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Preface

The high cost of textbooks prevents many students from succeeding. Textbook prices have gone up 3 times the rate of inflation in
the past 30 years. New textbook editions are a scam. The change in Jurmain's Introduction to Biological Anthropology from 2009 to
2011 was to search and replace the word “hominid” for the word “hominin”, and raise the price 20%. Many students will not buy
their textbooks (Kingkade 2013), and struggle through class, reading at the library. Other students will order cheap copies online
but get the wrong edition, or discounted shipping where it arrives halfway through the semester. Textbooks have become a barrier
to student success.

Assigning free online textbooks is one solution. Much of the high cost of textbooks comes from color printing, but black-and-white
and text-heavy books are poor options for our predominantly visual learners. Online textbooks allow for unlimited, large, color
graphics. For the price of a new textbook, a student can buy a text reader (kindle, ipad, tablet, surface, etc.) or a used laptop. There
may still be problems with students' access to high speed internet. The monthly fee for a cable modem service is expensive, but free
WiFi is becoming more and more widely available. The new downtown San Diego library is a good example.

Unfortunately, in 2011 when I started this, there were no free online textbook available for Introduction to Physical Anthropology.
Probably the closest were Dennis O'Neil's Biological Anthropology Tutorials from Palomar College, Wikipedia's Biological
Anthropology and Introduction to Paleoanthropology textbooks, and I borrowed from these heavily. I have found most of these
sources written in the style of an encyclopedia, and I've tried to compensate for that, to make the textbook more approachable, by
including my own voice whenever possible.

Some students may lack the necessary computer skills to use an online textbook. Hopefully the recent increases in funding for basic
skills will help. Gone are the good old days whence we scribed our homework on tablets of wet clay. Students must learn computer
skills to survive academically and professionally, and the printed textbook is becoming a relic of a bygone age. The more students
practice current electronic research techniques, the better prepared they will be for the rest of their academic and professional life.

I previously encouraged students to use their textbook as the main source for my take-home tests, but I found that many students
start with the internet as their first source, and then fall-back on the textbook if the info doesn't show up immediately in a search
engine. I've come to realize that this is not always bad, as they often discover more current information than the textbook. For
rapidly changing issues, such as how many genes are in the human genome, how closely we are related to Neandertals, Homo
naledi, or the Cerruti Mastadon, the information available on sites such as Wikipedia is often more accurate than the typical
textbook written three to ten years ago.

For each major section I have tried to follow a typical textbook chapter format:

e Introduction: an introduction and short summary of the section.

e Focus questions: intended to help students consolidate the disparate sources.

o Information: the bulk of the course content, my ideas and links to other sources.
o Vocabulary: key terms, useful for students to check their own knowledge

¢ Imagination questions: critical thinking and discussion questions

The sources are linked directly and [most] included in the Bibliography. A glossary and index seemed superfluous, because of
CTR-F on most browsers, online dictionaries, and search engines.

I've tried to keep the proportion of material consistent with most introduction to biological anthropology textbooks.
Weeks and Sections

1-2 Introduction

3-4 Evolutionary Biology

5 Cellular Biology

6-7 Primatology

8-10 Paleoanthropology

11-13 Human Variation

14 Conclusion: the Future

a https://socialsci.libretexts.org/@go/page/6958
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One difference in the ordering is that I'm attempting a more chronological approach to human taxonomy than most other textbooks.
I introduce human evolution in the order of speciation: from DNA, vertebrates, mammals, primates, hominids, to anatomically
modern Homo sapiens. 1 introduce paleontology as the method to understanding primate evolution, and in turn, living primates.

Much of this textbook is just a bunch of links to other articles; almost like a reader. If T found a source that said it better than I
could, T just copied the link. I have chosen only articles that are freely available, with no login required. I've tried to include a mix
of both the most basic and well-written introduction to the subject, and examples of the most primary and current sources available
online. The textbook mixes internet memes, peer review journal articles, encyclopedic entries, video clips, gifs, radio podcasts,
games, and VR. There is some justification for a multimodal approach to teaching anthropology (Chin 2017), but there are also
drawbacks.

One disadvantage of this reader format is that sometimes students may get bombarded by obscure details. Michelle Field and Tori
Saneda describe a similar critique in the introduction to their Wikipedia Biological Anthropology textbook, where they argue for
presenting a brief outline of the information online and using class time to fill in the details:

As you peruse the reading material in the course module pages you might find that they
contain less detail than what you would see in a "normal” textbook. This is intentional.
One thing we find incredible about higher education is that the student often reads the
textbook only to go into class and have the professor lecture for two hours on the exact
same material. Because of this repetition of the material, students often become
exasperated and either stop reading the material or stop paying attention in class. We've
also found that students in the introductory anthropology courses frequently struggle with
picking out the basic concepts from among the myriad of material from the textbook. We
think that students in introductory anthropology courses such as this one, most of whom
are not going to be anthropology majors, should read the basic information outside of
class. This allows the instructor to focus on providing more explanatory details and help
students work through critical thinking about the material in class. Therefore, the
readings in the course modules have the basic information. Through in-class activities,
discussions, and homework assignments, the job of the instructor is to help students move
deeper into and synthesize the material. [Field 2011]

I have tried to address these problems with a short outline to the subjects in my own words, but my textbook emphasizes links to
original sources in order to maximize the depth of critical thinking outside of class, and I hope to review the basic concepts during
class. Also, repetition is not a waste of time for an introductory class. I believe the risk of losing a few blurry-eyed students to the
frustration of obscure websites, is worth the benefits of pushing students to work directly with more primary sources and often the
most current research available.

This project is ongoing: links go out of date, better articles become available, permissions are granted, and peer-review is an
ongoing process. The quality of a big name textbook is admittedly superior, but I believe that in the context of our community
college, overall student success will improve with the mediocre -- but free -- textbook that follows.

Forward
“Can't beat the price!” —Jo Student
Student User Guide

For the full online version of this textbook I don't recommend printing this entire document because so much of the information is
in the hyperlinks that you need to click on to get to. The forthcoming Study Guide for the Introduction to Physical Anthropology
will be formatted for printing, but in the meantime this LibreTexts version is more printer friendly, then the full version.

It's most efficient to read this with a fast internet connection to minimize the frustration of waiting for links to load. If you don't
have a fast connection at home, many browsers have settings that will cache or save pages and let you read them off-line, so you
may be able to click all the links here when you have a good connection and then read the pages later.

a https://socialsci.libretexts.org/@go/page/6958
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Experiment with different browsers and try the Reader Mode, you should be able to adjust the font and size so this is not so hard on
your eyes.

The WiFi at our college is sketchy, so you should try different locations and times, or find a computer with a direct connection. The
new downtown public library has excellent WiFi.

For navigation, the table of contents has hyperlinks to the sections. An index is unnecessary because most internet browsers have a
"search" or "find" function within this webpage, trying pressing CONTROL or COMMAND and the letter F at the same time.

Figure 1: "Take Control + F to find your place in the universe" by Arnie Schoenberg, remix of 2014 NASA Hubble photo and 2015
Tracy Watanabe ctrlF (CC BY-NC 4.0)

This is a work in progress so for any problems you find, please send me an email or let me know in class. If a link is bad you can
often find the correct one through a search engine, but please email me the broken link and T will fix it.

I've labeled required links and assignments in GREEN CAPITALS, please consider this part of your required course work; I expect
you to do the assignment or click on the link and read it. When I say to skim a link, you want to go to the link with the question of
"How is this relevant to physical anthropology?" in mind and scroll thorough quickly looking for answers. If you haven't had much
experience skimming before, here is a quick description of skimming scientific articles.

If I just include the link, then you can consider it recommended but not required. Many of the recommend links can be written up
as Critical Reviews, which I've labeled with a teal asterisk *. Please consult the instructions for critical reviews in your syllabus for
more information.

The Imagination Questions are extra credit assignments that you can answer in a journal format, see your syllabus for details.

Please contact me with specific questions and feedback.

e https://socialsci.libretexts.org/@go/page/6958
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CHAPTER OVERVIEW

1: Introduction to Physical Anthropology

This chapter will introduce you to the field of anthropology, define basic terms and concepts and explain why it is important, and
how it can change your perspective of the world around you.

1.1: Science

1.2: Anthropology as a Science

This page titled 1: Introduction to Physical Anthropology is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated
by Arnie Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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1.1: Science

Science is a specific way of looking at the universe.

science : empiricism :: religion : faith

Anthropology is mostly based on science. Anthropology is holistic. The four main subfields of anthropology are cultural
anthropology, physical (biological) anthropology, archaeology, and linguistics. It is worthwhile to back up and introduce both

science and anthropology. And before talking about science, we should back up even farther, and talk about epistemology, the study
of how we know things.

The word science comes from the Latin for “knowledge”, but in modern English it means a very specific kind of knowledge, and
implies a method of obtaining knowledge.

Scientific Method

Another good summary of the scientific method

Here are a few terms to clarify: law vs. theory, quantitative vs. qualitative, inductive vs. deductive

A scientific "Law" is just an archaic term for an accepted theory; we could talk about Newton and his theory of gravity, or Darwin
and the Law of Evolution, and what we mean is that neither hypothesis has been disproven yet.
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Anthropology uses both quantitative (statistics) and qualitative (detailed description) methods, but leans towards qualitative
research.

Other good terms to understand are induction and deduction. Induction is where you take what you can observe and make
generalizations, like hypotheses and theories. Deduction is where you start with the general laws of the universe and you use them
to predict how a specific event will play out. Both are important aspects of science: the ability to make generalizations, and the
ability to predict future events. For example, Sherlock Holmes kept a notebook of all his previous cases, and from this he made
inductive generalizations about human nature. When a client came to see him, he would deductively apply his criminal theories to
solving the specific case.

Quantitative versus qualitative is another pair to distinguish, and have to do with what kind of data you use. Quantitative science is
based on a large quantity of objects, qualitative science is based on intensive scrutiny of a small number of objects. For example,
sociology tends to use quantitative methods — studying humans by asking many people a few questions; while anthropology tends
to use qualitative methods — studying humans by asking a few people many questions.

All this terminology is relatively new in human history, but the foundation of science, empiricism, is ancient. I don't want to back
up too far into philosophy, so let me just say that science is based on what you can experience. Scientists use what you can see for
yourself with your own two eyes (or some extension of your eyes, like an electron scanning microscope). If a scientist makes an
argument that a fossil belongs to an ancestor of Homo sapiens, they need to point out the same details that led them to that
conclusion, and as scientists they are required to explain their ideas in a way that anyone else could see the same thing they are
seeing and come to same conclusions. This is also an example of how science is "reproducible". Scientists don't get so excited
about the first person to discover cold fusion, what makes it science is the second person to verify the results, or better said, fails to
disprove the original hypothesis. Science is about disproving hypotheses. Science can say you're wrong, but it can’t say you're
right. The goal of science is not about establishing Truth, and for that reason it is often not as satisfying as other branches of
knowledge such as religion or art that can claim Truth with a capital "T". Try not to get too frustrated with statements that hedge
their conclusions, or just admit that we just don’t know yet: this is a characteristic of good science.

Read Deduction vs. Induction

How to Critically Review Scientific Articles

Scientific writing can be pretty dry. If you're chatting about a movie, probably the first thing you say is whether you liked it or not,
and you'll build up an emotional story without any spoilers.

You need to shift gears for science. This may be disturbing to your self-esteem, but busy scientists usually don't care about how a
scientific article makes you feel or whether you liked it or not. They want to know how much the data supports or disproves the
hypotheses they are working with. They don't need spoiler alerts, they want as much spoiling as possible. There are more scientific
articles than minutes in a human life, so scientists need the conclusion in the first paragraph, so they can decide whether to keep
reading or not. The process of doing science entails communicating several necessary components. With good scientific articles
you should be able to easily find all of the following elements:

The Citation

A citation is how the article you are reviewing would look in a long list of references, works cited, or in a bibliography. It functions
as a link between how you use the ideas in the article, and how the reader can get ahold of the article and read it themselves. It's
important to stay anal-retentive about the format of a citation, so people can find the article. MLA and APA are popular formats,
but much of anthropology uses the Chicago Style.

The citation functions as the title of your review and goes on top, like the format of an annotated bibliography.

This is the main difference between an essay and a critical review. An essay has a topic and a title, a critical review (or an annotated
bibliography) just has a source, and then your thoughts about it below. So what goes below the citation? read on...

The Introduction to Your Review

Even though this is the order of elements in the final version, as you're working on your review, you want to skip ahead and come
back here after the Conclusion.
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Cover all the following sections and then summarize them into a single paragraph, like the annotation in a typical annotated
bibliography, or an abstract that summarizes a longer work. If you organize your review with a paragraph for each section, and each
paragraph begins with a topic sentence, then you can pretty much just copy the topic sentences word-for-word and you're done with
the Introduction.

Because the introduction is basically a summary of your critical review, you need to do the critical review first, before the
introduction.

Why all this jumping around between the article, introduction, and the rest of the critical review?

Your job as the writer is to make it easy for the reader to find the information they need as quickly as possible, and decide if they
need to keep reading.

The Hypothesis

Don't waste time! Go straight to the core of the article. What is the author trying to prove? Hypotheses come from “Problems” and
“Research Questions” but they are reworded as answers. The hypothesis shouldn't end in a question mark — it's the answer, stated as
a concise declarative sentence that is either descriptive ("This is that.") or causal ("This causes that."). The question you and the
scientists want to answer is how well was the hypothesis supported or disproved.

A Background

Now that you've stated the hypothesis, you can back-up and put it in context. Why is it important? How does the hypothesis
connect to other research? For this class you want to refer to the other articles in the same section and explain how this research fits
into those broader topics. Why did Arnie put this article in this section? What other sections might it fit into? What does this article
have to do with physical anthropology?

This is sometimes called the “Problem” or “Research Question”. In a larger scientific write-up you might make this section into a
“Literature Review”, which is a summary of everything that has been written about the subject before your contribution.

The Methods

Now that you've given the essential hypothesis, and given its background, you can add more details about the article itself. What
did the scientist do? What techniques or technology were used? How did they look at something? What empirical senses were
involved? This is very different from what the scientist thinks—which you find in the hypothesis or the conclusion.

Some Data

If methods are how the scientists looked at something, then data are what they saw. What did they see? feel? hear? touch? sense?
What senses they used are methods, how their senses responded are data. Data are often reported as “Findings” or “Results”.

Scientists are obligated to make their data public so that other scientists can attempt to reproduce their conclusions. An article is
already summarizing the data, and a review of an article should summarize it even more. In the humanities and social sciences,
hypotheses are rarely completely falsified or overwhelmingly supported, how “true” a hypothesis is, depends on the quality and
quantity of the data that supports it.

You want to give enough details to connect the hypothesis to the conclusion.

The Conclusion

The conclusion has two parts: yours and the author's. You want to present the conclusions that the article came to, and you want to
wrap your review up, summarizing what you've done so far. In the conclusion, the scientists let us know what they think. How well
did the data support the hypothesis? Was the hypothesis testable? Was it reliable (usually a review of the methods)? Was it valid
(usually a critique of the background)? Was it verifiable; would it be possible for someone to repeat the same process? How did the
sources cited or the “Literature Review” connect to the data? What further research do the scientists suggest?

In a critical review, you want to present how the scientists answered these questions. As a critical review, you also want to answer
these questions yourself, evaluating the strengths and weaknesses of the article. If this were a peer review you would be a peer of
the author, a colleague, you would have the same background knowledge as the author, and be more likely to thoroughly
understand the article and be able to evaluate it. But, you're taking an introductory class, you're not an expert yet, so try not to get
cocky and feel like you are supposed to attack the author.

Science thrives on criticism. The goal of a peer review is to help the author fix their mistakes and get better.
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Here's a great video of Austin's Butterfly: Building Excellence in Student Work, that reflects the ideal way the scientific
community comes to consensus.

Austin's Butterfly: Building Excellence in Student Work from EL Education on Vimeo.

Now that you're done with the body of your review, go back and write a short introduction to YOUR work in the form of an
abstract or annotated bibliography.

T USEDTO THINK, THEN I Ttk A | | Sounps Le THE
CORRELATION MPUED | | STATISTICS (LASS, | | CLASS HELPED.
Now I DoN'r: \ WELL, MAYEE.

R

Figure 1.1.2 - http://xked.com/552/ (CC BY-NC 2.5)

e agood source for critically evaluating articles

o Twenty tips for interpreting scientific claims

e Science can't prove anything: how scientists define theory, proof, uncertainty

o The Research Methods Knowledge Base provides a good introduction to these concepts and terms

7 Rough Guide to

SPOTTING BAD SCIENCE

Being able to evaluate the evidence behind a scientific claim is important. Being able to recognise bad science reporting, or
faults in scientific studies, is equally important. These 12 points will help you separate the science from the pseudoscience.

1. SENSATIONALISED HEADLINES 7. UNREPRESENTATIVE SAMPLES USED

Article headlines are commonly designed to In human trials, subjects are selected that

entice viewers into clicking an and reading are representative of a larger population. If
the article. At times, they can over-simplify the sample is different from the population
the findings of scientific research. At worst, as a whole, then the conclusions from the

they sensationalise and misrepresent them. U'il may be biased towards a particular
outcome.
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2. MISINTERPRETED RESULTS

o

News articles can distort or misinterpret the
findings of research for the sake of a good
story, whether intentionally or otherwise. If
possible, try to read the original research,
rather than relying on the article based on
it for information.

3. CONFLICTS OF INTEREST

Many companies will employ scientists to
carry out and publish research - whilst this
doesn't necessarily invalidate the research,
it should be analysed with this in mind.
Research can also be misrepresented for
personal or financial gain.

4. CORRELATION & CAUSATION

®

Be wary of any confusion of correlation and
causation. A correlation between variables
doesn't always mean one causes the other.
Global warming increased since the 1800s,
and pirate numbers decreased, but lack of
pirates doesn’t cause global warming.

5. UNSUPPORTED CONCLUSIONS

;@

Speculation can often help to drive science
forward. However, studies should be clear
on the facts their study proves, and which
conclusions are as yet unsupported ones. A
statement framed by speculative language
may require further evidence to confirm.

6. PROBLEMS WITH SAMPLE SIZE

©

In trials, the smaller a sample size, the
lower the confidence in the results from
that sample. Conclusions drawn can still be
valid, and in some cases small samples are
unavoidable, but larger samples often give
more representative results.

8. NO CONTROL GROUP USED

In clinical trials, results from test subjects
should be compared to a ‘control group’ not
given the substance being tested. Groups
should also be allocated randomly. In
general experiments, a control test should
be used where all variables are controlled.

9. NO BLIND TESTING USED

o

To try and prevent bias, subjects should
not know if they are in the test or the
control group. In ‘double blind’ testing,
even researchers don’t know which group
subjects are in until after testing. MNote,
blind testing isn't always feasible, or ethical.

10. SELECTIVE REPORTING OF DATA

e

Also known as ‘cherry picking’, this involves
selecting data from results which supports
the conclusion of the research, whilst
ignoring those that do not. If a research
paper draws conclusions from a selection
of its results, not all, it may be guilty of this.

11. UNREPLICABLE RESULTS

Resultsshould bereplicable byindependent
research, and tested over a wide range of
conditions (where possible) to ensure they
are consistent. Extraordinary claims require
extraordinary evidence - thatis, much more
than one independent study!

12. NON-PEER REVIEWED MATERIAL

© COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | @COMPOUNDCHEM
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.

Peer review is an important part of the
scientific process. Other scientists appraise
and critique studies, before publication
in a journal. Research that has not gone
through this process is not as reputable,

and may be flawed.
BY NC ND

Figure 1.1.3 - 2014 CompoundChem.com (CC BY-NC-ND 4.0)

Faith

I introduced this section by discussing epistemology, the theory of knowledge. Science is one kind of knowledge, faith is another
kind of knowledge. What you know can come from what you experience with your own empirical senses, or you can believe
something that someone told you. Faith is complex and varies from person to person, but a concise definition can be found on the
popular bumper sticker that reads: “God said it, I believe it, that settles it.”
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Figure 1.1.3 - Circular Reasoning (CC BY-NC 4.0)

Radical fundamentalist Christianity in the US makes what should be a parlour room discussion between science and religion into a
political debate with real educational consequences for all us. Scientists struggle to understand the complex mechanisms of
evolutionary theory, but for many, the struggle is made more difficult by ideological barriers set up by faith-based opposition to

science.

jesus

Figure 1.1.4 - Jesus Camp. good 2006 documentary on radical fundamentalism

Evolution is the fundamental idea in all
of life science, in all of biology. I’s
like, it’s very much analogous to trying
to do geology without believing in
tectonic plotes. You're just not going
to get the right answer. Your whole

world is just going to be a mystery
instead of an exciting place.
Bill Nye

Figure 1.1.5 - Big Think
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We need to stress evolutionary theory because it is a fundamental explanatory device in biology. There is a famous quote by
geneticist Theodosius Dobzhansky where he states “nothing in biology makes sense, except in the light of evolution.” Trying to
make sense of biological systems, including human beings, without evolution is like trying to understand physics while claiming
that the force of gravity doesn't exist. There are very few belief systems in the world that deny evolution, and it is totally
compatible with most religions around the world, even the Pope has come out supporting evolution (* 2014), so you have no
conflict if you are a Catholic. But unfortunately, we happen to live in a culture that prefers faith over science. Our technology has
changed rapidly in the last couple of millennia but our mindset has not quite kept up. Many fierce battles are fought today in school
boards around the country over the separation of church and state, and whether faith-based ideas (Creationism/Intelligent Design)
should be taught in public schools. The battles have spilled out onto the streets with people declaring their beliefs with little
symbols on the backs of their cars.

Figure 1.1.6 - Al Seckel, John Edwards 1983

Personally, I wish I didn't have to dwell on the issue so much, I have friends who are Creationists and we get along fine. But, in my
role as professor of physical anthropology, I cannot accept Creationism or Intelligent Design as anything more than dangerous
fallacies that interfere with students' ability to learn the required curriculum. For me to teach "both sides" would be a form of
repressive tolerance (Marcuse 1965). I'm not leading any crusades to banish Medieval thinking from society, but I get worked-up
about the issue. It's like professional frustration — that I've failed at my job as an educator — when I see people who are proud of
their ignorance. They act like being stupid is somehow cool or something. It reminds me of how Cornel West describes the problem
of nihilism in society today.

It bothers me too how religion is used reinforce socioeconomic class. Many of you are smart enough to transfer to Harvard with a
scholarship and get six-figure jobs in the budding genetics industry in major cities around the globe, but if during your job
interview, you start spouting Intelligent Design ideology, your scientific credentials go down the drain, and you're back to flipping
burgers at In-and-Out.

So, if you think Creationism/Intelligent Design is a load of crap, fine, so do 99.9% of the scientists in the world. But, if you are
Christian, you don't have to abandon your faith for this class. I would get in trouble if half the class reasoned, "Well since my
teacher has proven that a few poetic lines written thousands of years ago can't be interpreted literally, now I should do the exact
opposite of all the moral precepts in the Bible, and become a Satanic mass-murdering tweeker." There are millions and millions of
scientists who believe in Christ and evolution and find no contradiction between the two. If that doesn't console you, maybe it'll
help to think of this class as an exercise in "know thyne enemy". You don't have to sign a "God is dead!" pledge, and you don't
even have to actually believe in evolution to pass this class, you just have to understand it well enough to be able to regurgitate a
few of the things I want to hear. But, be forewarned, I'm not a minion of the Devil; it's in my job description to test your faith and
proselytize the wisdom of evolutionary theory.

There are very, very few people who actually take The Bible literally. Almost everyone interprets the meaning of the words in The
Bible relative to their own language, historical milieu, and personal circumstances. Biblical scholars use the word hermeneutics to
talk about the different ways that passages in The Bible can be interpreted. For example, there are several passages in the King
James' version that says it's harder for a rich man to get to heaven than a camel to go through the eye of a needle. Some Biblical
scholars think that the passage was poorly translated from the Aramaic to the Greek, and the mistake continued to Latin, and then
English. They have found similar sayings from around that historical period that refer to the difficulty of threading a needle with a
camel hair, or thread or rope made of camel hair, because camel hairs are so thick. Another interpretation is that Jerusalem had a
small gate, called the Camel Gate, that was difficult to pass through if you were rich and carrying all your stuff. For me the
metaphors of a camel hair through a needle or a rich guy with gear squeezing through a small door make a lot more sense than this
image of an actual camel floating through some giant needle. Stuff gets lost in translation. Have you ever played that game,
"telephone", where you get a big circle with your friends and one person makes up a complicated sentence and whispers in the ear
of the person next to them, who whispers it in the ear of the person next to them, and as the message gets passed around the circle,
people miss-hear things, or forget things, and the message changes. And, when you compare the original message to how it ended
up, it often sounds silly.
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Figure 1.1.7 - Flammarion engraving 1888, notice the pillars that hold up the heavens

Some of the few people who take the Bible literally have been ridiculed into the closet. The Flat Earth Society took literally a
passage from The Bible that said the heavens are held up by four pillars at the corners of the earth, and the image of the sun
"rising" literally. They actually believed that if you walked far enough to some corner of the earth you would bump into a big pillar.
Nowadays, it's hard to find an honest proponent of the Flat Earth theory, but they were around by the 1950s. Now, everyone just
laughs at them, like you would probably laugh at someone one who claims the sun revolves around the earth. But on February 17,
1600, this was no laughing matter, when in the Campo di Fiore, Rome, Giordano Bruno was burned at the stake for advocating the

heretical belief proposed by Copernicus known as heliocentrism.

Figure 1.1.8 - Statue of Giordano Bruno, Campo di Fiore, Rome, Italy (CC BY-NC 4.0)
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Heliocentrism Geocentrism

Figure 1.1.9 - http://i.imgur.com/AReqg[P.gif

I'm glad that we're at a point in history where I don't have to worry about being burned at the stake for teaching the theory of
evolution, and I'm glad that we're at a point where we can just poke fun at Creationists through Darwin fish on our cars, or spoofs
such as The Church of the Flying Spaghetti Monster. But I don't think the battle is over. Obama undid many of attacks on science
that characterized the Bush administration, but the Trump administration promises a radical attack on science, and an era of
"alternate facts". We'll see...

e A TED talk video of how science can help cure cancer
e A primer on logic and arguments

Vocabulary

o literature review
o abstract

o research question
e epistemology

o anthropology

e archaeology

¢ biological anthropology
e Creationism

¢ deduction

e empiricism

o faith

e hermeneutics

e hypothesis

e induction

o Intelligent Design
o laws

o linguistics

o physical anthropology
o qualitative

e (uantitative

e science

e taxonomy

o theory

Imagination Questions

o What would happen to science if radical Christian fundamentalists organized a military coup and took control of education in
the US?
o What if artificial intelligence advances to the point where robots can do their own science?
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o How strong is your belief in science or faith? If you are religious and someone convinced you your religion was wrong, would
you give it up? If you believe in science, and you saw God, would you give up your scientific beliefs?

This page titled 1.1: Science is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by Arnie Daniel Schoenberg
via source content that was edited to the style and standards of the LibreTexts platform.
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1.2: Anthropology as a Science

Anthropological Imagination

The anthropological imagination (anthropological perspective) is how anthropologists see the world. Anthropology differs from
other sciences because it emphasizes holism and genealogy. The emphasis on genealogy for cultural anthropology implies a focus
on the family (domestic structure). The emphasis on genealogy for physical anthropology extends the metaphor of the family tree
from an individual and their family, to a family tree writ-large that uses phylogenetic taxonomy to contextualize the human species.
Anthropology's emphasis on holism implies a balance between different approaches and many subfields. The four main subfields of
anthropology are cultural anthropology, physical (biological) anthropology, archaeology, and linguistics. Anthropologists balance
objective and subjective epistemologies.

I think the best way to get a sense of how anthropology differs from other branches of science is to understand the anthropological
imagination. I borrowed the concept of the anthropological imagination from one of my professors, Dr. Wade Pendleton, who in
turn borrowed it from an introductory anthropology book (Dimen-Schein 1977), who based it on an important sociology book, The
Sociological Imagination by C. Wright Mills (1959).

There isn't much published about the anthropological imagination, but it is basically the same thing as what most anthropologists
call the "anthropological perspective" (Jurmain 2011:19-20; Field 2011). I like the connotations of "imagination" in the way it has
been used by John Lennon and recent social movements to recognize the agency that people have to go beyond their cultural
constraints. Franz Boas (1858-1942), one of the founders of anthropology, described this as people's need to break the "shackles of
tradition" (* Franz Boas: Shackles of Tradition). It is especially related to cultural anthropology, where "the world is as you see it",
the idea that if people believe in ghosts, then you as a scientist need to start with the hypothesis that those ghosts really exist. That
might seem weird to many scientists, but anthropologists need to balance a detached, objective, way of seeing, with the subjective
reality of the people they join to study.

Anthropologists balance several seemingly contradictory philosophies. I like to see the anthropological imagination as tendencies
between two extreme poles, and though they may lean towards one side or the other, they can never really go to the extreme in any
direction.
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Figure 1.2.1 - The anthropological imagination balances extremes (CC BY-NC 4.0)

The principle method of fieldwork in cultural anthropology is called participant-observation, and participant observation
exemplifies the balance of anthropology. Anthropologists must objectively study people as an outsider, but they also become part
of that culture. They must be culturally relative, and not judge a foreign culture by the standards of the researcher's culture, but they
also have their own ethical principles that come from the anthropologist's own culture, and there are limits to how dogmatic
anthropologists can be about cultural relativism, and scientists (myself included) need to be a little bit ethnocentric to support
things like the *United Nations Declaration of Human Rights and tell another culture that they're doing it wrong. Because our
science is so tied to humans we can't avoid asking ethical questions, or as Sir Raymond Firth put it "Cui bonum?" For Whose
Good?(Schepher-Huhges1981) What is the purpose of doing anthropology?

This is true to a lesser extent in our class, regarding physical anthropology. We are objectively discussing some aspects of a
biological species that has been around hundreds of thousands of years, and has a few distinct characteristics from other animals,
but at the same time, we are talking about ourselves, my relatives, the people who gave me the genes I have now, that enable me to
think, and type, and wish that this font was easier to read on this crappy screen.

I think the two most distinctive characteristics of anthropology are that it is holistic and it emphasizes genealogy. Holism means
that it tries to understand all facets of the human condition. This has many implications. Anthropology is multi-disciplinary, it
involves many branches of knowledge. By the early 1900's Franz Boas solidified anthropology into four interrelated subfields:
cultural anthropology, physical anthropology, archaeology, and linguistics. As anthropologists began solving real world problems,
some advocated for a fifth subfield: applied anthropology. For each of these sub-fields you can combine practically any other
branch of science to make sub-sub-fields, depending on your specialization. Don't get too hung up about the correct taxonomy for
these branches of knowledge. It can be rewritten in many forms depending which branch you want to emphasize. But in
anthropology, all specialists need to have a broad overview to fit their research into the larger questions of what it means to be
human, and this incorporation of specific issues into broad questions requires a holistic approach. A good example for physical
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anthropology is the concept of biocultural evolution, the idea that to understand human evolution we need to look at both biology
and culture.

If you take a cultural anthropology class you will see the study of culture requires a holistic approach in its own right because
culture is integrated and all-encompassing; you need to study all the elements of culture together and their interaction. Another
consequence of holism, and the multi-disciplinary approach of anthropology, is that anthropologists tend to be skeptical of
unicausal arguments. A unicausal argument is something like "people have wars because they have an aggressive nature."
Anthropologists understand that human nature is supremely complex, and that culture can drastically change any human
characteristic that people try to claim is biologically determined. Sure, people are aggressive, you can look at chimpanzees and
hominid weapons, but humans are also peaceful, you can look at bonobos and the amazing art of the Upper Paleolithic. Try to keep
this point in mind when youre writing for this class: avoid unicausal arguments, give all sides of an issues, avoid
oversimplification, explore the evidence that supports each position.

Compare ETHNOGRAPY to ETHNOLOGY

Another general emphasis in anthropology is on genealogy. In cultural anthropology, the structure of the family is usually a core
element of a culture. In physical anthropology, I like to view our emphasis on classification and taxonomy as just an attempt to
better understand the branches of our own family tree.

The anthropological imagination is also something that you as an individual will use to better understand yourself and your place in
the world. Biological and cultural explanations can be useful in solving your own problems. Having an answer to “Why am I
sweating right now?” means understanding the cooling mechanisms that our ancestors evolved over tens of millions of year, and
the fight-or-flight response in response to stress that involves putting your own personal financial problems into a cultural context
where education is touted as the method of class mobility, yet restricted by public policy that raises tuition, textbook prices, and
limits financial aid.

Subfields of Anthropology

Read Dennis O'Neil: The Subfields of Anthropology and Wikipedia's Explanation

Many anthropologists consider applied anthropology as a fifth subfield. I prefer to think of it as a research goal or purpose that
cross-cuts all of the four subfields. For example, there are projects that can be considered applied linguistics [language renewal], or
applied archaeology [Incan agronomy]. There are many applications for physical anthropology, especially in medicine. The word
forensic means "legal", but most forensic anthropology tends to be a subfield of physical anthropology - we use what we know
about human biology to help solve crimes.

o The Argentine Forensic Anthropology Team is a good example of forensic anthropology. They have been recently working
to identify the 43 missing students from Ayotzinapa, Mexico.

o Check out careers in genetic counseling

o The Health and Medicine chapter from a cultural anthropology textbook

e Desmond Morris' The Language of the Body: a good video combining physical anthropology, cultural anthropology and
linguistics

Conclusion: Anthropology and Science

In conclusion, anthropology is mostly a science, but has many aspects of humanism. For a more traditional introduction to
anthropology and science read the Dennis O'Neil overview of anthropology.

Epistemology for Physical Anthropology

Epistemology means the study of how we know what we do. Taxonomy comes from the Greek word for “branches”. Here is a
taxonomy of knowledge for this class:
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Figure 1.2.2 - An epistemology for physical anthropology (CC BY-NC 4.0)

You add or subtract boxes, and draw the arrows differently depending on what you want to focus on, and because anthropology is
holistic these charts don't make much difference; anthropologists include all relevant aspects of knowledge. We will focus on the
bottom part of the flowchart, but always keep the bigger picture in the back of your mind.

Vocabulary

o anthropology
e archaeology
o biology

o culture

e epistemology
o ethnography
o ethnology

o linguistics

e participant-observation
¢ phylogenetic
e taxonomy

Imagination Question

How does the anthropological approach to understanding human beings differ from other classes you've taken?

This page titled 1.2: Anthropology as a Science is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by Arnie
Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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CHAPTER OVERVIEW

2: Introduction to Biology

Physical anthropology is also called biological anthropology. You need to understand the basics of biology before you apply it to
humans. We are going to use these ideas as the basis for explaining phenomena in later sections, such as: Why primates scream at
each other? How are those two fossils related? Why do people look different from each other? What are people going to look like
in a million years? Now is a great time to review your notes from your High School biology class.

2.1: Introduction

2.2: Scale, Human Space, Powers of Ten for Physical Anthropology

2.3: Evolutionary Theory (Part 1)

2.4: Evolutionary Theory (Part 2)

2.5: Evolutionary Theory (Part 3)

2.6: "Forces" of Evolution

2.7: Genetics, Cellular Biology, and Variation (Part 1)

2.8: Genetics, Cellular Biology, and Variation (Part 2)

2.9: Summary Example- Holism in Anthropology, Sickle Cell Anemia and Malaria

Thumbnail: Darwin's finches (also known as the Galdpagos finches) are a group of about fifteen species of passerine birds.[1][2]
[3][4] They are well known for their remarkable diversity in beak form and function. From '"Voyage of the Beagle." (Public
Domain).

This page titled 2: Introduction to Biology is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by Arnie

Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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2.1: Introduction

Physical anthropology is also called biological anthropology. You need to understand the basics of biology before you apply it to
humans. We are going to use these ideas as the basis for explaining phenomena in later sections, such as: Why primates scream at
each other? How are those two fossils related? Why do people look different from each other? What are people going to look like
in a million years? Now is a great time to review your notes from your High School biology class.

Biology is a broad field that ranges in scale from the microscopic to the geographical. Evolutionary theory is crucial to biology.
Charles Darwin's theory of natural selection came from a historical context where many other scientists were contributing to
evolutionary theory. Natural selection means that individuals compete for resources and those with the variations that make them
more fit to survive in a certain environment tend to survive and reproduce more. Sexual selection is the part of natural selection that
focuses on competition for reproduction. Darwin understood the importance of variation.

Gregor Mendel used math to explain how variation is inherited. Population genetics used math to show how inheritance works in
large populations. The modern synthesis combined Mendelian genetics and population genetics, to codify evolutionary theory into
four forces: mutation, natural selection, migration, and genetic drift. Inheritance, mutation, and other sources of variation can now
be understood through cellular biology and genetics. Humans are made up of cells. Cells have DNA. DNA is the code that directs
protein synthesis. Proteins direct the functions of life.

Sickle cell anemia is an example of how the holistic approach of anthropology can use many subfields, mostly from biology, to
understand the origins and consequences of an important human disease.

This page titled 2.1: Introduction is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by Arnie Daniel
Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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2.2: Scale, Human Space, Powers of Ten for Physical Anthropology

Anthropology is a broad field that incorporates many sub-fields and borrows from many other disciplines, so the space that is
relevant to physical anthropology is also vast. It ranges from the atomic particle that causes genetic mutation—the primary cause of
evolution—to the plasticity of the human body because of our need to adapt to seasonal changes caused by the elliptical orbit of the
planet in the solar system. Anything bigger or smaller is beyond the scope of physical anthropology. Why atomic particles behave
the way they do is a question of physics. Whether life exists on other planets is a question of astrobiology. Both are good themes
for philosophy and science fiction, but are beyond the scope of this class.

Meters Common Measurement Abbreviation Relevance
1010 1 &ngstrém 1A Size of an atom
109 1 nanometer 1 nm Diameter of DNA helix, size of
a base
108 10 nanometers 10 nm Size of a codon (3 base pairs)
10”7 100 nanometers 100 nm Locus, length of a typical gene
106 1 micron 1 pm Cell nucleu§, Plasmodium
falciparum
10°° 10 microns 10 pm Typical primate cell
Patch of melanin, width of hai
10 100 microns (micrometer) 100 pm atch ol metanin, width ot hatt,
human egg
103 1 millimeter 1 mm The height of a cusp on a Y-5
molar
1022 1 centimeter {em Human ear bone.sAnopheles
mosquito
10 10 centimeters 10 cm Length of a human's opposable
thumb
100 1 meter lm Space that an mdlyldual primate
occupies
101 10 meters 10m Typu':al sleeplrilg area of a
primate social group
102 hectare/ 2.5 acres, football field 100 m Typical core. area of a primate
social group
103 10 hectares, 1 kilometer 1 km Typical Ferrltory O.f anon-human
primate social group
104 100 hectares 10 km Typical ho.me range'of a non-
human primate social group
10° 100 kilometers 100 km
Typical range of a non-human
106 1,000 kilometers, continent 1000 km primate species; range for most
of human evolution
1 kil hi f Thi f all biological
107 0,000 kilometers, the surface 100000 km e range o a. biologica
of the planet Earth evolution

1 billion kilometers, 1 The Earth's orbit in the solar

10 12 1Tm system, includes meteors and
terameter

solar radiation
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Notice that most of the larger ranges are relevant for hominid evolution and primate behavior, the medium sizes are used in
osteology and to compare human and hominid variation. The smaller sizes can describe human variation and genetics. Refer back
to this chart as we cover those relevant sections.

Exercise 2.2.1

Use this chart and watch the movie POWERS OF TEN

“Recognize that the very molecules that make up your body, the atoms that construct the
molecules, are traceable to the crucibles that were once the centers of high mass stars
that exploded their chemically rich guts into the galaxy, enriching pristine gas clouds with
the chemistry of life. So that we are all connected to each other biologically, to the earth
chemically and to the rest of the universe atomically. That's kinda cool! That makes me
smile and I actually feel quite large at the end of that. It's not that we are better than the
universe, we are part of the universe. We are in the universe and the universe is in us.”
-Neil deGrasse Tyson

More on scale and measurements: human scale

Imagination Question

When you look in the mirror do you see yourself as a trillion cells, or a trillion, trillion atoms which came from stardust, or a
collection of selfish genes, or an individual?

This page titled 2.2: Scale, Human Space, Powers of Ten for Physical Anthropology is shared under a CC BY-NC-ND 4.0 license and was

authored, remixed, and/or curated by Arnie Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts
platform.
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2.3: Evolutionary Theory (Part 1)

Don't go to a dictionary and look up the definition of "evolution". Most of the definitions are just going to reinforce your confusion.
For this class we are using the biological definitions of evolution: the splitting of a lineage into two new species, or the change in
allele frequency in a breeding population from one generation to the next. For this class an individual can never evolve in their
lifetime, a cell phone operating system can never evolve, only a population or a species can evolve. Darwin understood the problem
with the word "evolution" and preferred the phrase "descent with modification", but that obviously never caught on.

Understanding evolutionary theory is crucial for all the chapters that follow. For example, in the paleoanthropology section we will
make arguments about how natural selection gave our ancestors advantages in different environments, and we will argue how gene
flow kept our recent ancestors from becoming separate species. If you don't learn about the forces of evolution now you won't
understand the arguments we're going to make later.

Evolutionary theory is a difficult concept. In the last section we discussed the ideological barriers that extremely dogmatic religious
people have that might keep them from understanding evolutionary theory. Another common misconception of evolution is that
there is inherently something good about it, that to evolve means to progress. The simple definition of evolution is just “change”. It
doesn't mean change for the better, or change for the worse, just that a species is different than what it used to be. It's important to
separate how a word is used on the street from the very specific definition we are using here in our biological context. The main
reason people have problems with a neutral definition of evolution is that we've had thousands of years of cultural baggage that
clouds our empiricism. The philosopher Aristotle stressed the importance of finding the essence of a thing, and from this we get the
concept of essentialism. People often think of humans as diverging from or progressing towards some ideal form, but these are
cultural constructs, not what we empirically see in biology. We carry baggage around that makes simple concepts seem
counterintuitive. Understanding the incorrect ideas helps us accept the correct ones.

Read more about Darwin and design.

History of Evolutionary Theory, up to Darwin

It helps to understand evolutionary theory if you understand how it “evolved”. T put “evolved” in quotes because for this class I
want to reserve the word evolution to mean “biological evolution” and not confuse it with historical and cultural changes. There are
different ways to study history, and for this section we need to be careful not to fall into the trap of thinking of history as a series of
Great Men — important people who change the world through their personal actions. This way of looking at history is very
convenient for an introductory class, because you just need to make a handful of flashcards with the names on one side, and what
they're famous for on the other. But, try to look beyond the individuals, and imagine the broader movements that were going on at
the time these individuals lived.

It helps sometimes to put people and concepts into two columns: did they contribute to evolutionary theory or did they detract from
the development of evolutionary theory? But, many historical figures can be put in both columns, depending on their effect on
history, and what stage of their life you look at. For example, Linnaeus made amazing strides in biological taxonomy, but opposed
evolutionary theory, at least until the end of his life; Lamarck created a great theory of evolution, but it was wrong; Cuvier
contributed to our understanding of extinction, but argued against evolution and fixity of species, Lyell argued against biological
evolution until after Darwin convinced him; Wallace's evolutionary theory was mixed with quirky spiritualism; Darwin's theory of
Natural Selection was revolutionary, but his emphasis on blending made it more likely to ignore important contributions from
scientists like Mendel, and gradualism made it harder to accept punctuated equilibrium. Just realize that for an introductory class,
we only have time to give you a cardboard cut-out of these fascinating and complex individuals and their historical milieux.

Read Dennis O'Neil's Intro

The Fixity of Species

In this modern world, we are so used to change that it's hard not be ethnocentric and imagine a time when things were pretty much
the same as it was for your grandparents, and you expected things to be pretty much the same for your grandkids. Imagine growing

up and liking the same music as your great-grandparents. Most religions around the world are conservative. God creates a world
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and some people to interact with it. And the reasoning often goes that if your deity is all-powerful, His creations would be perfect
and He wouldn't need to keep tinkering with them. When people looked around at all the living creatures on the planet, they
assumed that everything was stuck the way they saw it. This concept is called the fixity of species, and “fixity” in this case refers to
being in a fixed position; unchanging.

I Evolutionary theory is diametrically opposed to the fixity of species.

The Great Chain of Being

The Great Chain of Being incorporates the concept of the fixity of species but ranks life into better or worse, noble animals like
eagles and lions go towards the top, slimy animals like worms and eels go down to the bottom. Noah's Ark usually boards the same
way, first-class passengers first. When applied to humans, the Great Chain of Being has always functioned to perpetuate political
oppression such as racism, sexism, and classism. The dominance of the Great Chain of Being in Eurasian philosophy makes it hard
at first for many students to accept the complete absence of any system of ranking or progress in evolutionary theory.

Figure 2.3.2 - Wikipedia; 1579 drawing of the Great Chain of Being from Didacus Valades, Rhetorica Christiana.

John Ray

John Ray (1627-1705) is important to us because he invented the concept of the species (the word "species" is one of those Latin
words that doesn't change between the singular and plural; "one species, two species"). Species are the most fundamental way of
grouping life forms. You might ask how a book entitled "The Wisdom of God Manifested in the Works of Creation" could
contribute to evolutionary theory but a common theme in all science is how scientists get some things right and some things wrong.
In Ray's book History of plants he grapples with how to group the varieties of life, and he comes up with a concept that is still
useful today — individuals that can reproduce are from the same species:

no surer criterion for determining species has occurred to me than the distinguishing
features that perpetuate themselves in propagation from seed. Thus, no matter what
variations occur in the individuals or the species, if they spring from the seed of one and
the same plant, they are accidental variations and not such as to distinguish a species...
Animals likewise that differ specifically preserve their distinct species permanently; one
species never springs from the seed of another nor vice versa *[Ray 1686; Ray 1686]
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A species is something that exists over time and is capable of perpetuating itself, and variations within a single species occur. The
Notice at the end of the quote how he insists on the fixity of species, and denies speciation, but we still use Ray's species concept
today.

Carolus Linnaeus

Linnaeus is the father of taxonomy. Taxonomy was different from the Great Chain of Being because instead of grouping animals
into biblical categories, he grouped them by biological characteristics: how they give birth, what they eat, aging, exterior
movement, internal propulsion of fluids, diseases, death, glands, skin, and the shape of the inner ear (Foucault 1970). This list is
very arbitrary compared to how today we compare the DNA of a species to classify it, but Linnaeus' taxonomy was radically
different from the more poetic groupings of his time. Linnaeus was able to distinguish bats from birds, and snakes from eels and
worms. His taxonomy changed over his lifetime and has been an important concern of biology to this day.

His approach to classifying humans codified scientific blunders regarding race that have continued over two centuries.

Read this Introduction to Linnaeus

Figure 2.3.5 - 1760 Hoppius based on Linnaeus, left to right: Troglodytes, Lucifer/Homo caudatus, Satyr, Pygmie

Briefly scan Linnaeus' system of nature 1740

Skim the pages on humans from this 1757 version

Buffon

George Louis Leclerc, Comte de Buffon wrote about how life changes according to the environment but didn't explain how.

Erasmus Darwin

Erasmus Darwin was the grandfather of Charles Darwin and his poetic writing about how life forms might change influenced his
grandson, Charles.

* if you like prose, skim his chapter on generation

Jean-Baptiste Lamarck

Lamarck is known for his theory of Acquired Characteristics, also called the Use-Disuse theory. The theory goes that the physical
traits you change during your lifetime get passed on to your kids. So if you believe in Lamarck's theory then you would expect
Arnold Schwarzenegger's babies to be born with lots of muscles.

Of course, Lamarck was wrong. Physical characteristics acquired during an individual's lifetime are not transferred to its offspring
(with a few epigenetic counterexamples). We'll show why he was wrong in the section on cellular biology. The reason Lamarck's
theory sounds so plausible is because culture is transmitted this way; what you learn during your lifetime can be taught to your
children. But biological inheritance has very specific mechanical processes that we can now see in a microscope. You have to give
Lamarck credit for coming up with an elegant theory of evolution. It has been disproven, but it was still a great theory for its time.
Understanding why Lamarck was wrong will help you understand natural selection.
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Look at the classic example of Giraffes

Skim this Biography of Lamark

Georges Cuvier

Cuvier is important to evolutionary theory in promoting the concept of extinction. He saw fossils of animals no longer on the
planet, such as giant elephants, and he correctly explained their disappearance as extinction, the big elephants just died out.

Ae s Bodocrg wopunee 5 Mol
Fip o Madare iniacns M it s L2

Figure 2.3.8 - evolution.berkeley.edu/evolib...cle/history_08

His views on extinction contributed to evolutionary theory but his attempts to reconcile geology with The Bible did not. Cuvier is
also known for his theory of Catastrophism: extinctions in the fossil record are only because of sudden changes in the environment,
such as worldwide floods, like Noah's flood.

Geologists: James Hutton and Charles Lyell

Geology has always had a profound impact on evolutionary theory. Most of the scientists of the 18th and 19th Centuries called
themselves "naturalists" and didn't distinguish between fields such as geology and biology. James Hutton and Charles Lyell were
two of the most important scientists to use empirical observations to guide theories of how the Earth arose and became what we see
today. Their two main contributions to evolutionary theory are the concept of geological time and the principle of
uniformitarianism.

Geology is important to biological anthropology in many ways, such as dating and environmental context in paleoanthropology. In
archaeology, Lyell's Law of Superposition is crucial — the deeper you dig, the older things are.

Geological Time

How long are you going to live? 50 years? 100 years? The length of time that you can perceive is limited by your own biological
expiration date. The neat thing about geology is you start thinking like a rock. Imagine 1,000 years passing, 10,000 years, 100,000
years, 1,000,000 (a million) years, 1,000,000,000 (a billion) years... Lyell proved that the Earth is old, that rocks have been around
for a long time. This was important to biologists and paleontologists because it showed that fossils are very old too. If life has been
around for billions of years we can more easily accept that drastic changes could happen over that long a time span. Geological and
astronomical time is sometimes called Deep time, and it is one of those very disturbing nonhuman concepts that science often
forces us to think about.

Bishop Ussher dates the world at 4004 BC.
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The Principle of Uniformitarianism

What happened in the past continues to happen today. Most cosmologies around the world have some concept of a mythical past,
where different laws of nature applied. Lyell demonstrated that huge geological formations can be explained by the same simple
forces that we see today, such as erosion, wind, earth moved by earthquakes. We can explain something as awesome as the Grand
Canyon with two simple processes that can be seen today: uplifting and erosion.

In biology, we can find simple processes that differentiate me from a banana slug. Both, the biological and the geological require
huge quantities of time.

Skim the 1830-3 Table of Contents of Lyell's Principle of Geology (10 pages)

Thomas Malthus

Malthus studied demography, how populations change. Overpopulation creates competition for limited resources. This idea of
competition within a population is similar to the idea of competition within a species, and creates change. According to Malthus,
humans can increase their population faster than they can increase their food supply. Having more people than food leads to
starvation and competition for limited resources.

For example, imagine that Octamom has 8 daughters who each have 8 daughters who each have 8 daughters who each have 8
daughters, and in 5 generations you have a population of around 32,000. When Octamom works a plot of land she can produce one
bushel of food per month, with her daughters helping she can produce 2 bushels, with her grandkids helping, 3 bushels, but by the
time her great-great-grandkids have exhausted the nutrients in the soil, and run out of fertilizer made from non-renewable
resources, her descendants are back to producing about 3 bushels a month, except it's like a Mad Max dystopia with thousands
fighting over those few bushels, and most starving to death.

Darwin took Malthus' very specific observations of how humans compete for limited resources and generalized them to the broader
field of biology.

Mary Anning

Mary Anning was the most famous fossilists of 19" century. A fossilist is someone who gathers fossils. A fossil is the imprint of a
biological form, and we will come back to fossil in the sections on paleontology and paleoanthropology. Fossils represent
biological data. If we go back to section 1.1 and consider the scientific method, it's important to remember that hypotheses are
based on empirical observations, things we can see with our own senses. With a phenomenon like gravity you see the apple falling
from the tree, but seeing evolution is more difficult. What many of the evolutionary thinkers of the 19" century got to see were the
fossils collected by Mary Anning.

* Watch this puppet show of Mary Anning's life

Imagination Questions

o How big is life?

o How old is life?

o The line "same as it ever was", from the Talking Heads song "Once in a Lifetime" always reminds me of uniformitarianism and
the song makes make think of deep time. Do you ever freak out about how short your lifespan is compared to how long the
planet has been around?

This page titled 2.3: Evolutionary Theory (Part 1) is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by
Arnie Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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2.4: Evolutionary Theory (Part 2)

Charles Darwin

One of the most profound impacts Darwin had was to change how we ordered life, from a ladder (like the Great Chain of Being) to
a tree.

Exercise 2.4.1

Read Dennis O'Neil's Darwin and Natural Selection

Figure 2.4.10 - The page from Darwin's 1837 private notebook (“Notebook B on the transmutation of species,” 1837-1838)

Darwin's main Eureka! moment with evolutionary theory was that species (1) evolves into species A, B, C, and D, and everything
in-between goes extinct:

“I think ... Case must be that one generation then should be as many living as now. To do this and to have many species in
same genus (as is) requires extinction. Thus between A & B immense gap of relation. C & B the finest gradation, B & D
rather greater distinction. Thus genera would be formed.—bearing relation.”

This is barely legible, confusing, and poorly written, so please don't use this as an example of anything you want to turn in for my
class. Darwin's genius comes from translating this sketch into a 500 page bestseller by 1859, On the Origin of Species by Means of
Natural Selection, or the Preservation of Favoured Races in the Struggle for Life, which thoroughly explained Natural Selection
and supported it with voluminous evidence. We remember Charles Darwin's not for the Aha! moment in 1837, but for the two
decades of work he did afterwards to finish On the Origin of Species by 1859. The media tends to sensationalize scientific
discovery (e.g. Isaac Newton gets hit by an apple and suddenly understands the mathematical equation that describes gravity), but
for most scientists, it's more about hard work.
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THE ORIGIN OF SPECIES

BY MEANS OF NATURAL SELECTION,

PRESERVATION OF FAVOURED RACES 1IN THE STRUGGLE
POIE LIFE.

DARWIN, M.A.,

LOX DON

JONN MUREAY, ALREMARLE STREET.

Figure 2.4.11 - On the Origin of Species 1859. Photo by Wellcome Collection (CC-BY-4.0)

Exercise 2.4.2

Open Charles Darwin's 1859 ON THE ORIGIN OF SPECIES BY MEANS OF NATURAL SELECTION, OR THE
PRESERVATION OF FAVOURED RACES IN THE STRUGGLE FOR LIFE.; Read the description of the chapters carefully
(page V to page X), then skim the rest for a few minutes

* A more readable version of On the Origin of Species, and more of Darwin's writtings,

Darwin had an unremarkable personal life. He wasn't a great student, he didn't have strong philosophical, political, or religious

views.

* Good summary of Darwin's personal life

Darwin did not use evolution to promote atheism, or to maintain that no concept of God
could ever be squared with the structure of nature. Rather, he argued that nature's
factuality, as read withing the magisterium of science, cannot resolve, or even specify, the
existence or character of God, the ultimate meaning of life the proper foundations of
morality, or any other question with the different magisterium of religion. [Gould 1999]

He wasn't oblivious to the social consequences of his findings, and was reluctant to publish.

Exercise 2.4.3

Watch Creation: a pretty good Hollywood movie about Darwin's personal and ethical problems; the story of how the movie
was censored in the US says a lot about how this is still an important political issue.
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Figure 2.4.12 - Creation 2009

Understanding Natural Selection

This is NOT Your Family Tree This is NOT Evolution
Great
Grandfather Grandfather  Father You Fish Salamander Cat vou
RN =4
This is Your Family Tree This is Evolution

Second Cousins ~ Cousins  Siblings You Mammals
0

Common
Ancestor
Parents of Mammals
Common
Ancestor
Grandparents Common of Four-Legged
Ancestor Vertebrates

Great Grandparents of All Vertebrates

Figure 2.4.13 - "Evolution is no different than your family tree ... except over a much longer period of time." by M.F.
Bonnan/Florida Citizens for Science © 2010

A classic example of natural selection is the industrial melanism of the peppered moth. The same species of moth has black moths
and white moths which can interbreed. When they land on white tree bark, the black moths tend to be eaten, and they become rare.
Because of industrial pollution, the bark turned black, and now the white moths became rare. They cleaned up the pollution, the
bark became lighter, the white moths survived more than the black moths. There are a few problems with the research but it is still
a great example of how evolution works.

o A video game that simulates Kettlewell's research
o Scientists may have found the gene that determines the color change of the moths.

Unfortunately, very few of us have grown up on a farm, so it's hard for us to understand where Darwin got the phrase "natural
selection" from. We don't ever use the phrase "unnatural selection” but that's what human selection is. After every harvest the
farmer notices the tastiest, biggest, or most fruitful plants and keeps their seeds until next season to plant, and animal breeders mate
their best stock together. The farmers and breeders are selecting desirable characteristics and increasing the chance that they will be
passed on to the next generation. From this process of selection we get all the food we eat today and an amazing range of
domesticated pets.
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Figure 2.4.13 "Big and Little Dog" By Ellen Levy Finch CC-BY-SA-3.0

We see In the archaeological record of Mesoamerica how teosinte was selected over thousands of years and became corn.

Domestication of Corn
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teosinte =* maize
Figure 2.4.16 - http://teosinte.wisc.edu/index.html photos by Hugh Iltis (left) and John Doebley (right), © The Doebley Lab,
Department of Genetics, University of Wisconsin-Madison

Part of Darwin's genius was to recognize that the process farmers and animal breeders use to change a species, was also a natural
phenomenon, that competition in an environment of limited resources would select those individuals who were more fit for that
environment, and he coined the phrase "natural selection".

When we use the word "fit", don't think of 24-Hour Fitness, think of square peg fits into square hole, round peg fits into round hole.
Some individuals fit into an ecosystem or an environment better than others.

e Research on the origins of corn
o Article on genes and dog size

Sexual Selection

Darwin didn't stop with natural selection, he continued to expand evolutionary theory throughout his lifetime. Darwin avoided a
few difficult ideas in The Origin of Species and left them for his 1871 work:* THE DESCENT OF MAN, AND SELECTION IN
RELATION TO SEX. This book tackled both a difficult scientific question — sexual selection, and a difficult social question —
the origins of humans. And within the book, Darwin left his most controversial chapters at the very end:* Part II Sexual selection
of man (316-84) and General summary and conclusion (385-405).
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Peacocks gave Darwin a headache. Natural selection says you are more likely to survive and reproduce if you are camouflaged, if
you stay hidden and avoid predators. But, what gave Darwin, and the male chauvinist scientists of his time, the most trouble was
the idea that the female was responsible for choosing the mate and driving evolution.

Figure 2.4.19 - Male peacock (CC BY-NC 4.0)

Wallace was almost famous, but Darwin published before him.

Exercise 2.4.4

Read Dennis O'Neil's Darwin and Natural Selection

Watch the 'Animated Life of A.R. Wallace'

Skim Wallace's early, 1855, article on evolutionary theory: On the Law Which Has Regulated the Introduction of New Species,
skip to the end and read the comments by Bernard Michaux who argued that Wallace probably believed in something close to
natural selection because his article contains all the important themes of Darwinism: "gradualism, utility, adaptation to different
environments, allopatric speciation, imperfection of the fossil record" (Michaux 2000).

Imagination Question

1) Natural Selection
In the novel Cryptonomicon, Neal Stephenson presents the origin of his protagonist as a series of survivors:

Like every other creature on the face of the earth, [he] was, by birthright, a stupendous
badass, albeit in the somewhat narrow technical sense that he could trace his ancestry
back up a long line of slightly less highly evolved stupendous badasses to that first self-
replicating gizmo—which, given the number and variety of its descendants, might
justifiably be described as the most stupendous badass of all time. Everyone and
everything that wasn't a stupendous badass was dead.
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In the movie Beast of the Southern Wild, the teacher describes a mythical predator depicted in the Lascaux cave paintings as

a fierce, mean creature that walked the face of the earth back when we all lived in caves.
They would gobble the cave-babies down right in front of their cave-parents. And the
cavemen couldn't do nothing about it, because they were too poor, too stupid, too small.
Who up in here think the caveman was sitting around crying like a bunch of pussies? Y'all
gotta think about that.

Any day now, the fabric of the universe is coming unraveled. Ice caps gonna melt, water's
gonna rise, and everything south of the levee is going under. Y'all better learn how to
survive now.

Do you think of yourself as a badass? Do you give your ancestors credit for making you what you are? Do the hardships your
ancestors overcame, inspire you to overcome the problems of the future?

2) Money talks

A) If Wallace's family had more money, evolutionary theory might have gone down a different path. Wallace was more spiritual
than Darwin. Jonathan Marks defines "Atheistic Darwinism" as the use of Darwin to support atheism (2011:57-9). Maybe the
backlash against evolutionary theory would have been less with Wallace at the helm?

B) The fictional protagonist of Elizabeth Gilbert's novel The Signature of All Things comes up with a "theory of competitive
alteration" almost identical to Darwin and Wallace, through the same methods of empirical research and world travel, but she never
publishes it, mostly because of her gender. How does power influence science?

3) Great Chain of Being

Below is a tongue-and-cheek reference to the Great Chain of Being from Margaret Atwood's novel Life Before Man:

Auntie Muriel is unambiguous about most things. Her few moments of hesitation have to
do with the members of her own family. She isn't sure where they fit into the Great Chain
of Being. She's quite certain of her own place, however. First comes God. Then comes
Auntie Muriel and the Queen, with Auntie Muriel having a slight edge. Then come about
five members of the Timothy Eaton Memorial Church, which Auntie Muriel attends. After
this there is a large gap. Then white, non-Jewish Canadians, Englishmen, and white, non-
Jewish Americans, in that order. Then there's another large gap, followed by all other
human beings on a descending scale, graded according to skin color and religion. Then
cockroaches, clothes moths, silverfish and germs, which are about the only forms of
animal life with which Auntie Muriel has ever had any contact. Then all sexual organs,
except those of flowers. [Atwood 1979]

There has always been implicit racism in the Great Chain of Being; social inequalities were created by God. But there are broader
questions. Why do humans feel the need to rank things? Why do we make top ten lists? Facebook started as a facial ranking
network, Hot or Not. The grade you get in this class is basically part of a ranking system for employers and other schools. The
difference in salaries between full-time and part-time faculty separates professors into two socioeconomic classes.

In the primate behavior section coming up, we'll see other primates similarly obsessed with dominance hierarchies. Perhaps ranking
is human nature?

This page titled 2.4: Evolutionary Theory (Part 2) is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by
Arnie Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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2.5: Evolutionary Theory (Part 3)

Science doesn't stop with a founder. Creationists blame Darwin for evolutionary theory, but most biologists wouldn't call
themselves “Darwinists”, any more than most physicists wouldn't call themselves “Newtonists.” Natural selection is just one factor
of evolutionary theory. People know much more about evolution today than they did during Darwin's time. That doesn't mean that
Darwin was wrong, just that science has progressed.

Darwin often gets blamed for Social Darwinism, the political ideology that extends "survival of the fittest" to justify exploiting the
poor, but Darwin didn't come up with this phrase nor did he apply Natural Selection to human society. Social Darwinism was
invented and promoted by others such as Herbert Spencer, Thomas Huxley, and Francis Galton. Charles Darwin objected to the
application of his biological model to human social structure, and he definitely would have objected to the "Darwin Project" battle
royale game, and "Darwin Awards" given out in his name.

So far, our overly broad unifying theories haven't been worth much more than interesting metaphors, so please try to separate
nature from nurture: biology from culture.

Gregor Mendel

Even though neither Darwin nor Mendel knew about how heredity worked at the cellular level, it's almost impossible to talk about
the consequences of their work without referring to what we know now. So we will introduce a few terms in this section that are
anachronistic, and we'll wait to explain them in depth until the section on cellular biology.

The genius of Mendel is how he used mathematics to show how inheritance worked.
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Figure 2.5.22 - Mendel counted peas

Dominance and Recessiveness

Remember that Gregor Mendel (1822-1884) didn't know about DNA when he did his experiments, he didn't see meiosis in the
microscope, he wasn't directly involved in the debates over evolution, but he found one of the sources of variation that Darwin's
theory of natural selection relies on, and he discovered two important principles that are the foundation of genetics: The Principle
of Segregation and The Principle of Independent Assortment. Darwin knew that variation was crucial to his theory, but he didn't
know the source of variation.

The pea plant has variation. Some seeds are smooth, some wrinkled; some yellow, some green. Some pods are inflated, some
constricted; some green, some yellow. Some flowers are purple, some white; some along the stem, some at the top. Some stems are
tall, some are short. Mendel was careful to exclude other kinds of variation: how some plants are eaten by snails, some don't get
enough water, some too much sun, some are cooked in soup, some peas are overcooked, some shot through straws. Mendel ignored
all these things that happen to peas and only paid attention to this first set of variations, the either/or inherent characteristics that

can be seen.
Mendel was rediscovered around 1900. Theories of inheritance at the time of Mendel focused on blending, for example, one parent

with extremely dark skin and one parent with extremely light skin have a child who is neither very light, nor very dark, but a color
that is in between the extremes. But when Mendel bred purple flowers with white flowers, he got only purple flowers, and then

https://socialsci.libretexts.org/@go/page/6654



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://socialsci.libretexts.org/@go/page/6654?pdf
https://socialsci.libretexts.org/Bookshelves/Anthropology/Biological_Anthropology/Physical_Anthropology_(Schoenberg)/02%3A_Introduction_to_Biology/2.05%3A_Evolutionary_Theory_(Part_3)

LibreTexts"

when he bred those purple flowers together, in the next generation he got mostly purple but some white ones. The white flower trait
disappeared and then came back. The purple color dominated the white one, but the recessive white color was not gone for ever, it
came back in a later generation. If you cross a purple flower with a white flower, Darwin would have expected a whitish-purple
flower. What happened to the blending?

If you don't remember from your high-school biology class, here are some basics that we got from Mendel:

¢ Children resemble their parents.
o Genes come in pairs.

e Genes don't blend.

e Some genes are dominant.

The Principle of Segregation

Good science can come from unlikely sources. Mendel would momentarily escape from the duties of a monk in a cold monastery.

Mendel frequently took sanctuary in the little two-room building nestled into a corner of
the monastery courtyard right up against the brewery next door. It gave him not only
blessed warmth but also the space to engage in his scientific pursuits -- which would, he
believed, prove important enough in time to earn him a place in the annals of horticulture.
He had filled the glasshouse's long tables with pots of pea plants, each carefully labeled
as to seed source and variety. His immediate goal was to breed these peas, thirty-four
different seed types in all, after allowing them to self-fertilize for two full years. In the
speeded-up growing seasons of the glasshouse, two years of growing meant perhaps six
full generations -- enough to assure Mendel that the seeds were indeed what they
appeared to be. [Marantz Henig 2000:14]

Mendel isolated and bred different pea plants together and observed the characteristics of their offspring, and what really amazes
me is that he counted them--and looking at the numbers he noticed patterns, and used simple math to work out the ratios of
different traits.

First, he crossed true breeding plants (P) to get heterozygous plants, called hybrids (F,), and then he crossed those hybrids with

each other (F; x F; = F,) and counted:

Expt 1: Form of seed. — From 253 hybrids 7,324 seeds were obtained in the second trial
year. Among them were 5,474 round or roundish ones and 1,850 angular wrinkled ones.
Therefrom the ratio 2.96:1 is deduced.

Expt 2: Color of albumen. — 258 plants yielded 8,023 seeds, 6,022 yellow, and 2,001
green; their ratio, therefore, is as 3.01:1.

[...]

Expt. 3: Color of the seed—coats. — Among 929 plants, 705 bore violet-red flowers and
gray-brown seed—coats; 224 had white flowers and white seed—coats, giving the
proportion 3.15:1.

Expt. 4: Form of pods. — Of 1,181 plants, 882 had them simply inflated, and in 299 they
were constricted. Resulting ratio, 2.95:1.

[...]

Expt. 5: Color of the unripe pods. — The number of trial plants was 580, of which 428
had green pods and 152 yellow ones. Consequently these stand in the ratio of 2.82:1.
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Expt. 6: Position of flowers. — Among 858 cases 651 had inflorescences axial and 207
terminal. Ratio, 3.14:1.

Expt. 7: Length of stem. — Out of 1,064 plants, in 787 cases the stem was long, and in
277 short. Hence a mutual ratio of 2.84:1. In this experiment the dwarfed plants were
carefully lifted and transferred to a special bed. This precaution was necessary, as
otherwise they would have perished through being overgrown by their tall relatives. Even
in their quite young state they can be easily picked out by their compact growth and thick
dark—green foliage. [Mendel 1865]

Notice that the ratios of the F, generation work out to about 3:1 which means that three plants have the dominant phenotype for
every one plant that has the recessive phenotype. Mendel showed that each trait (seed color, seed shape, pod shape, pod color,
flower color, flower position, stem length) is determined by a pair of characters, and they get them from their parents, one from the
pollen cell and one from the egg cell, which come together to form the embryo. When the pollen and egg cells are made, these two
characters are "segregated" so each egg and pollen cell has only one character. In genetics we now call these traits, genes, and the
pair of characters is called a pair of alleles. From cellular biology, we now know that the segregation of alleles during the
production of eggs and sperm is called meiosis. We'll come back to this in the sections on genetics and cellular biology.

The Principle of Independent Assortment

If you take true breeding plants with two different traits, like form of seed and color of seed-coat, cross them together, you first get
all of the dominant trait. Then if you cross those new versions again, you get some interesting numbers 9:3:3:1 The numbers reveal
that there's no connection between the traits; the traits are independently assorted. We can now explain this with cellular biology
because the two traits are on different chromosomes.

Punnett squares

A Punnett square is a grid or matrix that represents the outcomes of different combinations. They are often presented as proofs of
Mendel's Principle of Segregation and Principle of Independent Assortment, but Punnett squares came after Mendel, and I think it's
important to understand the steps Mendel went through in his research: empirical observations of pea plant variations, breeding
true-breeding plants, crossing specific traits, getting weird results, counting them, working out simple ratios, explaining the ratios
as biological Principles as to how the peas (and all life, including humans) reproduce and transmit the information using traits from
parent to offspring. Punnett squares are graphic representations of sexual reproduction: all the possible sperm are one axis, all the
possible eggs on the other, and in the middle are all the possible combinations of fertilization — the individual zygotes (fertilized
egg) who develop into fetuses, babies, and then adults. About a hundred years after Mendel's experiment we got to look in a
microscope to confirm Mendel's mathematics and we continue to explore Mendelian traits in humans.

Read: "MENDELIAN LAWS APPLY TO HUMAN BEINGS"

Here is an example using Tay-Sachs disease. The * HEXA gene on chromosome 15 makes part of an enzyme that is important for
maintaining your central nervous system. If you have one or two normal alleles, you're OK, but if both your alleles have a Tay-
Sachs mutation, then you'll have different neurological problems usually starting as an infant. If you are a genetic counselor and a
couple comes to you planning to have kids, and they are both carriers (heterozygotes), you want to be able to tell them what is the
chance their baby will have Tay-Sachs. If we assign symbols to alleles, "t" = a Tay-Sachs mutation, and "T" = normal HEXA allele,
then we can diagram the possible outcomes of fertilization.

T t
T T Tt
t Tt tt

Statistically, 25% of their children will be normal (TT), 50% of their children will be carriers (Tt), and 25% of their children will be
born with Tay-Sachs (tt). This principle works with most recessive diseases.
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Figure 2.5.23

Mendelian Traits Laboratory

Your phenotype results from the interaction of your genotype and the environment. Most traits are polygenic, meaning several
genes contribute to how they are expressed. Even though your genes guide your development, the environment where you grow up
influences how those genes are expressed. The combination of polygenic and environmental influence leads to an amazing variety
of individuals. However, humans have a small number traits that are readily observable because they are: 1) Mendelian (determined
by a single gene) so their expression is on/off, 2) tend not to be effected by the environment, 3) have high enough allele frequencies
that someone in the class probably expresses them, and 4) are visible without genetic testing.

For each of the traits described below, your assignment is to: 1) record your phenotype, 2) assign letters to represent the alleles of
the gene, and 3) list your possible genotypes. Your phenotype is best described in a complete sentence: "I can ____.", "I cannot
"3 "I have ____.", "I don't have ." Include only the trait that you express. Mendelian genetics assigns letters or
combinations of letters to represent alleles. For two-allele genes, often a single letter is used, the capital letter for the dominant
allele and the lowercase letter for the recessive allele. For a two-allele gene, you can have three possible genotypes: heterozygous,
homozygous dominant, and homozygous recessive. Depending on your phenotype, you may have more than one possible genotype
that leads to the phenotype that you observed. [text adapted from Mendelian Traits Laboratory; missing source]

Example 2.5.1: PTC tasting

PTC, or phenylthiocarbamide, is a human-made chemical. While the majority of people find PTC to have a bitter taste, many
find this substance tasteless. To discover your phenotype, chew a strip of filter paper that has been soaked in a concentrated
solution of PTC. The ability to taste PTC is inherited as a dominant. There are some studies that compare tasting PTC to tasting
broccoli. There are several genes and environmental influence involved but "PTC tasting is largely determined by a single
gene, TAS2R8, with two common alleles, and the allele for tasting is mostly dominant over the allele for non-tasting”
(McDonald 2012).

You would write:
PTC Tasting
My phenotype: Broccoli tastes bitter to me, and I can taste PTC.
Alleles: B= the allele that codes for tasting PTC; b= the allele that codes for not tasting PTC
My possible genotypes: BB or Bb
or depending on your phenotype you might write:

PTC Tasting

.....

Alleles: B= the allele that codes for tasting PTC; b= the allele that codes for not tasting PTC

My possible genotypes: bb only

Earwax
Earwax, or cerumen, occurs in two basic forms. The dry form is gray and brittle while the wet form is brown and sticky. The dry
form is inherited as a recessive. The gene is located on *chromosome 16
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Figure 2.5.24 - "Mimikaki -- Japanese Ear Picks" © 2014 Dr. Timothy C. Hain

Figure 2.5.25 - "Cotton swab" by Aney. (CC BY-SA 3.0)

Mid-Phalanx Hair
Look at the middle segment (phalanx) of your fingers. Note the presence or absence of hair. Complete absence of hair reflects a
homozygous recessive genotype. Note that some types of work may wear the hair away.

Lactase Persistence
The ability to digest milk as an adult is a dominant trait. This is good example of biocultural evolution: a biological trait
intertwined with cultural factors (how people produce food).

* more info at Wikipedia

Relative Finger Length

Lay your right hand on a piece of lined paper with the fingers perpendicular to the lines. Note the relative lengths of the second
(index) and fourth (ring) fingers. There are three possible situations: the second finger is longer than the fourth, the second finger is
shorter than the fourth, or the second finger is the same length as the fourth.

Individuals who are homozygous for the allele for short index finger have a shorter index finger. Individuals who are homozygous
for the allele for long index fingers have longer index finger. Individuals whose index and ring fingers are equal length are
heterozygous. However, this is not a true Mendelian trait because the expressions of the two alleles in the heterozygous individual
show that this trait is influenced by at least one other gene on the 23" chromosome. Heterozygous males express an index finger
that is equal to or shorter than the ring finger. But heterozygous females will have an index finger that is equal or longer than the
ring finger.

Exercise 2.5.2: IS YOUR RING FINGER LONGER THAN YOUR INDEX FINGER?

https://socialsci.libretexts.org/@go/page/6654
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Figure 2.5.265 -"Index finger longer than ring finger" by Arnie Schoenberg, adapted from "Gaye Holud and Mehendi" by
Russell eee from Wikimedia Commons (CC BY-SA 4.0)

If so, you're up to three times more likely to develop arthritis of the knee than women whose ring fingers are the same length as
or shorter than their pointers. The British scientists who discovered the link speculate that it may have to do with hormones.
This finger pattern is more common in women with low estrogen levels. Another clue: Men are more likely to have longer ring
fingers, but for them, there's less of an arthritis link. [Good Housekeeping 2008:37]

* Article on cave art and relative finger length

ABO Blood type
Read Dennis O'Neil on Human Blood

Remember not to confuse the ABO blood type, a gene located on the ninth chromosome, with the Rhesus factor (Rh*, Rh") a gene
located on the first chromosome.
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Figure 2.5.27 public domain
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Figure 2.5.28 - en.Wikipedia.org/wiki/ABO_blood_group_system

Try to shift your thinking from Dominant means good/strong/prevalent, and Recessive means bad/weak/rare. Recessive just means
it takes two alleles to expressive the trait. Dominant means you can have 2, or just 1 allele to express the trait. Don't conflate
dominance with fitness. Dominance has to do with Mendel and inheritance, fitness is from Darwin's theory of natural selection.

Exercise 2.5.3

Review Dennis O'Neil's Mendelian Genetics
*Skim Mendel, Gregor. 1865. "Experiments in Plant Hybridization"

*Play around with the Online Mendelian Inheritance in Man database. Try typing in the name of a disease, or body part into
the search engine, and follow the link.

Population Genetics

By the 1920s, a new definition of evolution became popular: "a change in allele frequency". We're looking at how many people
have a trait in one generation and how it might change in the next generation.

To translate a Punnett square into math, just replace the sperm and eggs with variables that represent allele frequencies, and you get
a pretty simple algebraic equation, that can be used to study how populations change over time. It was discovered independently in
1908 by two scientists: Hardy and Weinberg.

p q
p pp pq
q Pq qq

A frequency is just another word for a percentage except we write it as a decimal e.g. 7 = .5 is the same thing as saying 50% are p,
or that half the alleles are p. This implies that the other half are g, because with a two-allele gene, the percentages have to add up to
100% (the frequencies add up to 1.00), so

pt+g=1 (2.5.1)
we can square both sides to get:

(P+9°=p"+2pq+¢" =1 (2.5.2)

Now compare this to the Punnett square: pp is p% qq is g2, and the two pq are 2pq. The p? and g’represents the frequencies of the
homozygotes and 2pq represents the frequency of the heterozygote. So you can take a population, count the total alleles, and count
the phenotypes of the individuals and compare them to see if anything looks weird. Mathematically, you expect the numbers to
work out, and when they don't, you know some kind of evolution is occurring.
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Figure 2.5.29 - How the allele frequencies are supposed to work without evolution; the null hypothesis

Exercise 2.5.4

Read the Dennis O'Neil Intro to the Hardy-Weinberg Equation.

*and here is a longer introduction to Population Genetics, if the math freaks you out, just skim to later sections.

The Modern Evolutionary Synthesis

By the 1920s, evolutionary theory had synthesized the macroevolution of Darwin, with the microevolution of Mendel and
population genetics, and came up a short list of factors that cause evolution. They tested populations with the Hardy-Weinberg
equation, and when they failed to get a null hypothesis, they started trying to figure out which of the four forces of evolution caused
the change in allele frequency: mutation, natural selection, genetic drift, and migration. The theories have been refined in the last
hundred years, the four forces of evolution is still a useful way to think of evolution.

Vocabulary

o antibodies

e antigens

e codominant

e dominant

o fixity of species

o Great Chain of Being

o Hardy-Weinberg Equation
e macroevolution

e microevolution

e population

o the Principle of Independent Assortment
o the Principle of Segregation
o Punnett Square

e recessive

This page titled 2.5: Evolutionary Theory (Part 3) is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by

Arnie Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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2.6: "Forces" of Evolution

One of the elegant things about evolutionary theory is it can describe phenomena on both the small scale and the large scale. We
can use these same forces to explain microevolution — the change of an allele frequency of a population of the same species from
one generation to the next; and we can use them to explain macroevolution — the change of one species into another species over
long periods of time. This is similar to the way the theory of gravity can be used to describe the motion of molecular particles or
large galaxies.

We use the word "force" to refer to a process that drives change, but thinking about evolution as a set of forces can be dangerous
because it's easy to fall into the trap of thinking of evolution as a directional agent, pushing organisms towards an ultimate goal.

Mutation

Mutation is the prime mover, the creator of all new alleles. We'll learn more about how mutations happen in the section on cellular
biology.

Exercise \(\Pagelndex{1}\)
Review the last section on Darwin.

Read Dennis O'Neil's description of Natural Selection with an Emphasis on Population Genetics.

e Article on carcinogenic traditional medicine, notice the kinds of mutations this plant causes

e

Migration

Migration (also called "gene flow") is where someone physically moves alleles from one population to another. When people move
from one population to another they pack all 23 pairs of chromosomes inside the nuclei of their cells, and bring it all with them. If
this changes the allele frequency of either population then it is by definition a kind of evolution. It can bring new alleles to a
population that hadn't had that mutation recently, or just bring or remove a significant quantity of a certain allele to change the
frequency of either population.

The individual doesn't actually have to migrate to the new population, they can just leave or pick up a few alleles. The stereotype
that sailors have kids in every port, is probably better represented by today by the traveling businessman, soldier on leave, sexual
tourist, or the sex trafficked. Migration is the geographic movement of alleles from one population to another. We'll come back to
migration in future sections as an important point in understanding human origins and human variation. It is why there is only one
species of hominid on the planet today.
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Article on coywolves and other hybrids which can be understood as a kind of gene flow and loosening of the species concept.

Genetic Drift

Random genetic drift, or genetic drift, is about statistics. The "drift" part has nothing to do with geographical movement (that
would be migration/gene flow), what drifts is the allele frequency, like when you look at a graph of a complex system changing
over time, and from a distance it looks like a straight line, but as you zoom in, the line becomes jagged, jumping up and down; the
smaller your field of view, the more drastic the changes become.

A good way to understand genetic drift is to plan two trips to Viejas Casino, the first with $1,000,000,000 and the second with
$100. Sit down at the cheapest table or slot machine you can find and start playing. For your first trip, your money will go up a
little ($1,000,000,135) and down a little (down a little more because the House sets the odds $999,999,564) but after a few hours,
you'll get bored and go home with around $1,000,000,000. Ok now go back with $100, your money will go up a little ($135) and
down a little ( $64), then up a little ($68), then down a little ($24) then up a little ($26) then down a little ($4) then up a little ($6)
then down... whoops! no more money ($0), time to go home broke. The analogy here has to do with population size and alleles.
Every generation alleles are shuffled and with a huge population statistically the allele frequency will stay pretty much the same,
but with a small population, the random fluctuations are more drastic, and allele frequencies can drop to zero. If an allele frequency
drops to zero, the game's over, and it's gone from the gene pool.

Here's a statistics exercise called the Gambler's Fallacy that also shows the difference between flipping a few coins and flipping a
thousand coins.

A bottleneck is where the population shrinks to the point where lots of alleles drop out like this. The founder's effect is where a
small group of people move to a new area and start a new population. The new population may grow quickly, but even though the
number of people grows, if there is no other force of evolution, the allele frequencies of the new population is determined by the
small number of founders who might happen to not represent the population they left. There's no way a small number of people can
represent the diversity of a large population. In statistics this is known as sampling error. When comparing the old and new
population, they have different allele frequencies, so by definition, evolution has occurred, and we attribute this kind of evolution
to genetic drift.

Exercise \(\Pagelndex{2}\)

¢ Read Dennis O'Neil's Small Population Size Effects
o Read Stanford's Encyclopedia of Philosophy: Random Drift

The "drift" in genetic drift comes from statistics, called stochastic drift. Stochastic just means "random", so stochastic drift is a
fancy way to say that random stuff tends to happen with a small sample size.

Vocabulary For 2.3

o founder's effect
o gene flow

o genetic drift

e migration

e mutation

o stochastic drift

This page titled 2.6: "Forces" of Evolution is shared under a CC BY-NC-ND 4.0 license and was authored, remixed, and/or curated by Arnie
Daniel Schoenberg via source content that was edited to the style and standards of the LibreTexts platform.
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