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The cover shows a reconstruc-
tion of an Australopithecus 
afarensis couple on display 
in the History of Human 
Evolution section of the 
Hall of Human Origins at 
the American Museum of 
Natural History (AMNH) in 
New York City. This species 
lived between 3.8 and 2.9 
million years ago. The most 
famous fossil is the partial 
skeleton named Lucy  
(3.2 million years old) that 
was found in the Afar Region 
of Ethiopia. Additional  
A. afarensis fossils have been 
found in Ethiopia, Kenya, and 
South Africa. It is thought 
that A. afarensis was ancestral 
to the genus Homo, which 
includes the modern human 
species. This particular pose 
was chosen to depict their 
pair bonding, upright walk, 
and predatory awareness. The 
image and caption are courtesy 
of C. D. Finnin, C. R. Mickens, 
M. Walker, and S. Kvist, all at the 
AMNH. The focus of this issue of 
ABT is evolution.
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Happy Darwin Day!
On 22 April 1995, over 600 people on the campus of Stanford Uni-

versity celebrated the first Darwin Day with a lecture entitled “Darwin 
and Human Origins” by Dr. Donald Johanson (American Humanist 
Association [AHA], no date). Since then, Darwin Day has “evolved” into 
a worldwide celebration held on or around February 12th, the birthday 
anniversary of Charles Darwin. 

According to the International Darwin Day Foundation (AHA, no 
date), the mission of Darwin Day is to “promote the public education 
about science and to encourage the celebration of science and humanity.” 
In other words, Darwin Day is not a day to celebrate the theory of evo-
lution; it is a day to celebrate the immense benefits that all scientific 
knowledge, obtained through human curiosity and creativity, has con-
tributed to the improvement of human existence. Darwin Day is a day to 
celebrate scientific literacy!

The National Center for Education Statistics (1996) has defined 
scientific literacy as “the knowledge and understanding of scientific 
concepts and processes required for personal decision making, partici-
pation in civic and cultural affairs, and economic productivity.” Scien-
tific literacy allows individuals to appreciate the world around them and 
make informed personal choices regarding a vast array of science-related 
issues. As science educators, our goal is to help our students become 
more scientifically literate. 

Biological literacy is a subset of scientific literacy, and not a final 
state that can be achieved within a single biological discipline but a con-
tinuum over which an individual’s biological understanding develops 
throughout his or her lifetime (Uno & Bybee, 1994). Understanding 
evolution is critical to building biological literacy. As Theodosius Dob-
zhansky argued in the 1973 American Biology Teacher essay “Nothing 
in Biology Makes Sense except in the Light of Evolution,” evolution 
explains the interrelatedness of the various facts of biology, and thus 
makes sense of biology.

Understanding evolution is critical to the advancement of medi-
cine, to improving crops and livestock, to understanding the effects of 
global climate change, and to conservation biology, stem-cell research, 
and human reproduction. Understanding evolution also helps students 
learn about the nature of science, providing example upon example of 
the ways in which scientists go about gathering and analyzing informa-
tion, testing competing hypotheses, and eventually coming to agreement 
about explanations for natural phenomena.

If evolution is the foundation of modern biological thought, why 
does teaching it remain so controversial? If you attended NABT’s most 
recent Professional Development Conference in Minneapolis you may 
have learned some answers. Invited speaker Randy Moore gave a pre-
sentation based on the article “The Creationist Down the Hall: Does It 
Matter when Teachers Teach Creationism?” In that article, Moore and 
Cotner (2009) suggested that a student’s high school biology courses 
have a lasting impact on his or her ideas regarding evolution and 
creationism. They identified six possible links between the high school 

biology experience and students’ subsequent acceptance of evolutionary 
theory in college.

Teachers’ poor understanding of evolution•	

Teachers’ religious beliefs•	

External pressure•	

Lack of consequences•	

Ignorance of the law•	

Success of the Discovery Institute’s “wedge” strategy•	

Failing to teach evolution or compromising it not only robs students 
of a basic principle of biology, it also undermines their development of 
biological and scientific literacy.

Failure to teach biology is not a problem confined to the high 
school environment. I teach at a community college in the Midwest 
and worked with a “creationist down the hall” for over a decade. From 
the moment this individual became aware that I taught evolution, the 
pressure to stop began. Initially, requests came with the explanation 
that evolution was a flawed theory, that students were being forced 
to learn something they did not need to know, and that my actions 
were personally offensive not only to students but to my colleagues 
as well. Over time, the attempts became more frequent, more vocal, 
and more absurd. Requests were made to move a photo of Darwin 
in my office so that it could not be seen from the hallway. I was told 
that the Darwin fish on my car was obscene and that it needed to be 
removed (it disappeared shortly thereafter). Notices promoting evolu-
tion-related events were removed from my office door. This individual 
even stood outside my lecture door and peered into the class while I 
taught. Eventually, a formal complaint was made to the vice-president 
for educational affairs, stating that I was violating this individual’s reli-
gious freedom and harassing him or her by teaching evolution. Litiga-
tion was threatened if I did not stop. The subsequent investigation 
into this complaint revealed that the motivations of this individual fell 
squarely into the linking factors identified by Moore and Cotner. After 
6 months of investigation by the Human Resources department, the 
complaint was deemed unjustified and I was quietly told to continue 
teaching evolution. 

My goal in sharing this information is to demonstrate that biology 
educators, at all levels, have similar experiences during their careers. 
Teaching evolution and other controversial topics can cause difficulties 
not only for our students and ourselves, but also for our fellow edu-
cators, administrators, friends, neighbors, and community members. It 
is easier to avoid the subject completely or to give non-science equal 
time. But by doing so, are we providing the best possible biology and 
life-science education to our students?

Participation in NABT can help with situations like these. The NABT 
community can (and will) provide support and assistance as you pursue 
your passion to provide students with a sound biology education, one 
that includes evolution and other controversial topics such as climate 

From the President
Daniel Ward 
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change, stem-cell technology, cloning, genetic engineering, sex educa-
tion, and human overpopulation. Being part of NABT makes you a better 
teacher, a teacher who is willing to present and discuss these and other 
controversial issues in the biology classroom. Being part of NABT helps 
you become a teacher who is willing to stand up to “the creationist down 
the hall.” 

As you celebrate Darwin Day this February, remember that it’s not just 
about evolution, it’s about “being the best biology educator you can be.”

Dan Ward
NABT President—2011
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M i c h a e l  D o u g h e r t y

 GUEST “Six million yearS ago, what Set our  
 EDITORIAL  anceStorS on the path from ape to human?”

Wait a minute, don’t apes still exist? In fact, 
aren’t humans apes? The title and script above 
are taken from NOVA’s “Becoming Human” 
series, which aired in November 2009. Such 
statements perpetuate common misconcep-
tions about human evolution. If they struck 
you as incorrect, then you probably understand 
evolution well enough to avoid conveying these 
misconceptions to your students. Yes, apes still 
exist, humans are apes, and humans didn’t 
evolve from apes. Humans and apes evolved 
from a common ancestor. Unfortunately, that 
understanding escaped the producers.

Human evolution is one of the most difficult 
topics to teach well, and one of the most con-
troversial. For those reasons, it is essential that 
learning materials be accurate. Sadly, NOVA – 
a commonly used and typically reliable curric-
ulum resource for biology teachers – opted in 
this case for pithy and dramatic language over 
more accurate but less familiar language. With 
that choice, NOVA missed a nice opportunity 
to help students, teachers, and, perhaps more 
importantly, a large audience of adult viewers 
to correct or avoid a common misconception 
about human evolution. Handled differently, 
this was a chance to distinguish direct ancestry 
from evolutionary branching and divergence 
from a common ancestor through descent with 
modification.

This brief editorial attempts to do only 
two things: (1) call attention to this unfortu-
nate and avoidable error; and (2) suggest a way 
to turn that error into a teachable moment for 
your students, especially if you plan to use this  
otherwise informative program. 

Errors in public presentations of science, 
as with errors in science itself, should be iden-
tified and corrected whenever possible, lest 
our silence be taken as assent. In this case, my 
intent is not to embarrass PBS or NOVA but 
to make certain that the producers of such 
influential shows realize that the scientific and 
teaching communities expect better.

The “Becoming Human” series has already 
been broadcast nationally and is available via 
DVD and online through NOVA’s Web site. If 
you are planning to use “Becoming Human” in 
your teaching, consider integrating the excerpts 
above (and others, particularly in Part I) to elab-
orate on the fundamental principles of human 
evolution. Take advantage of the series’ misstate-
ments to challenge your students to think about 
the difference between “humans evolving from 
apes” and “humans and other apes evolving and 
diverging from common ancestors.”

Ask your students to pinpoint the errors 
and suggest that each student or pair of students 
rewrite the passages to make them correct. Con-
sider having a brief discussion about possible 

reasons why the content was presented incor-
rectly – for example, ignorance on the part of 
the writers. Interestingly, it is only the program 
copy written for the narrator that systematically 
uses incorrect statements about human evolu-
tion; the experts who are interviewed speak 
more accurately. This distinction might provoke 
the students to consider other possibilities, such 
as a desire for dramatic effect (e.g., imagining 
nonhuman apes actually turning into humans) 
or concern that the public would be unable to 
understand the concept of common ancestry. 
The misstatements in this exercise could also be 
used as the basis of quiz or exam questions. 

When students understand common 
ancestry, many of the objections to evolution 
raised by creationists and the otherwise misin-
formed lose traction. “Becoming Human,” despite 
its shortcomings, can be used productively to 
advance that crucial learning objective.

michael DougherTy, a long-time nabT member, 
is Director of education at The american Society of 
human genetics, 9650 rockville Pike, bethesda, mD 
20814; e-mail: mdougherty@ashg.org. nova’s “becom-
ing human” series is available online at www.pbs.org/
wgbh/nova/evolution/becoming-human-part-1.html.

Doi 10.1525/abt.2011.73.2.2

(a) NARRATOR: Humans: without a doubt, the smartest animal on Earth. Yet we’re unmistakably tied to our ape origins. Millions of years ago, we were apes, 
living ape lives in Africa. So how did we get from that to this? What happened? What set us on the path to humanity? [Opening narration]

(b) NARRATOR: But Selam’s brain was only around 75 percent of its adult size, suggesting it was growing up slower. Childhood would have been her time to learn, 
to learn the survival strategies her family group needed to live in a dangerous world. Perhaps this set the stage for our longer human childhood when culture is 
handed down. But is there any other evidence Selam’s brain was becoming more human and less ape? To find out, compare a human brain to a chimp’s. 
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AbstrAct

Erasmus Darwin was a founding member of the Lunar Society of Birmingham, the 
members of which were referred to as “Lunaticks.” He is here described as a polymath, 
an 18th-century “natural philosopher” who was a physician, scientist (with interests 
in botany, zoology, meteorology, chemistry, among others), inventor, and poet who 
also advanced quite profound evolutionary ideas two generations prior to those of his 
grandson, Charles Robert Darwin.

Key Words: Erasmus Darwin; Charles Darwin; Lunatick; polymath; physician; poet.

Less well known and recognized than his grandson Charles Robert Darwin, 
or the latter’s cousin Francis Galton (father of eugenics), Erasmus Darwin 
deserves recognition as a leading figure of the 19th century with many 
fields of interest. My intent in this brief essay is to bring to the atten-
tion of biology teachers some of the contributions he made to the fields 
of medicine, agriculture, botany, and zoology 
and also to touch briefly on aspects of his wide-
ranging inquiries in other fields. Because of the 
breadth of his interests, the contributions he made 
in a broad range of subjects, and his abilities as a 
poet, Erasmus Darwin must be recognized as a true 
Renaissance man – a polymath.

A Brief BiographyJ JJ

Erasmus Darwin, the seventh and last child of Robert, a barrister, and 
Elizabeth Darwin, was born 12 December 1731 in Elston, about 10 miles 
northeast of Nottingham in the heart of England. Throughout his life he 
bore a lock of white hair attributed to an accidental blow to his head from a 
maidservant. Starting at the age of 10, he pursued a classical education for 
6 years while also indulging in mechanical experiments such as developing 
an alarm for his fob watch. At age 19, he began study at St. Johns College, 
Cambridge, to become a physician. This is where he first gained fame as 
a poet, for his flowery elegy on the death of Frederick, Prince of Wales. 
In 1853, he departed to London to attend anatomy lectures and courses 
on the then popular sweating cure for venereal diseases. Later that year, 
he went to Edinburgh to finish his study of medical theory and practice. 
Unlike today’s invasive examination procedures, the practice then was a 
matter of deducing from a patient’s face the nature of the disease, inasmuch 
as touching, let alone examining, any part of the body was forbidden.

In spite of his heavy drinking (he later became abstemious) and pursuit 
of women (always a weakness), he presented his thesis in 1756 and was 
Doctor Darwin at age 25. His first practice in Nottingham was a disaster, 
with only one patient – who died. In November 1756 he moved to Litch-
field, where he gained almost immediate favor by curing a man whose own 
physician had predicted a speedy death. Over the years, he developed a 
reputation as a doctor with uncanny skills who treated the poor without 
charge and made house calls among the wealthy to pay his bills.

He married 17-year-old Mary (Polly) Howard on 30 December 1757, 
and they had five children, the last being Robert, father of Charles Robert 
Darwin; a son and daughter died in infancy. After Polly’s death in 1770 from 
cirrhosis of the liver (she had become an alcoholic), he took his son Robert’s 
governess, Mary Parker, as his mistress, and together they had two daugh-
ters. Subsequently, on 7 March 1781 he married a 33-year-old widow, Eliz-
abeth Pole, who already had three children; together they had four boys, 
the last of whom died in infancy, and three girls. So the Darwin household 

had a total of 11 surviving children of assorted ages 
and of four different parentages, Erasmus having 
been responsible for 14 of them. Quite a man.

Erasmus died on 18 April 1802 at the age of 
70, probably from pneumonia, for which he seems 
to have treated himself with digitalis and forced 
bleeding. He was buried at Breadsal Church next 
to his son Erasmus, the second son of his first 
marriage, who had died by drowning 3 years ear-
lier at the age of 40. In his biography of his grand-

father, Charles Darwin stated that his uncle’s death had been an “act of 
suicide committed during temporary insanity” (King-Hele, 2003).

Also according to his grandson’s biography, Erasmus

stammered greatly, and it is surprising that 
this defect did not spoil his powers of con-
versation. A young man once asked him in, 
as he thought, an offensive manner, whether 
he did not find stammering very inconve-
nient. He answered, ‘No, Sir, it gives me 
time for reflection, and saves me from asking 
impertinent questions’. (King-Hele, 2003)

And Charles gives us further insight into the character of Erasmus when 
he writes

Erasmus Darwin must 

be recognized as a true 

Renaissance man – a 

polymath.
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Throughout his letters I have been struck 
with his indifference to fame, and the 
complete absence of all signs of any over-
estimation of his own abilities or of the suc-
cess of his works…he was remarkably free 
from vanity, conceit, or display; nor does he 
appear to have been ambitious for a higher 
position in society. (King-Hele, 2003)

Erasmus Darwin: PolymathJ JJ

Erasmus Darwin was one of the founders of the Lunar Society of 
Birmingham (Bronowski & Mazlish, 1960; Hart-Davis, 2001; Uglow, 
2002), a group that included, over time, Matthew Boulton, a manufac-
turer of toys and buckles (then a must for one’s shoes and other accou-
terments); William Small, Boulton’s doctor and a mentor of Thomas 
Jefferson; potter Josiah Wedgwood; chemist James Keir; steam-engine 
builder James Watt; discoverer of oxygen Joseph Priestly; and a number 
of others. The group would meet for wine and dinner, share experi-
mental findings, and argue into the evening before mounting their horses 
for the ride home. They chose to meet regularly on the Sunday nearest 
the full moon, which is why they called themselves the Lunar Society of 
Birmingham, or “the Lunaticks”; the full moon enabled them to see their 
way home. Given their composition and contributions, it is little wonder 
that the Lunaticks and other groups like them, in substantial measure, 
kick-started the Industrial Revolution.

Darwin was an inveterate tinkerer and designer: he designed improve-
ments to his carriage; conceptualized what he called a “fiery chariot” 
(a three-wheeled, two-cylinder steam engine with a single boiler); a 
horizontal windmill to grind color for Wedgwood’s pottery; a speaking 
machine that produced the sounds of the letters a, b, m, and p and 
pronounced the words “mama,” “papa,” “map,” and “pam”; telescopic 

candlesticks; an artificial bird with wings that flapped up and down; a 
mechanical copying machine (similar to the pantograph); a melonometer to 
automatically open and close the windows of a greenhouse; and yet more. 
He even piloted his own hydrogen-filled balloon on 26 December 1783, 
thereby becoming the first Englishman to fly a large hydrogen balloon.

In his first scientific paper, published in the Royal Society’s Philosophical 
Transactions in 1757, he proposed that solar heat, cooling, and expan-
sion determined cloud behavior and later that air cools as it expands, 
which explains how clouds form when air rises and expands in the higher 
reaches of the atmosphere. During a visit by Benjamin Franklin, the two 
tried unsuccessfully to collect marsh gas (i.e., methane) and ignite it as 
Franklin had demonstrated in the wetlands of New Jersey. 

His interest in what was then called “fossiling” led him to explore 
caves and perform chemical experiments on minerals to see if they 
would fuse into glass or produce new gases. Surprisingly to me, in spite 
of being a physician, he had trouble identifying fossil bones. Darwin 
became convinced that warm springs were heated by deep volcanic fires 
and that the central parts of the Earth consist of a fluid mass that is partly 
iron. But most importantly, his cave explorations and fossil finds led 
him to believe that all species had descended from one common micro-
scopic ancestor – the beginnings of a coherent theory of evolution that 
he would eventually develop. Finally, his interest in Hutton’s theories 
and the uniformitarianism principle led him to believe that Earth had 
been formed millions of years ago – a heretical idea in those times.

In addition to his active participation in the Lunar Society, Darwin 
formed the Lichfield Botanical Society in 1779 and the Philosophical 
Society of Derby in 1783. The latter was a more formal group than the 
Lunar Society, which, as noted above, was made up of friends. It began 
with seven members, but languished during its first six or so months 
while Darwin was away. At its first full meeting on 7 August 1784, 
Darwin delivered a presidential address in which he urged the society 
to establish a library that “by their publications we may add something 
to the common Heap of knowledge.” The group decided to meet on the 
first Saturday of every month and established an entrance and subscrip-
tion fee, as well as a fine for missing a meeting, to be used to buy books 
on natural history and philosophy. The Society endured for over 70 years 
and organized lectures and writings for the first 13 years, at which time 
it merged with the Derby Museum and Library.

Erasmus Darwin: PhysicianJ JJ

As already noted, Darwin had attained an enviable reputation as a phy-
sician. Building on Withering’s discovery of the effects of dried and 
ground foxglove (Digitalis purpurea) leaves and inspired by that scientist’s 
experimental methodology and careful recording of data, Darwin began 
keeping notes on all his cases. In 1794 he published these notes and 
observations in the first volume of Zoonomia, in which he described such 
diseases as scarlet fever, smallpox, measles, mumps, scabies, and worms 
as well as conditions such as melancholia, anger, boredom (Taedium 
vitae), credulity (Credulitas), ambition, and even sentimental love. The 
second volume of Zoonomia, containing Parts II and III, appeared in 
1796. With the aim of improving society through medicine rather than 
politics, Zoonomia made him Britain’s leading medical writer.

Regarding Darwin’s renown as a physician, his grandson relates an 
incident in which “a gentleman in the last stage of consumption came 
to Dr. Darwin at Derby.” After examining him, Darwin told him he had 
“perhaps a fortnight” to live. Curious, Darwin then said, “But as you 
come from London, why did you not consult Dr. Warren, so celebrated 
a physician?” “Alas! doctor, I am Dr. Warren.” Dr. Warren died a week or 
two later (King-Hele, 2003).

Darwin recognized the importance of the principle of inheritance in 
disease. He remarks in his 1803 The Temple of Nature; or, the Origins of 
Society: “As many families gradually extinct [sic] by hereditary diseases, 
as by scrofula, consumption, epilepsy, mania, it is often hazardous to 

Portrait of Erasmus Darwin after Joseph Wright (1770).  
© Darwin College and Darwin Heirloom Trust.  
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marry an heiress, as she is not unfrequently the last of a diseased family.” 
This also shows his sense of humor.

In 1778, upon the death from an infected wound of his eldest son, 
Charles, who at 19 was in his second year as a medical student, Erasmus 
vowed to complete and publish his son’s thesis. Charles had been awarded 
a gold medal for an essay that distinguished between pus and mucus and 
was writing his thesis on the lymphatic vessels. Two years after Charles’s 
death, Erasmus indeed published Experiments Establishing a Criterion 
between Mucaginous and Purulent Matter, which included accounts of five 
cases treated with digitalis, the first publication of such a cure. It is likely 
these were Erasmus’s own cases – there is doubt that his son ever treated 
anyone with digitalis. 

Yet another dimension of his medical prowess was evidenced 
when he advocated what is now common practice, namely killing and 
burying cattle that had become infected with a virulent disease instead of 
bleeding and purging them as was typically done. Further, he encouraged 
extending this destruction to all cattle within a 5-mile radius, which is 
likewise now common practice.

Concerned that there was no public institution for the relief of the 
poor in sickness, he proposed that a society be formed, with members 
subscribing a guinea each, to retain a room as a dispensary where the 
medical men of town would give of their time gratuitously. He hoped that 
the dispensary would eventually become an infirmary.

Darwin spoke strongly on the “evil effects of intemperance,” chiefly 
on the grounds of ill-health. However, according to his grandson, 

He himself during many years never 
touched alcohol under any form; but he 
was not a bigot on the subject, for in old age 
he informed my father that he had taken to 
drink daily two glasses of home-made wine 
with advantage. Why he chose home-made 
wine is not obvious; perhaps he fancied that 
he thus did not depart so widely from his 
long-continued rule. (King-Hele, 2003)

Erasmus Darwin: Botanist, Agriculturist J JJ

& Zoologist
As was the case in his other work, Darwin collaborated by letters and 
inquiries among a number of botanists of the time, including Carolus 
Linnaeus (junior), with whom he undertook a translation of the elder 
Linnaeus’s Systema Vegetabilium (System of Vegetables), published in 1783. 
While retaining much of Linnaeus’s Latin terminology, such as stamina 
and pistil, Darwin developed a new botanical vernacular (e.g., “awl-
pointed” for acuminatum). Two years later, he published an English trans-
lation of Linnaeus’s Genera Plantarum (Families of Plants).

Darwin’s Phytologia: or, the Philosophy of Agriculture and Gardening, 
published in 1800, was intended to systematize agriculture and gardening 
into a science. Among other components of the treatise, he urged that 
land be used for wheat, not cattle, and that grain be used for bread, not 
brewing. He proposed forestation of Britain’s mountainous regions and 
the cultivation of timber. Throughout the book there is a strong inkling 
of what would later be the science of ecology as he advanced the notion 
that plants, animals, humans, and human knowledge were all interlinked 
parts of nature. Further to that ecological notion is his conception of the 
role of competition in nature, as noted by his grandson: 

The stronger locomotive animals devour 
the weaker ones without mercy. Such is the 
condition of organic nature! Whose first law 
might be expressed in the words, ‘eat or be 
eaten’, and which would seem to be one 

great slaughterhouse, one universal scene of 
rapacity and injustice. (King-Hele, 2003)

Without question, Zoonomia; or, the Laws of Organic Life (vol. 1, 1794 
and vol. 2, 1796), which he began writing in 1770, was Erasmus Dar-
win’s crowning achievement, making him Britain’s leading medical writer. 
Drawing on his own four decades of medical practice, Darwin described a 
number of diseases and other afflictions in great detail. Further, again pre-
saging what his grandson would publish some 62 years later, he elaborated 
on Buffon’s ideas about evolution and anticipated some of Lamarck’s sug-
gestions on the subject, arguing that evolutionary changes were brought 
about by the direct influence of the environment on the organism.

These early thoughts on evolution were developed more explicitly 
in his Temple of Nature; or, The Origin of Society, published in 1803, a 
year after his death. Here he proposed that the universe was formed by 
“chemic dissolution” and that, in the universal cycle of nature, organic 
matter could not be destroyed but only transformed (e.g., caterpillar into 
butterfly, tadpole into frog). Further, he proposed that organic life devel-
oped in the sea, that animals adapt to their environment, and that animal 
breeding showed how characters could be molded through generations. 
He also advanced the notion that scientists and industrialists were the 
deities of the modern age. The notion that life evolved from “microscopic 
filaments” in the sea was further conveyed in the motto added to his 
bookplate in 1771, E conchis omnia – everything from shells.

Erasmus Darwin: PoetJ JJ

Darwin’s bent toward poetry, demonstrated in his “Death of Prince Fred-
erick” in 1751, came into full bloom in his epic The Botanic Garden: A 
Poem in Two Parts, written in heroic couplets. Part II of the poem, The 
Loves of Plants, published in 1789, preceded Part I, The Economy of 
Vegetation, by 3 years. An example of his use of rhyming couplets is the 
following from Canto I, lines 27–32:

Oh, lead destined steps to yonder glade,

Whose arching cliffs depending alders shade;

There, as meek Evening washes her temperate breeze,

And moon beams glimmer through the trembling trees,

The rills, that gurgle round, shall shoothe her ear,

The weeping rocks shall number tear for tear;

In The Economy of Vegetation, Darwin emphasized the self-reg-
ulating economy of the natural world, another ecological notion, a 
position that led to accusations of his being atheistic and sympathetic 
to the French Revolution, for which he was ridiculed by the British 
government. In Loves of Plants, he related many observations on plant 
life and coined such new words as “bracts,” “anthers,” and “florets,” 
often with anthropomorphic sexual overtones. The intent of The 
Botanic Garden was to “induce ladies and other unemploy’d scholars 
to study Botany.” This said, the poem earned him recognition as Eng-
land’s leading poet, praised by no less than Lord Byron. The poem 
had a major influence on the Romantic poets (Wordsworth, Coleridge, 
Shelley, Byron, Keats), who were “both frightened and fascinated by 
Darwin” (Hassler, 1973).

Erasmus Darwin: Multifaceted PersonJ JJ

When the two Parker daughters started a girl’s boarding school in 1794 
in which their two Darwin stepsisters were enrolled, Erasmus wrote for 
them A Plan for the Conduct of Female Education in Boarding Schools (1797), 
in which he incorporated the then current thinking on education. As 
Charles Darwin notes in the biography, this plan



The american biology Teacher eraSmuS DarWin 71

is strongly characterized throughout by plain 
common sense, with little theorising, and is 
everywhere benevolent. He insists that pun-
ishment should be avoided as much as pos-
sible, and that reproof should be given with 
kindness. (King-Hele, 2003)

The Plan was not only progressive, it was extremely supportive of 
women’s rights to education. 

There seems no more apt summary of, and tribute to, Erasmus 
Darwin’s life than the inscription on his headstone, as quoted by Charles 
Darwin in the biography:

Of the rare union of Talents/ which so 
eminently distinguished him/ as a Phy-
sician, a Poet, and a Philosopher/ His 
writings remain/ a public and unfading 
testimony./ His Widow/ has erected this 
Monument/in memory of/ the zealous 
benevolence of his disposition,/ the active 
humanity of his conduct,/ and the many 
private virtues/ which adorn his character. 
(King-Hele 2003)

Now may Erasmus Darwin not be completely overshadowed by his 
illustrious grandson, who most certainly inherited some very powerfully 
creative genes.
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AbstrAct

The oceans are among the most biodiverse of Earth’s environments. Introducing students 
to this diversity in the field provides an opportunity to examine the evolution of animals. 
We detail how readily a field-based biodiversity and evolution class can be designed and 
taught in a phyletically diverse marine setting in North America.

Key Words: Teaching biodiversity; marine field stations; taxonomy; molecular phylo-
genetics; morphology.

An understanding of biodiversity – and, specifically, of how diversity is tied 
to evolution – is difficult to fully convey in a classroom setting. Taxonomy 
and biodiversity are often taught through rote memorization of taxonomic 
names in the spirit of the Linnaean hierarchy, not allowing students the 
opportunity to handle real, tangible specimens. Field-based courses permit 
students to have hands-on, practical training in 
these areas without relying solely on textbooks. For 
biology teachers, this may entail the uncertainty 
of finding accessible and relatively small areas in 
which substantial marine phyletic biodiversity can 
be found. Indeed, it may surprise some to hear 
that such localities exist in North America. In May 
2009, we conducted an 11-day field course in Pas-
samaquoddy Bay, New Brunswick, based out of 
Huntsman Ocean Sciences (HOS) in St. Andrews. 
The main objective of the course was to survey and 
inventory the local marine biodiversity in terms of 
taxonomic richness and, moreover, to use genetic 
material from collected specimens to create an 
animal “tree of life” showing the evolutionary history of the organisms col-
lected by the students. The variety of environments in Passamaquoddy Bay 
and the resources provided by HOS create a rich field experience that pro-
vides firsthand experience in discovering biodiversity and in using various 
methods of organismal collection. This article is meant to highlight the 
availability of such a location for conducting a marine field course that 
focuses on surveying biodiversity. Furthermore, we suggest a model for 
conducting subsequent molecular phylogenetic analyses that can discern 
the evolutionary relationships of the collected specimens. Although this 
course was conducted at a graduate level, it is applicable to undergraduate 
biology students and could even be adapted to fit a high school biology cur-
riculum. Field studies conducted in the manner of this course illustrate the 

interdisciplinary nature of modern organismal biology and engage students 
in scientific inquiries outside the walls of the classroom. 

Course LocationJ JJ

All around the world are rainforests, coral reefs, and islands, each extremely 
high in biodiversity, and such phyletically diverse regions can also be found 
in North America. St. Andrews (Fig. 1) is the base for HOS, an extensively 
equipped research station (costs associated with accommodations at HOS, 
including meals and vessel hire, can be found at http://www. huntsman-
marine.ca.). Located on the shores of Passamaquoddy Bay at the mouth 
of the Bay of Fundy, HOS houses full laboratory facilities complete with 
stereo and compound microscopes as well as numerous holding tanks 
and aquaria with flowing seawater for live specimens. For the offshore col-

lections conducted during this course, the HOS’s 
50-foot research vessel, the Fundy Spray, was used 
for oceanographic sampling, including bottom 
dredging, sediment grabbing, and midwater 
trawling. In highlighting the use of HOS resources, 
we note that we have no official affiliation with 
this facility, nor do we benefit from endorsing it. 
A recently published review of marine laboratories 
(Hodder, 2009) included several useful Web sites, 
such as the Organization of Biological Field Sta-
tions (http://www.obfs.org) and the National Asso-
ciation of Marine Laboratories (http://www.naml.
org), which contain databases of marine labs and 
other field stations all around North America that 

can be utilized for teaching courses like this one. Our intent here is merely 
to underscore the availability and utility of such field stations in teaching. 

Setting of Passamaquoddy BayJ JJ

Passamaquoddy Bay is an inlet of the Bay of Fundy, on the Atlantic coast of 
North America between the Canadian provinces of Nova Scotia and New 
Brunswick. The Bay of Fundy has one of the largest vertical tidal ranges 
in the world, and Passamaquoddy Bay experiences a mean tidal range 
of about 6 m (~20 feet; Lacroix & McCurdy, 1996). At its highest point, 
the tide in the Bay of Fundy can range upward of 16 m a day (~52 feet; 
Dalrymple & Choi, 2007). This macrotidal environment creates numerous, 

Field studies conducted 

in the manner of this 

course illustrate the 

interdisciplinary nature 

of modern organismal 

biology.
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varied habitats in the vicinity of Passamaquoddy Bay that can be explored 
even without the use of a boat (Figure 2). Within a short drive (or walk) 
from the research station, mud flats, sandy intertidal zones, salt marshes, 
algal fields, mussel banks, and rocky intertidal zones are accessible (Figure 
3). The numerous ecological niches of the organisms, coupled with the 

many microhabitats that the changing tides create (e.g., tidal pools and 
rock crevasses), allows the bay to maintain a wide array of life and is ideal 
for a class designed to survey biodiversity. Moreover, and mostly owing to 
the tidal range, the bay exhibits a large variation in salinity, wave energy, 
and depth, which mediates the presence of numerous different species with 

Figure 1. Map of the setting of Passamaquoddy Bay, an inlet of the Bay of Fundy. All sampling localities lay within the yellow box, 
and the discontinued line represents an 11-km stretch.

Figure 2. Pea Point is an example of a rocky intertidal 
environment located in Passamaquoddy Bay where a variety  
of gastropods and echinoderms are found.

Figure 3. As a contrast with Figure 2, extensive mud flats 
provide an ideal habitat for mud-dwelling worms and bivalves.
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different habitat preferences, all within mere meters of each other. Visits to 
these environments, combined with oceanic excursions and sampling on 
the available HOS vessels, allow students to get excellent experience with 
various collection methods and see the immense diversity of life that can 
be collected in this one region. Notably, many of the phyla collected can be 
found at most intertidal coastal sites. This could allow schools to conduct 
courses under the regime detailed here without costs associated with trans-
portation. However, we want to highlight the experiential side of learning 
about biodiversity, and we believe that students’ experiences will be more 
memorable if a field trip is conducted to an unfamiliar place.

Equipment, Sampling & On-site Lab WorkJ JJ

In order to create a biodiversity inventory, it was important for the 
students in our course not only to learn about the taxonomic biodiver-
sity of Passamaquoddy Bay, but also to grasp how this biodiversity can 
be assessed in the field – within the time constraints of an academic 
course. With basic field gear such as rubber boots, forceps, nets, buckets, 
shovels, sieves, and collection jars, the students surveyed the diversity of 
the various intertidal environments. Different sampling strategies, such 
as transects and plots, were utilized to more systematically cover the 
area sampled, and for this, students used a tape measure and poles to 
map out the sampling plot. Because the richness of the students’ experi-
ences during a biodiversity course is dependant on unveiling this diver-
sity, finding a successful sampling strategy is pivotal. Discussions and 
empirical testing of different strategies may be useful for increasing the 
students’ understanding of diversity inventories. For example, insuffi-
cient sampling effort and equipment bias may obscure the impressions 
of the actual diversity. Discussions of the effect of sampling strategies 
on apparent diversity are numerous in the literature (e.g., Gray, 2000; 
Stockwell & Peterson, 2002).

There are a variety of ways to fix and preserve specimens. Absolute 
(100%) ethanol was used here for preserving specimens meant for DNA 
sequencing because the high percentage of ethanol helps ensure that 
genetic material can be successfully extracted in the laboratory. However, 
it has been suggested that absolute ethanol should not be used for pre-
serving some taxa (e.g., zooplankton; http://www.cmarz.org/). Instead, 
a lower-alcohol-content preservative (e.g., 95%) is used, and this may 
also be advisable when preserving other taxa (see Dawson et al., 1998). 
Formalin can be used to preserve specimens for collection purposes and 
morphological analyses, but genetic material cannot be extracted from 
these specimens. Formalin, ethanol, and RNAlater can be obtained from 
any biology supply catalogue. Parasites and various types of small organ-
isms can be fixed, stained, and cleared on glass slide mounts for viewing 
internal morphology. Preservation of identified organisms is necessary 
for all specimens that are intended for DNA sequencing and, in addi-
tion, preserved specimens can be used for teaching purposes within the 
classroom. Identification of organisms collected in the field was based 
on detailed regional field guides for marine life that are catalogued at the 
research station (e.g., Smith, 1964; Gosner, 1971; Bromley & Bleakney, 
1985).

Parasites, too, can be part of the biodiversity survey, and these are 
easily found when dissecting and examining the intestines of ray-finned 
fishes and skates and when performing blood smears on microscope 
slides. This is an example of an unexpected unit of study that can be 
presented to students to demonstrate that there is considerably more 
diversity in the marine realm than meets the eye. 

The scope of morphological adaptations that can be found by the 
students provides a great setting in which to introduce them to the 
evolution of life and form. A unit describing the taxonomy, life history, 
and evolutionary position of each marine phylum helps the students 
begin to understand how organisms found in the bay can illustrate 
some of the evolutionary transitions that these forms of life have under-
gone. For example, the presence of sea squirts in Passamaquoddy Bay 

permits the students to study tunicates (phylum Chordata), which are 
related to all later vertebrates, including humans. Constructing such 
lessons for all the collected phyla gives the students an evolutionary 
context for the organisms they are finding and help them comprehend 
the tree of life before they create their own hypothesis with the gath-
ered specimens.

Allowing students to engage in hands-on sampling has numerous 
benefits. Beyond learning about the lifestyle strategies of various organ-
isms, how physical properties of the ocean such as tides and water 
depth influence biodiversity, and how to sample these organisms most 
effectively, students are exposed to the pure joy of field collecting. 

Molecular PhylogeneticsJ JJ

Studying biodiversity in terms of taxonomic richness is essentially an 
exercise in recognizing morphological traits and relating them to existing 
taxonomic and nomenclatural keys, the final result of which is relating 
the specimen to a scientific name (authoritative taxonomic information 
on plants, animals, fungi, and microbes of North America can be found 
on the Integrated Taxonomic Information System Web site at http://
www.itis.org). Although this is no trivial exercise given the ongoing 
debates over the taxonomy and systematics of a multitude of organ-
isms (e.g., because of competing categories of characters; see Bowker, 
2000; Cantino & de Queiroz, 2004), studies that highlight descent from 
common ancestors may help students understand why certain organisms 
share higher-level taxonomic names. For example, lobsters and barnacles 
are both included in the subphylum Crustacea, something that may be 
hard to understand from viewing only adult specimens. Biramous limbs 
and nauplius larvae, apomorphic characters for crustaceans, can readily 
be optimized on an evolutionary tree, showing students why these taxa 
and other crustaceans share taxonomic identity. Thus, phylogenetics 
(the study of evolutionary relatedness) can be a logical continuation of 
taxonomic studies to further students’ knowledge of the hierarchical 
categorization of biodiversity.

The results of phylogenetic studies are commonly illustrated in the 
form of a tree of life, also known as a phylogenetic tree, that depicts 
the evolutionary paths the organisms have taken (see http://tolweb.
org/tree/). Rather simplified, a phylogenetic tree consists of bifurcating 
branches. At the tips of these branches are the sampled specimens, 
and the bifurcations represent the points at which two or more ances-
tors diverged morphologically and/or genetically. Through phyloge-
netic analysis one can trace evolution backwards, from the specimens 
under study to the root of the tree, via a series of common ancestors. 
As such, phylogenetics can greatly facilitate the learning of morpho-
logical and genetic evolution and the taxonomic classification of life, 
because the tree provides a visual representation of the evolutionary 
pathways. We believe that the value of adding a phylogenetic level to 
a study of biodiversity comes from understanding why the presence 
of some morphological characters (apomorphies) will place organisms 
in different taxonomic groups. In addition, because similarity does not 
equal common ancestry, a phylogeny will ensure that the students have 
correctly identified specimens that may be more or less nondescript or 
morphologically dubious.

DNA sequencing is no longer a prohibitively advanced technology. 
We encourage any teacher who wants to perform a field course similar 
to this to consider how students will benefit from being taught molec-
ular techniques such as DNA sequencing. Students are more likely to 
appreciate and remember information gained by practical applications 
(especially those carried out by themselves) than that gained by theo-
retical applications alone (Zervanos & McLaughlin, 2003). The layout 
of this course naturally welcomes further analyses of the organisms that 
were collected. Having been the collectors, the students already have 
an affinity for the specimens, which will make any subsequent analyses 
increasingly interesting to them. 
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Laboratory-Based PortionJ JJ

For this course, the result of the collection and genetic analyses was 
intended to be a phylogenetic tree encompassing a substantial part of 
the marine animal kingdom and based on specimens collected in Pas-
samaquoddy Bay. 

In total, 141 animal species were recorded within an 11-km radius 
(~7 miles), including representatives of 12 animal phyla (see Table 1). 
We preserved 53 specimens in absolute ethanol for DNA sequencing, 
and a total of 115 specimens were preserved in either ethanol, RNAlater, 
or formalin. At least one specimen from each of the represented phyla 
was chosen for the DNA sequencing to ensure that the resulting tree 
encompassed the broad diversity found. 

Standard protocols were used for the total genomic DNA extraction, 
and for the amplification and sequencing of the cytochrome-c oxidase 
subunit I gene (COI) and the small nuclear subunit ribosomal gene (18S). 
The protocol in its entirety can be found at http://sites.google.com/site/
kvistetalabt/home. The ribosomal 18S was used for the phylogenetic 
analysis because it has previously been shown to evolve at a rate that is 
useful for reconstructing deeper (more ancient) phylogenetic relationships 
among animal phyla (e.g., Zrzavy et al., 1998). The COI gene, on the 
other hand, was used to verify field identifications through DNA barcoding 

(see Hebert et al., 2003). The purpose of DNA barcoding is to allow for 
genetic identification of unknown, partial, or damaged specimens, so its 
use is ideal for nonexperts. The attention directed toward this method has 
greatly increased since its conception, with possibilities and limitations 
being widely published (e.g., Hajibabaei et al., 2006; Siddall et al., 2009). 
Regardless of this, the COI gene has in several cases been shown to be a 
good indicator of differing evolutionary histories among organisms.

This stage of the course was meant to give important insights 
and practical knowledge of basic DNA isolation, amplification, and 
sequencing, all under the umbrella of molecular systematics and 
evolutionary mechanisms.

Phylogenetic AnalysisJ JJ

At the phyletic level, biodiversity is greater in the marine than in the terres-
trial, freshwater, or symbiotic realms, with several phyla being exclusively 
endemic to the oceans (Grassle et al., 1991). Biodiversity is frequently dis-
cussed at the phyletic level (e.g., Gray, 1997; Lopez et al., 1999), and there-
fore our phylogenetic analysis was geared toward including representatives 
of each phylum collected. Initially, our COI sequences were compared 
with the Barcoding of Life Data System (BOLD; http://www.barcodinglife.
org), which currently manages more than 800,000 COI sequences. BOLD 

Table 1. Alphabetical list of phyla found in Passamaquoddy Bay, including lower hierarchical ranks of the 
organisms.

Phylum Lower Taxonomic Rank Phylum Lower Taxonomic Rank

Annelida Class: Polychaeta Cnidaria Class: Anthozoa

Class: Clitellata Class: Hydrozoa 

 Subclass: Oligochaeta Class: Scyphozoa

 Subclass: Hirudinea

Echinodermata Class: Echinoidea

Arthropoda Subphylum: Crustacea Class: Holothuroidea

 Class: Malacostraca Class: Asteroidea

  Order: Amphipoda Class: Ophiuroidea

  Order: Isopoda 

  Order: Decapoda Hemichordata Class: Enteropneusta

 Class: Maxilopoda

  Subclass: Thecostraca Mollusca Class: Bivalvia

   Infraclass: Cirripedia Class: Gastropoda

  Subclass: Copepoda Class: Polyplacophora

 Class: Ostracoda

Nematoda Class: Unknown

Bryozoa  Class: Gymnolaemata

  Order: Ctenostomata Nemertea Order: Hoplonemertea

Order: Heteronemertea

Chordata Subphylum: Urochordata

  Class: Ascidiacea Platyhelminthes Class: Turbellaria

Subphylum: Vertebrata   Order: Polycladida

  Class: Actinopterygii Class: Cestoda

  Class: Sarcopterygii Class: Trematoda

Porifera Class: Demospongiae
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is open-access and rapidly reports the identity of the closest match to the 
query sequence. In all but four cases, the COI sequences from our identi-
fied specimens were matched with representatives of the same phylum 
and, in most cases, these were also matched with the same genus as deter-
mined by the students. In five cases, however, the COI sequences found 
no match in the database, which suggests that these particular species 
have not been sequenced before. Clearly, BOLD is a great instrument for 
establishing the identity of specimens and, for this project, identification of 
specimens need not necessarily go further than the phyletic level.

It is important to understand that any sequencing effort performed 
at this level will be more or less incomplete in terms of taxonomic and 
genomic inclusiveness, which could lead to skewed phylogenetic hypoth-
eses. There are simple (albeit rather costly) ways of remedying this (e.g., 
more complete taxon sampling and gene sequencing). We chose to mini-
mize the error involved in recovering phylogenetic relationships (while 
keeping costs low) by also including forty-two 18S sequences downloaded 
from GenBank (http://www.ncbi.nlm.nih.gov/), thus stabilizing the tree, 

because phylogenetic algorithms benefit from larger sample sizes.
The phylogenetic analysis discussed here is described in its 

entirety at http://sites.google.com/site/kvistetalabt/home, and the 
phylogenetic tree is presented in Figure 4. The tree agrees with recent 
phylogenetic hypotheses in many respects, including the monophyly of 
Deuterostomia and Chordata (colored blue in Figure 4). Although each 
of the phyla are recovered as monophyletic in the tree, some of the 
relationships between these are somewhat questionable with respect to 
reigning hypotheses of the tree of life. Specifically, Bryozoa groups as 
sister to Crustacea, which contrasts with its position among the Lopho-
trochozoa in other hypotheses (e.g., Halanych et al., 1995; Halanych, 
2004). In addition, in our tree, Nematoda represents the sister-group 
of Platyhelminthes, although the former is commonly nested within 
Ecdysozoa, including, among other phyla, arthropods and tardigrades 
(Hillis, 2004 and references therein). The shortcomings of our hypoth-
esis are likely the result of incomplete taxon and gene sampling. Nev-
ertheless, it is notable that our tree is largely consistent with current 

Figure 4. Phylogenetic tree of the 18S gene, constructed using parsimony. Specimens in orange were collected by the authors, 
and specimens in green were downloaded from GenBank. Although the tree largely agrees with previous hypotheses of 
phylogenetic relationships, it is shown here foremost to illustrate the large diversity found in Passamaquoddy Bay.
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hypotheses. This illustrates the power of choosing a gene with an evo-
lutionary rate that fits the taxonomic level under study, as well as the 
added power that comes from taking advantage of extensive databases 
such as GenBank and EMBL.

There are several ways to lower costs associated with DNA 
sequencing; prices of materials, costs of analyses, and ways to lower 
these costs are detailed in our Web supplement at http://sites.google.
com/site/kvistetalabt/home.

ConclusionsJ JJ

An enriching biodiversity field course for college or high school students 
need not be prohibitively expensive or difficult. Huntsman Ocean 
Sciences in St. Andrews, New Brunswick, provides a good example of 
easy access to a phyletically diverse marine system. There are numerous 
other facilities like HOS in North America that can be utilized for any 
field-based course. Moreover, DNA sequencing and phylogenetic anal-
yses are workable, and several methods exist to increase the chances of 
success. Biodiversity field work coupled with the subsequent molecular 
phylogenetics lab work will provide students with a new look at the 
natural world that would be impossible solely in the classroom. 
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AbstrAct

There have been five past great mass extinctions during the history of Earth. There is 
an ever-growing consensus within the scientific community that we have entered a sixth 
mass extinction. Human activities are associated directly or indirectly with nearly every 
aspect of this extinction. This article presents an overview of the five past great mass 
extinctions; an overview of the current Anthropocene mass extinction; past and present 
human activities associated with the current Anthropocene mass extinction; current and 
future rates of species extinction; and broad science-curriculum topics associated with 
the current Anthropocene mass extinction that can be used by science educators. These 
broad topics are organized around the major global, anthropogenic direct drivers of hab-
itat modification, fragmentation, and destruction; overexploitation of species; the spread 
of invasive species and genes; pollution; and climate change.

Key Words: Biology curriculum; Anthropocene; extinction; anthropogenic; evolution.

An Overview of Earth’s Five Past Great J JJ

Mass Extinctions
There have been five past great mass extinc-
tions during the history of Earth (Jablonski, 
1995; Erwin, 2001; see Figure 1). All five were 
characterized by “a profound loss of biodiver-
sity during a relatively short period” (Wake & 
Vredenburg, 2008: p. 11466). The first mass 
extinction, the Ordovician–Silurian, occurred 
approximately ( ) 439 million years ago (mya). 
The fifth, the Cretaceous–Tertiary, occurred 65 
mya (Jablonski, 1995; Erwin, 2001). It was this 
extinction that saw the demise of the nonavian dinosaurs (Wake & Vre-
denburg, 2008). The most devastating mass extinction was the Permian–
Triassic extinction ( 251 mya), in which 95% of all global species went 
extinct (Jablonski, 1995; Erwin, 2001).

An Overview of the Current J JJ

Anthropocene Mass Extinction
There is an ever-growing consensus within the scientific community 
that we have entered a sixth mass extinction (McDaniel & Borton, 

2002; Thomas et al., 2004; Lewis, 2006; Steffen et al., 2007; Alroy, 
2008; Jackson, 2008; Rohr et al., 2008; Wake & Vredenburg, 2008; 
Rockström et al., 2009; Zalasiewicz et al., 2010). As Jeremy 
Jackson, director of the Center for Marine Biodiversity and Con-
servation and both the William E. and Mary B. Ritter Professor of 
Oceanography at the Scripps Institution of Oceanography and a 
senior scientist at the Smithsonian Tropical Research Institute, has 
written:

The great mass extinctions of the fossil 
record were a major creative force that 
provided entirely new kinds of opportuni-
ties for the subsequent explosive evolution 
and diversification of surviving clades. 
Today, the synergistic effects of human 
impacts are laying the groundwork for 
a comparably great Anthropocene mass 
extinction…with unknown ecological 
and evolutionary consequences. (Jackson, 
2008: p. 11458)

In 2000, Paul Crutzen and Eugene Sto-
ermer proposed that a new geological epoch 
had begun. They named the epoch the Anthro-
pocene (pronounced an-thruh-po-seen) based 
on the “impact of human activities on earth 
and atmosphere” (Crutzen & Stoermer, 2000: 
p. 17). They stated that this geological epoch 
had begun in the “latter part of the 18th cen-
tury” because by then “the global effects of 

human activities have become clearly noticeable” (Crutzen & Sto-
ermer, 2000: p. 17). After this article and others (e.g., Crutzen, 2002; 
Crutzen & Steffen, 2003), the term “Anthropocene” entered the sci-
entific literature informally (e.g., Steffen et al., 2004; Andersson  
et al., 2005; Crossland et al., 2005; Syvitski et al., 2005).

The Stratigraphy Commission of the Geological Society of 
London, by a large majority, decided in 2008 “that there was merit 
in considering the possible formalization of this term: that is, that it 
might eventually join the Cambrian, Jurassic, Pleistocene, and other 
such units on the Geological Time Scale” (Zalasiewicz et al., 2010: 

Over the past 200 to 

300 years, humans have 

accelerated global species 

extinction rates.
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p. 2228).1 These 21 scientists from across the scientific community 
stated that “sufficient evidence has emerged” (Zalasiewicz et al., 2008: 
p. 7) for a new geological epoch named the Anthropocene (Crutzen 
& Stoermer, 2000; Crutzen, 2002) in reference to “the contemporary 
global environment dominated by human activity” (Zalasiewicz et al., 
2008: p. 4). These human activities, which form the basis for the 
proposed ongoing Anthropocene epoch, are also the very activities 
that are driving the current mass extinction. Ultimately, the cur-
rent Anthropocene epoch and the current mass extinction are inter-
connected and indivisibly united by the environmentally degrading 
human activities of the past 200 to 300 years.

1  Presently, the term “Anthropocene” remains informal. “The first (of many) formal steps 
are now being taken. An Anthropocene Working Group has been initiated, as part of 
the Subcommission on Quaternary Stratigraphy (the body that deals with formal units 
of the current Ice Ages). That is itself part of the International Commission on Stratig-
raphy, in turn answerable to the International Union of Geological Sciences” (Zalasie-
wicz et al., 2010: p. 2228; for more information on this subject, see that publication).

 J JJ Past & Present Human Activities 
Associated with the Current Anthropocene 
Mass Extinction
As Wake and Vredenburg (2008) wrote, “Human activities are associated 
directly or indirectly with nearly every aspect of the current extinction 
spasm” (p. 11472). These activities have taken many forms (see Figure 2). 
The most devastating and far-reaching anthropogenic direct drivers that 
are affecting global biodiversity are habitat modification, fragmentation, 
and destruction; overexploitation of species; the spread of invasive spe-
cies and genes; pollution; and climate change (Millennium Ecosystem 
Assessment [MEA], 2005; World Wide Fund for Nature [WWF], 2008). 
Humans use between a third and half of all land on Earth and move more 
soil, rock, and sediment than all natural processes combined (Lewis, 
2006). Humans have constructed reservoirs that hold three to six times 
as much water as are contained in natural rivers (Lewis, 2006) and use 
more than half of all accessible fresh water (Crutzen, 2002).

The evolution of life on Earth has been greatly influenced by mass extinctions. After all five past mass extinctions, recovery 
was facilitated by the evolution of new species instead of the reexpansion of the survivors.

Ordovician–Silurian Extinction (≈439 mya)
Cause of Extinction: “Great fluctuations in sea level, which resulted from extensive glaciations, followed by a period 
of great global warming.”
Loss of Global Biodiversity: “Approximate 25% of the families and nearly 60% of the genera of marine organisms 
were lost.” 

Late Devonian Extinction (≈364 mya)
Cause of Extinction: “Global cooling after bolide impacts may have been responsible because warm water taxa were 
most strongly affected.”
Loss of Global Biodiversity: “22% of marine families and 57% of marine genera, including nearly all jawless fishes, 
disappeared.”

Permian–Triassic Extinction (≈251 mya)
Cause of Extinction: “Causes are debated, but the leading candidate is flood volcanism emanating from the Siberian 
Traps, which led to profound climate change. Volcanism may have been initiated by a bolide impact, which led to 
loss of oxygen in the sea. The atmosphere at that time was severely hypoxic, which likely acted synergistically with 
other factors.” 
Loss of Global Biodiversity: “95% of all species (marine as well as terrestrial) were lost, including 53% of marine 
families, 84% of marine genera, and 70% of land plants, insects, and vertebrates.”

End Triassic Extinction (≈199–214 mya)
Cause of Extinction: “Opening of the Atlantic Ocean by sea floor spreading related to massive lava floods that 
caused significant global warming.”
Loss of Global Biodiversity: “Marine organisms were most strongly affected (22% of marine families and 53% of 
marine genera were lost), but terrestrial organisms also experienced much extinction.”

Cretaceous-Tertiary Extinction (≈65 mya)
Cause of Extinction: “Causes continue to be debated. Leading candidates include diverse climatic changes (e.g., 
temperature increases in deep seas) resulting from volcanic floods in India (Deccan Traps) and consequences of a 
giant asteroid impact in the Gulf of Mexico.”
Loss of Global Biodiversity: “16% of families, 47% of genera of marine organisms, and 18% of vertebrate families 
were lost.”

Note: Direct quotations are from Wake and Vredenburg (2008: p. 11466). Wake and Vredenburg’s original sources 
were Erwin (2001) and Jablonski (1995). 

Figure 1. An overview of Earth’s five past great mass extinctions.
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Through burning of fossil fuels, humans have elevated atmospheric 
CO

2
 concentrations to their highest levels in 15 million years, driving 

global warming, rising sea levels, and climate change (Tripati et al., 2009). 
Global fossil fuel emissions increased 29% from 2000 to 2008 and 41% 
from 1990 to 2008. The 29% increase from 2000 to 2008 occurred “in 
conjunction with increased contributions from emerging economies, from 
the production and international trade of goods and services, and from 
the use of coal as a fuel source” (Le Quéré et al., 2009: p. 1).

At present, there are 6.8 billion humans on Earth. This number has 
increased tenfold in the past 300 years, fourfold in the past 100 years, 
and rough estimates place the global human population at 9 billion by 
2040. Globally, 150 humans are born every minute. The global human 
“ecological footprint” exceeded Earth’s biocapacity in the mid- to late 
1980s (WWF, 2008). Humans have become, through their sheer num-
bers and consumption rates, the greatest geophysical (Lewis, 2006) and 
evolutionary force on Earth (Palumbi, 2001). 

Current & Future Rates of Species J JJ

Extinction
The impact of human activities has greatly affected global biodiversity. 
There are between 5 million and 30 million extant species on Earth 
(Dirzo & Raven, 2003; MEA, 2005). Over the past 200 to 300 years, 
humans have accelerated global species extinction rates 100–1,000 times 
Earth’s historical geological background rate (Pimm et al., 1995; Mace, et 
al., 2005; Rockström et al., 2009), and modeled future extinction rates 
are projected to be 10,000 times the background rate (MEA, 2005). 

Currently, 32% of amphibians, 23% of mammals, 12% of birds, 
25% of conifers, and 52% of cycads (a group of evergreen palm-like 
plants) are threatened with extinction (MEA, 2005). These approx-
imate percentages are known only because these five groups are 
the only major taxonomic groups that have been comprehensively 
assessed as of 2004 (MEA, 2005). Twenty percent “of known coral 
reefs have been destroyed and another 20% degraded in the last 
several decades” (MEA, 2005). As of 2008, there were an estimated 
1,642,189 described species worldwide, only 44,838 of which had 
been assessed in terms of conservation status by the International 
Union for Conservation of Nature (IUCN) Red List. Of the 44,838 
species on the 2008 IUCN Red List, over one-third (i.e., 16,928 spe-
cies) were threatened with extinction (IUCN, 2009).

Further evidence comes from the Living Planet Index (WWF, 2008). 
The Living Planet Index is a measurement of global biodiversity. It is 
based on the trends of nearly 5,000 populations of 1,686 species of 
mammals, birds, reptiles, amphibians, and fish throughout Earth. Using 
this index, a 30% decline in biodiversity has been observed from 1970 
to 2005 (WWF, 2008). 

Approximately two-thirds of all organisms occur in the tropics, 
mainly in tropical humid forests (Pimm & Raven, 2000). More than half 
of the tropical humid forests on Earth have been destroyed. At current 
deforestation rates, it is estimated that the remaining tropical humid for-
ests and the species they contain will be destroyed by 2060. If this were 
to occur, the extinction rate in these forests by 2060 would be ≈48,000 
extinctions per million species per decade (Pimm & Raven, 2000). 
McDaniel and Borton (2002) stated that human industrial societies have 
monopolized Earth’s biological energy flow and that when the current 
global modern societies’ use of the planet’s biological energy is compared 
with past hunter-gatherer societies, “the current mass extinction appears 
as a predictable, expected result” (p. 929). 

Education: A Mechanism of Reducing J JJ

Global Environmental Degradation?
One component of possibly reducing the rising anthropogenic affects 
associated with the current Anthropocene mass extinction is educa-
tion. The current Anthropocene mass extinction constitutes a newly 
emerging scientific theme that has great potential in science educa-
tion. Because the current Anthropocene mass extinction has com-
ponents related to life science and physical science, it offers many 
opportunities for integration across multiple disciplines (e.g., biology, 
chemistry, geology, and meteorology), multiple science courses, 
and other nonscience courses (e.g., social studies and mathematics) 
(National Research Council [NRC], 1996: p. 214 [see third paragraph 
and Program Standard C]). The theme also allows for implementation 
of scientific inquiry activities (NRC, 1996: p. 214 [see second para-
graph]) in both formal educational settings (e.g., indoor and outdoor 
classrooms) and informal educational settings (e.g., nature centers 
and zoos) (NRC, 2009). Lastly, the theme is relevant to all students 
because in the future, on some level, it will affect their own quality 
of life and the well-being of other organisms (NRC, 1996: p. 212 [see 
Program Standard B]).

 “Water withdrawals from rivers and lakes doubled since 1960; most water use (70% worldwide) is for agriculture.” •	
(MEA, 2005: p. 2)
 “Fisheries remove more than 25% of the primary production in upwelling ocean regions and 35% in the temperate •	
continental shelf.” (Crutzen, 2002: p. 23)
“Humanity’s demand on the planet’s living resources, its ecological footprint, now exceeds the planet’s regenerative •	
capacity by about 30 percent. This global overshoot is growing and, as a consequence, ecosystems are being run 
down and waste is accumulating in the air, land and water.” (WWF, 2008: p. 2)
“Energy use has grown 16-fold during the twentieth century, causing 160 million tonnes of atmospheric sulphur •	
dioxide emissions per year, more than twice the sum of its natural emissions.” (Crutzen, 2002: p. 23)
“Global economic activity increased nearly sevenfold between 1950 and 2000.” (MEA, 2005: p. 64) •	
“More nitrogen fertilizer is applied in agriculture than is fixed naturally in all terrestrial ecosystems.” (Crutzen, •	
2002: p. 23)
“Humans have caused a dramatic increase in erosion and the denudation of the continents, both directly, through •	
agriculture and construction, and indirectly, by damming most major rivers, that now exceeds natural sediment 
production by an order of magnitude (Syvitski et al., 2005; Wilkinson, 2005).” (Zalasiewicz et al., 2008: p. 5)
“Nitric oxide production by the burning of fossil fuel and biomass also overrides natural emissions.” (Crutzen, 2002: •	
p. 23)

Figure 2. Past and present human activities associated with the current Anthropocene mass extinction.
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Major anthropogenic direct driver of biodiversity loss: Habitat modification, fragmentation, & destruction

Example Science Curriculum Topics

Acid rain’s impact on habitat loss•	
Effects of global warming on habitat (e.g., polar ice cap reduction and sea level rising) •	
Deforestation rates and locations•	
Effects on invertebrate biodiversity (e.g., corals, insects, crustaceans, and arachnids) because of habitat modification, •	
fragmentation, and destruction
Examples of habitat modification, fragmentation, and destruction (e.g., Madagascar and North American tallgrass prairie)•	
Impact on a species’ evolution (e.g., reduced gene flow and genetic drift) because of habitat modification, fragmentation, •	
and destruction
Impact on endangered and threatened species because of habitat modification, fragmentation, and destruction•	
Association between human population dynamics (e.g., population growth, population density, factors that affect and •	
regulate population growth) and habitat modification, fragmentation, and destruction
Impact on global carrying capacity because of habitat modification, fragmentation, and destruction•	
Impact on trophic levels, food chains, food webs, and energy flow within ecosystems because of habitat modification, •	
fragmentation, and destruction
Past and current species extinctions associated with habitat modification, fragmentation, and destruction•	
Physical alteration of waterways and its impact on habitat•	
Role of habitat modification, fragmentation, and destruction in species extinction •	
Impact of habitat modification, fragmentation, and destruction on erosion and sedimentation rates•	
Impact of habitat modification, fragmentation, and destruction on natural cycles (e.g., rock)•	

Major anthropogenic direct driver of biodiversity loss: Overexploitation of species

Example Science Curriculum Topics

Examples of overexploitation of species (e.g., American bison and Galapagos tortoise)•	
Impact of overexploitation on a species’ evolution (e.g., reduced fitness and reduced gene-pool variability)•	
Impact of overexploitation of species on endemic, endangered, and threatened species•	
How the goal of environmental sustainability is affected by overexploitation of species•	
Effects of overexploitation of species on vertebrate biodiversity (e.g., fish, amphibians, reptiles, bird, and mammals) •	
Association between human population dynamics (e.g., population growth, population density, factors that affect and •	
regulate population growth) and overexploitation of species
Examples of species extinctions because of overexploitation•	
Overexploitation of species and its impact on predator–prey cycles •	
Overexploitation of species and its impact on trophic levels, food chains, food webs, and energy flow within ecosystems•	
Overexploitation of species role in species extinction•	
Overexploitation of tropical humid forests and other forests•	
Past and present species extinctions associated with overexploitation of species•	

Major anthropogenic direct driver of biodiversity loss: The spread of invasive species & genes
 
Example Science Curriculum Topics

Effect of global warming (e.g., increased range of invasive species)•	
Examples of  invasive species (e.g., Guam [brown tree snake] and Australia [cane toad])•	
Impact of invasive species on endemic, endangered, and threatened species•	
Impact of invasive species on noninvasive species’ evolution (e.g., natural selection) and coevolution •	
Impact of invasive species on predator–prey cycles•	
Impact of invasive species on trophic levels, food chains, food webs, and energy flow within ecosystems•	
How the goal of environmental sustainability is affected by the spread of invasive species and genes•	
Invasive species’ role in species extinction •	
Influence of invasive species and genes on biodiversity, biocapacity, species richness, genetic diversity, and ecosystem •	
diversity
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Broad Science-Curriculum Topics J JJ

Associated with the Current Anthropocene 
Mass Extinction
Because of these unique characteristics, the current Anthropocene mass 
extinction offers an abundance of educational opportunities for science 
educators. The major global anthropogenic direct drivers of biodiversity 
loss associated with the current Anthropocene mass extinction provide 
an excellent organizational framework for presenting the complexity and 
human challenges of this mass extinction. Figure 3 presents these direct 
drivers. Under each direct driver, broad science-curriculum topics are 
presented that can be used by science educators. Topics can be combined 
to integrate across drivers and across both physical and life-science disci-
plines. For all of the drivers, the scale of human impact can be addressed 
at the ecosystem, biome, or biosphere level. When a topic is used, it 
should be combined with topics and examples that address humanity’s 
ability to ethically reduce the current trajectory of local, regional, and 

global environmental degradation. These topics include but are not lim-
ited to reduction of human consumption rates (i.e., per capita natural 
resources and ecological services) in developed countries; reduction in 
global human population growth; and development and implementation 
of environmentally sustainable human activities. 

ConclusionJ JJ

Clearly, the greatest challenge facing humanity is stopping the destruc-
tion of the very biosphere that sustains us. The current Anthropocene 
mass extinction provides an emerging, integrative, inquiry-based, and 
relevant theme for educating students about global environmental deg-
radation and how it might be reduced. Ultimately, educating students 
about the current Anthropocene mass extinction is key to giving them 
the knowledge and skills necessary to be scientifically literate citizens 
(Rutherford & Ahlgren, 1990; American Association for the Advance-
ment of Science, 1993) who can fully participate in this, humanity’s 
greatest challenge.

Figure 3. Broad science-curriculum topics associated with the current Anthropocene mass extinction.

Major anthropogenic direct driver of biodiversity loss: Pollution

Example Science Curriculum Topics

Acid rain•	
Air pollutants (e.g., carbon monoxide, nitrogen dioxide, sulfur dioxide, lead, PM•	 2.5, and PM10)
Pollution’s impact on natural cycles (e.g., carbon, nitrogen, sulfur, and phosphorus)•	
Bioaccumulation and biomagnification of chemicals (e.g., mercury and PCBs) in food chains•	
Chlorofluorocarbon (CFC) and stratospheric ozone depletion (i.e., the ozone hole)•	
Eutrophication and anoxia•	
Association between per capita human ecological/carbon footprint and pollution•	
Association between human population dynamics (e.g., population growth, population density, factors that affect and •	
regulate population growth) and pollution
Soil pollutants (e.g., hydrocarbons, heavy metals, herbicides, and pesticides)•	
Bioindicators (e.g., amphibians) as a way to determine pollution’s impact on ecosystems•	
Mercury deposition•	
Pollution’s impact on a species’ evolution (e.g., mutation)•	
Pollution’s impact on human health•	
Pollution’s impact on predator–prey cycles •	
Pollution’s impact on trophic levels, food chains, food webs, and energy flow within ecosystems•	
U.S. superfund sites•	
Water pollutants (e.g., volatile organic compounds and fertilizers)•	

Major anthropogenic direct driver of biodiversity loss: Climate change

Example Science Curriculum Topics

Effect of global warming (e.g., change in precipitation patterns and problems for agriculture)•	
Climate change’s impact on predator–prey cycles•	
Association between per capita human ecological/carbon footprint and climate change•	
Deforestation’s role in climate change•	
Consequences of climate change on producers, consumers, and decomposers•	
Role of greenhouse gases (e.g., carbon dioxide, methane, surface ozone, and nitrous oxide) in climate change•	
Relationship between atmospheric carbon dioxide and ocean acidification •	
Ocean acidification’s impact on organisms•	
Effects of climate change on plant biodiversity•	
Impact of climate change on trophic levels, food chains, food webs and energy flow within ecosystems•	
Increased desertification as a result of climate change•	
Alteration of natural cycles (e.g., water) because of climate change•	
Role of climate change in species’ extinction•	
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AbstrAct

Most biology texts villify Lamarck’s concept of “inheritance of acquired characters” and 
leave the impression that all acquired characters are never transmitted to offspring. 
However, recent research indicates that this is not true! Some “acquired” traits are inher-
ited. I profile some of these striking cases and their importance for evolution and for 
understanding a broader epigenetic context for heredity and ontogeny (the emerging 
field of “evo-devo”). Further, I discuss how such cases, even considered as exceptions, 
contribute to understanding the nature of science, both the role of general rules in biology 
and the occurrence of conceptual change, or paradigm shifts.

Key Words: Epigenetics; epigenome; evo-devo; genetic assimilation; Lamarckism, 
paradigm shift; Weissmanism.

In the February 2007 issue of The American Biology Teacher, Stern and 
Ben-Akiva “outline a lesson plan that is designed to challenge one 
commonly held naive idea, namely the inheritance of acquired traits.” 
The present article suggests (and provides at least partial answers to) 
the following questions for teachers to consider if they wish to pre-
pare lessons containing information that goes 
beyond the content of Stern and Ben-Akiva’s 
curriculum.

The lesson plan of Stern and Ben-Akiva may •	
leave the reader with the impression that all 
acquired characters are never transmitted to 
offspring. Are there any examples of heri-
table acquired characters? If such examples 
exist, by what mechanisms can acquired 
traits become heritable?

If the effectiveness of natural selection •	
depends on the quantity of heritable pheno-
typic variation in a population, what mecha-
nisms are known to generate this variation?

If the inheritance of acquired characters is •	
considered by most biologists to be a rela-
tively rare exception to the general rule 
that acquired characters are not heritable, what can be learned by 
devoting class time to such “exceptions”?

What is the meaning of “evo-devo” and why is it important for •	
understanding modern evolutionary theory?

National standards for biology curricula recommend that students •	
should learn how science works to generate new knowledge. The 
history of science reveals that the life of many theories is ephemeral. 
Old theories are replaced or modified by the discovery of new facts of 
nature or new ways of interpreting existing facts (National Research 
Council, 1996: p. 201). This heuristic process is sometimes referred to 
as a “paradigm shift.” Can the study of acquired traits be used to help 
students prepare their minds for paradigm shifts and improve their 
understanding and appreciation of science as a way of knowing? 

EpigeneticsJ JJ

An acquired trait develops during the life of an organism as a conse-
quence of a genotype that allows certain unusual environmental factors 
to modify developmental processes, thus producing a different phenotype 
than would develop in the normal range of environments (the “norm of 
reaction”). Epigenetics is a branch of genetics that studies how pheno-
typic variants arise without changing the nucleotide sequence in DNA. 

Differential gene action is responsible for cellular 
differentiation; that is, different groups of genes are 
“turned on” or “activated” (transcribed into RNA; 
messenger RNA is translated into proteins) while 
other groups of genes are “turned off” (inactivated 
or silenced) in different cell types. Finding the 
signals that regulate when and where gene prod-
ucts are made and in what quantity is the key to 
understanding genetics, epigenetics, cellular dif-
ferentiation, ontogeny, and their interrelationships 
in modern evolution theory (evo-devo). 

We now know that many segments of non-
coding DNA (not coding for proteins) contain 
“RNA-only” genes that can be transcribed into 
noncoding RNA (ncRNA) molecules but are not 
translated into proteins. Some of these noncoding 
RNA molecules (called “short interfering RNA” or 
siRNA) can suppress translation or promote deg-

radation of specific mRNA molecules (Geddes, 2007; Taubes, 2009). 
As a rule, the addition of methyl groups (CH

3
) to DNA nucleotides 

(by enzymes known as DNA methyltransferases, especially in or near 
promoter regions of genes where transcription begins), tends to interfere 
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with gene transcription, whereas addition of acetyl groups (COCH
3
) 

to histone proteins in chromatin tends to enhance gene transcription. 
These methyl and acetyl groups are known as “epigenetic tags or marks.” 
These tags do not change (mutate) the nucleotide sequences in DNA. 
The pattern of epigenetic markings on chromosomes (the epigenome) 
may vary from one cell type to another and from one time to another 
during the life of an individual cell. Adding methyl groups to one gene 
may be beneficial or adaptive (e.g., silencing of a cancer-promoting pro-
to-oncogene), but may be harmful to another gene (e.g., inactivating a 
tumor-suppressor gene). Histone proteins are found in association with 
multiple DNA regions throughout the chromosomes, whereas other 
nonhistone proteins (called “transcription factors”) are characterized by 
DNA-binding segments that enable them to attach to target nucleotide 
sequences and regulate the transcription of specific genes. 

Inheritance of Acquired CharactersJ JJ

Although it is not well understood, during the first few days after concep-
tion, most of the epigenetic tags on chromosomes of human parents are 
removed from the chromosomes of the embryo. By mid-gestation, new 
epigenetic patterns are usually established. Although most of these epige-
netic patterns are not heritable (i.e., not transmitted by sexual reproduc-
tion to offspring), a few of them are. Occasionally, the methylation pattern 
of a parental chromosome can persist through meiosis and is found in the 
chromosomes of the next generation, sometimes for several generations. 
The following are some examples. Water fleas (genus Daphnia) grow 
defensive spines when exposed to predators. The effect can last for several 
generations. An epigenetic change in nematode worms has been inherited 
for 80 generations (Watters, 2006). When pregnant rats are exposed to the 
fungicide vinclozolin and the pesticide methoxychlor, their male offspring 
produce abnormal sperm (slow swimming, early death). These acquired 
characters reappear in most of their sons, grandsons, and greatgrandsons 
(Ruvinsky, 2006). If pregnant guinea pigs are exposed to the glucocorti-
coid drug betamethasone (used to hasten lung development of premature 
human babies), their offspring have physiological and behavioral abnor-
malities. These abnormalities also appeared in the grandprogeny of the 
females that were exposed to the drug (Motluk, 2005).

Epigenetic marks on DNA or chromatin can sometimes be changed 
in response to various environmental factors or patterns of behavior, and 
some of these marks can be transmitted from parents to their offspring, 
resulting in the “inheritance of acquired characters.” For example, the food 
that animals eat may sometimes influence the phenotypes of their offspring. 
Yellow-haired mice tend to be fat and susceptible to life-shortening dis-
ease. When fed a diet rich in methyl donors (such as folic acid, vitamin 
B

12
, onions, garlic, or beets), female yellow mice produced slender, brown-

agouti progeny that lived a normal span of life. It is thought that the methyl 
groups in the mother’s food found their way into the embryo’s chromosome, 
became attached to the yellow gene, and silenced it (Watters, 2006). 

Even some maternal behaviors can induce epigenetic changes 
in progeny. Newborn rat pups that are licked and groomed by their 
mothers mature to be relatively calm and brave. Newborns that receive 
little or no maternal licking grow up to be nervous and seek darkness. 
The hippocampus of the brain of a well-licked rat is better developed 
and releases less of the stress hormone cortisol than the hippocampi of 
rats that were deprived of neonatal licking. The methylation patterns in 
hippocampus cells are different in licked and nonlicked rats. These epi-
genetic signals can be reversed in the brains of adult rats by injection of 
the drug trichostatin A (Watters, 2006).

For most protein-coding genes, both maternal and paternal alleles of 
a gene are normally activated or inactivated at the same time. Sometimes, 
however, the allele of one parent is active (or inactive) while the allele of the 
other parent is inactive (or active). This epigenetic phenomenon is termed 
parental imprinting (Jirtle & Weidman, 2007). For example, the R gene in 
maize controls the color of pigment grains in the aleurone (outer layer of 

endosperm) of the kernel. If the seed parent is RR and the pollen parent is rr, 
the hybrid seeds are solid red. But hybrids of the reciprocal cross are mottled 
because the maternal copy is only partly expressed, owing to an epigenetic 
effect. People who receive the dominant gene for Huntington’s disease show 
symptoms during adolescence if it is inherited from the father, but develop 
symptoms during middle age when the gene comes from the mother.

Human fathers who started smoking tobacco before age 11 produce 
sons who are heavier than sons of fathers who began smoking later in life or 
who never smoked; daughters are unaffected (Pennisi, 2005). Grandsons 
of men who consumed a surplus of food during childhood have a higher 
risk of developing diabetes than those whose grandfathers were reared in 
times of food scarcity. The health of granddaughters is correlated only with 
that of their paternal grandmothers (Pennisi, 2005). One of the best plant 
examples of a fairly stable methylation pattern transmitted over many gen-
erations is found in the peloric (Greek for “monster”) flower form of the 
toadflax Linaria vulgaris. Carl von Linnaeus (1707–1778) thought that it 
was a new species. Today, it can still be found in the same region where 
Linnaeus found it (Jablonka & Lamb, 2005). Jablonka and Raz (2009) list 
about a hundred examples of transgenerational epigenetic inheritance.

Landman (1991) presented several examples that are defined opera-
tionally by him as “inheritance of acquired characters” (IAC) systems 
because they conform to the following experimental pattern: 

Individual organisms or cultures of cells 
incubating in a particular environment are 
exposed briefly to a chemical or physical 
treatment under conditions that allow little 
or no growth (thereby ruling out selection 
of mutants). Following the exposure, and upon 
being returned to the original environment, all 
or a large proportion of the treated cells (or 
organisms) exhibit new characteristics that are 
passed on heritably to succeeding generations.

Landman claimed that at least three mechanisms are known to give rise to 
IAC. In organisms with nucleated cells, IAC would not involve changing 
chromosomal genes (mutations) but might involve (1) heritable stabili-
zation of gene expression without any attendant change in nucleic acid 
sequence (extranucleic inheritance; examples include the inheritance of a 
wall-less state in Bacillus subtilis, maintenance of the induced state in the lac 
operon of Escherichia coli, and cortical inheritance in ciliates); (2) alterations 
in DNA substituents, such as addition or removal of methyl or glucosyl 
groups (epinucleic inheritance); and (3) nucleic inheritance by horizontal 
or lateral gene transfer that occurs when foreign nucleic acid-containing 
elements such as plasmids (small circles of nonessential DNA in bacteria) or 
viruses are added to an organism’s genome or to its cytoplasm.

Genetic AssimilationJ JJ

There are at least two mechanisms by which acquired characters can be 
made heritable. As previously discussed, epigenetic methyl tags on some 
regions of DNA can be passed from one generation to another. Genetic assim-
ilation, on the other hand, is the process by which a phenotypic character 
initially produced only in response to an unusual environmental influence 
(an acquired trait) becomes, through a process of selection, taken over by 
the genotype, so that it is formed even in the absence of the environmental 
influence that at first had been necessary (King, 1968). Studies of fruit flies 
in a wild population have shown that most of their traits have relatively little 
phenotypic variation, even though the population contains a remarkable 
amount of unexpressed genetic variation. Development of these wild-type 
characters is said to be well “canalized” or “buffered” against minor pertur-
bations caused by genetic or environmental differences. Abnormal (mutant) 
flies called “crossveinless” have all or a portion of the tiny crossveins in 
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their wings missing. Exposing normal (wild-type) flies to an unnaturally 
high temperature for a few hours during their pupa stage caused ~40% of 
them to develop a crossveinless phenocopy. If only heat-shocked crossvein-
less flies were allowed to breed, the frequency of the crossveinless trait was 
shown to increase to over 90% in fewer than 20 generations. However, as 
early as generation 14, some of the flies developed the crossveinless trait 
even in the absence of heat-shock. Breeding only from these unshocked 
crossveinless flies in a normal environment produced strains in which the 
crossveinless trait was almost 100% (Waddington, 1953). Thus, the cross-
veinless trait, which was originally an acquired character, had undergone 
almost complete “genetic assimilation” by selection to become an inherited 
character that developed in normal environments (without heat shocks). 
This experiment shows that exposing an organism to an unusual environ-
mental factor can reveal the cryptic genetic variation of a trait on which 
selection can act to produce recombinants that develop an acquired trait 
even without the environmental stimulus that was initially required for its 
production. Genetic accommodation

differs from genetic assimilation in that the 
latter results in canalization of the new phe-
notype so that it is no longer affected by 
environmental variation, whereas genetic 
accommodation can result in an increased 
environmental sensitivity of a plastic pheno-
type. (Suzuki & Nijhout, 2006) 

Palmer (2004) cited five examples of genetic assimilation and concluded 
that the process may be much more widespread than is currently believed.

The evolutionary potential of a population depends on the amount of 
heritable biological variation from which natural selection can propagate 
new adaptive gene combinations. The meiotic processes of genetic cross-
ing-over between linked genes and independent assortment of homolo-
gous chromosomes into gametes are the main engines that create most 
new genetic combinations in a population. New gene mutations (altered 
DNA nucleotide sequences) are the ultimate source of most heritable bio-
logical variations. Not all acquired characters are necessarily adaptive, 
but like random (nondirectional, nonteleological) genetic mutants, only 
heritable adaptive traits are likely to persist over many generations in a 
population of organisms through natural selection. The effects of epige-
netic modifications to DNA or chromatin, though not often transmissible 
from one generation to another, are occasionally inherited over several 
generations and may be an underappreciated source of biological varia-
tion. Pigliucci (2006) is among the visionaries who believe that

Inherited epigenetic variants can interact 
with their genetic counterparts to multiply by 
orders of magnitude the phenotypic variation 
available to natural selection, thereby expand-
ing the mechanistic basis of evolutionary theo-
retical explanations and greatly increasing their 
plausibility as an account of life’s diversity.

Understanding the Nature of ScienceJ JJ

French naturalist Jean Baptiste Lamarck (1744–1829) revolutionized the 
study of lower invertebrates, but he is best known today for popularizing 
the ancient theory (Plato discussed it) of the inheritance of acquired char-
acters in his 1809 book Zoological Philosophy. British naturalist Charles 
Darwin (1809–1882) did not know the biological basis of heritable phe-
notypic diversity in natural populations or how new hereditary characters 
arose, and so he relied on IAC to fill that gap in the first edition (1859) of 

his book On the Origin of Species. Without an understanding of genetics, his 
theory of evolution was incomplete. That is one reason why we no longer 
equate Darwinism with modern evolutionary theory. Creationists (now 
calling themselves “intelligent design advocates”) continue to refer deroga-
torily to modern evolutionary theory as “Darwinism.” In 1865, the Austrian 
monk Gregor Mendel (1822–1884) reported his breeding experiments 
with peas. He rejected the prevailing theory (paradigm) that the hereditary 
substance behaved as a fluid and blended in hybrids. In its place, he pro-
posed that traits were produced by nonblending particles of heredity (later 
to be called “genes” by others). His work, however, did not explain the 
inheritance of quantitative characters that commonly are partly influenced 
by environmental factors. Even at an elementary educational level, it might 
be mentioned that all monogenic traits are not Mendelian. For example, 
sex-linked traits are inherited in a non-Mendelian fashion, as are traits 
governed by genes in mitochondria and chloroplasts. Parental imprinting 
is yet another non-Mendelian phenomenon. Unfortunately, teaching only 
Mendelism might lead some astray into “genetic determinism” (“genes are 
everything”), with its undesirable political and social implications (Allchin, 
2005). By cutting off the tails of mice for several generations and breeding 
only from them, the German biologist August Weissman (1833–1914) 
reported in his 1891 book that the tail lengths of all the descendants grew 
to normal length. Many people assumed from these experiments that if 
characteristics acquired during the lifetime of individuals by such extreme 
measures had no heritable consequences, then the more subtle effects of 
natural environmental factors would also be ineffective in changing their 
hereditary factors. Lamarckism thus fell into general disrespect as far as 
plants and animals are concerned. Weissmanism, until recently, became a 
“sacred cow,” immune to challenge or change.

However, just because the ideas of these pioneering scientists were 
wrong or incomplete in certain respects does not justify villainizing them 
or bashing their ideas as worthless. Teachers should emphasize that put-
ting forth an original idea, even a flawed one, may heuristically serve 
to stimulate scientific investigation to verify, falsify, modify, extend, or 
replace it. This is how scientific knowledge advances and accumulates.

High school students may have difficulties 
understanding the views of historical figures. 
For example, students may think of histori-
cal figures as inferior because they did not 
understand what we do today. This “Whig-
gish perspective” seems to hold for some 
students with regard to scientists whose 
theories have been displaced. (National 
Research Council, 1996: p. 200)

At a more advanced level of education, students should be informed 
of the “tentativeness” of scientific hypotheses or theories. A prevailing 
concept today (paradigm) may be discarded tomorrow by the discovery 
of new facts of nature. The general public tends to view a scientific para-
digm as a sacred cow. The current debate over when women should 
receive mammograms has left many women dismayed and emotionally 
conflicted. They thought that science had proved the value of early mam-
mograms in detecting breast cancer, and now they are being told that it 
may not be the best procedure. The public’s view of scientific authority is 
shattered by these kinds of challenges to an accepted paradigm. The dis-
covery of the enzyme RNA-dependent DNA polymerase proved to be an 
exception to the “central dogma” of molecular biology (DNA  RNA  
protein) that some may consider a minor deviation from the general rule. 
However, this enzyme became a hallmark of a taxonomic class of viruses 
known as retroviruses. Human immunodeficiency virus (HIV) is a retro-
virus that causes acquired immunodeficiency syndrome (AIDS), which 
is now epidemic throughout the world. Similarly, the recent discoveries 
of the “epigenome,” regulatory RNA molecules, and epigenetic tags 
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added to target DNA sequences by methyltransferase enzymes cannot be 
considered trivial because turning genes on or off during embryological 
and postnatal development is at the heart of how organisms develop 
their anatomical, physiological, biochemical, and behavioral traits. 

On-Line Teaching SupplementsJ JJ

A Survey to Evaluate Students’ Understanding of Reproduction, Heredity, 
Ontogeny, and Phenotypic Diversity; Lists A and B (http://www.jstor.org/
stable/10.1525/abt.2011.73.2.6)

NOVA program “Ghost in Your Genes” (http://www.jstor.org/
stable/10.1525/abt.2011.73.2.6)
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AbstrAct

On the basis of an ethnobotanical survey that we conducted on plant use by descendents 
of the Khoi-San people in the Northern Cape Province in South Africa, we introduce 
biology teachers to an adapted rapid-appraisal methodology that can be followed in the 
life sciences classroom. Such a project addresses a number of the content standards in 
the National Science Education Standards, such as science as a human endeavour, the 
nature of science, and the history of science. We also shed light on ethical considerations 
when engaging in an ethnobotanical survey, and address, among other issues, intellectual 
property rights. Examples are provided of how teachers in the United States can sensitize 
students to the rich ethnobotanical heritage of their country.

Key Words: Ethnobotanical surveys; indigenous knowledge; intellectual property 
rights; nature of science; life sciences teaching; medicinal plants.

The term ethnoecology has in recent years received considerable emphasis 
in international literature. With this term, we refer to studies that describe 
local peoples’ interactions with the natural environment (Martin, 1995). 
Ethnobotany is the part of ethnoecology that concerns plants and has 
been defined by Balick and Cox (1996) as “the study of the relationships 
between plants and people” (ethno refers to the study of people, botany 
the study of plants). Ethnobotany is therefore the 
study of the knowledge, skills, and daily uses of 
plants in a particular area that enable the people 
of the local community to get the most out of their 
natural environment. M. E. Jones and J. Hunter 
(unpubl. data) and M. Michie (unpubl. data) have 
identified a number of common themes embedded 
within indigenous knowledge that are intrinsic to 
its integration into the science curriculum, and 
they indicate that indigenous knowledge is charac-
terized by the following:

Based on experience•	

Often tested over centuries of use•	

Developed as a collective database of observ-•	
able knowledge

Adapted to local culture and environment•	

Dynamic and changing: a living knowledge base•	

Can be applied to problem solving •	

Transmitted orally and sometimes encapsulated in metaphor•	

Inseparably embedded in ethics, spirituality, metaphysics, ceremony, •	
and social order

Bridging the science of theory with the science of practice•	

A holistic versus a reductionist (Western science) approach•	

Ecologically based•	

Contextualized versus decontextualized science•	

When dealing with indigenous knowledge (and ethnobotany) 
in the life sciences classroom, the danger always exists that one may 
unwittingly promote pseudoscience (De Beer & Whitlock, 2009). 
Howe (2009), in an article in The American Biology Teacher, provides 
a useful table of guiding questions that you can use in the classroom 
when discussing indigenous knowledge and the nature of science 
(refer to p. 401,table 2, in the September 2009 issue of ABT). Here, 
we provide you with a useful methodology to follow in the class-
room, to incorporate ethnobotany in your teaching.

But why should we engage with such an ethnobotanical approach? 
There are three reasons: the preservation of indigenous knowledge for 

future generations, a curriculum-driven agenda, 
and a long-term economic perspective. The poten-
tial economic importance of plants cannot be over-
emphasized. Shelley (2009) refers to studies that 
indicate that 25–57% of prescription drugs sold 
in the United States or worldwide have at least one 
active compound that is derived or patterned after 
compounds isolated from natural products. Table 
1 provides information on drugs that were discov-
ered from ethnobotanical leads. However, in this 
article our focus will be mostly on the first two con-
siderations, namely the preservation of indigenous 
knowledge, and curriculum considerations. 

Ethnobotany is also important from a cur-
riculum perspective. The development of the U.S. 
National Science Education Standards (National 
Research Council [NRC], 1996) was guided by sev-

eral principles, one being that school science reflects the intellectual and 
cultural traditions that characterize the practice of contemporary science. 
Ethnobotanical surveys provide a useful vehicle to address this principle.

Ethnobotany is the study 

of the knowledge, skills, 

and daily uses of plants 

in a particular area that 

enable the people of the 

local community to get 

the most out of their 

natural environment.
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In South Africa, the study of life sciences provides rich opportuni-
ties for addressing one of the goals in the African National Congress’s 
(ANC’s) National Health Plan (1994), which states that “people have the 
right of access to traditional practitioners as part of their cultural heritage 
and belief system.” Traditionally, Native Americans had similar views that 
spiritual and physical health are inseparable. Many communities in the 
United States still use plants for medicinal purposes. You might develop 
an interesting case study or two in your classroom, for instance the 
use of the peyote cactus (Lophophora williamsii), a hallucinogenic plant 
native to central and northern Mexico and the Rio Grande Valley of the 
southwestern United States. In one case, two Native Americans were dis-
missed from work because of their use of the peyote cactus (a controlled 
substance; Balick & Cox, 1996). The U.S. Supreme Court ruled in 1990 
that the use of peyote was not constitutionally protected. Such a case can 
spark a lively debate on whether the government should ban the use of 
peyote by Native Americans. 

MethodologyJ JJ

This article results from research done in the Northern Cape Province, 
South Africa. We conducted an ethnobotanical survey of plant uses 
among the descendants of the Khoi-San people, who live in an area 
known as the “Hantam” (the area surrounding the town of Calvinia). 
The Khoikhoi (Hottentot) herders and San (Bushman) hunter-gatherers 
are collectively referred to as the “Khoi-San people” (Schapera, 1930). 
Using a rapid-appraisal methodology (Martin, 1995), we first made 
contact with a traditional healer who lives in the area and knows the 
plants well. We collected plant specimens with him over a period of 3 
days. Back at the university, we identified the plants and prepared her-
barium voucher specimens. During our second visit to the Hantam, we 
took a mobile herbarium along and interviewed 16 people in the area 
about their use of indigenous plants for food and medicine. During 

these interviews we showed the participants the 120 plants we col-
lected during phase 1 (as herbarium specimens). We developed a ques-
tionnaire that served to record whether the subject knows the plant, 
whether he or she has a name for it, and whether the plant has any uses. 
The aim of this research was to record this indigenous knowledge in a 
scientific way, so that it is not lost for future generations. We realized 
that this particular methodology might also be useful in project work 
in the life sciences classroom. Ethnobotany provides a vehicle to shed 
light on the history of science. An example is William Withering, who 
in 1785 published An Account of the Foxglove and Some of Its Medicinal 
Uses, in which he described how the foxglove plant (Digitalis purpurea) 
was used to treat dropsy, a condition caused by inadequate pumping 
action of the heart (Balick & Cox, 1996). We’ll illustrate our method-
ology with South African examples, but we’ll also provide suggestions 
for the American teacher. 

Rapid Ethnobotanical AppraisalJ JJ

As the name implies, a rapid ethnobotanical appraisal lasts a few days. 
The method borrows its tools from disciplines such as rural sociology, 
anthropology, and ecology and is an adaptation of participatory rural 
appraisal (PRA) (Martin, 1995). One of the disadvantages of this meth-
odology is that it does not allow the researcher to develop a relation-
ship with the community (Martin, 1995). Careful documentation of the 
cultural and biological aspects of local knowledge is not always pos-
sible, because there are time constraints for making voucher collections, 
transcribing local names, or talking with a range of informants. In most 
school settings, life-sciences students will probably be doing this research 
in their local communities, in order to get a feel for the practice of eth-
nobotany, and such school projects need not be complete surveys of a 
community’s plant use. In this context, the advantages of rapid appraisal 
include that it can be done in a short time and without expensive tools. 

Table 1. Examples of drugs discovered from ethnobotanical leads (Balick & Cox, 1996).

Drug Medical Use Plant Species Family

Aspirin Analgesic, inflammation Filipendula ulmaria Rosaceae

Atropine Ophthalmology Atropa belladonna Solanaceae

Camphor Rheumatic pain Cinnamomum camphora Lauraceae

Morphine Analgesic Papaver somniferum Papaveraceae

Quinine Malaria prophylaxis Cinchona pubescens Rubiaceae

Reserpine Hypertension Rauvolfia serpentina Apocynaceae

Vinblastine Hodgkin’s disease Catharanthus roseus Apocynaceae

Table 2. Aligning an ethnobotanical survey with the national content standards (National Research 
Council, 1996: p. 107).

Science in personal & social perspectives

Levels 5–8
Personal health
Populations, resources, and environments
Science and technology in society

Levels 9–12
Personal and community health
Natural resources
Science and technology in local, national, and global challenges

History & nature of science standards

Levels 5–8
cience as a human endeavour
Nature of science
History of science

Levels 9–12
Science as a human endeavour
Nature of scientific knowledge
Historical perspectives
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In rapid ethnobotanical appraisal (and PRA), the people of the sub-
ject community are full participants in the study, rather than merely 
objects of investigation (Martin, 1995). This provides teachers an oppor-
tunity to introduce the ethical aspects of doing research. 

An Ethnobotanical Survey as a  J JJ

Class Project

Giving the assignment
We suggest a manageable project in which students prepare 10 her-
barium voucher specimens of the most commonly used plants and do a 
survey (if possible, in Native American communities) to see how these 
plants are used (for food, medicines, or arts and crafts).

Formulating a hypothesis
Hypothesis formulation and testing is important in the life sciences 
classroom. It is therefore essential that an ethnobotanical class project 
be embedded in a rigorous design, whereby students have to formulate 
hypotheses. Students’ hypotheses might include that the ethnobotanical 
uses of plants in a particular area are not well recorded, or they might 
hypothesize that there is an erosion of indigenous knowledge among 
younger generations (and so test how well plants are known by people 
in different age groups). Another hypothesis might be that there is con-
sistency in how plants are used for medicinal reasons. 

Identifying a knowledgeable source  
(e.g., a traditional healer)
In our work in the Hantam, we identified Jan Baadjies (Figure 1), a tradi-
tional healer, as our primary source of information. We spent 3 days with 
Jan in the field, collecting specimens of the plants that he and his people 
were using as food or medicine or for other purposes.

Drying the plants
Plant specimens need to be pressed and dried before they are mounted 
on a piece of white cardboard (poster board) for the class herbarium. 
Commercial plant presses are available, but it is easy to manufacture a 

press using two wooden frames and two strong straps. Plant materials 
are placed in folded newspaper, and the newspaper with the enclosed 
plant is put between two sheets of absorptive paper. After every five or 
so plants (each in its own folded newspaper, with sheets of absorptive 
paper in between), insert a piece of strong cardboard to provide stability. 
Change the sheets every second day until the plants are dry. The spec-
imen can then be mounted.

Identifying plants & preparing herbarium voucher 
specimens
We recorded the indigenous names for the plants (provided by Jan and 
other members of the community). Back at the university we had to 
identify each species. You can provide students with good field guides, 
and the Internet is also very useful in identifying plants. We encourage a 
trip for your students to the nearest herbarium. Many universities have 
herbaria, and there your students can compare their plant specimens 
with herbarium voucher specimens. Once a plant has been identified, 
the students should complete a label for the plant and mount it on a 
herbarium sheet (see Figure 2). The mounting process involves gluing 
the plant material and pressing it with small weights until it is dry. Any 
loose parts can be secured using strips of gummed paper. Although it is 
not normal practice to include photographs on such herbarium voucher 
specimens, we have found it useful during phase 2, in which we inter-
viewed people and showed them the herbarium voucher specimens. The 
plant material often loses color as it dries, and in this flattened, color-
less state it may not be easy for the untrained eye to identify the plant. 
A color photograph of the plant provides detail that may be lost on the 
herbarium voucher specimen. The label should include the information 
indicated in Figure 3.

Developing the questionnaire
In our Hantam survey, we included 120 mostly indigenous plants. On 
the instrument were columns where we could indicate whether the inter-
viewee knew the plant, had a name for it, and could name any ethnobo-
tanical uses for it (see Figure 4). We suggest that you limit this survey to 
10 of the most commonly used plants.

Doing the survey
The students will have to decide on a sampling technique, and here 
you will have to provide them with background information on 
random sampling, convenience sampling, and other sampling strate-
gies. We advise that the students put the herbarium voucher speci-
mens in transparent plastic bags (A3-sized plastic folders are readily 
available), because the sheets are subjected to a lot of handling during 
the survey.

Ethical considerations
The instructor should discuss ethical issues before the students embark 
on this research. Basic principles of ethics in research are summarized 
in Table 3, with useful sources of information. For example, there may 
be legislation that governs the collection of plants (especially in nature 
reserves and National Parks). Some plants may be rare or endangered, 
and special permission may be needed to collect such plants. In any 
case, the permission of the landowner is a minimum requirement when 
specimens are collected. Students should realize that participation is vol-
untary and that they should clearly explain the aim of the research to 
participants and respect their privacy. Prior informed consent should be 
obtained. Compensation (monetary or otherwise) should be discussed in 
advance to avoid misunderstandings. When ethnobotanical surveys are 
aimed merely at recording cultural information for future generations, the 
ethical considerations are usually fairly uncomplicated. However, when 
a private company is doing the survey with the aim of developing com-
mercial products, rigorous procedures in the form of a legal framework 
are required to ensure the protection of indigenous knowledge rights Figure 1. Jan Baadjies, during field work in the Hantam.
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and a clear provision for the equitable 
sharing of the benefits to be derived 
from the use of the knowledge (see the 
Hoodia example discussed below). Ide-
ally, the participants should be involved 
in all aspects of the collection and dis-
semination of the information. It is in 
any case important to provide feedback 
to the participants – this may take the 
form of copies of the project report or 
any publication(s) that result from the 
study. At the very least, contributors of 
knowledge should be acknowledged by 
name in the project or publication, as is 
common practice in academic writing. 

Analyzing the results
Which are the most commonly known 
and used plants? Is there consistency in 
the names of plants, how they are used, 
and, in the case of medicinal use, how 
it is prepared and how the doses given? 
In our own survey in the Hantam, we 
found that around 40 of the 120 plants 
are known by most of the participants, 

Figure 2. Herbarium voucher specimens: (A) Hoodia gordonii and (B) Sutherlandia frutescens.

University of Johannesburg Herbarium (JRAU) 

Hoodia gordonii (Masson) Sweet ex Decne.

Apocynaceae    

Legit: B-E van Wyk, JJ de Beer &  PM Tilney 4452 

Date: 27 September 2009 

Locality: Agter Hantam, farm Perdekraal (3119BC) 

Stem succulent with yellowish/beige flowers.  

Local name:  khoba, bitterghaap, ghaap 

Local use: Oral thrush (tandesproei); slimy chests;

measles; heartburn; “to clean blood”. Edible - a

popular veld food

Name of your school 

Species name (l) and family (r)

Name of collector (student)

Date of collection, and locality 

(have maps available of area; get 

GPS coordinates) 

Short description, and local 

name(s)

Ethnobotanical uses 

Figure 3. Herbarium voucher specimen label.
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and we were surprised by the consensus regarding the use of the plants 
and eventhe ways in w hich the medicinal plants were used, which plant 
parts were used, and how the decoction was prepared.

Writing the report
Students should submit a scientific report in which they explain their 
methodology and analyze their data. This is also an ideal project for 
reflecting upon the nature of science (including the role of novel ideas, 
methodology, cultural influences, publication, ethics, intellectual prop-
erty, plagiarism, and many other important considerations). Are the find-
ings based on empirical evidence? Have any of these plants been tested 
in a laboratory for safety and efficacy? (Refer to the article by De Beer 
& Whitlock in the April 2009 edition of ABT for more information on 
testing for antimicrobial activity.) Next, we would like to focus on a few 
controversial aspects, which may form part of students’ reports. 

Aspects to Consider in Students’ J JJ

Reports
The science vs. pseudoscience debate
We refer you again to the article by Howe (2009) – his table 2 should be 
most useful in guiding student thinking. Science demands empirical evi-
dence. How did local people (or traditional healers) come to know that 
these particular plants are edible or of medicinal value? Does “Western Sci-
ence” support these claims? Perhaps you could share a vignette or two with 
your students. In our case (Hantam region), we could mention the use 
of ghaap or ghôba (Hoodia gordonii), which is a popular food item (Figure 
5) that is used locally to suppress hunger and thirst and also to treat 
stomach pain. (The Khoi-San hunters had to endure hunger and thirst 
on their hunting expeditions.) The appetite-suppressant properties of the 

Figure 4. The Hantam instrument (an excerpt; our instrument included 120 plants).

Name:  ...........................................................   Pseudonym:  ................................................

Date of birth:  ............................................. 

Where did you grow up?……………………………………………………………….... 

How well do you know the plants of the Hantam?  ........................................................... 

How/where did you obtain your knowledge of plants? ...................................................... 

Plant Know plant?Use(s)

If yes, do you 

have a name for 

Use(s) of plant?it?

Galenia africana 

(geelbos) 

Wash yourself with it- skin 

diseases/ fungal infections  

Pelargonium 

antidysentericum 

(aree)

Used to treat dysenteric 

fevers

Viscum capense 

(voëlent; mistletoe) 

Drink as a tea    

Sutherlandia 

frutescens  

(kankerbos; 

kalkoenbos)1

Treating cancer, back ache, 

stomach problems, kidneys, 

diabetes & high blood 

pressure. 

Hoodia gordonii 

(ghôba; 

bitterghaap) 

Used for oral thrush; edible- 

suppresses appetite.   

Hydnora africana 

(kanniekan) 

Edible; used especially to 

conquer thirst.  
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plant have been studied scientifically and are ascribed to a chemical com-
pound in the plant known as P57 (Van Heerden et al., 1998). This plant, 
sometimes incorrectly referred to as the “South African desert cactus,” 

has become internationally famous as a potential anti-obesity drug. The 
economic implications are huge: the current market potential for dietary 
control of obesity is $3 billion per annum in the United States (Wynberg, 
2004). Another example is the woody shrub Dodonaea viscosa, commonly 
known as basterolien. The tips of the leafy branches are used locally to treat 
colds, influenza, and stomachache (often as part of a mixture with other 
herbs). It is interesting to note that scientific (pharmacological) studies have 
clearly shown that leaf extracts of the plant have substantial antimicrobial 
and anti-inflammatory activity (Khalil et al., 2006). A famous example 
from North America is the purple coneflower (Echinacea purpurea), which 
is widely used as supportive treatment for colds and influenza. Most of the 
clinical studies done on extracts of this plant have shown statistically sig-
nificant improvements in cold symptoms (Van Wyk & Wink, 2004). 

Intellectual property rights
Hoodia gordonii (see Figure 5) also provides an interesting example of some 
of the ethical issues encountered in science (Wynberg, 2004). The earliest 
people in South Africa, the Khoisan, used it as an edible plant, and the fleshy 
stem provided needed water in a very dry part of the country. Research by 
the Council for Scientific and Industrial Research (CSIR) in South Africa 
showed that this plant, through the active ingredient P57, is an effective 
appetite suppressant. In the late 1990s, the American firm Pfizer was given 
the rights to develop Hoodia tablets as a commercial undertaking. However, 
questions were asked about the intellectual property rights of the indige-
nous (San) people, who have used this plant for many decades or perhaps 
many centuries. The CSIR therefore signed an agreement with a particular 
San group in the Kalahari, whereby they will receive royalties from the sales 
of this plant product. However, this also created problems – only one San 
community was acknowledged, whereas the plant is widespread in the drier 
areas in South Africa, and other communities were not advantaged by this 
contract. This may be one reason why Pfizer announced that it will no longer 
develop the commercial use of Hoodia, though restructuring of the company 
was given as official reason for withdrawal from the project. However, illegal 
trade in Hoodia has led to the plant becoming a threatened species. 

Historical anecdotes 
The importance of accurate documentation of historical data is also 
exemplified by the Hoodia example. Few South African plants have a 
more explicit early record of traditional use. The famous South African 
pharmacologist and botanist Rudolf Marloth recorded the following in 
his Flora of South Africa, volume 3: 

This is the real ghaap of the natives, who 
use it as a substitute for food and water. 

Table 3. Basic principles of ethics in research, with sources of information (adapted from Tapela et al., 2009).

Principle What it means for students doing field work

1. Respect Researchers should show respect for the background, culture, and life choices of the people 
they work with.

2. Historical awareness Researchers should be aware of the historically disadvantaged social, political, and economic 
positions of many communities.

3.  Reciprocity, mutual benefit, 
and equitable sharing

Both parties in the research should benefit from the interaction.

4. Process A fair process of negotiation should be used that foregrounds flexibility rather than rigidity.

5. Full disclosure Communities should be fully informed of the nature and purpose of the research.

6.  Communication and due 
acknowledgment

Communities have the right to receive the printed (or written) outcomes of the research.  
(If possible, invite members to class when research presentations are held.) 

7.  Acknowledgment of different 
types of knowledge

Researchers should grant equal status to formal (e.g., scientific knowledge) and informal  
(e.g., local or traditional indigenous) knowledge.

Figure 5. (A) Hoodia gordonii and (B) Sutherlandia frutescens.
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The sweet sap reminds one of liquorice, 
and when on one occasion thirst compelled 
me to follow the example of my Hotten-
tot guide, it saved further suffering and 
removed the pangs of hunger so efficiently 
that I could not eat anything for a day after 
having reached the camp. (Marloth, 1932)

Indigenous knowledge is fragile, because it is subject to modification and 
modern interpretation. Accurate records like this one are therefore of con-
siderable cultural importance. The history of quinine (obtained from Cin-
chona bark) is extensively described by Balick and Cox (1996: p. 30). Few 
today know that on the Asian front during World War II, more American 
soldiers died from malaria than from Japanese bullets. The identities of the 
high-yielding strains of the Cinchona tree were never accurately recorded, 
and so the strategy to overcome a worldwide shortage of the alkaloid qui-
nine met with mixed success. When doing their projects, students should 
also pay attention to the historical background and artifacts of the studied 
plants, as this can enrich the value of their research. 

Using This Approach in the American J JJ

Classroom
Although we have discussed indigenous plants that occur in the Hantam 
area, the approach can be adapted with ease for any area in the United 
States. Table 4 gives some examples of the ethnobotanical use of plants 
in your country – some of these are common plants, and not all are 
endemic or indigenous to the United States.

ConclusionJ JJ

The methodology we have presented shows how the practice of con-
temporary science, as described in the following passage in the National 
Science Education Standards (NRC, 1996), can be complemented with an 
incorporation of indigenous knowledge:

Science is a way of knowing that is character-
ized by empirical criteria, logical argument, 
and sceptical review. Students should develop 
an understanding of what science is, what sci-
ence is not, what science can and cannot do, 
and how science contributes to culture. 

Implementing an ethnobotanical survey in the life sciences classroom 
can put students in touch with the cultural roots of science. The Rel-
evance of Science Education Study showed that a very high negative cor-
relation exists between students’ perceptions of the relevance of science 
and the development index of the country (Sjøberg & Schreiner, 2006). 
The more developed a country, the more irrelevant students often find 
the curriculum. A possible reason for this is that curricula in developed 
countries subscribe to what C. A. Odora Hoppers (unpubl. manuscript) 
has called “cosmopolitan knowledge,” anchored in Western philosophies 
and scientific discoveries that may be alien to some students. This “west-
ernized” focus on biology is often at the expense of indigenous knowl-
edge – a practice that Odora Hoppers (2004) has called “knowledge 
apartheid.” Although indigenous knowledge is most often marginalized 
in the biology classroom, it sustains millions of people economically, 

Table 4. Ethnobotanical uses of plants in the United States (Dweck, 1997; Hoareau & DaSilva, 1999).

Scientific Name Popular Name(s) Uses Medicinal Properties/Chemicals

Eupatorium  
perfoliatum

Boneset Used by American Indians as a laxative 
and tonic

Contains volatile oil, tannic acid, and 
eupatorin

Podophyllum  
peltatum

Mayapple, Indian 
apple, umbrella plant

Used to treat gastrointestinal disorders, 
rheumatism, and intestinal worms

Podophyllin resin

Panax  
quinquefolium

Ginseng Used to boost the immune system and 
relieve stress

Ginsenosides and protopanaxadiol; com-
mercially available for relief of colds and flu

Thuja occidentalis Thuja, cedarwood Once used for treatment of psoriasis, 
rheumatism, and warts; American Indians 
made a tea of the bark to promote men-
struation and to relieve headache

Contains high concentration of vitamin 
C, and essential oil that is used as a disin-
fectant

Echinacea  
angustifolia

American coneflow-
er, Kansas snakeroot, 
hedgehog

Used to prevent inflammation (antisep-
tic), to relieve pain (analgesic), and to 
boost the immune system; the Omaha-
Ponca used the root for toothaches and 
to treat snake bites; in recent times used 
to fight colds and flu

Echinacin extract has been found to have 
antifungal activity

Sanguinaria  
canadensis

Indian paint, red root, 
sweet slumber

Used to treat ringworm, fungal infec-
tions, ulcers, and skin diseases

Alkaloids such as sanguinarine, protopine, 
cholerythrine; and chelidonic acid

Simmondsia  
chinensis

Jojoba The Apache Indians used it for healing 
wounds

Recent research has indicated that the oil 
is anti-inflammatory

Grindelia  
robusta

Gum plant California Indians used the plant to 
purify blood; today it is used for treating 
dermatitis

Cerotic acid, phenolic substances, tannins

Helianthus  
annuus

Sunflower The oil is used to treat psoriasis, relieves 
the pain of arthritis, and is used on bruises

Triglycerides of linoleic acid (fatty acid 
needed for good skin condition)
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socially, and spiritually. We believe that the described ethnobotanical 
survey provides an opportunity to address the latter, but also provides a 
vehicle to reflect on the nature of science. 
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AbstrAct

Natural variation, including the continual selective pressures that lead to speciation, is 
one of the more dynamic aspects of biology. However, traditional instruction on the topic 
is often passive in nature, leaving little opportunity for scientific inquiry. In this labora-
tory exercise, we use a statistics-based, guided-inquiry approach to engage students in 
natural variation. Students are introduced to speciation and classification by using a 
dichotomous key to identify various common local trees on the basis of leaf character-
istics. Once the students have learned characteristics useful for identification, they are 
given two leaf samples, a sugar maple and an “unknown.” They are asked to choose 
characteristics and collect quantitative data in order to determine whether the unknown 
is a sugar maple. Before data collection, students form hypotheses related to the identity 
of their unknown, followed by statistical comparison of means to support or refute their 
original hypotheses. In this way, students gain an appreciation for the activities under-
taken by taxonomists that are related to natural variation and classification.

Key Words: Variation; inquiry; taxonomy; systematics; student engagement.

The general intent of the introductory biology 
laboratory is to reinforce basic biological con-
cepts while teaching skills that are necessary for 
conducting science. Traditional laboratory exer-
cises have been expository or “cookbook” in 
nature rather than inquiry-based. The diversity 
of life and its classification, including the con-
tinual selective pressures that lead to speciation, 
has been no exception. Although the topic is one 
of the more dynamic aspects of biology, labora-
tory exercises have tended to be “show-and-tell,” 
presenting students with lists of characteristics that distinguish earth-
worms from planarians, green algae from conifers, and bacteria from 
archaea. During lab activities designed to coincide with lecture presenta-
tions, students are typically shown representative examples of taxa, often 
preserved specimens, with the occasional dissection or live specimen. 
Seldom is the scientific method used, and so there is very little opportu-
nity for scientific inquiry. 

While there is evidence that inquiry-based labs result in increased 
understanding (e.g., Lord & Orkwiszewski, 2006; Rissing & Cogan, 
2009), it can be difficult to implement them (e.g., Sundberg & Arm-
strong, 1993; Brainard, 2007). The activity presented here is an interme-
diate approach, called a “guided inquiry” by D’Avanzo (1996) and Grant 
and Vatnick (1998), in which students are given a research question and 

resources, but they design and conduct an open-ended investigation. 
This method not only gives the students some ownership and experience 
with the scientific method, it also provides guidance and is somewhat 
easier to manage logistically. We use a statistics-based, inquiry approach 
to engage our students in natural variation and classification, in this case 
by learning to classify species of common local trees on the basis of leaf 
characteristics. Once the students have identified characteristics useful 
for classification, they are given two leaf samples, a sugar maple and an 
“unknown” sample. They are then instructed to use the scientific method 
to address the following question: Is the unknown a sugar maple? Before 
they collect data, the students form hypotheses related to the identity of 
their unknown. They then choose characteristics for comparison, collect 
quantitative data, and conduct statistical comparison of means to sup-
port or refute their original hypotheses. 

This lab is designed to be completed during one 3-hour session of 
our introductory biology course for majors. It addresses many of the 

central themes of biology outlined in BIO2010 
as critical for understanding the unity and diver-
sity of life, specifically those concerning heri-
table genetic variation and speciation (National 
Research Council [NRC], 2003). Furthermore, 
this lab follows the BIO2010 recommendation that 
students be engaged by developing project-based 
laboratory activities with discovery components. 
In addition, many National Science Education 
9–12 content standards are addressed (Table 1), 
and this lab could certainly be modified for use at 
the high school level (NRC, 1996).

BackgroundJ JJ

Organismal variation can be genetic or environmental, and many traits 
are influenced by both genes and environment. Genetic variation results 
when individuals inherit different alleles for certain traits. Heritable vari-
ation is crucial because it provides the raw material on which natural 
selection acts. Populations that do not vary genetically cannot evolve. 
Heritable variation is also useful for classification. Variation helps us 
identify different species of organisms. For identifications to be reliable, 
we need to use characters that have a genetic basis, rather than ones that 
are easily influenced by environmental conditions. Correct identifica-
tion of organisms has practical consequences in spider and snake bites, 

We use a statistics-based, 

inquiry approach to 

engage our students in 

natural variation and 

classification.
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in ingestion of plant parts by children, and in deciding whether to hike 
through vegetation that may or may not be poison ivy. 

Millions of species inhabit the earth. Although each species has some 
unique identifying traits, different species may still closely resemble each 
other. Thus, at-a-glance identification requires investing much time 
(often years) to learn the similarities and differences among the species 
of interest. However, identifications in a reasonable length of time are 
possible without becoming an expert on a group. 

Taxonomists study known organisms, distinguish within-group varia-
tion from variation that exists among groups, and decide which groups 
merit recognition as species. Characters that vary among (but not within) 
groups are useful for separating and identifying these groups. Using 
these features, taxonomists write identification keys that make identifi-
cation possible by nonexperts. Keys let users identify an organism from 
among the possible alternatives through a step-by-step process of elimi-
nation. Virtually any group with observable variation can be the subject 
of a key.

How do scientists separate natural variation into groups? Two 
related fields deal with this issue. Taxonomy is the science of classifica-
tion, whereas systematics involves using phylogenetic information (i.e., 
information about evolutionary relationships) to identify and classify 
organisms. Taxonomists attempt to classify all the organisms on earth. 
Biological taxonomy is important for three major reasons. It allows us 
to catalogue and comprehend the great diversity of life on Earth. Orga-
nizing all of life into a series of a few categories makes it easier to study. 
Second, taxonomy assists communication. Having named categories 
allows different people to refer to them in an understandable fashion. 
Third, when a systematic approach is used, classifications have a predic-
tive value. If the two-spotted bumblebee stings you and it is painful, you 
can predict that the sting of its relative, the white-faced bumblebee, will 
also be painful, even though you’ve never been stung by one. 

Modern taxonomists attempt to use a natural system of classification 
that reflects the evolutionary relationships of the organisms being classi-
fied. This results in natural groups in which all the organisms are more 
closely related to each other than to members of any other group. “Relat-
edness” implies a common origin for members of a group at some time in 
the past; the more recently that two species shared a common ancestor, 
the more closely they should be classified. Since taxonomists cannot read 
evolutionary history directly, they must infer relatedness. Taxonomists 
use all available evidence (e.g., morphology, chemistry, behavior, fossils, 
etc.) to determine how taxa are related. DNA sequence data are often the 
best indicator of relatedness, but such data have only recently become 

easy to obtain. As more and more DNA data become available, old clas-
sifications are revised to reflect new knowledge, making modern tax-
onomy a dynamic field.

Anatomical similarities often indicate evolutionary relatedness. For 
classification, it is important to use traits that are evolutionarily signif-
icant – that is, traits that are similar because of shared ancestry. One 
cannot determine ahead of time which traits these will be. Taxonomists 
observe and compare all features of their study groups to identify useful 
characteristics. Multiple traits are required for classification, because 
traits distinguishing group A from group B may not differentiate A and 
C. For example, tail length distinguishes bobcats and mountain lions 
but is useless for separating jaguars and leopards. Statistics and graphs 
can help us identify taxonomically useful traits, particularly at the level 
of species. Statistics such as the t-test and analysis of variance are used 
to test whether the differences measured between two groups are statisti-
cally significant.

MaterialsJ JJ

Computers equipped with statistical analysis software (we use SPSS 16.0 
for Windows)

Protractors•	

Rulers•	

Laminated leaves for use with the identification key. We maintain •	
at least 10–12 laminated specimens of each. Specimens are lami-
nated following drying and pressing (see below). Specimens may 
vary, depending on the area; these are the examples we use (labeled 
A–I):

A = buckeye (Aesculus glabra) 
B = dogwood (Cornus florida)
C = hackberry (Celtis occidentalis)
D = redbud (Cercis canadensis)
E = white ash (Fraxinus americana)
F = black locust (Robinia pseudoacacia)
G = Osage orange (Maclura pomifera)
H = hickory (Carya sp.)
I = sugar maple (Acer saccharum)

Pressed specimens labeled with different colors for use with the •	
independent experiment (specimens may vary depending upon 
area). These are the examples we use:

Table 1. National Science Education Standards addressed by this lab.

Standard (9–12) Fundamental Abilities & Concepts

Content Standard A:
Science as Inquiry 

•   Abilities necessary to do scientific inquiry
•   Understanding about scientific inquiry

Design and conduct scientific investigations.
Use technology and mathematics to improve investigations and 
communications.
Formulate and revise scientific explanations and models using logic 
and evidence.

Content Standard C:
Life Science

•   Biological evolution

Biological classifications are based on how organisms are related.

Content Standard E:
Science and Technology

•   Understanding about science and technology

Scientific inquiry is driven by the desire to understand the natural 
world.

Content Standard G:
History and Nature of Science 

•   Nature of scientific knowledge

Science distinguishes itself through the use of empirical standards, 
logical arguments, and skepticism.
Scientific explanations must be consistent with experimental and 
observational evidence.
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Teal label = sweet gum (Liquidambar styraciflua)
Green label = sugar maple
Purple label = silver maple (Acer saccharinum)
Pink label = box elder (Acer negundo)
Red label = red maple (Acer rubrum)
Yellow label = Norway maple (Acer platanoides)

When necessary, depending on wear and tear, we collect approximately 
5–10 branches 12–24 inches long of each of the following: red maple, 
silver maple, Norway maple, box elder, and sweet gum, and approxi-
mately 12–14 branches 12–24 inches long of sugar maple. Collected 
specimens are immediately processed, or stored at 4°C and sprayed daily 
with water for 2 to 3 days to keep them fresh until processing. Leaves are 
pressed and dried for 48 hours in a professional plant press; however, 
this could also be accomplished by using an inexpensive homemade 
plant press, such as one made of newspapers, cardboard, blotter paper, 
and wood held together with two straps.

ProcedureJ JJ

During the first part of the lab, students working in groups of three or 
four are given laminated leaf specimens of different species of local trees. 
Using an identification key (Figure 1), the groups try to identify the 
genus of each specimen. Diagrams of common leaf characteristics are 
provided (Figure 2), in addition to a glossary of terms commonly used 
to describe these characteristics (Figure 3). Once they have identified 
each species, the instructor checks the identifications for correctness. If 
a correct identification is not achieved, the students try again until all 
specimens have been correctly identified. This trial-and-error portion of 
the lab allows the students to gain experience with the types of leaf char-
acteristics that are useful in separating species, providing background for 
the design of the inquiry exercise during the remainder of the lab. 

Each group is then assigned an “unknown” to work with. Students 
begin by carefully comparing several stems of the unknown with several 
stems of their known species, in this case the sugar maple. The scientific 
question being addressed is this: Do your specimens look similar enough 

to belong to the same species, or do you think they belong to different spe-
cies? The answer to this question is used to formulate a testable hypoth-
esis about the similarity (or difference) of the two sets of specimens.

Once the hypothesis has been developed, each group will study 
the specimens to assess their similarity, using a dissecting microscope 

Figure 1. Key to genera of common wild trees of northern 
Kentucky and southern Ohio, based on leaf characteristics.

Figure 2. Diagrams of common leaf morphology characteristics 
used to classify trees.

Figure 3. Glossary of common leaf morphology characteristics 
used to classify trees.
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if necessary. The students are instructed to choose quantitative (mea-
surable), not qualitative, characters. Some examples of measurable 
characters are blade length, petiole length, ratio of petiole length 
to blade length, number of teeth on the margin, angle between the 
midvein and first major vein to branch off, ratio of blade length to 
width, angle between the first and second lobes, and total number of 
lobes. Using leaves from at least three stems of each type of specimen, 
the students take measurements from up to eight mature leaves and 
record the data. Once the data have been collected, statistical analysis 
is conducted for each character. The students are instructed to enter 
their data into four columns of a spreadsheet, the first column being 
the independent variable (e.g., sample – sugar maple vs. unknown) 
and the remaining columns the dependent variables (e.g., characters 
– petiole length). Students are then instructed to conduct indepen-
dent-sample t-tests to compare the means between the sugar maple 
and the unknown for all measured characters. Students then use the 
P values generated by their data analysis to support or refute their 
original hypotheses, using P < 0.05 as the critical value to indicate a 
significant difference between the means. 

Discussion & ConclusionsJ JJ

This lab addresses the following objectives:

Understand the relationship among heritable genetic variation, •	
natural selection, and speciation

Use a taxonomic key for identification based on natural variation•	

Develop testable hypotheses to address a scientific question•	

Analyze data from two or more groups, comparing means, to test •	
hypotheses related to classification

Interpret data analysis•	

The data collected during this experiment allow students to gain 
an appreciation of the inquiry activities undertaken by taxonomists in 
classifying organisms. Specifically, students gain hands-on experience in 
the critical nature of the selection of characters that allow for the iden-
tification of between-group variation to distinguish species, rather than 
within-group variation of the same species.

For example, the initial observations by students comparing 
sugar maple with the unknown, when the latter is the sweet gum, 
tend to lead to the development of hypotheses that the two species 
are not the same, because these species appear to be quite different 
(e.g., opposite vs. alternate arrangement of leaves). The blades of the 
leaves of these species are distinguishable as well (Figure 4). Charac-
ters selected by students tend to support this hypothesis, in that com-
parisons of means typically exhibit significant differences between 
samples (P < 0.05). Figure 5 represents an example of data analysis 
conducted by students, comparing the sugar maple to the “unknown” 
sweet gum in terms of the angle of the first vein to branch off the 
midvein, the ratio of the blade to petiole length, and the length of the 
petiole. In this example, with rather dissimilar species, the significant 

differences generated by the statistical analysis illustrates between-
group variation.

Interestingly, when students compare the sugar maple with the 
unknown and the latter is another sugar maple, the hypotheses they 
develop are usually divided between the two species being the same 
or being different. This provides an excellent teaching and learning 
opportunity. Figure 6 represents an example of data analysis of the 
same characters as described above, when the unknown was another 
sugar maple. In this case, only one of the three selected characters 

Figure 4. Photographs of typical sugar maple and sweet gum 
leaves.

Figure 5. Comparison of selected characters comparing sugar 
maple and unknown (sweet gum). Error bars represent mean 6 
standard error of the mean (SEM). Asterisk indicates a value signifi-
cantly different from that of sugar maple (Student’s t-test; P < 0.05).
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showed a significant difference between the samples. The students are 
forced to interpret the data. With further discussion and perhaps addi-
tional comparisons, they come to the conclusion that the character 
that is significantly different in this case is an example of within-group 
variation, which is not useful in the classification of separate species. 

In addition to in-class discussion, students are assessed in this lab 
on the basis of their ability to answer questions related to the exercise, 
including:

What types of characteristics and methods are most useful for iden-•	
tifying organisms?

What consequences does natural variation have for classification?•	

How can the results of statistical analyses be used to test •	
hypotheses?

This guided-inquiry exercise meets multiple objectives regarding 
content and skills, while also preparing students for future open-ended 
investigations. We’ve utilized species of trees that are endemic to the 
deciduous forests of the Ohio River Valley near our campus, but the lab 
could certainly be modified to use other types of plant species endemic to 
other areas. In fact, this lab could easily be reworked for study of natural 
variation not only in plants, but also in protists, fungi, animals, or any 
group of organisms for which quantitative characters can be identified.
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Figure 6. Comparison of selected characters comparing sugar 
maple and unknown (also sugar maple). Error bars represent 
mean ± standard error of the mean (SEM). Asterisk indicates a 
value significantly different from that of sugar maple (Student’s 
t-test; P < 0.05).




	FEB_Cover
	ABT.2011.73.2_TOC
	135_President
	136_GUEST Editorial
	137_FeatureArticle_Kormondy_new
	138_Article_Kvist
	139_Article_Wagler
	140. Article_Stansfield
	141_Article_de Beer
	142_Inquiry & Investigation_Thompson_new
	143_How-To-Do-It_Metzger
	144_Quick Fix_Jensen
	145_BiologyToday
	146_BookReviews
	147_Classroom Media Reviews
	148_Sacred Bovines
	ABT.2010.73.2
	Index_to_Advertisers_new



