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OUTLINE COF BOTANY 170. TAXIMETRICS

The following is an outline of the course rather than a lecture
schedule. This method of presentation is offered rather than the
lecture schedule because the course is »experimentaln this year.
Having no precise prerequisites, and having no ides whether students
will be sufficiently well prepared to sccept the total offered by
this outline, we will most likely have to modify the content as we
proceed.

Four staff members will participate in the course. The biological
and taxonomic aspects will be taught by D.J. kogers and H. Fleming, the
mathematical aspects by G. Estabrook, and the computer aspects by R Brill.

The method of presentation will be a combination of lecture, dis-
cussion, and practical application. Students will actually do a small,
selected classification, run it through the computer, and interpret
the results.

We want to keep the class small for the first run-through to
allow more flexibility, and to give us more 'feed-back" on the value
of the presentation.

1. Definitions and description of taximetrics (syn.="numerical tsxonomy").

A. Application of numerical methods to non-numerical data
in taxonomy.

B. The place of taximetrics in the total field of biological
taxonomy .

C. The types of data used in classification process.

II. Historical review of taximetrics.

A. Michel Adanson, 18th Century French biologist.

non-weighted classification, and the subsequent controversies,
B. The early efforts to quantify taxonomic classifications.
C. Computers and their influence on taximetrics.

III, How is @ computer used in classification?

A. Simple description of the computer,
E. How the circuitry of the computer lends itself to classification.
C. Examples of use of computer in classification.

(Psychology, anthropology, biology, social sciences)
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IV. Introduction to fundamental mathematical concepts useful in
taximetrics.

A, Arithmetic logic.

B. Sets

C. Unique determinations.

D. Functions and correspondence.

V. Biological foundations for taxonomy and ecology.
A. The "synthetic" versus the "analytic'" aspects in biology.
B. The information derived from biological objects -- characters.
C. The role of characters individually and collectively in
classification.
D. Defining taxonomic categories.
E. Hierarchical versus non-hierarchical classifications.
F, The formal taxa of biology.

VI. Developing rules and applications of mathematical thought processes
appropriate to biological problems (fitting the mathematics to the
biology rather than the opposite).

A. This, and the next section, will be student-participation
procedures.

VII. Practical applications using existing methodologies --
"doing a classification.”

Digitized by the Hu ' 1tation




ANNOUNCEMENT OF NEW COURSE-SPRING QUARTER, 1967

Botany 170: Taximetrics 5 credits
Instructor: D. J. Rogers Lectures: 10 MWF
Prereq: Introd., Biol. (Bot., Zool., Entom., Micro.) lab.: 3-5 MW

1=

III.

VI.

VII.

one course in systematics (same fields as
above)

Text: Principals of Angiosperm Taxonomy. Davis & Heywood (1963).

CUTLINE OF BOTANY 170, TAXIMETRICS

Definitions and description of taximetrics (syn. = "numerical taxonomy") .
A. Application of numerical methods to non-numerical data in taxonomy.
B. The place of taximetrics in the total field of biological taxonomy.
C. The types of data used in classification process.

Historical review of taximetrics.

A. Michel Adanson, 18th Century French biologist, non-weighted
classification, and the subsequent controversies.

B. The early efforts to quantify taxonomic classifications.

C. Computers and their influence on taximetrics.

How is a computer used in classification?

A. Simple description of the computer.

B. How the circuitry of the computer lends itself to classification.

C. Examples of use of computer in classification. (Psychology,
anthropology, bioclogy, social sciences)

Introduction to fundamental mathematical concepts useful in taximetrics.
A. Arithmetie logic

B. Sets

C. Unique determinations

D. Functions and correspondence.

Biological foundations for taxonomy and ecology.
A. The "synthetic' versus the "analytic" aspects in biology.
B. The information derived from biological objects--characters.

Cc
D. Defining taxonomic categories.

E. Hierarchical versus non-hierarchical classifications.

F. The formal taxa of biology.

Developing rules and applications of mathematical thought processes
appropriate to biological problems (fitting the mathematics to the
biology rather than the opposite).

Practical applications using existing methodologies—'"doing a classi-
fication."
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Labs and Discussions 10
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Case study - discuss how to cdtﬁuribe some perticular group of plants.
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Interpret the results.
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10 Weeks 2 Lectures

Lecture Number
i Introduction

Computers

Mathematical concepts o

fundamental to objective ;;

thinking and modeling C
=

Review of the history
problems and objectives
of bio-class

How do you desciibe plants
and what can be done
with the subscriptions
How do you measure similarity
- | Problems biological

. with similarity

Solutions

How should we define a
biological cluster,

14 How can we use these definitions
15, Other measures and methods

16/ The role of the machine in
uging the method

17
18 Interpretation of results

19
20 Presentation of results

21 Recaps

One long lab. or discussion per week

Subject Speaker

Dave

Bob

Me

Dave

Hen

Dave

Me

Dave
Hen

Dave~
Hen

Me

Me

Bob

Dave

Hen

Dave
Hen

Dave

Contents
Purpose of course, how we got inte
this ourselves., (Anderson's Exp,)
Simple exposition of how they work,
what they can and cannot do,
Examples of uses, (Anthrop. lst part)
Sets, arithemetic, logic. Definitions,
unique determination, functdons,
and correspondences,
What is classification for and what
have others thought about it,
(Davis & Heywood, 1st 4 chapters)
Coding and charactere keys
identification information
preservation,
Discuss similarity measures
How does similarity measure
influence coding desicions,
Wihat problems arise,.
How can math solve problems,.

Discuss various definitions

Discuss efforts on cluster analysis

Preparation of data formats
for printout, etc.

Case studies,
Case studies, keys, diagrams,

Restatements of objectives and
attitudes
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Labs and Discussions 10

1 Discussion of anything - D H B G  plus class.

r
€2 Davis & Heywood critical discussion of 1st few chapters, {i ST 5
3 Problem sessions in support of lectures 4, 5, 6,

A"f Case study - discuss how to ‘ﬂscribr some particular group of plants.
Re~describe case study with a similarity measure in mind.

¢ (# Test definitions of clusters on the case study.
ﬁ; Actually code the case study,

§7 Prepare data for machine.

K'Y Interpret the results.

‘? Present the results .
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OUTLINE OF BOTANY 170. TAXIMETRICS

The following is an outline of the course rather then a lecture
schedule. This method of presentation is offered rather than the
lecture schedule because the course is "experimental" this year.
Having no precise prerequisites, and having no idea whether students
will be sufficiently well prepared to accept the total offered by
this outline, we will most likely have to modify the content as we
proceed.

Four staff members will participate in the course. The biological
and taxonomic aspects will be taught by D.J. Rogers and H. Fleming, the
mathematical aspects by G. Estabrook, and the computer aspects by R. Brill.

The method of presentation will be a combination of lecture, dis-
cussion, and practical application. Students will actually do a small,
selected classification, run it through the computer, and interpret
the results.

We want to keep the class small for the first run-through to
allow more flexibility, and to give us more "feed-back" on the value
of the presentation.

T pefinitions and description of taximetrics (syn.="numerical taxonomy").

A. Application of numerical methods to non-numerical data
in taxonomy.

B. The place of taximetrics in the total field of biological
taxonomy.

C. The types of data used in classification process.

II. Historical review of taximetrics.

A, Michel Adanson, 18th century French biologist

non-weighted classification, and the subsequent controversies
B. The early efforts to quantify taxonomic classifications.
C. Computers and their influence on taximetrics.

I11. How is a computer used in classification?

A. Simple description of the computer.
B. How the circuitry of the computer lends itself to classification.
C. Examples of use of computer in classification.

(Psychology, anthropology, biology, social sciences)

IV. Introduction to fundamental mathematical concepts useful in taximetrics.

Arithmetic logic.

Sets,

Unique determinations.

. Functions and correspondence.

.

o 0w
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V. Biological foundations for taxonomy and ecology.

A. The "synthetic" versus the "analytic" aspects in biology.

B. The information derived from biological objects -- characters.
C. The role of chasracters individually and collectively in
classification.

D. Defining taxonomic categories.
E. Hierarchical versus non-hierarchical classifications.
F. The formal taxa of biology.

VI. Developing rules and applications of mathematical thought processes
appropriate to biological problems (fitting the mathematics to the
biology rather than the opposite).

A. This, and the next section, will be student-participation
procedures.

VII. Practical applications using existing methodologies --
"doing & classification.”
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et = e e

= Texonomy Laboratory

November 18, 1965

Dr. David B. Dunn
Department of Botany [
Univeraity of Missouri

Columbias, Missouri

Dear Dave,

At the suggestion of Edger Anderson, I am writinmg to request the
loan of materisl representing the genus Uvularis in your herbarium
to this department, and specificelly to me., The resson for this
request is that I would like to have s good, clear-cut genus to
run as » test case for our computer methods. I recall that this
particulsr genus has several fine examples of clear-cut species

ss well as good exsmples of introgressive hybridization. If all
goes well, the need for this materisl will be completed in the
next nine months., I will be bhappy to have any specimens you have,

Sincerely yours,

David J. Rogers
Professor of Botany

DJk/ec
CC - Dr. Herold Harringtom, CSU, Dept. of Botsmy

very sppreciative of them.

P.5. I recently received » set of your reprinte, snd I sm "
]
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= Taxonomy Laboratory

November 18, 1965

Dr. Walter H, Lewis, Curator
The Missouri Botsnicsl Garden
2315 Tower Grove Avenue

St. Louis, Missouri

Dear Dr. Lewis,

I have just received s letter from Dr. Anderson, saying thet he is
willing to let the materis) representative of the genus Uvularis go
on loan. I would, therefore, like to put in 2 request for all the
materisls representing this genus to be made as a formal loanm to
the herbsrium or to me at Colorado State University, Department of
Botany and Plant Pathology. |

It is my intention to use these specimens in a course which will
be taught for the first time this year., I assure you that the
materinl will be given absolutely first-rate care and will not be
dameged during the procedures of the course. Please be assured
that we will pay for the shipment both ways,

Sincerely yours,

David J. Rogers
Professor of Botany

DJR/ec
CC - Dr, Harold Harrington, CSU Dept. of Botsny

Digitized by the Hunt Institute for Botanical Documentation
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- Taxonomy Laborstory
November 5, 1965

Dr. Edgsr Anderson
Missouri Botanicsl Garden
2315 Tower Grove Avenue
St. Louis, Missouri

Dear Andy,

This is » combinstion news letter snd request. Although I sm pretty
sure I sent an announcement around to the effect that I had sccepted
@ job as Professor of Botany here, I should probably tell you more
details about the move and why.

We have been fairly successful in our investigations concerning the
use of computers for assistance in the taxonomic process. I have
hed a number of classifications run on dste supplied to me by other
toxcnomists, and the groups of organisms sre ss diverse ss Actinomycetes
to tropical legumes of the genus Cassis. Because of the way we have
been working:(that is, hiring a professional mathematicisn to work
directly with taxonomists snd then hiring first-class Programmers
to work with the mathematicisn) we felt that it wes necessary to get
into a2 locstion where more active tesching wes possible. Colorado
State offered me the opportunity to fulfill this desire, so now I
have a2 position here with three sssistants -- another taxonomist,

a2 mathematicisn and e programmer.

We intend to begin our teaching with techniques in classification
becsuse I have felt ever since my graduate dsys that this was one
hole in the instruction usually given to taxonomists. When I say
techniques in taxonomy, I mesn discussioms of such items as

"What is a cheracter and for what purposes sre characters used?"
"How does one use the information from a character in order to
develop a clsssification?” "What rules do tsxomomists use in put-
ting together infividuals into various taxa?" “How can one measure
the distances and differences between taxa?” So, we are generating
8 course which I think is essentially new as far as teaching tax-
onomy to students is concerned, at least in the U.S. I had re jected
the idea prevalent amongst taxonomists that you could not teach
taxonomy -- you had to lesrm it. I mey be wrong, but I feel that
definitely taxonmomy cen have some of the aura of mystery removed
from it and that its ‘methodologies can be explained to students.
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Letter to Dr. Anderson Page 2.
November 5, 1965

In the course, we will also tell the students that they must be
extremely cautious in the selection of mathematical models to
reflect their thinking. I don't think that this is s new ides.
As a matter of fact, I can cite one of your publications to show
that it is not new, but our procedures have adequately demon-
strated what you said, We rejected the typical statistical
methodology in favor of another type of mathematical approach.
There sre certain other approaches thah the one we have, but at
least we can point a direction for students.

One of the things that I want to do in our new course is to
actually give the students & problem in classification which they
cen follow through from the development of characters to the
sctual process of classification. For this purpose, we need a
group of plant materiasls of one genus where the problems are not
necessarily too complicated. It occurred to me that the genus
Uvularis would provide an excellent example. I recall our study
‘of these plant materisls under your direction when I was your
student. I would like very much to use the same specimens for
our purposes here, and would like to request the loan of these
gpecimens from you. The specimens will be given extra care, and
they will not be mistreated. Do you still have assembled the
same materials for the genus Uvularia which we used fifteen
years ago? =il

Our family is as might be expected well on the rosd towerdse
maturity with the oldest deughter, Marilyn, now s freshman

8t the University here, son John is m sophmore in high school,
and son Richard is e 5th grader. They all seem very pleased with
the move end we sre much happier here in Colorado than we ever
were in New York. 1 hope things sre going well for you and

will be pleased toc hesr from you.

Very sincerely yours,

David J. Rogers
Professor of Botany

DJR/ec
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OFFICE MEMO
TO: Dr. Fults Date MNov. &, 1965

FROM: D. Pettus = 5 & A Curriculum Committee

SUBJECT: Bl70 = Taximetrics

REMARKS:
At its meeting of November 1, 1965, the Science amnd
Arts Curriculum Committee approved your request for
the new course B170 - Taximetrics. The request will
now be forwarded to the University Curriculum Committee.
DP/gs

cc: Dean Roy Nelson
Dr. Rodgers ~ Botany
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10 copies to Stella M. Lewis, Secretary of the Curriculum Committee and the
Graduate Council. 20 copies if graduate course.

REQUEST FOR NEW COLRSE

I. List course number and title; quarter(s) offered; credits, lecture and labora-

tory distribution; prerequisites; instructor and his academic rank. (Follow
the style of the University catalog. University regulations governing class
hours per week for the quarter per credit: 1 hour of lecture per week = 1
credit; 2 hours of laboratory per week when cutside preparation is required =

credit; 3 hours of laboratory per week with no outside preparation = 1 credit,

B 170 - Teximetrics 3(3-0)
Prerequisites:
B 23 or equivalent in Zoology or Microbiology and M15.

Development of biological and mathematical concepts for the processes
of classification - Instructor, Professor kogers

a

II. Course level: [Undergraduate __i Undergraduate and Graduate X ; Graduate o

111, If new course is to replace existing course, indicate the course number and
title of course to be dropped: not a replacement —-—

IV, Names of department heads with whom proposed course has been discussed:
Fults, Graybill, Olson (Zoology).

V. Prpsed text or source material for course:

VI. Attach topical outline of lectures, nottc exceed 2 pages.
Attached to original proposal previously given to Dr. David Pettus.

APPROVAL KECOMMENDED: ‘ Signature Date
Instructor G .'I : '] . / ] 2 /74
Oy gl tra v L D T

Head of Department QJ@M ﬁ _uﬂlz /// %/éé"

Dean of College

College Curriculum Comm,

5

[)igiti?' on




62
10 copies to Stella M, Lewis, Secretary of the Curriculum Committee and the Graduate
Council. 20 copies if graduate course, I
REQUEST FOR NEW COURSE
1. [List course number and title; quarter(s) offered; credits, lecture and labora-
tory distribution; prerequisitesj instructor and his academic rank. (Follow
the style of the University catalog, University regulations governing class
hours per week for the quarter per credit: 1 hour of lecture per week = 1
credity 2 hours of laboratory per week when outside preparation is required = 1
credit; 3 hours of laboratory per week with no outside preparation = 1 credit.
B 170 - Teximetrics. BXED 3(3-0)
irequisites:
o __W B 33, or equivalest in
1_,4 o _.wm.w
P% Coliege-Algebra, Comsent~ef the-dustructer,
pd MDD 5
Developmant of bielegical and mathematical comcepts for the
processes of classification, - 5
- P |
Y Lo :
{ } b ‘1'; r'l I|

II. Course level: Undergraduate _ ; Undergraduate & Graduate L; Graduate __ .

III, If new course is to replace existing courau‘.r@mmurse number and
title of course to be dropped:

IV. Names of department heads with whom proposed e has_been discussed:
Fulta, m&u. Clsen m.).-k,o wm-’

V. Proposed text or source material for course:

VI. Attach topical outline of lectures, not to exceed 2 pages.
APPROVAL RECOMMENDED: Signature Date

Instructor

Head of Department
Dean of College

College Curriculum Comm,
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