HUMAN EVOLUTION FROM DARWIN TO DOVER:
WHAT A LONG STRANGE TRIP IT’S BEEN
by Louise Mead

“I’m no kin to the monkey no no no,
The monkey’s no kin to me yeah yeah yeah,
I don’t know much about his ancestors,
But mine didn’t swing from a tree.”
These lyrics, sung by Crystal and Robyn Bernard for Dr. Jerry Falwell: Feudin’ Fussin’ & Frettin’,
capture one of the more significant challenges to teaching human evolution: the belief that “I
didn’t come from a monkey.” A documentary on the Kitzmiller v. Dover Area School District trial,
over the teaching of intelligent design, also features this song, and not surprisingly, it was also in
Dover, Pennsylvania, that a student mural depicting hominid evolution was removed from the
school and burned.
When it comes to misconceptions, the idea that humans did or didn’t evolve from
“monkeys” simultaneously is one of the most easily-corrected in terms of evidence (i.e. scientists
have accumulated overwhelming evidence that we share common ancestry with all other
primates), and most difficult to correct because of its emotional charge (i.e. if you teach a child
she comes from an animal she’ll behave like one). Fossil, molecular, morphological, behavioral,
and genetic evidence all support the idea that humans, chimpanzees, gorillas, gibbons
(hylobatids), old world “monkeys” (cercopithecids), new world “monkeys” (platyrrhines),
tarsiers, and lemurs and lorises (strepsirrhines) all share a common ancestor, which lived nearly
95 million years ago (Shoshani et al. 1996). The celebration in 2009 of the bicentennial birth of
Charles Darwin and the 150th anniversary publication of On The Origin of Species (Darwin, 1859)
provide an excellent opportunity to examine the historical contributions that Darwin made to
our understanding of human evolution and also to address misconceptions about human
evolution that students still have.

Historical Contributions of Darwin to Human Evolution
Darwin addressed human evolution at length in The Descent of Man, and Selection in Relation to Sex
(Darwin, 1871), in which he sought “to consider, firstly, whether man, like every other species, is
descended from some pre-existing form” (Darwin, 1871 pg. 2). According to Darwin, the
evidence for human evolution included homologous structures and development, and Huxley’s
observation that man differs less from the African apes than apes differ from monkeys and
prosimians. However, Darwin also believed natural selection alone could not explain the
variation among humans, and thus placed a great deal of emphasis on sexual selection. Despite
references to human races throughout The Descent of Man, Darwin also noted differences
“between the highest men of the highest races and the lowest savages” were gradual (Darwin,
1871 p.35) and viewed the various races as a single gene pool from which all humans share
descent, rather than a group of distinct, non-overlapping races.
Darwin’s ideas about human evolution were revolutionary. Nineteenth and twentieth
century fossil discoveries that informed human origins and evolution, combined with molecular
and genetic data accumulated during the latter 20th and early 21st century, could have produced
data that undermined Darwin’s arguments about human evolution. Quite the contrary, the
morphological and molecular data gathered since Darwin published Descent of Man only serve to
support Darwin’s interpretation of human evolution and origins, reiterating the magnificent
contributions Darwin made to the subject.

The Journey from “Monkey” to Me
Teachers can aid students in moving away from the misconception “I didn’t evolve from a
monkey,” which, ironically, in a cladistic sense, is actually correct, by examining the distribution
of characters in humans, fossil hominids, and other primates. By doing a series of activities that
focus on identifying ancestral and derived traits and characters in various primates, and building
a cladogram to represent evolutionary relationships, students will better understand common
ancestry and tree-thinking. Students examine morphological evidence, learn the correct terms to
describe the common ancestors of humans and various groups of primates, and clarify any
misconceptions about our relationship to “monkeys.”
Engage: Begin by asking students the following question, anonymously if possible, about their
current understanding of human origins:
Question: Which of the following best describes your understanding of the origin and evolution
of human beings: (1) Humans (Homo sapiens) developed over millions of years from earlier forms;
(2) humans developed from monkey-like chimpanzees; (3) humans appeared in their present
form all at one time within the last 10,000 years.
Explore: Classification and systematics have historically been based on overall similarity. For
example, turtles, alligators and crocodiles, lizards and snakes were all classified into a single
group called reptiles. Systematists today attempt to group organisms based on evolutionary
history and relatedness. In the above example, alligators and crocodiles are actually more closely
related to birds than they are to any other reptiles, as indicated by a series of shared derived
characters or synapomorphies, and hence the term reptile no longer describes an evolutionarily
distinct group (a clade) unless, of course, it also includes birds. When determining evolutionary
history, characteristics with a genetic basis are used; therefore shared characteristics indicate
shared genes. The more genes shared, the more closely related are two organisms. Many
characters have a genetic basis and are used for classification, including anatomical,
developmental, biochemical, molecular, and behavioral traits.
Begin by reviewing the terms in Box 1 with students. If students are not familiar with
character data matrices and building cladograms, it will be useful to have them do an
introductory activity on this topic (http://www.teachersdomain.org/resource/evol07.
sci.life.evo.lptiktaalik/) or read an introduction to tree-thinking (Baum and Offner, 2008).
If students are familiar with cladograms, begin by making a series of skulls available to
students, including some combination of the following: Homo sapiens, one or two fossil hominids
(Homo hablis, Homo erectus, Australopithecus africanus, Australopithecus afarensis), gorilla (Gorilla gorilla),
chimpanzee (Pan troglodytes), a cercopithecid or old world “monkey” such as the rhesus monkey
(Macaca mulatta) or baboon (Papio hamadryas), a platyrrhine or new world “monkey” such as the
squirrel monkey (Saimiri bolliviensis) or spider monkey (Ateles paniscus), a tarsier (Tarsius syrichta), a
lemur (Lemur catta) or loris (Nycticebus coucang), and at least one non-primate mammal such as a cat
(Felis catus), raccoon (Procyon lotor), fox (Vulpes sp.), or dog (Canis familiaris) to act as an outgroup.
[NOTE: The complexity of this assignment can be altered by using fewer taxa and/or fewer
characters. However, it is generally best to have more characters than taxa].
Collect data from the skulls of the various species or taxa. Observe and record character
states according to details in Box 2 and/or take measurements as specified. Record data in table
format, with species as rows and trait or character listed in Box 2 as columns (Table 1).
Explain: Were students able to collect data for all characters for all species or taxa? Have
students construct a cladogram using the following rubric: (1) Identify the outgroup, that which
you know to be outside the main group of analysis. In this example, we are most interested in
the primates, so of the above list of possible taxa, the carnivore (cat, fox, dog, or raccoon) would

be the outgroup. (2) Use the outgroup to determine which character states are ancestral and
which are derived (found only in one particular lineage). For example, consider the type of eye
socket. The cat, raccoon, fox, and dog all have an incomplete eye socket, whereas other taxa in
the analysis have a complete eye socket, indicating the latter is the derived state or condition.
(Note! Do not use a deer skull, since deer like primates have orbits encircled by bone!) (3)
Identify the two taxa or species that share the most derived characters; these are the most closely
related. Begin to construct the cladogram by listing these two taxa and drawing two vertical lines
from each taxa, then connecting the vertical lines with a horizontal line, as in Figure 1. Identify
the next taxa or species with the most shared, derived characters, and place it next on the
cladogram, as the next most closely related to the first two taxa. Continue until all organisms
have been assigned a position.
Elaborate: Once students have constructed their cladogram, compare their cladogram to Figure
1. Discuss any differences, reminding students that a cladogram is a hypothesis, based on the
data. Did students find some characters were most useful? Can and should all the characters be
used? Do they think some characters are more informative than others? Using the cladogram in
Figure 1, have students add the following terms to their cladogram: Anthropoidea, Catarrhini,
Haplorrhini, Hominoidea, Primata, and Strepsirrhini,. Ask students to answer the following
questions: (1) Are humans more closely related to apes or monkeys? (2) Is Australopithecus
afarensis more closely related to humans or chimpanzees? (3) What types of data would provide
information on how long ago various ancestors lived? (4)Based on scientists currently
understanding of the data, how long ago do we hypothesize the ancestor of humans and chimps
lived?
Evaluate: (1) What are the differences between the human skull and “Old World” and “New
World” monkeys? (2) What changes have occurred since we shared a common ancestor with
these groups? (3) Remembering that a cladogram is only a hypothesis, what are some ways you
can test the hypothesis of your cladogram? (4) Explain why it is not correct to say we evolved
or didn’t evolve from monkeys.

Box 1. Cladistics: Definition of Terms
Characters are physical features shared by a group of organisms. In constructing a cladogram,
characters with a genetic basis are most important, and generally only those that are shared and
derived (i.e. new characters that are not present in the outgroup or ancestor) are used, also
referred to as synapomorphies.
A cladogram is a tree-shaped diagram used to illustrate evolutionary relationships among
species by analyzing certain kinds of characters, or physical features, in the organisms. Any
cladogram is a hypothesis. With a particular selection of taxa and characters, numerous
cladograms are possible. The more characters that fit the cladogram, the more supported is the
hypothesis. A clade describes a group of organisms including their common ancestor and all
descendants that have evolved from that common ancestor.

On a cladogram, an internode is the line connecting at least two speciation events that represent
at least one ancestral species. A node is the branching point representing a speciation event.
An outgroup is a group of organisms outside the group being studied that is used to determine
which of the studied groups’ characters is ancestral and which is derived.
A phylogeny is the evolutionary history of a taxon.
A phylogenetic tree is a diagram that shows the history and evolutionary relationships among
members of a taxon.

Characters and Character States
Type of Eye socket. Character states: (0) In an incomplete eye socket, the bone around the
orbit does not form a circular ring; (1) Complete eye socket has a circular ring of bone around
the orbit (the location of the eyeball).
Direction of orbits. Character states: (0) facing laterally or anterolaterally; (1) facing more
anteriorly.
Sagittal crest – located at the sagittal suture or joint between the left and right parietal bones, to
which jaw muscles attach. Character states (0) absent; (1) present.
Lamboidal crest – located at the lamboidal suture or joint between the parietal bone and the
occipital bone. Character states: (0) crest or keel absent; (1) crest or keel present.
Foramen magnum – the large hole in the base of the skull where the spinal cord enters the
skull. Character states: (0) f.m. is midway between the incisors and lamboidal suture; (1) f.m. is
closer to the front of the skull than to the back; (2) f.m. is closer to the back of the skull than to
the front.
Facial elongation (prognathism). Character states: (0) absent or small; (1) elongated and linked
with several features (narrow interorbital distance, long nasal bones). Students can also measure
the relative snout length, corresponding to the ratio of the length of maxilla (measured from
the posterior edge of the hard palate to the anterior edge of the incisors) divided by the
bizygomatic arch breadth (measured as the breadth of the face from the most lateral edge of one
zygomatic arch to the most lateral edge of the other zygomatic arch).
Dentition – reflects the arrangement and types of various kinds of teeth in the upper and lower
jaw. Dental formula refers to the overall arrangement and is expressed as 2/1/2/3 – 2/1/2/3
corresponding to arrangement, from the anterior median line and proceeding posteriorly, on the
upper left jaw and lower right jaw. In the above example, there are two incisors, one canine, two
premolars and three molars on the upper jaw and two incisors, one canine, two premolars and
three molars on the lower jaw. For each species, record the dental formula. Incisors. Character

states: (0) non spatulate; (1) spatulate. Premolars. Character states: (0) three upper and lower
premolars present; (1) two upper and lower premolars present.
Braincase. Character states: (0) small with postorbital constriction; (1) large and rounded.
Frontal bone. Character states: (0) flat; (1) more convex; (2) strongly convex.
Cranial volume – a crude measure of the volume of each cranium using lentils. Through the
foramen magnum, fill the cranium completely with the lentils. While filling, occasionally shake
gently so the beans will settle and completely fill the cranium. Once the cranium is full, decant
the lentils from the cranium and measure their volume in milliliters using a beaker or graduated
cylinder. It may also be useful to obtain a relative measure of the size of the cranium by dividing
the above measure of cranial volume by circumference of the skull at mid-orbit.
Note: Characters modified from Shoshani et al. (1996) and Waggoner (2006).
Table 1. Character Data Matrix
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Figure 1. General cladogram for primates
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SOURCES FOR CASTS AND SKULL IMAGES
Anatomy of the Skull Module
Department of Anthropology, California State University, Chico
http://www.csuchico.edu/anth/Module/skull.html
The E Skeletons Project
University of Texas at Austin, Department of Anthropology
http://www.eskeletons.org/
Site provides viewing of the skeletons of human, baboons, and gorillas and side by side comparisons.
Primate skeletons from the National Museum of Natural History.
Early Human Phylogenetic Tree
Human Origins Program, Department of Anthropology, Smithsonian Institution
http://anthropology.si.edu/humanorigins/ha/a_tree.html
Photos of early human skulls of a variety of species can be viewed (many frontal and side) views by
clicking on the bars in the family tree, on species list below, or on the catalogue of species. Quicktime
virtual reality movies of skull casts in the collection are also available.
Modern gorilla skull can be viewed at http://anthropology.si.edu/humanorigins/ha/skulls.html
France Casting
Diane L. France. PhD

1713 Willox Ct. Unit A
Fort Collins, CO 80524
www.francecasts.com
info@francecasts.com
(970) 221-4044
Fax: (970) 482-4766
Casts of human cranial and postcranial bones, with features demonstrating age, sex, trauma, and
pathological conditions, and a primate series including gibbon and siamang crania, not commonly
available.
Skulls Unlimited International, Inc.
10313 South Sunny Lane
Oklahoma City, OK 73160
www.skullunlimited.com
1-800-659-7585
Wide range of primate (human and non-human) replicas including New and Old World. Skull
teaching kits; human forensic replicas.
Ward's Natural Science Establishment, Inc.
Toll-free customer service & ordering: (800) 962-2660
Catalogue requests: (800) 892-3583
http://www.wardsci.com
Casts of the human skeleton.

