloring matter is a creamy liquid contained in a vein of the mollusk, which must be taken alive for it rids itself of the juice when it dies. Moreover, the shellfish have to be collected at the end of winter or very early in the spring, before their egg-laying season, or they become weakened and depleted of their color-producing fluid.

The usual method of collecting them was by lowering baskets, at the end of long ropes into the sea. The bait was mussels or frogs, which the Murex would seize upon eagerly. The Murex was taken from the shell, and its pigment-rich vein swiftly extracted before the coloring matter could deteriorate. The smaller Buccinum, on the other hand, was crushed with its shell and the whole mixture, with salt added, was allowed to steep for three days. Then the pulp was simmered in a leaden vessel (brass or iron was carefully avoided, for such metals might alter the dye). These cauldrons were heated by pipes leading from a central furnace. After ten days of gentle boiling and repeated skimmings, the precious liquid was perfectly clear and so reduced in quantity that 8,000 pounds of pulp produced only 500 pounds of the dye. Raw wool was then tested in the dye until the proper dilution was obtained to produce the color.

One of the trade secrets of the Tyrians probably was the mingling of the dyes from the two different shellfish; for the Murex, if used alone, produced a dull, dark purple and the Buccinum, a red tone which faded easily. Buccinum red was less in demand—200 pounds of Buccinum dye brought only 111 pounds of the Murex. It was by immersing a cloth, first in the dye of the Murex and then in that of the Buccinum, that the dark, rich color known as Tyrian purple was obtained. It has been described as "the color of coagulated blood, but when held up to the light showing a crimson hue."

Whatever the particular shade, and however the Tyrians obtained it, none of their Mediterranean neighbors using the same species of shellfish, could match them. Tyrian purple was imitated at various places in the Middle East, Italy, North Africa, and in the Canary Islands, but nowhere could the color be equalled.

Was this partly due to the superiority of the shellfish along the coast of Tyre? Noted historians, like Philip K. Hitti, dismiss this idea by noting that the Phoenicians "discovered and imported the dye from as far as the port of Sparta and the neighborhood of Carthage and Utica."

Was it perhaps due to the brilliance of the sun that shone upon Phoenicia? This might have been a factor, for exposing the tinted cloths to certain degrees of light had a great deal to do with the hue. If a cloth was immersed in the fluid of the Murex or Buccinum and then exposed to a strong light, it turned successively green, blue, red, deep purple-red, and, finally by washing in soap and water, a permanent shade of bright crimson. The Phoenicians evidently not only put to good use the sunlight of their shores, but also profited by some secret, chemical knowledge. And probably as important as the trick of combining dye and sunlight, was the well-guarded skill of how to use mordants to set the colors permanently. It is well known that alkali from a certain seaweed, found principally on the coast of Crete, was employed in fixing dyes in some places. But whether or not the Phoenicians used it or what they did use, is not known. What is clear, however, is that the Tyrians could obtain dyes with their shellfish in various shades of pink, lilac and pale or deep violet, to supplement their wares of purple cloth.

As the first renowned maritime traders, the Phoenicians contributed inestimable benefits to civilization. From the cedars of Lebanon, they constructed magnificent fleets of trading ships. Intrepid adventurers, they dared the Pillars of Hercules and sailed their fragile boats bravely into the Atlantic; they were the first to visit Britain, perhaps Norway, and the first to circle Africa. Through widespread colonies in Cyprus, Rhodes, Crete, Egypt, Sicily, Malta, France, Spain and North Africa, some of its settlements, such as Carthage, eventually eclipsed the fame of their mother cities.

Wherever they went, the Phoenicians propagated the luxuries that made living more pleasant and comfortable, as well as the knowledge by which such material well-being was attained. As shipbuilders, navigators, merchants, miners, metallurgists, gem-engravers and engineers, they were the first great pioneers. They even spread use of the alphabet far and wide, opening unlimited horizons to the mind.

Whatever combination of inventiveness, industry and Nature's bounty may have spelled success for the manufacturers of Tyre, this much is certain—never before or since in history did dye bequeath so much to the glory of a nation. It was the humble treasure beneath the calm blue sea that lapped their shores which, as much as anything, brought fame and prosperity to the "land of the purple."

This article appeared on pages 20-21 of the August/September 1960 print edition of Saudi Aramco World. 

Tyrian Purple
1. The Phoenicians are thought to be the first to produce Tyrian purple.  What does their name mean?

2. What is the term porphyrogenitos (or ‘being born to the purple’) referring to?  Give a detailed explanation.

3. Which invertebrates is tyrian purple derived from? Give the scientific names.  Which region of the world does this organism live in?

4. Briefly describe the method used for collecting the organisms.

5. Which natural factor unique to Phoenicia played a role in the brilliance of the shades of their dye?

Purpura on the Coast of Oaxaca
Another use of Invertebrates for Natural Dyes

You can use the following websites to answer these questions:  http://traditionsmexico.com/Featured__Tales-purpura.html  (That is a double underscore)

(If you have trouble accessing this website, go to traditionsmexico.com, then click on Manos Trabajando at the top, then scroll down and click on the link for purpura/Oaxaca)
http://traditionsmexico.phanfare.com/2402728 

1. In the Americas, another member of the phylum Mullusca is used to create purple dye:  Purpura panza. Who are the people that still use Purpura today?  What region do they live in? (Give a detailed explanation)
2. How is the dye extracted from Purpura?  (The old fashioned way)

3. What function does the dye have for the organism?

4. What do the purpura dyers traditionally use the purple dye for? (Give a detailed explanation)

5. What are some of the reasons this ancient art might go extinct?

Genetics/ Evolution Unit

Artificial Selection: The Journey from Teosinte to Corn

Teacher’s note: This unit extension can be placed after covering the unit on Evolution before Genetics, or after both Evolution and Genetics have been completed.

EQ: Is changing a native plant or other organism through artificial selection good or bad?   How does it affect the organism’s ability to survive in the wild?
Georgia Science Standards:
SB2: Students will analyze how biological traits are passed on to successive generations.
SB5: Students will evaluate the role of natural selection in the development of the theory of evolution.
Lesson Set Up
Day 1:
Vocabulary: The exercise on vocabulary is intended to be given as homework in preparation for the lesson.  The correct answers should be given before moving on to the lecture portion of the unit.

Day 2:
PowerPoint- Brief overview: “From Teosinte to Maize” 
(Time needed: 20 minutes)
Handouts of the power point should be prepared ahead of time with space for student notes.
Class discussion: Have students analyze how artificial selection changed the plants original survival traits. Discuss how this plant would be affected if it where once again allowed to live wild.  Would it revert back to its original wild traits. Why? How does this transfer to animals we have bred/created?  Are they at a disadvantage to their wild relatives for survival in the wild?  Why? This discussion can be a teacher lead group discussion or a small group discussion where groups then present their findings to the class.
Assign Groups for Project: See rubric for details

Day3/4
Student Project: (see Rubric for assignment details). Students will work in pairs to research the cultural significance of corn for the Mexican peoples from past to present and put their findings in a power point presentation which they will then present to the class.  If time is limited, presentations can be turned in to teacher and only the top two or three could be shown in order for everybody to benefit from the information.  Putting this assignment in the form a friendly competition might help spark some ambition.

Maize Vocabulary

Match the correct word with its definition:

1. Zea mays

2. Propagation

3. Maize

4. Inflorescence

5. Before present

6. Artificial selection

7. Teosinte

8. Disarticulate

9. Morphology

10. Rachis

a. To separate at the joints.

b. Study of an organism's shape

c. Central shaft of an inflorescence.

d. A group or cluster of flowers

e. Scientific time designation

f. Reproduction, multiplication

g. Selective breeding
h. Another name for corn.

i. Ancient ancestor to corn

j. Scientific name of corn

The Cultural Significance of Maize in Mexico

Student research Project
You are to work in pairs for this project.  Use the internet to find out how important maiz was to the Mexican peoples in the past and still is today.  Go as far back as pre-colonial time (before the Spanish conquest).  You should have a minimum of 10 slides that follow a logical progression from past to present.  Make sure you use reliable sources (Universities, museums, archeological organizations etc).  Wikipedia is a great start and can get you going in the right direction, but should not be used as a source.  Make sure you keep up with where you are finding your information and pictures as you are researching so you can reference them later.  ALL PICTURES MUST BE REFERENCED by the actual website they were taken from.  Google Images is not a proper reference.

Points are awarded as follows:

Information:

0- Most information was incorrect / very little significant information was presented.

1- Much of the information was incorrect / not enough significant information was presented.

2- There were few errors in the information / adequate significant information was presented.

3- Good, solid research mostly correct and significant information was presented.

Power point:

0- Most slides were copied and pasted text/ too much text per slide/ pictures not related to topic.

1- Text was mostly original work/ more than 4-5 bullets per slide/ pictures mostly related to topic.

2- Text was original work/ 4-5 main points per slide/ pictures relevant to topic

3- Excellent quality of text.  No more or less than 4-5 main points per slide.  Pictures support points being made.

Presentation:

0- Only one partner is presenting/ Presenters are not familiar with their material/ reading all information off of slides with back to audience.

1- Some participation by both partners/ little knowledge of material/ most material is read off of slides.

2- Both partners are participating in presentation/ presenters are fairly familiar with their information/ speaking freely most of the time facing the audience.

3- Both partners are actively engaged in the presentation, are very familiar with their material and are speaking freely and clearly to their audience.

References:

0- No or few references are given for pictures or text

1- Some pictures are referenced/some references are given for information.

2- Most pictures are referenced and several references are given for information

3- All pictures have a reference and an alphabetical listing of proper references is given at the end of the slide presentation for all information found. 
