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e The partiowlar experiment undertalen in this sbudr wos the
deternination of the desree of interrelatedness of Lhe stocks within
the Priticum species of ceweal prain. &n ' hempt was mate Blironch
the uaa of comnuter technigques Lo zort oub and cmphagine Lha' val-
yable informabion which was velevinl bo Ehe sbuly by sy of describing
the particular characteristics sought wibh accuracy. I will in this
naper strive to discuss several areas of taximetrics as they relate
to my individual study,

The purpose in my study wzs nob to create an arbitrary tu.w;\,‘
for within a single spocies this is an une2lled for project, A
prelininary investigabtinn was made to £ind what natural prograssion
or simularitiy was to be found or displayed in the riticum samples

, which were selected, Before a considerasion of the results of Ulie
7

study will be made, a little backpground material concerning lriticum
should be contemnlated. Wheat is an exbremely inbred stock, that is,
the individual plant is usually self f'e‘r"i}ili:’.i‘n_.’t. Wheat accomnlishes
its self fortplization whnile the smxual orsans or parts are still
covered with the sheatn or "boot! of the planb. Due te the nature of
this variety of fertalizabion the wheat plant is Tound to exhibib
the renetic characteristics of a highly inbred strain. It should be
noted thouph, thabt wheat is nobt completely inbred and is fonnd to
have 2 naturally occenring oubbreeding patbern of from 1 Lol percent
in a homozeneous and arbitrarily seleched populalion, [his oubbreeding
is the reason for the hyhrid stocks of wheal which are now under

intensive eulfivation by man. The outbreeding programs arc priy warily
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developed for firm reazatsz, #iegh and Toremost these promyms are
undertalen Lo rrodhice wiealno with srealer erain vield eibhor by
lar-er or by more nuperous sceds, The second wénson for Ll hybrid
prorrams is to develop wheats with more adaptable characters for a
particular clinatie condition, This adantobility can be understood
as aither genetic selection for a parbticular climate or tha developmant
of a resistance within the whent to climatic conditions or disonse
vhich oeeurs within the particuler variety 's ecolopieal range.

For purposes of this experinent 1 was foriunate ennurh to obtain some
gixty-sicht difforent varieties of wneat for the prosram. Roughlyr,
ihe samples can be divided inte three main calegories o groups.
Firat, there is the Regional Hard Hed Spring vhieat varieby widch
tneluded twenty-four of the samnles in the collection. Second, the
State Spring wheat variety included twenty diiferent strains of this
sbock, Third, Lhe last rroup for the collection was the twart
Jlinter wheat stock which included twelve different types for tihe
study. The desiznation of a spring vheal group means literally that
the rroup was -lanled in the spring and came un during the summer
of that same vear. The winter wheat sbock is descrivtive of a croup
planted late in the fall of a year in wiich the wlieat was allowed

to vernalize (ape during 2 Freezing period) for thab winber and the
stoek came up in the spring of the follovdng year, This: difference

develops certain morpholorical differences in the wheat bub is

primarily an economic factor for Lthe maxcirnm use of the available
land, for crop propafotion, and has only serresatory significance

to this study.
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For %the characiers wfich were neaded for the progran i
selrcted some rTOSS norpholorical choracteristics which were cormon
to all of tie samples. Such Facters as bhe heiehtt of the plant.,
flower arrangement, munber of [lowers, ;qauz'gcl-. lenyrth; ::;~i!:?i.»‘b
diameter, brish lengih, angle of rafiection of° the brusies, lengoh
of the seeds, colour of the seeds, as well as tiie desree of case
by which the secds could:” be removed from the brachs of Lhe plants,
: . i ; {rvﬁum;ﬁ
Tormed the bases of the chasanil rrograi, Several of the characters
I disecovered later mnad increased weigith in the propram. this weighting
vwns uninbenbional and in 2 laber run $he stress was baken off of
the imporiance of sore of these. An example of this unin entional
weighting was,where the brusih length and the reflection of the
prush were considered as two distinct characters, In the characters
thers ‘reva saveral stotes ineluding bhe 'mot present! state which
in the case of the brash lenzth told all of the information which
was neceasnry for tne refiecetion stale and here, there was o edundancy
of information. For, if thers %Lhno Fiah len=th, the brushwas not
present and then for +the reflection character the stale would aubo-
matically not be present, It fwrmed out that this sarbicular redundancy
=5 nokt deleterious and the overlap in information was aeceplable
for the study.

yhile charanal offired o means of determinine those charactors
waich offered the most usable bypes of infarmabion to the wheat
study, another facet of the program, glugtering, combinedl the advantanss
of the charanal system with the added feature of grouping the

objects within the study according to their overall simiﬂ arity
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considering a1: of the characters =nd the states of those characters
which the objects exnivited. By the use of the clusbering vrogran
a mip of ilie objects wis rade, 'he clustering information prowvided
data concerning the ohjocts which at dilferent levels of similariiy
were mostoalike, In this way a map of the clusters Tormed by the
computer using the charanal information provided, was formed, ‘hese
clusters were of prime importance in the deternination of which
objects or sammles were cateporically most sinilar. The map not only
% oued the cluster membarship but also how similar objects were
pelated srikhin the individual cluster and which ones were the more
jrportant merbers of each clugser, An Linteresting - feabure of this
clusterine oropram is that the menbers of the study which join the
rajer clusters, bthe articulators in the ecase of my study were Very
ol eongpicusus by their absence. this I found later was the normal
state of affairs with the studies which include only one species.
A small nrumber of articulstors characterize +the intramecific clustering
type, wheroas the larper number of eluster articulators e indicsbors
of an intersnecific clustering propritl. Mie moat values within my
study fell within the limits of 0.1 to 0.01 . The moab is the mathematical
distance whish sepirates one level of similarity from anobher.

1n the clustering program there is a portion whieh is dewvoted
to the praphic relation of the objects in the rroups of a particular
study and their value of sinilarity, This rraphical vepresentatdion

is the siyline plob, The skyline plotier oreinized the objechs of wy

study into those ob jects witich were mosh similar and placed bhem
on the horizontal axis of the praph and plo ted against ther was the

C=vzlue, the value of similarity, The Gevalue is usually a grajuation
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from 1,00 to the lowest C~value witich is relevani %o the sindy

under eonsiderstion. In my particular cage bhie (-yalue ran Sron

1,00 0010 . In this study | had Luo objecls shich were idenlical

in 211 charneborisbics yeb bhey were of differant varietins and they

yers found to nave a G-=yalne of 1.00 ., 1 found that as the C—-value

decreased the adaition of rore objects tenk place at a rapid rate. Fﬂ" u%l

A% each addition of a new member or tembers to the groups present laensy mq_(_

on the slyline, the addition was classed a level in the study. In
my particular instance at level nine thers were six proups ol objects ‘“{“"—4‘_
present and the overzll siemificance of this was thal each of the %‘? el
elusbers was a particular strain within the species. For example,

there was a cluster ineluding all of the Dwarf Winter wnead varieties

in the study, Fet another cluster inclu ‘ed the majority of the

Repional Hard Red variety. it was interesting to note that a1l of

+he winter whents were clusterad at a higher G=value in the skyline than

the spring varieties indicating that the srinter wheats were nore

closely related than the other sbrains. T will consider the evolutionary
significance of this fact later in this paper. In the shwdy were

ineluded several rye samples which later in the study acfed as

checks on the clustering method. These rye samples sere alwxyrs found

to be grouped together in the elustering program. in only one cass

did a rye sample fall into another classification than its owm scperate

rroipa. It was found to be of use to have the rve in the study for it

offered a fuidestick ss to the behaviour of bhe othier objechs in

the study,
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A Fachor which bobhered me in bhe wbhodl sbudy wns tho ek thab
at leyel ning Lhere were six groups present el bhey remainid. as
six disbinct groups for gquite a wiile considering the O-value as
a basis of ginilarity, T mlled this fact over fox admaost a sweel
£311 T hit on the idea that perhaps theve was some basic senetic
resson £or this clu ster soperation, leoking ab 2 chrouosom e atlas
1 immediately discovercd that the six seperate frouns of' wheat stock
were the representabion of the different ploidy levels aof the
wheat present in the study. I had not considered the ploidy level
in my characters for comperison but the fact remains, that the
vloidy levels were nrinted oub vividly in the cluster nmap and the
slyline plob. At level nine the six ploidy levels and the obicchs

in the groups wWere:

Cluster Il o. Ploidy Lovel thiects Ineluded
1 1h 101 1h4
2 21 1oL 121 118 417 20l 143

135 205 203 108 212 134
202 220 136 201 208 136
207 206 2171 217 209 113
216 122 11

3 28 119 132 1h7 1he
ki 1j2 106 145
1 g6 105 109
63 (BL) 11k 131 138
7 (e oOBJECTS)
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.np_mrcnl.'l.y thaee objects within the progeam b characltora

which due to the marphology were in gome mamer relabed te their
chrompseme nuiber, 1o (doubt the factor involves several of the
physical aspecys of the wheat plants,

The clustering program supports aleo the evolutionary signifdcance
of the cluster arranyement. the most early members of the wieat
atack which wers plotbed on the skyline wera tile winter sbock. this
is one of the oldesht strains of wheal uhien has been eultiviated
by men and due to the intensive inbreeding of the wheat through
tire, ‘ne similarities of the winter wiests as a/grour is very
gre-t. The spring wheats on the other hand are more recent in their
develomment and are prinarily composed of the outbred and the
artificially bred hybrids and are newer 4n 'the evolutionary sense.
this infomabion was supported in the cluster analysis and aiso
in the sioline plot whilci shinied the winter wheals digplayed as 4
cluster sooner at a higher G-value than the dwarf and thie spring
stocks which clustered later and in thab order on the skyline.
#1so, from the clister analysis I noted tuab there were a great deal
more internal comnectimns within the winter variety than there were in
the diarf and the spring: variaties. This also supporis the theory
that the winter variety being a2 more highly inbred stock: would have
a higher degroe of relatodness within the strain than the new hyorids
sich are once outbred and Lien remdin in that sinte with lithle
or no cross pollenation among diffepent varieties of the snring
stocl.

The total sipnificance of ths rye qammles in tne study was as I
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mentioned sarlier that thew were = chicck on the method accuracy 3
Lo

and provided a reasure of the ability of the computer tecluiigque
sort cut exceptional objects. Rye was hovsver; coitbined with the wheat
in the study b 2 relatively hich C-vilue possibly boedse it is the

most close relitive to the wheat of all of the species of Graninacenes

s

Briefly, ipn conelusion I would like to state that [ have in
part accomplisned what I set out o do and that was to determine

if any structuring was in fact to be found in the wlieal species,

Fha«.d%ﬁ/.&_a,
*eﬂﬁcm

I yould however like to undertake n more rigorous program of study
with wheat (now that my curiosity has been stimnlated) with additional _)&
patterns of character analysis inclnded in it, For this vork I also “__,"‘\’S
would Like to obtain many more sammles than the mearre lot which

N
I had to deal with in this present study, I have learncd mch by g
was of the theory 2nd apnlication ag well as the consideration of -,

3
J
Y—

some of the philosophical questions which exist in teximeirics.,
T intend to use the information and technique which T have learned

in this course in Laximobries to aid my own independent sivdy.

sk v,

o shaa TN

=

I am analxw+ing some of the nereal rraing and the taximetrie methods

¢

1%

are very relsvant to this study, and are'a valuable tool for

the biologist,.
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Maxonomic Classification ef Fopulatiens

of Sceloporus undulstus srythrocheilus

Maslin (Reptilia, Ipuanidae).

John . Ferner
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Seelonorus undulatns STy hrochailus; og doscribod by

Waslin (1956), cceurs sxclusively in voel linhibnks along
the sapstorn fopthills of the focky Fountains. Pepulations
of this lizard oscurring in suitable rock habitats ofsen
anp=ar to be genpretad from other porulations by several
possible typmes of roographical barricrs (eanyons, suirowmmns,
arroyon, and so on). Tho intent of this stucy iras 4o
attormt bo £ind a baxononic classification of Llizards
gelected from four difterent nopulstions., Tha PiIrnoss of

thia study was also to Lesarn and ermloy various baxd letric

i

and numsricsl taxonomic technioues.

T
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MATERTALS AND HETHODS

yoarccheilus fiom

Specimens of Seceloporus undulatue o

four locations were obtained from the personal collsction
of John Ferner (eodsd JWF) and from the University of
Golorado Musoum collectisn (coded UCM). [Five adul® nmles
and Cive ndult femslos ware gelected Trom cach locstion,
rmeking a total of L0 spucitiens in the stiudy. The collec-—
tion mitbers of ssch spacimen ave given in TYaple 1., Fig.
1 shows the approximete loecations of the four nopu-ations
invastigetsd: 1). Soulder County, north off Bounldar Creels;
2), Bouldsr County, lagsceff Htn.; 3). ireuont County, 10
miles esat of Sanon City; and ). Baca County, Geblonwood
Crack.

Chapackors Por clunaificotion uere chosen and The
state of oach character was vocorded on a 3'KE" card for
spch spzcimen. Any chgracter which had mors than one de-

(0% 0

.
finable stats was accspbeble for the sfucy. =he o iatacters
chosen and their influcnce on the study will be mentioned
in the next snction.

211 information gathsrad Trom Lhe speeimens ‘as an-

simetrics Iob

alyzed witl: the comeuler progrems of the

at the University of Colorado, e chavacbar analysis

Jota

nrogran is as described by Zstabrooli (1967) and provides
a megsure of interdependsnce of the descriptors. fla

charasctsrs then gselactod for the classifivation wsre uged
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Peble 1o

List 'of' tha specimens used in this study,
incl-.wms the characler stztes psed in thn
dec, 19 run,

ey

Collsction # Study i Collection Jex “tates of Chovacbors

Site as: ziven in Toble 3.
UeH 1898 1 Baca Co. 0 221232321 53
UCH 11;89? 2 Hacn Uo. B0 2 Iz
ucH 182 3 Hace Co. 131 143
UCcH ]J! 203 I Baca Co. i 52
UCM 11f90!;. 5 Baca Lo, v 2
UeK 5680 6 Fremont: Co. I 3 13
UCH 68 7 Fromont Co. M 31 11112121 22
UCH =665 & fremont Co, M 2111112431 53
UM 5\’:;7 9 Jramont Co. I 2211113 251 |9
UCH 56113 10 Froviont Go., W 1122122231 22
JUF B1 nf il Boulder S. H IZ23A31250 50
JUE L1 12 Bonlder 3, Hit 2111111252 L2
JuF 08 13 Boulder 5. o4 21131322397 31
JuE L5 4 Bouldsr 8., M 1121123121 L6
JilE éé 15 Soulder' Be M 11axagaa ha
JUF 28 16 Boulder N, M i o e e AP
JUR 87 27 Soulder I, M TYTERETRAA D
JUR 2 1.8 Boulder No M 21211311320 a2
IR 99 19 Boulder H, i b i G 15 Y e )‘ ]
JUEF 11 20 Soulder Te. i 'J‘L‘fﬂ‘l!l"l 2
UcHM 1907 2l Baca Co, F
UCH 1:'5,591 22 Jhca Co. ko 3; 2
ucH l:,c,‘lO 23 Haca Co. B "'llll"'i"l? 33
UCcH 11. 2l Bdaca Co. F 3221 ""‘1‘ 131 .".2
UeK 909 25 Baca 0. v
UCH So;’{ 26 fremnnt: Co. W 2
UcH 669 27 fremont Co, F " l’ ’? 5. '1'| 33
UCH 5666 28 Fremont Co. I
UCH 5651 29 fpanmont Co, T ' 4
UCH 5502 30 “pemont Uo. F 3.« 55119111 22
JUWF 50 31 Soulder 3, ) 120 "’J_ 13
JWE LB 32 doulder 3. ¥ 11"311' 332 52
JHE 19 33 Boulder S, » "1]_‘%111 ?"" 13
JUF 6l 51 Bouldor 3, B '1111.'111“'? 23
T 79 35 oulder 5. o 22232l PraailES
JUHIN 92 16 Bouldsr 1, " 3223199222 i3
JUR 72 37 joulder N, I 1
JUF 1 38 Boulder N, F
JUF 68 29 Boulder il. i
JUE Tl L0 Boulder i, o




e COLO “ADO

SEDOWICK
LOGAN
JACKSON CARIMER wELD FHILLIPS
MOFPAT
ROUTT PO
MOROARN
BOULDER
L'} L ¥ UMA
RIO BLANCO )
TON
DA WASHING
-m5
PJ ARAPAMDE
Lt b IEFFERSON
GARFIELD

AS
DOUGL ELBERT
P ARK
MESA
LINCOLN
TELLER|
e CHEYENNE
AEtra EL PASO :
BUNNISON S
WO WwWA
MONTROSE
CROWLLY
: q PUEBLD
BAGUACHE
BAN MIOUEL il P
HINSDALES S0
DOLOR
ES HUERFAND
MINERAL
RIO ORANDE
MONTEZUMA A8 SARYNO2 g
LA PLATA COSTILLA
ARCHULETA CONEJOS

STATE PLANNING DIVISION
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%0 eombuke a similarity necsure for ench nadr of sofci-

mens. (Hstsbrook and Rogers, 1966). Hirth, Ustabroolk, and
Rogers (1966) and #stab-ool (1966) explain the grovh theroy
model used to group the specimens into clusters and creste
& slgyline plot. Subgraphs were drawn from the rasults on
tha cormuber srint-out in order to wiawalize the clusiers
and their interrelstions, For = debailed explanation of
the taximetric principles used consult the above mentioned

publications.
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sfter selacting the spocimens to bo studied,
cheracters to be ussd in the clagsification ware
In the firat cligractar snalyaig several ﬁ.tei‘als' are
sidered aa nossible influencing faclors.
the Pirst 10 ¢harncters; sex, time of year colloctad,

locstion ware included in order to discover

Table 2.

—h=

OBSEHVATIUNS

e
chosen.
o0n=-
'Table 2 Lists
and

thair redun-

Chavachors used in tae first snalysis.

Caaracter =nd lamber

| 1-

35

’-Irl

S.

6.

Te

X 9.
w5

————

L) -
vafi

Bnout-vent length

Tme of yesr
collectod

Prontonaristal Left
Trontoparistel Right

Gular patches

Ventrgl spotting

Abdominal paten

Liochition

Character State

Jie
2
1.
2.

=l
.

e T L e e S AT

s s s 8 % 8 % 8 8 8 8 ®'s

and Hunber

inle
Fenpgle
Small (55-G0 run)

Modium (61=07 se)

Lirpe (668-73 1)

Hay

June

July

sugust

Sentomber

lhole

Splis

Jhole

Split

3rondly jeinad

Joinad, but incomnletely
Just joined (b one senle)
Jugt sepapale
Senarats ond
Heavy

Light

None

Souars
Hounded

hape indeterminoble
Pipment laclking
Comnty, north
Jounby, S
ient Coumty

g Connty

A

reqduesd

il
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Table 2. (conb.)

10, Front, profile 1. Orest 25gh
2. Crest medium
3, Crzst low

dancy with other chavactzrs, not to oo uged as chshaciors
S £l Prany
Lhnenselves, The only sippnificant similexity grcountased

a2
wna that sex is eclosely related fo tha joining of gular
patches. An attempt wes made to fretor sex out of g
cheracter which pesulted in/chavscter 'l of Table 3. Con-
ditionzl probebility tpbles wzre nrovidad by the computer
and show some interesting valotionships betwsen characters,
soe exam-les in Table | through Table 8. Nost of the
significonce of thoue ascma te ba the ralotionship hetweeon
shorncters and locntisn. 'The characber states fon ench
specimen ave Lliasted in Table 1.

The fivst 7 chsracters in Pable 3 ware then sun tiiroush
the clustoring prop-em as simple characiers. In a sgcond
run: theous- the clustering prosram, charactors 8 through 12
in Teble 3 were added to the study. A characher enalysis

of these wss not availphle from the comput v, bt niannal

e

check of them revealsd no significont relationshirg, 1ia

second plustering run of the study involvad thess 12 char-

acters with pumbers 1; L, end 9 orderad it K=1, Char=

acters: B and 11 werse matrix typss as dsfincd in g 2.

4

e peremeters eabaolished in each case were Gong 80 because

£ seerod biolopically more sccurate o these states

aa
poe
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Table 3.

Chiarnctars used in she second ond Tinal snaly-
eig of bLhe study.

Chargcber snd iliuaber

1. Baoub-vent lengtn

2
3
Il.l

g, lizdian dorsal scales

Iinft frontoparictal

Right frontoperietal

Gular pateches

Ventral spotting

ibdoninal pateh
snase

Front profile

Femoral poros

10, Lip color

13,

Circumabdoninal
scules

1.

3e
L
1

l'
2%
o

Chavpcter State and lhouber

Smell (0 5-60im)
Vadium (61-67nm)
Large (58-73mm)
Whole
Split
Wnole
Split
Meles veary broedly joinad
Fomezles separate ané Teducad
Heles breadly joinsd
Fereles just senarcie
Malas ‘ntermadiately joined
Females just or intommesiately
Jodinsd
Kalsa junt joined
Hamnley brondly Jjoinsd
Heavy
Light
Nona
Spuare
lioundced
Bhane indetorminabla
Pizment: laclking
Creat high
Creat modium
Grsat low
3L to 33
35

. to

36, Lo 37
W to 319
[0k

13 or helow
il to b5
ey i
L8 to 19
©0 to &l
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Pehle 3i lcont o)

12, Scalss petween pores L. b
20 5
3. 2
T

fable lr.

Gonditionel probability table for ripht fronto-
wariatal (1) va. toeation (T

il o)
T .50 .50
Jl2) . LEO .54
J{3) .50 .50
() .20 L080

Tablse 5.

Oonditional nrobability table for loeation (1)
va. ‘eont profile (J).

F) JE)y al3)
Ty .50 20 .00

T2)0 L6030 .10
SNl G el )

I“',) = 10 « 30 «60

Table 6.

Conditional prebability tesple 1or abdoninal patel
shans (1) va. location (J).

(1) I(2) I(3) Ilh)

J(1) .30 .00 10 - 00

hn
k]
e
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aole 6. (cont.)
‘T{z} o"jo -Do a't:"o ."'0
J(3) .50 .30 .00 .20

J), 00 .00 00 .20

Table T

Conditional probability teble for ventrsl
spotting (I) vs. location (J).

T(asy e m2 )T ()
o) .70 .30 1 .00
Fl2) " {00 w30 L 08
FLASINGE0 e E0T 00

F(10) 2207 K0l = 20

Tabla 8.

tonditonal probability table for venliul
spotting (1) vs. abdominal pabeh shape.

(1) I(2) I(3)
gLl =77 =23 <00
Jt(2) .27 W5l .18
J(3) +00 1.00 .00

J“!_} -1? 183 00

intermelated in verying degroes (diseusscd in moze detail

in the ner:t section).
Granl 1 ia the resulb of the ©irat clust ALY
(Novembsr 25) snd Greph 2 gpives the siyline rasulis of the

Decemper 19 elust riang run. The How, 25 yun had lavaola
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Fip. 2. ‘the |'\z’.:-:.'_"10t;r~':'_ assignuents piven to the
mokrix type chnrachirs 8 and 1l

Ghapacter & Guavaeter 11

i R S Toq toor =g R R 6

SHES 2 .30
«30 40 3 20 .2

== il pol =

«10 .20 230 I .10 <20 o
.00 .10 .10 «30 5 .30 .20 .30 W0

n

6 .00 .05 .10 .15 .20

before sll tae lizard were in the same cluster (G = 571).
'The clusters were subgraphed to lllustrate pll the connac=
tions betyeen objects (see the aimelificd example in Wig. 3).
The nodal distanes arrvays wsre nnnlyzed ond tlhe specimens
from Baca County were found to be more gimilnr to one en-
other then individuals of other ponulations ware 50 each
other (Teble 9).
Taple T
The percentags of the 5 most similar lizazds

whnich canme from the somoe nenulation is given
fop nach loecabion.

County 66,70
Pramont County 21.005
Boulder Co,, south 26,07
Ssulder Co., norith 22.05%

The Dec. 19 clustering run had 20 1 vels whilsh were

glso subgravhed, The subgraph for leval 1l is given in
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Pig, 3. A nodified subgranh of level 2 of the lov. 28
clustering run. Circled grouns have o1l the
members interconnocted. Hed lines connect
specimens from the ssme geogra-nical locotiong
olue lines connact spscimens from neighboring
geograpbical loeations if the two Houlder Co.

posulations are cohaidered to ba the sans,
=) |
U o= -?IJ'
» '/’
i o —/
=4y =5
=
e rs
e kel
E. ‘-_ -" ¥
() e
\\ - K - - - Fy
N 1 v
\ A 4
LN b rd
j' ~ F 4
\\\ = A
2
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A modifried aubgraph of level 1l of the lec. 19
cluatering run, Firecled grouss heve sll the
mombers interconnesteds Hed lineas geonnect

apoeiviens from the ssme googiephicel locationg
olue lines connect spécimens Prom neighibozing
feograniical locatlions if the two Soulder Co.
nopulations are coungidarad to bo the smae,

=14=

i, i,

Gi= .00

0 |
~ Jr . 1
o i
\\\__ ’
e " ]

] A ) d A |
\ L 20 “’z 2 \
LR ." [ )
N S L ]
B "
N\ ," it
\ | § S
3 I.f i ;
Il = ,\
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Pig. 4. llodel distence exrrays wers not nrovided by the
computer in this print-out. The (=vsliue where nll gpecimens
joined into ene cluster was 0.625, whils that of the fivst
run wos 0.571 (soe Gresha 1 oond 2)., ‘me CG-valucs where tha
firsl speecimens joined were nearly identiecal in bDot't TUNS.
Teamination of characters separating and joining cor-
tain neirs of lizards noavealed no sipgnificant patterna.
The ovarall connsctions end clusters were not strikingly
diffe—ent botween the two runs., ALl of the results op=
tained from tie computcr.can not be presenbad here, bul
the data that is given is that sifch is sigpnificent tol the

PTollowing discucsion.
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SISCUBSION

Me undulatus group of Sceloporus spp. is bigaly

varisbls in Cor and is not sasily eheracterized (Smith,
19h6 and Stebbins, 195L). Structurally, the subspecics
of 8. undulstus can be separated only by averape differ-
ences. Golor and petbern ars bettcr used to separato the
aubsnecisg, Withiin Lhe subapecies 5. . soythrochailus
thane is also mich varigtion in both structural snd color
pattern characteristics,

In selecting eharactsrs for this snalysis an cffore
was made to obb:in more than just the standaxd characters
usged to distinpuish subsueclas (charascters 1, 8, 9, 11, and
12 in Table 3). Differences in color pati rn weve often
difricult to use because of nroblems in exnressing them
and loss of information in processing and pres-rvation.
Chromatic sexmszl dimorphism is well developed in Sceloporus

undulatus ervthrocheilus. This wes sxemnified in Shis study

oy the character anelysis of gular petches beipz more offen
joinsd in the males and asparate in the femsles, “he study
was an attemnt o classify irrveapcctive of acx, so sosual
dimorphism was corefully avedded in charsctors.

et atotes came

In moat cnses bhe desipnation of c¢lial
easily. Seversl chavachers, howsyer, should bs discussed

specifically. The states of character 1 (Table 3), snout-
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vent length, wers obtained by gravhing the distribution of
lengtha and celecting the elusters resulting. “his chavacter
wia oréered in the second run,., Ghareessh I wns also oyderad
hecauss the states wnich had bsen adjustad fov soxuai di-
morpnism ¢id not seem to be biologically distinct. Cremoral
vores (chasscter 8) was estaplished as a matrix ©tyne becsuse
some stetes appesr to bs much less releted to neighboring
states than obthers, cspecilally &t the oxhrenes of the sealse.
This condition also held for character 1l. The remeining
charactors ware simple, sexcenting 9, wiicl was orvdered.

The vesults of cnaracter snalysis did not Teyeal any
preat interdenandency of characturs which might sugsest the
existence of morpholorical types independent of peoprabhical
influence. This wos upaeld by the clustering results dis-
cugned bzlow, Table & illustrotes the best rovralation that
was found hetwesn mornhologlcal charscters. 'Me chinractal
analysis did, however, nint at a possible clustaring by geo=
grapnical locavion by a north-south clins,

Tae conditional probability tables piven n

through 7 (pp. 9 2nd 10) indicate the relation of ce&:
clhiarpeters to location. In sach case three obsarvetions

are mado: 1), ‘Mhe two populations l'rom onldor: dounky have
extremely sinllar fipures, 2), [Me Bacn Uounty pepulation

i8 close to having the opposite character stete of the Boulder

nopulations, i. e. the statec with ths highest srobability in
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one population is that witn the lowest in the otunp, and
3). The Sramont County normlation has its prabnbilitios
somoWhsre bebucen the two abovo proups, alwnys sligitly
more lilze that Bouldsr populations. Theso obsarvations pub
togesacr form a simnle eclina of changs along a nertih-secuth
line.

he Poulder ropulsbions are sepsrhated by Bouldsy Creel
and might be suspected to be noarly identical. Pepsonel
observabions have Sound lizards on bobh banks of the criek,
suggesting possible gene {low bebween the populations,
Several bridses acrors the erocelt and the tendency of young
1iza~ds to seel out new favorable rock habibabs s ould be
mention:d in sunport of this hypothesis. Indead, the simi-

larity of thess populations has boen varifried in the reaults

of the study. The remaining populations ara uore geopraphical-

1y seperatad as well as mors morphologically distinct. They
form the sncond and third steps in the clipe, 'fhe rcason
that the Fvemont groun is cloaser to the Boulder =roup nay oe
ths anparent similarity in environments pe opposed to Doca

jounty which is to the east. The snvironmontal factors in-
volvers mey prove intereating for furthen nngenrchs

Tne similspity-graph-cluster ing Geehniguo posultad dn
no distinct groups distinguishable as morsiielosical typas in

jdentical chsracter stotsa. 3y this it is nmeant theb there




0=

is great variation ags o which characters are admiler enong
individuals in any one clusbar. Nor axomple, dt Lowel 2 of
the Dsce. 10 run bhe following cluster {ormn:

29

25 28

The chavacters iffeving with each vair are as Tollous:

27

Pt and 29 aiffsr in choracters 9 ond 10

59 pnd 27 differ in charvaclers 3 and Iy

27 and 28 differ &n charpcbors 2 apud b
Thisg limited exarple dis tysleal of Uhe atudy in thal exten-
sive inberconnections did not oceur in noat clusbars until
Glvelue was about 0.70 and even then relotionsidps ware vesed
on & full varisty of characters. henelors, no one chizracta?
stands out es being exceptionally influential ag working for
or apainat a elustor.

e suspestion that soorranhicnl clustering ocensrs in

skylines, Tae first orponisms to eluster in Bhie Tiow, 25 run
gid so st 0.056 end with a lerge moat (sea Grach 1, n. 320
The smell cluster had 2 from Ssca snd 1 Iron Freront, The
middle cluster nsd i from Bace, 1 from Fremont, and & from

o

the combined doulder group. e large clusien 3 firom

Fremont and 12 Crom JSmulder. ‘This suggasts a Faosrapltical

pattern for clustering, Graph 2 also veveals tiis pettern,

but in a wmera subtle way. The clusters hers forl smch more
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sYowly (i. e. Tewzr specimens join ob opel level) cnd the

noabts nre lesg. [hs simileritics betueen these buo amnms

17111 become clearer zs the subpaphs are discussed.

TFip, 3 illustrates the connections hetwesn specimens
at level 2 of th: lov. 25 run. The subgrapk hos Loen 108-
3£%cd to point out geograrhieal relotions Wik tlie Poulday
populations ftalen together. Tvo mojor elustemns stand out,
one at Lhe top and on: ot the bottom of Hhe Cigure. 411 but
two of the proups circled in the top cluster have mops than
neighboring menbers (thersfore eireled in frayle However,
7 of the 12 mcrbers of the entire cluster are iwom Baca
County. The reomaining members are 2. from Mevont (26 and 27)
and thres from oulder (235, 30, nand 39). It mast be remem-
Berad that Boulder has twiee as many roproscntatiyes, so tha
overall picturs ia strongly Baca in mature, Speoeimsn 39 is
gctually part of the articulation bebwoen the two najor clusterss

it i3 connected oniy to Iremont end Houlder apecimens in Hhe

top cluster. Speeimens 30 and 28 rcomplete this aid

e hottom cluster of “ig. 3 had 15 mombors (ron Bouldor,

3 from Fremont, and 1 Crom Hoca (23). This cluatse alimost

entirely compossd of specluens [Tom Boulder and so tlie re=-
lationa suspccted Trom the cherpebter analysis are uniiela,

th Framont

Pec. 19 run will

as =n intarmediate., UJow the rasults (ron the

& be compared.
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¢e I 33 o modified subgrosh of lev-d 1l of tho Hec.
0 = 0,700, as compared to 8 = 0.7 3n L£he above
exemple, The sane oyerell obgervation con be ide o,
although some of the spscimens and connections lizvo changad.
The top cluster has 6 Zaca, 3 Frenont, and 2 Bouldaz, while
the bobttom clustszr has 16 Boulder, 2 Fromonsg, and nons from
Baca, Specimens 28, 13, ond f form the erticulation betwaen
the two proups. In eoncluaiion, Ehs vesults of tho clustaring
navesl o prouning brendé of apecinens from the sone of nasby
geogranhical locotiond. Theve seams to be 2 north-south line
of chenge in tie veintionships among spesciens.

Tcentions to the above Gzond, such as 35 and! 39, apoear
£o nave no rssular ralsationship bo the othurs in the proup.
Tt scems thot due be the yaridbility of charactors in thds
subanerdcs, specinens: Liko Banne 1Y Snovitably be chonen.
If the pur oss is o) sopsmaio specimans iate populstions,
bettex clusters may be obtained by using mo-e chargebars and
slininating those which are ors vawrioble within a population.
A clgssification of populations cennot be created osaily or
comnletely with those results; however, furtder study ith

more specimens and chorachers could vesult §n separabing Sven

the Bouldex nopulationa to sone degroc.
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SUIMPARY

Scilonooua unaulabus srygnroe +ilus was found Lo b2

someunns Lexonomicnlly distinct as penilatdons dopending®
ngon thoir =oopranhicsl locntion. Ponulaotions asbaraiod
by laryse digbances (Boea, Mremont, Jouldar) ave begton
sepgratsd into clusters than -opulations eloagas Ta one
enothor (the two Bould:r populations). & cline ocenrs
in the owvsrall snscimen »elationship along o north-south
1ine, althourh the varigbility of' the subsneelss Csuses

hat further

some exeaspbions. This sgtudy suggesbs Shas

raseni*cil

eould sunply a2 nmore distinct elangifieation ol thase

lizaprds into ropulation eluaiers.

G—M?mxﬂm—-— v A DOROCF |l s - TR
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INTRODUCTION

The problem of Man's relation to other living
primates and to fossil primate forms is one of
both intense interest and contradiction: great
efforts have been made attempting to determine
the segusnce of development which has vielded
Homo Sapiens, but complete and viable systemiof
c assi?gcation axistx.

Tt ean be argusd that an evolutionary sequence

can bs accurabaly be determined without recourse
to formal Taxonomy and a system of classification,
but the writer asserts that any such work must

be suspect. Without submitting to the rigors of
detalled specification ef characters and the
detarmination of valid taxa from these charact-
era, thers is no nuantiTative baais for deter-
mining the place of neaw sSpecimens, no mathod

for datermining if conflicts exlst, and no good
way to approach the difficult guestion of dirr-
erentiating Hominid species. Thus, an evolutionary
study should Include hierarchical classification
of specimens involved.

The purpose of this study was to develop a rlass-
ification for A limited number of fossil crania

erania being the most durabls body part }, and to
check this against the historical evidence; i.s.,
are similar specimens or taxa closely related in
time and (to a leasar extent) in location?
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| THE SPECIES PHRUBLEM

| The usual definition of a biological species
T : 4neludes a statement that the species 13 a breeding
i ropulation with a common, exclusive gene pool. Thers
be! are a number of obstacles to using this as a

eriterion for primate species definition:

1) Much of tha material consists of bones and
fosail bones.

A
2) Many primates form bands (most particularly . th?‘
Baboons) and there is 1little breedinz outside of |.©

s .
the band. This 1s,in part, a result of the territorkﬁ*ﬁ?lf 5
ial behahior of the band. g g
Qs
3) Most pretechnical human sociestlies consist of jc?,
relatively small groups or tribes with endogamous @E
{ mating habits. These distinctions have nothing to Y
';,! do with organismic biology - &s can be observed in

most industrial or slsve holding socletles: breeding
between previously distinct forms is common.

L) Laboratory bresding experiments with hominids
are of questionable value, diffioult to perform and
would probably be a source of hilarity in the liter-
ature.

5) The question of time enters also: there is no
evidence to suggest that, biologically, a modern man
=i could not breed with a Cromagnon woman in one were

! avallable., Theres is a feeling that, because of 30,000
years (#Pyastly different cultures 'SRSSRtE], that
they do form different taxa - with the queation of
species put aside.

!
]

i

The tendency of Hominids to form endogamous, sxclus-
ive groups ylelds one very useful datum for those
using fossil or archeological evidence: bones found
in close assoclation in undisturbed soil almost
certainly belonz to the same taxon.

;} No attempt to resolve the question of species will
N be made in this paper; the individuals studied will
be assigned to a hierarchy of taxza.

i st e, et
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THE OSTEOLOGICAL MATERIAL

Genaral Considerations-

Any study utilizing fossil material must rely heavily
on tha bones and ths teeth. Those that ars most
frecuently preserverd and most useful to study are:

the cranium,
the pelvis,
the lonz bones of the leg.

This study has been confined to the ecranium since
that is most freouently preserved and most commonly
studied.

In using the cranial bones it is important to ksep
in mind that thewraflesct the organisms genetics less
accurately than Many other parts of the body. The
points given below were drawn from Torray(1967):

The bonas of the brain case ossify afte;rgbnin
and optic capsules have formed, and reflect the
gtructure of these organs.

The mandible and maxilla are derived from the
first viscaral arch of the embryo and may be
determined by different genetic factors than the
brain and brain case bones.

The teeth are derived from inpockstings of the
actoderm and may well be determined by different
genatic factors (for example, the problems of
wisiom testh which dont fit in the jaw of modern
man ).

Bonas are strongly influanced by environmental
and ocultural factors; e.g., dlet amd artificial
deformation,

Bonas are influenced by muscls attachment. For
exampls, the ridges on a dog's skull occur at the
attach lines of chewing muscles. If these muscles
are detached at birth, the ridges do not form.

From this it can be seen that a number of different
characters should be used, and that these, reflscting
a number of influences, will not fall into well
definad states.
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Characters-

The characters used in this study were drawn from
those uzed 1n physical anthropology for the general
description of crania, They are as follows:

Canine Prominance - This character is most usaful
for distineulshing between very early hominids and
the later forms.

HBrow Ridge Development - The bony ridzes above
the eyes have bscome reduced only in the last
100,000 years of human development - much later than
some of the other cranial ridges. In fthe writers
i opinion, it may reflect changing selective pressures
i with changing modes of combat.

! Prognathism- The projection of the lower facs and
mendible has been steadily reduced with time among

. hominids, but still exists among Homo sapians; part-
k {eularly some fifricans.

2 Facial Angle - The angle of ths upper part of
the Tace shows wide variability among the taxa, but
i3 determined by a number of different structures.

Saggital Crest - This crest is determined to some
extent by eating habits and the chewing muscles. It
dlsappearad with Sinanthropus to a large extent, but
ocecurs ameng apes, Gor a gorilla for example.

Gabling of Paretial Hones - Among H. saplens this
shows some variapillty, among more primitive rforms
it occurs, but is sometimes emphacised by the saggital
crest.

Occipital Prominance - This has been steadily
reduced with more erect posture and decreasing neck
musculature.

Foranead Slope - The forehead slope reflects the
relative importance of the diencephalon {cerebrum) in
the cranial vault. i

Opisthion-Inion Crest - This crest reflects neck
muselature, but is often hard to detect in photos or
damaged specimens.

Cranial Index - The width to length ratio is most
useful for differentiating among undasformed, human
ecrania.

Shape - difficulty was found in using this: it dia
hard te Jjudge and is redundant with the ceranial index.

Brow Ridze Form - The brow ridges are divided in

some forms, and in H. sapians they are usually to
| {ndistinet to clearly decid
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Specimens -

Thirtyfour spscimena weare used. They represssni as
broad a sslection as posslible for which adequnte
photoeraphs could be obtained. 'Hedd 1 shows the
locations and relative ages along with the summary
data given below. No attempt will be made to describe
the crania here; space and time do not pesrmit.

#2 thru 8: Bambandyanalo, Britlsh East Africa, a
palesolithic Bantu site, Broom( Yo

49 thru 11l: Sinenthropus pekinisis, Weidenreich
#12 an; 13: Paranthropus robustus (or Australopithicus
robustus), Swartkrans, South Africa,

%lb: Texepan Man, Texepan, Mexico, de Terra

.

=L #15: Pithscanthropus erectus, Java, Weidenreich(19L0).

437 thru 20: Solo Man, Solc River, Java, von Koenigs~
wald(1951).

#22 Gazells peninsula, New Britain, a relatively
recant cranium, Mac Curdy (1914).

#23 thru 25: upper palgglithic crania, China, Angel
(1966 ).

426 thru 30: Palsoamerican crania from four sites
in the United States, Angel(1966).

431 and 32: "old grave" Eskimo crania from Labrador,
Stewart(1939).

#33 thru 37: recent eskimo crania from labrador,
Stewart (1939]).
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RESULTS

The sugrested clusalfication 1s shown in figuras 7. =oxist,
Nota that two forms of the modern sakimo have been

gugpestad, Ones of these forms ls distinotly different,
and might represent a hybrid with suropssans.

CONCLUSIONS

A classification of Hominoidea which doss not confliect
with historical evidencs is feasiblas. Filgure 3.

More study {s reouired to davelop adenuats characters.

A numbsr of chapacters should bas used, and these
should be adasnuate for a wide range of cranial geometries.

Tn selanting sharactars, rafarance should be made to
human morphorenisis so that they will raflect ns
wide a ranca of genetic influencrs as posaible.
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Fipure 1
Lncations and Helative Age of Spocimens

Continental
Area
Horth America Boulheast Asin Conlinental Asia Africa
Recent Eskimo

013 Eskimo
Palsoamerican Gazelle
Texepan Palaolithic Hambandyals
Chinese
Solo’ Man Sinanthropus
‘Relative
Age
Pithecanthropus
frecuus
F Paranthroous
Increasing vabiatis
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Figire 3

An Evolutionary Seauence Permitted
by the taxonomic data

Note: This sequence is limited to the forms included in the studyy
and was drveloped by ralating forms with the greatest taxononic
similarity. The sequence showm is not the only one possihla,
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A STUDY OF THE VALIDITY OF THE VARIETIES OF

PEDIOCACTUS SIMPSONIE (ENGEI:M.) BR. & R.

By GERALD ARP

INTRODUCTION

Although the Cacti have been repeatedly studied by numerous investigators, a
quick scanning of the literature will indicate vast amounts of confusion arising from all
levels of their classification. There are fundamental reasons for this confusion.

(1) The basic structures of these plants are quite simple and several

of them are continually repeated (i.e. ribs and areoles). Thus, a
minute, barely perceptible physical change in one of these organs
will cause tremendous alterations in the overall appearance of the
plant.

(2) The plants frequent areas of drastic climatic variability causing a
single genetic group to be differentially influenced by a number of
contrasting conditions within a small area with the resultant array
of phenotypic variabilities,

(3) The Cactus Family contains several very large genera which are still

evolving very quickly (i). Hence, the members are able to draw
their genes from a very large "genetic pool"” creating very plastic
species from which diverse individuals may develop.

(4) Basic flower types throughout the family vary but little (ii) and with-

in a genus they may not change at all, Therefore, the floral char-

acters are less useful in the classification of the species.
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A confused polymorphic group results 1+ 1 the above, which defies the traditional
means of classification, Add to the problem a lack of usable herbarium materal from which
.smdles are usually based and the constant erection of new taxa upon single characters or
single plants and chaos results (iii).

It is this highly confused nomenclature which initiated my interest in the varieties of

Pediocactus simpsonii (Engel) Br. and Rose (iv). My choice was based upon these criteria,

5 (1) Pediocactus simpsonii is essentially monotypic though new discoveries

along the Colorado - New Mexico border are now credited to this genus
o . ;

(2) The plants are easily available as they are native to most mountain areas

of Colorado and are also well represented by several local collectors
in Denver whose gardens contain almost every conceivable form of the
plant.

(3) Three excellent varieties are present, each of which is easily identified.

The first is var. simpsonii which constitutes the variety upon which
Engelmann made: the first descriptions, the second is var. minor, a

high mountain variety, and the third is var. robustior, vigorous plant
from Oregon (vi). The last variety is so distinctive that one could almost
consider it another species.

From this study I hoped to gain some idea of what constituted a variety and what
might be some of its limitations. Upon assembly of the plants, work began. The first
phase of the study concerned itself with an analysis of the validity of the various commonly
used discriptors. Using the Character Analysis computer program, I was able to discover
several lesser used discriptors that are highly diagnostic and several commonly used ones

that have little use in the diagnosing of the assorted varieties. From this I developed two
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types of discriptors. The first group v il to by ing of the varietes and, thus,
constitutes a key (see key below), and the second 1y, « is useful largely in the varicty
description. The second portion of the study was i i!tempt to determine how coherent
each variety is. It is from this second portion of the study that 1 hoped to determine the

validity of the three Pediocactus varieties.

RESULTS AND DISCUSSION

From Character Analysis I was able to develop an extremely simple key which
accurately divides the species into its three component varieties. The following key is
based upon certain "keying characters'" which were found by the Character Analysis pro-
cess to be very useful in segregating the varieties. To be sure, the key is simple, but it
professes only to indicate the identity of the plants of the study .

a, Plants with ribs or coalesced tubercules -

. Pediocactus simpsonii
var. robustior

aa, Plants without ribs - b.
b. Central spines very slender and beet red -

Pediocactus simpsonii
var. minor

bh. Plant body completely obscured so that no body features
are clearly visible, also none of the above features are
in evidence -

Pediocactus simpsonii

var. simpsonii

All of the rest of the discriptors of the study help to describe the varieties (des-

cription characters). Descriptions of the three varieties are as follows:
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Variety robustior - Single to clustering, globose, ribbed, plant body not obscured by
the dull black central spines, and native to Oregon and Washington.
There exists an intermediate form in Idaho, which while less robust

still maintains the ribs and black spines.

Variety .@E - Single to clustering, compressed to short globose, tuberculate with
shiny beet red spines which superficially appear black and do not
obscure the plant body. A very inconspicuous plant blending well
with the black soils of the high mountains of central Colorado.

Variety simpsonii- Single to clustering, globose to short cylindric, and very spiny.
The centrals spines may be white, yellow, brown, cinnamon or
any color in between. The plant body is completely obscured by the
spines. This variety is the most commonly found, occurring in

Colorado, Wyoming and Utah from the plains to the montane zones.

The second part of the project concerned itself with a study of the validity of the
variety classification and an attempt to place several unusual forms of this species in one
of the variety classes, if possible. From the graph cluster analysis I obtained three nice
clusters which accurately segregated the varieties. The seedlings and transitional forms
of the varieties did not fair so well, As feared, they tended to move out of the well defined
variety classes and into a zone intermediate between two varieties. Thus, it was apparent
from the first that the mature characters of each plant were governed more by the climate
(phenotypic response) than by their genes (genotypic response). These sorts of problems
were especially evident in the various forms of var. simpsonii. There was, however, a;
case in which a var. minor plant appeared in a var. robustior cluster, and another in

which several Idaho plants occurred in both var. minor and var. robustior clusters. I
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interpret this as meaning that var. robustior ¢vuived from var. minor as the var. robustior
moved to the Pacific Northwest into more temperate climates, I believe that the direction
is away from Colorado instead of toward it because more forms of Pediocactus occur in
Colorado, the population is greater in a less favorable area, and the Colorado plants lack
the more advanced ribs and heavy spines of the var. robustior.

The plants of central Idaho appear intermediate between var. minor and var. robustior,
but this may be due to their age (all were seedlings or young mature plants). They have been
included with var. robustior by virtue of their ribs and slender black central spines. In the
beginning I felt that var. robustior might be a sub-species due to its characteristic appear-
ance. Research does not support this, as there is a clinal change from var. minor to var.
robustior. I also felt that var. minor might just be a "form", again studies offered no sup-
port. Ae=sha_nap-shews, There are definite regions where var. minor exists and in these
regions var. simpsonil is not to be found. This, along with its distinctive appearance, tend
to reinforce the validity of its status as a variety. The var. simpsonii represents some of
the most interesting studies. Within its range several forms exist, including the "cinnamon
spined” forms and another in which all spines are compressed creating a harmléss ball.

Both forms are sporadic in normal populations and do not segregate into separate populations.
Therefore, they could not be viewed as anything more than "forms". Included, also, in the
study were four very dwarf plants whose affinities were not known. Two of these plants grew
in Salida, Colorado,on the eastern slope and two were from Paradox, Colorado,on the western
slope. The two from Paradox are members of a population so peculiar that various authorities

have felt they might represent the diminitive and elusive Pediocactus knowltonii of Northern

New Mexico (vii), Thanks to the cluster analysis, enough bits of information were processed
that the true identities are now revealed. Both represent the var. simpsonii. This last
example indicates the worth of this new system of Taxonomy, as without it no positive

identification could be made of these retarded juvenile plants.
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Many seedlings were included in the siudy. ‘I'hese seedlings are difficult to classify
for they have few mature features. Again, the computer methods helped place the plants in

their proper places and, also, used them to tie together many of the forms that make up

var. simpsonii,

CONCLUSIONS

From this study I conclude that there are indeed three varieties in the species

Pediocactus simpsonii, and they are:

1. Pediocactus simpsonii var, simpsonii Benson.

2, Pediocactus simpsonii var. minor Engel.

3. Pediocactus simpsonii var. robustior Coulter (viii).

I may also conclude that these varieties are sound in the biological sense of the term.
L
I feel the var. robustior has been derived from var. minor. Lastly, I believe none of the
conclusions drawn here would have been obtainable in the amount of time available without

the tremendous assistance given by the computer through the Taxometrics methods used.
CRITICAL COMMENTS

Without the Character Analysis and Cluster Analysis systems I doubt that this study
would have been worthwhile. Thanks to these methods I was able to consider vastly more
material than I ever could hope to, using standard methods. From these considerations, I
was able to turn several "novel'" facts into valuable criteria for classification. Further, I
was able to "see" the evolution of the vigorous var. robustior from the conservative var.
minor. The conclusions drawn are, of course, tentative and apply only to the plants of the
study. However, through judicious selection of the members of the study I feel I was able to

make valid appraisals of the plants which represent this species. In order to make the

.
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conclusions, indicated here, scientifically valid and the key accurate for all plants of the

species, another study of expanded scale will be necessary.
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A RESEARCH PROBLEM IN BEHAVORIAL TAXOROMY

INTRODUCTION

The problem that I have studied this semester was & preliminary investigation,
A special research technigue was used %o develop a classification system for job
applicants. The actual materials with which I worked were Personal History forms
completed by the applicant. Designed by Worthington, Hurst & Assoc. they reflected Sl
each applicant's encounter with the unstructured design of the form. This allowed =7 ..
him to express both relevant facts about himself as well as hints about his personality.

Population: 50 subject's I"ﬂ/}‘-oms were selected. There were ten from each of
five groups: The accounting field, engineering, hospital supplies salesmen, a random
group and finally ten Redfield insurance salesmen (aggressive, hungry typess.

HYPOTHESES :
1. The best basis of a classification are characteristics which correlate
and interrelate with one another and not descriptors which have no relation to one

another.
2. The individual characteristics which form the basis of the classification

are actual observebles and the groups into which persons are to be classified are
typified by a more abstract definition,

3. A mathematical computing model can be used to compare characters selected
to describe the various aspects of the PH form., A computing model can also be used
to perform the classification and form the objects into groups using this set of
characters for an input.

L4, Tne characters one may derrive from the objects to be ;stud.‘].ed have var-
ious properties which will require a model that can make comparesons between char-
acters of the following types:

a, Nominal Characters which have actual states that are exclusive, such as
the way in which a name may be written, i.e, John Jones, Jonn J. Jones, J. John Jones
ete,

b. Ordinal Characters, i.e. Age at marriage; 21, 22, 23, 2b, ete.

¢. Matrix Characters, i.e, partial similarity exists between some dif-
ferent states but not all of them and perhaps in varying amounts.

There are two approaches to this type of problem which will be used to com-
plement each other. These are Character Analysis CHARANAL and Cluster Analysis or
GRAPH. They have been developed originally to help in biological classification
by Dr. D. J. Rogers and his staff at Colorado University, and recently have been
utilized by researchers in other fields. This problem is the first attempt to em-
ploy it in the field of Paychology. CHARANAL and GRAPH are computer programs designed
to assist a researcher in forming a classification system. Through an iterative
process involving three phases, the researcher works with the computer to discaver
a working classification system. These three phases are: 1) the construction of
characters and character states, 2) Character Analysis and 3) Cluster Analysis,

Initially the researcher has a vague notion of what he wants to gain from &

system of classification. In this case it is a persorfevaluation of the individual A
represented by his PH form. This means that our final ‘product should be & method \
to systematically describe the PH form in such a way that a cluster analysis of &

number of these forms places individuals together with respect to similar overall
characteristics and separates those which are unlike in this respect. To discover

the best system of PH form description, one begins by advancing & test system for

a group of objects. He then submits this to the computer for CHARANAL. These
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results are examined and he makes changes which take advantage of relevant in-
formation and dispose of randomizing information. He re-runs CHARANAL and repeats
the process. When he thinks he has a fairly geood system, he submits his data to
a GRAFH run for a Cluster Analysis. From this he examines the clusters to gain
elues about the way in which his system actually groups the individuals. He may
use the results of the Cluster Analysis to modify his data input even further and
go back to another Character Analysis. Eventually the results of his work can

be checked (by computer with these same programs if necessary) against direct
evaluations of the individuals represented in the study and in this way a valid
working system developed.

CHARANAL or CHARACTER ANALYSIS

When & classification system is designed to group objects so that those which
are similar to more abstract criteria than can actually or practically be obeerved
it must accept as its basis some set of descriptors for each object. Although the
variation between objects dictates the actual relevant descriptors for each, the
researcher must first define his general case. He must select a set of cbservations
which can be made sbout each object. These observations can be measurements or
the determination of an actual state of a particular aspect of the object. The
aspect being observed or measured is called a character, the various forms that
it can take among the objects in the study are known as character states, When
a character has either ordinal or cardinal properties these properties may be
maintained to an extent by sssigning a sufficient mmber of character states.

This will, however, cause & greater splitting if each state remains distinct.

To counteract the splitting that occurs as more states are used to define a scalar
measurement, the researcher defines for this type of character the number of
neighboring states which in his opinion bear a similarity to each state. This
relation drops off linearly. If twenty-five states are used to describe a linear
measurement, he might decide that states more than five apart are completely
distinct, but as they get closer than this they become more and more similar,

Another case which can oceur is that where a character does have distinct
states, but some of them bear & partial similarity to each other. When this type
of character is encountered, the researcher can construct & matrix and define
for each possible pair of states the similarity he feels they have, With these
facilities, the program can make comparesons between any of these types of char-
acters. |

Character Analysis, then, is a computer program which compares pairs of characters
by examining all the objects described by the two characters. Tt sutamatically
computes the following:

1. The amount of information contained in each character.

2. The probabilities of the individual character states.

3, The conditional probability of the states of one character given a
particular state of another character.

L. fThe information contained in a character given objects in a particular
state of another character.

5. The information contained in common by two characters.

6. The "distance™ between two characters which varies from 1 to O as the
character pair goes from measuring completely independant aspects to the point of
measuring completely identical aspects. 1

By studying these things, the researcher gains a knowledge of what the char-
acters he has selected for description are doing with relation to one another. By
noting the fact that certain states of several characters show & relation he can
better tell if they are describing the intrinsic or more abstract concepts which he
wants his classification to be based upon. When he feels that the relevant concepts
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are being represented and that a complete enough description is contained (but no
more than necessary) in his set of characters, he is ready for the next step.

GRAPH or CLUSTER ANALYSIS

If the description which has been developed is to provide the basis for &
classification then objects which are similar to the intuitive or sbstract eriteria
must be, in fact, similar when described by the set of characters thus far developed.

GRAFH ie a computer program which has proven to be a valid tool for research
problems of this type. Cards which contain the information describing each object
form the data input. Parameter cards are designed to designate the characters
for which similarity between states is not O for unlike states, but is some value
greater than O (which normally describes the similarity between two objects coded
into a different state) and less than 1 (which always . describes the similarity
between two objects in the same state). This is done, as previously mentioned, by
paming the character and giving the number of neighbor states which are to be counted
as similar or by giving & matrix which contains the similarities.

The computer program computes the overall similarity between objects by
averaging these individual character similarities. It computes a similarity for
each pair of objects and orders these pairs from the highest similarity to the
lowest. From this point, five types of output can be called for to aid the
researcher. The first is simply the ordered character pairs and their similarities.
The second is the ordered similarities and their character pairs. | The third is a
page by page print-out of the clusters. It is this print out which is the most
useful in determining the grouping arrangements which follow from the object des-
eriptions. The first page of this print-out shows the similarity ‘velue at which
the first pair or pairs of objects is formed. It gives this value, names the pair
or pairs and tells for each pair or group the difference between that similarity
level and the similarity level at which the next objects joins the group by forming
a pair with a member in the group. The researcher can, by this means, draw pictures
depicting his objects and the connections between them formed by the existence of
a high enough similarity. One such picture appears in this report showing objects
clustered at a level of .667 or higher. The fourth output is a list of each object
and the ten objects most similar to it with the similarity values they make when
compared to it. The fifth type of output is done by a Calcomp Plotter and it
draws a "Skyline" which shows groupings, the levels they enter the cluster and how
the clusters grow and combine at progressively lower levels.

With these data, the researcher is in a position to see which of his objects
group together and whether he has a definitive clustering scheme and thus a class-
ification system. If things are grouping as he would like, he can check to see if
they are grouping logically by referring back to their original descriptions, If
the clustering is nét what he wants this analysis will tell him what it actually is
doing. Scmetimes if the Graph run is really pre-mature most of the useful information
will come from examining the various similarity listings.

On pages 4 and 5 is a list of the 15 characters which I selected from an original
list of 26, I chose this group on the basis of how much information each character
seemed to be sharing with the other characters. A preliminary CHARANAL run with all
26 characters provided this information and allowed me to mumber the 15 chosen for
this report in the order of best information sharers first. Pages 6 and 7 are the
condensed results from the CHARANAL printout (only for the first couple of characters).
Pages 8 and 9 are some of the pictorial results of the GRAPH printout, which are
hand drawn from numerical information.
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| Apr 68 (AESXR |1 THRU 10) CHARACTERS and CHARACTER STATES <l

K, Name 1.90 U
. John Jones 20
. John J, Jones 5.
Y. John Jones .o
. John Jones III - ¢
. Jones, John J, ¥
. John Joseph Jones '8
. John Jones Jr. o2

“
oW W

K, Group 2.201U __
1. Accountant % oo
2. Engineers & :
3. Salesmen for Ethicon Sutures ¢
‘4, X% (random) rE

5. Redfield Insurance Salesmen .0<

K, Style 1.66 IU

3 l. Block throughout &€ £
2. Script " fab-d g
3. Writing " % T

4. Changes on page Lor 2 o2
5. Changes on page 3 or 4 .2

B Salary Ambitions 1.85 IU

) . Increase 0% to 50% 12
. 2. " 50%toll0%s 30

B 1y 120% to within reasen 4 ¢
s 4. Skyhigh D

K_ Extra Curricular Activities 2.03 IU
1. Athletic Body Contact . &%

A I Individual e
3., Quiet Constructive o O
4, " Vicarious 65

5. None or other

K, Title 2.20 1U

& 1. Line or lines thru both inappropriate htlea 22
2. Single lines or "X!s" thru " .ao
3, Quick lines (upstrokes) " 1 1 St

o
)<

4, Heavy blocking out of each ! Ul
5. Any method of dealing with appropriate title - 17
6. Title not dealt with

4
LD
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K_ Age at first Marriage 1.97 IU
19 - 20

220

24 - 27

. 28 and over

can't tell

7

[E S

% letters to words in margin p.4
1. L -9% 1.79 IU
2. 10-19%
3. 20% or more
4, none at all

Kg

K, Highest Grade 1,09 IU
2 l. High school or less
2. Some college
3. Grad or more

K. Total words on page 2 1,87 IU

19 20-40
2, 41 - 50
3, 51 - 60

4, 61 and over

K.. Tattoo marks .7l IU
11
15 ¥es
2. No
3. Blank

No. negative words 1,95 IU
b Sl
2. B=110
3, U .12
4, 13 &over

12

Ke WHA rating 1,46 IU

fiatineedt i o
Q@

Kl4 Sibling Relation 2.28 IU
1. Only child
2, Youngest (w/sister)
3. Middle (e
4
5

. Oldest i
No sister

KLS Scars 1.28 1U

l. Unpnecessary mention Fea
2. No or necessary mention

3. Blank
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RESULTS (DISCUSSION)

CHARANAL

The 15 characters which seemed to relate best with all the other characters
in terms of information sharing were used in the Character Analysis. The motive
for selection of information sharing characters is that these offer the best chance
of speaking to the underlying more abstract description which should form the
sctusl classification. This is true since none of the characters independently
contain this description and cause and effect between characters is less likely
4than some set of outside factors influencing both characters of a pair in a like
fashion.

The results listed on previous pages are items noted from the CHARANAL con=-
ditional probability matrices. I selected the pairs containing the first charae-
ter and all of the rest and the first five paired with each other. Time did not
permit me to make a more complete investigation, and at this point additional
steps in the research process are indicated so that more conclusive results might
be obtained, I will discuss these at the end of this section.

In the two pages of CHARANAL results, the most significant results of the
program are listed. The first pair (1,2) is the Name vs. Group. Refer to the
Jist of characters and character states on pages 4 and 5. The data is written
in standard mathematical notation, giving the conditional probability of the
state of character I (or which ever first appears} given only the objects that
are in the indicated state of character J. For example, the first expression on

the page reads: (1,2) P(I]_!,‘Tgi 20 = 70 |

This means Character I=1 which is the Name, is being compared to Character J=2, the
Group. The probability of character 1, st)ate 1 given character 2 state 5 goes from
.20 to .70, in other words the initial probability of I, was 20% but given objects
in 7. it increases to T0%. A good example of the information available through
this”technique can be gained from evaluating these results yourself and seeing the
kinds of things which are pointed out. |

Tt can be seen that certain states of each of the characters follow the general |
distributions very closely (those are all of the ones I did not 1ist) while others |
(the best of which I did 1ist) deviate drastically. In those cases where selection
of people who are in a particular state of one character allows us to make a very
different prediction that we normally would sbout another character, we find sig-
nificant behavior correlation that might possibly give rise to a better classifi-
cation basis. As I mentioned earlier, these preliminary results might allow me
+o form another classification basis which uses only the seemingly significant
character states and limps the others together in & single void state which would '
not be used for evaluation at all. |

GRAPH

Since this preliminary study did not include revisions before attempting the
GRAPH computer run, it is not surprising that very little in the way of a classifi-
cation system has been developed. The first pair that clustered did so at a similarity
of .B200 and the last object to join when all other objects had clustered together
was at .5400, In order to feel confident sbout & classification system, closely
related objects should be ,9000 similar o;f"better and it should keep objects which
are unrelated from joining together until .4500 or smaller. Since many of my
characters distribute over one another with the same probability, these results
are to be expected. However, even at this stage one can find several significant
groupings emerging. . i

il
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Refer to page 8 and you will see the six groups which emerged by the time
objects which were two-thirds similar or greater were included. Two of these
groups are significant in terms of the present study. The first is the second
group which contains every one of the objects labeled 200. These are the engineers.
The group identifies itself when one examines several of the main objects in the
group, for example 201 and 20k.

201 20¥ ?

John J. Jones

Engr.

Block style Printing

50-110% Salary Increase Desired
Quiet Constructive Activities
Upstroke lines thru each

. Married at age 24-27

. Words in page margin = 10-19%
9. College graduate or more

1, John J, Jones

2, Engr.

3. Block style Printing

L, 120% Salary Increase Desired

5. Quiet Constructive Activities
6. ILines Thru Mrs. Miss

7. Married at sge 2L-27

8. Words in the page margin 10-19%
9, College Graduate or more

=] v F Lo o

10. 51-60 words on page 2 of form 10, 41-50 words on page 2
11. No tattoo 11..No tattoo

12, 13 or more negative words on form 12. 8-10 negative words
13. WHA rating of B 13. WHA rating of A

14, 0Oldest child in femily with a sisterll. Youngest with sister
15. No scars 15. Scars

A gquick check reveals the whole cluster as the conformist cluster and most
of the responses fall into the categories which are most likely from a purely
statistical point of view. The other interesting group is the 503, 504 group.
The 500's are the Redfield Salesmen.

I am sure that in the light of some feedback about these individuals, more
could be said sbout these groups, but for now their existence has been noted and
they remain to be identified. Also it should be said that groupings with respect
to several different parameters should be attempted individually and what I have
here is most likely & grouping which contains these all at once. In order to
have a greater resolution I will need to identify and seperate the actions of these
several factors. |

CONCLUSION

In & classification of objects one needs to know whether his characters have
any relation to more abstract notions about them, Even more important, the cluster
groupings should be checked against the criteria which the researcher uses to define
them or against characters which are part of his intuitive evaluation of the objects.
This kind of & crosscheck is feed back., In this study I had virtually no feed back
and in this sense I was working in the blind. I learned much about the system
and the problem from my investigations of the character states being compared, but
I had nothing to really justify judgements about the cluster groups discovered by
the Graph Program.

The results of this preliminary study indicate that much more could be accom-
plished in this area. The evidence which these results suggest indicates that with
a more thoughrough study and with some positive feed back to ecross-check and eval-
uate the results of each stage, a classification could indeed be made, Proper
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evaluation of the classification that results might suggest modifications of the
input to include something other or besides merely the PH form.

Clearly the possibilities of a correctly working classification system ean
Ve made as great as one might desire. For instance if one were to carry this
method to an advanced stage the following data could be eollected: Information
from employers after the applicant went to work for & period of time, an interview,
the PH forms and perhaps & test. The information system thus created would provide

‘& nearly exact picture of the individual. Through the uge of the CHARANAL and

GRAFH programs, & smaller subset of information bearing characters could be ex-
tracted from the PH form and an interview alone which could be used to make &

valid prediction of the suitability of the individual.
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INFO QATION THAO ¥ ANJ EVOLUTIOR

I will present my discussion of the relation between Information rheory and
Svolution in two parts. Part One will provide a very boief background of some of
the concepts ons needs before going on, Part I'wo will be the essential poriion of
this paper. In it I will attempt to provide a definition of life and possibly a
bint as to a framework within which all of our seientifie disciplines {rom physics
to psychology and even the Social Sciences can be placed so as to interrelate, My
approach will be gualitative and will raiss more questions than it will glve answers,
My purpese will be to recognize and define the area of mrar-tion theory as it
. applies to evolution. This will involve broadening the normal scope of information
theory in an intuitive fashion to enable a complete relationship to be made,

PART ONE
&NT.OPY

Entropy is physically measureable just like feot, seconds or degrees of temp-
erature, The units that it is measured in are calories per degree Kelvin. This
is how it is regarded by the physicist or chemist., Intuitively, entropy ombodies
the idea of randomness or the tendency for matter to lose its structure and pattern
as its heat content increases. At sero degrees Kelwvin the amount of entropy is dee
fined to be gero, at any higher temperature it is the number of calories of heat
which have been added to bring whatever it is we are measuring to that temperature,
so that it is expressed as a quotient of the sum total of all the calories added
divided by the temperature attained,

We note that ice at 273° K and water at 273° K differ in two respects: The
heat content of an equal mass of water is greater than that of ice while the form
and pattern present in ice has been lost to the much more random state of water,

The Second Law of Thermodynamics states: HNo change can spontaneously take place
in a system which can neither give off nor receive enargy from without, without in-

creasing the entropy (or randomness) of the system.
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Iims i3 a concept which we have devised to relate varions things we can observe,
It is a parameter to which we ean refer many other things. Cne whould keep in mind
that any of the things we speak sbout in terms of time contain this parameter either
implicitly or explicitly and, until we have eliminated the parameter, the concepts
we deal with are within our contrived framework rather than strictly within the frame-
work of reality. As a parametor, time can be used to describe: Velocity, passage of
events or their relative cocurance, sging, and beginings and endings.

A parameter is ugeful when we want to speak of one thing aspart from its rela-
tionship to the whole. We observe an object in motion and to deseribe it, we invent
time., Now we ¢an explain how its distance changes in relation to our paramster time
relative %o soms frame of referencs (vhich we aleo javent). Our frameworks of des-
cription are bullt through the use of parameters in ..ordar,to contain a deseription
of reality in simple terms, The fagt I want to emphasize is that the peramsters
themselves are descriptive of rglationship of two or more things that exist, r‘he
idea of relationship being of overall importance in later discussion, but existence
and relationship are twd distinct and different concspts. .elationships are implicit
in reality but explicit in terms of parameters, Let us put things from our paramstric
frameworks back into reality, in this way they may be drawn out again into frameworks
which make explicit other relationships that exist in reality, but which we aren’t
likely to seo within the psrameters through which we view realiiy.

For my purpose evolution and the growth or formation of an organism (pattern or
intelligence) 1s also 2 tims related process. Time is related to entropy, Once we
have invented these two concepts or parameters, we find that with respect to the
physical universe there are time related processes that can only occur in one direction.
Slince the universe is an isolated system, we can only expect the entropy of it to
increase (Often stated: "The universe is rumning downhill®,). This implies that all
other time related processes must conform to this fact, and the parameter time and
related processes must occur in a one-direction, irreversible, linear flow, T[his

statement has often been called "Time's Arrou®.
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THE MAXWSLL DEMON

In the latter part of the 19th century, James Clerk Maxwell proposed what has
since been known as the Maxwell Demon. [his hypothetical construction has been the
motivation to relate the concept of entropy and encrgy to that of intelligenee and
information. It is a thought experimsnt which supposes two compartments, A and B,
filled with gas. Betwsen the sections is an ideal, infinitely thin, partition with
8 number of very small trap doors which can be opened and closed with no expenditure
of energy., [he demon U‘hu controls these doors is possesced with unlimited powers of
vision and is instructed to open the doors whenover a molecule in A with more than
velocity 'V approaches so that it passes through 1::}0 B. Likewlse whenever a molecule
in B with less than volotity V approaches m that it passes through into A. [hus,
given the situation where unlimited ability to perceive is coupled to the ideal sit-
uation of the two compartmente, the temperature can be maintained at a difference on
the two sides of the membrane and a hsat machine could ext:act work from the system
while no work has been done to the system,

What here seems like a paradox or violation of the laws of thermodynamics is
actually resolved when one realiges the significance between work and intelligence
gathering. Even with his unlimited powers of vislon, the demon is faced with an
originel equilibrium in each compartment and he can not inform himself with the in-
telligence of particle motion from the available signal, even with unlimited powers
of vision, since it is almost pure noiss. The signal to noiss ratio ia the velocity
and direction of any particular particle as one unit divided by the very large number
of velocities and directions of all the similar particles in the foreground and back-
ground. To increase it, he will have to construct a new mechanism, because with
even unlimited powers of vision no information can bs had from a signal to noise
ratio of nearly zero; he must provide his own information process and that will in=
volve the expenditure of energy. In this way it can be shown (much more rigorously
than I have here) that the collection of intelligence implies the giving up of energy.
In information theory, an extension of the idea of entropy is made to include come
mmnication and intelligence gathering.
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INFO.MATION THEO.X

In information theory several goncepts are related in ways not in normal use,
Information is a process. Literally it means to form into or to re-create out of
something & given form or pattern. This form or pattern embedies intelligence or
information content. When the information content is transferced, the actual process
of transferral is called communication, Communication involves three steps: Encoding,
Transmission, and Decoding. Two factors work to opposs each other in the commmication
process, and determine how effective the informatiom process is, or what fraction of
replication is obtained. These eare nolse and redundance. When the information
process takes place, any deviation from ideal oconditions is a factor which -educes
the information content transforred and what is substituted in the place of intelli-
gence which has been lost is noise., Noise can glso add to the o-iginel intelligence
and in this way also destroy parts of it. o counte-act the effect of noise, the
transmission redundancy may be increased and much or all of what is lost to noise
may be regained, Leaving the actual mathematics out of it, another factor which is
important is that of signal to noise ratio, If the signal to noise ratio were in-
finite, we could have an info-mation process take place with the use of no redun-
dancy in the communication, but as the ratio decreases to one, the redundancy must
increase to infinity in order to get perfect replication. If the ratio were to fall
below ons, no information can take place at all, unless the receiver were to expend
energy through some special process in order to change the signal to noise ratilo,
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PATT TWO

LIFE AND LIVING THINGS

In speaking of life the first step to teke is to make clear just what is meant
by the term, this means defining boundaries. In & qualitative way one may set the
boundaries for life to inelude all the things living or all of the matter currently
making up living things and exclude all which 1s ocutside this realm, [his means that
a live animal is included, but a limb torn from a live animal (unless it is ingested
by another animal) is removed from the boundary condition, At the same time any
matter or energy which is a part of the metabolie process of a living thing is inclu-
ded in the term "Life” and any material, organi¢ o. otherwise, not actually included
in a living metabolism is excluded. ‘he term "Life" is the aggregate of all living
things described in this fashion, but so far nothing has actually been defined. Un-
less we know what we are talking about to begin with, the idea of a boundary is still
meaningless, It should also be emphasized that a boundary in this case doesn't imply
isolation, there is of necessity much interaction across this bounda-y between Life
ulid its environment.

Let us absscve some of 1ife's chasacteristies slong snother line, Life has the
characteristic of decreasing its entropy and increasing its information content with
the passage of time, Life absorbs energy and reabsorbs formations that it has already
asserbled, but which have been lost from it by removal foom the boundary conditions.

Another characteristic of life is metabolism, Metabolism comes foom 2 Greek
word meaning change or exchange of material. T[his is the fundamental process which
characteizes & living thing. It is through the metabolic process that 2 living thing
can not only stave off increasing entropy, but actually bring about a decrease. With
these concepts as a background I will now give a definition for life.

A system may be called living, if upon the absc:ption of formation or energy

(equivalent concepts) the entropy of the system dec:reases and the information

content inereases. Likewise any aystem with this property can be called living.

T'he boundary condition which is implicit in this definition must include every=-

thing which 1s nec¢essary to the system being described in order to bring about

absoiption of energy and low entropy formations, the expulsion of high entropy
formations along with unnecessary energy, and the necessary informatlon processes
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involved. [be unit or system to which this defintlion refers would be referred
to in normal usage 4s & Yiving thing or an organism.

With this definition, the former establishment of boundary conditions to des-
eribe the term life now has meaning also as a definition, HNono of this i1s meant to
imply a contradietion to the Second Law of [hermedynamics, While Life is maintaining
itself and even increasing, it is doing thls only at the expense (in entiopy) of its
environment or often by direot intake of olectromagnetic radlation., One might take
21l the energy absorbsd by life, subtraot from it the energy given off amd the differ-
enge would represent mostly the order and formation containsd by 1ife or left behind
as organic material,

What does seem t0 bo a contradiction is that, speaking of the physical world
apart from 1ife, when ene:gy is absorbed by 2 body or a system whose boundaries we
recognise, by definition, its entropy increases. Because ent-opy means calories
added divided by temperature attained. But entropy also means giving up information
content or loss of form and pattern. what happens in the case of 1ife? Let our
system be a plant, it absorbs energy and grows., This is sucely a cont"adicmm
It is, in that we have changed ths way in which we impose bounda:ies, Itwnnetm
sar= mothod of boundary imposition for the plant as we do intuitivly for the inanimate
body, simply that of the volume of space whigh it cccupies then in order to include
all which is really relevent to the plant, we must also inelude its source of oxygen
and minerals, carbon di-oxide and water. When energy 1s added we find that even
though the plant itself has undergone grewth and therefor-e a dec-ease in entropy.
this has been off-sei by the plant taking in material with low entropy and releasing
some of it as waste with a higher entropy. This means that absorption of energy still
ceuses entropy to increase execept when we divide jJust the plant itself cut of the
environment and spezk only about the plant. [his is what we have done when we talk
about a living thing or "Life",

Graphically we can better see how 2 non-living system, a living thing, and the

total aggregats of what we call "Life" contrast to one another., In each case we let

the total sum of the system’s en 3 info ion content equal X EX,

In the ease of the non-living systen { each would fluwmate randomly,
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but the total would romain the same, In the o2so of a living thing the anergy con-
tent would remain fairly constant but the information content would increase and in
the case of Life 7tsolf both would increass. As a graph, each systemd Z &I plotted
as a funotion of tims would look like this:

HONLIVING LIVING PHING LIFE
SYSTEM ¢
i l
X Z—nk P
. i e

For the case of a non-living system the sum remeins the same and now it ndlses
nc diffe-ence how we define boundaries, Fo- the cass of a living thing (bowndxcies
implicit) we have a curve somewhat moe Complex. Polnt A ~epresents birth, a certain
information content is al-eady p-esent, Interval AB represents the period of growth
to maturity and reproduction; info:rmation content increases steadily, Intesval BC
represents old age, this interval would be very short for most aninsls and plants
but in a few cases much longer than that of interval AB, this interval is macked by
2 leveling out of the information content inerease and usually even a decrease will
occur before death. Point C is death, the Jagged lines at either end indicate entry
and departure, into and from the boundary eonditions,

For 1ife in gensral the area under the curves for all individual living things
sumsed together is relevent., The portion AB being the crucial part since during BC
the organism will have offwspring alive and other factors enter in, in general the
informetion content added by a 1iving thing could be considered to be a straight line
curve upwards with respect to time. This causes the graph for Life to increase more
rapldly with time,

Besides the besuty of each graph bsing the mathematical integral of the preceding
one, the first case is representative of tha physical universe, the second of the

information process and the third of cvolution.
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EVOLUPION

New with a definition of a living thing and of Life we can see that the process
of ovolution 15 simply & kind of reaction going to completion. That it began spone
tanoously is the subject of two ef the books in the ~eading list, but ence having
begun 1its contimied precess it iz morv o mattsr of observation than of theory. Just
as ontropy musl inerease with time, so must the precess of evelution oause the subsst
of the universe eclled 1ife to bring a'bout o:dar- and daoret‘na entropy with the passage
of tim. IMwh elaboration on this subject could be end hes beon dons, but T wish.
meroly to glve soms exasplos of how evolutlon hao produced different types of informe
ation prooasses, sach representing a new way of pattern formation based spon previously

Tha fizet etep in thoe evolutionasy pooesss, ov whe o living bocame distinguishe
able fro noneliving, ie believsd to be that of the colloddal coaco.vate,  hough
&n exclange with its susroundings (motabolism) it sma ablo to maintain itself and
reproduce a sufficlently precise :wplica of iteelf ta begin the evaluticnary process,
the nocumilation of mo-» and mo-e matto: within tho boundary conditicns

Colls as wo kuow them #ore eventually constructed and their tekeover eliminated
practically all trace of coacervate systems and other systems of borderline 1ifs, to
Yscome what is recogpiseable as the fundamental lz.nit. of living materisl, Ooll.s ars
characterised by an incredibly small scale complexity contaiming formaticns known
as genes and Mums. These formatiens contain the intelligence which indicates
the potential growth paths and cherecterlstiss of the cell and its Pprogeny,

Mnltlecollulac organisms ensble such specialized ceil.‘l.a as norvous tissus to
be formed. Thess colls (depending for their existence on interaction or motebolism
within 2 larger organism with othor cells) can eollsct and embody intelligencs of .
a distinetly different level than that of the single cell. What is commonly refecred
to as informetion can now ke collected fyom an organism's environment and stored for
future use simply as "information”, :

Tools and artifacte are alse part of the cencept of lifs, as it is only when the

organism producing them is taken tegether with these pattern Formations that it can

be studiad i1 its onti g of o-ganisms, no single
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organism within them contains all the comploxity associated with its speclos, but
rather the whole specias (or sooiological formations) must be studied or taken at
cnee. All of this leads onme to believe that information must havo different orders
of magnitude, or distinet levols upon which the information procoss can take place,

INFO.MATION O DE.: 01 LEVEL

At some point it becomes necessary to distinguish between entiopy and the lack
of it and information and tho presence of it. We ¢an sec that going from low
entropy to high entropy; from intelligenoe to noisc; order to chaos, that there
exists a similarity, But the physical process of addition of heat and increase of
mtmis.mniﬁemthltm-rdnmmhﬂtwmmtm. When
one has a particular pattern, however, and erases it, the constituonts may be brought
together again into that, or any of a number of diffe-ent patterns, so that the orig-
inal intelligenss 13 lost and a new pattern c-cated indicative of a mow set of cir«
cumstances and causes which brought it imto being. When ar-angements of objsets,
whether they be pleces of chalk on a blaakboard o atoms in a melecule are the basis
of an information process, the toncept of informstion is much the same, But we can
seo that some information processes depend upon proviously sxisting ones to lend them
order and give thom thel:r fupdamental units and provide & medium in which to operate,
For this reason I would like to propose a sct ef oxders or levels on which information
can take place and whioh each depends upen the establishment of the next lower one,
Each higher order has also its whole spectrum of complexity but constitutes a kind of
¢losad set, These might be labled as follows:

DIDER DEFINITION
I Sub=atomic particles, energy, fields and forees.
II Atems
SHER Molecules and chemical reactions
v Single cells and biclogy
v Multi-cellular organisms - structure and funetion
VI Nervous tissue, behavior and psychology
VII Societies and the social seiences - symbols, tools and artifacts.
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OLER JEFINITION
VIII The Abstract
Each of those levels, as you can sce, is a whole field of science unto itself
and it 1s only my purpose to take note of some of these broad relationships, rather
than to get myself irrevocably lost in trylng te explore each one of them here,

INTELLID 3NCE

Information as it is defined by information theory, involves the proeess of
taking intelligence from one cmbodiment of it to another embodiment of it., [his would
be described in terms of mtion as a thmet stap process: ‘ncoding, [ransmission,
il Docoding, When we speak of thds or pattem or shatever &t is that we 1ose Wien
we inorease entropy, we say that what we are talking about is imtelligence. Bat
what is intelligence? We could call it by a differemt name, information content,
but the thing stlll eludes us. Whatever it is, it is clearly lMuct. and ihot.hurl
or not a pattern, symbol. or anythiog in which the stuff of information can be embodied
physically, the stuff must in somesense o- another be.

Perhaps another aspett of this concept is tho word definition. An arcengement
ean be defined or desci-ibed without the possession of the set of clements to be ar=
ranged as long as the constitution of the set in mind will be conformable to the
level or order of informaticn, Gmbodiment, physically, of information dontont then
is the realization of a potentilal, -‘Ca.uin; something potential is simply to indicate
a relationship betwecn two things which are exchangeable, both of which are perfeetly
"reel® but which have different qualities of being. In this way "Potential Information
content" must algo be & reality. We can now combine this with pl:iyaical existence to
define the total reality in which we actually exdist. In ether words reality is the
union of the set of all that is physical with all that zould potentially be arranged
from that which is physical, Scme of this latter set would have "meaning”, it is
not necessary for the arrangement to exist or the meaning to be known (which are actually
the same things) but only to be recognized by us as a potential,

To begin at another point, we find information content embodied physically much
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et
as we can embody an cbscure message in a motaphor, The two are im fact identloal
processes! The first using units of Level II for an information process on Level
III, the seoond, namg symbols, th* units of Lewel VII for an information process on
Level VIII. The important similarity is that it is Lhe relation of the parts or
elements wo asrange one to another that ddstinguishes the intelligencs they embody.
These parts formed from what is available at one level - atoms - form together to
embody all of the arrangements, proeossos and characteristics of chemistry to produce
the single unit, a living coll, which is the basis of Life and succseding orders
which it cpables.

INFOMATION IJENSITY :

In our corner of the universe the elemonts of Levol I form almost exelus vely
atoms, sorfor our p-actical pu.poses the atom is the smallest building block, With
atoms and forces we can have chemical reactions, Most of our pure sclence deals with
what happens in this domain (lovels II and III and .t.ba.tr interfaccs). The £Mm
of our science are pushing jntothelombnaiﬁarm but after Level IV and to
the greater extent on the fourth level, science is denrl.-.d.ptﬂ.u more than explanitocy
o- predietive and we do not call science "pure” on levels greater than III, One
thing wirlch happens as we investigate higher levels is that the information density
increases. . ;

Information density in a qualitative sense, 1s the relative ectent and ordar of
the informatien process together with an idea of the intelligonce involved per unit
volume., It can readily be scen that afte: a cestain magnitude of atoms ace involved,
complex chomical reactions can occur on a very small scale, but with a. high degree of
variation. How much volume dees it take to represent a pa:t:l.cm.a complexity? The
less the volume, the greater the density and the higher the 1elw1 of information,

For example, imagine the primeval ocean befors the first ‘hit of life had eppsared,
but when 1t had already accumulated a fair degree of simle "organic” materials, There
would over the course of a long time exist quite a mumber of distinct chemical reactions
involving these materials, But as compared to a single modern cell, the total compleX~

ity would scarcely be less and would probsbly be greater within the tiny volums of
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the cell.

The concept of finding the information density incroasing over a period of time
is identical with that of evolution, ﬁwavar. when seen this way, as an evolutionary
process, we find that it takes more and more volume to form the sucessive building
blocks - an atem, a cell, a human, society. and 771I In making a comparison of ine
formation density of two units on differsnt levels, one must take the larger of the
muﬂitswlma.ndconaiderthasm_lwofthetw -edundant to the extent that
it is necessa:y to obtain an equdl volume, After the discove.y of a new level of
information by evolutlon it takes some tilps for it to arrive at the most efficient
way in which it can embody the necassary complexity to form a succeeding level, We
could take the size of an average atom, o- cell, or ourselves as being representative
of an approximate lower bound on the Ivo:.m that it takes to embody the complexity
of the respactive levels. But the volume of society continues to grow and who knows
what proportacns it will be mocessary for evolution to take in order to embody the
Abstract? Is the endpoint of evolution a complete embodiment of the Abstract by the
physical universe? A sort of equilibrium between the tendency for the Physical
universe to increase entropy and the procass of evolution to increase information
content?
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{EADING LIST

"An Essay in the Philosophy of Seience" David Hawkins

A general work, this book is inspirational in places to almest anyone, Usaful
to my disoussion were Chapters 8, 9, and 10, which dealt with much of my topic,
"What is Lifer” Erwin Schrédinger

A particularly useful little book in tying the 1deas of Blological Life and
Physical Entropy togethar.
"Life: Its Nature, Origin, and Development" A. I, Oparin

One of the original works in the field of the origin of 1ife, this book explains
the ooncept of the colloidal coacervate and explains the processes by which life
probably began.
“The Dawn of Life" Js He sh

Explains more for the laymen many of the ideas included in Oparin’s bock and
includes also other possibilities, Towards the end the author relates somes of his
more intuitive ideas about the present and future course of evolution,
"Sodentifie Uncertainty and Information® Brillounin

This is the latest work by one of the men instrumental in pioneering the field

now ealled Information Theory, Its discussion contains less math than other discussions

of information theory; it is useful for a more complete understanding of the field.

"Cybernetics and Blology® George
This book goes into man's attempte to understand life by trylng to build models

aloser and closer to it, Soms of the underlying conoepts are explained in this
relatien including information theory,
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POSSIBLE CLASSIFICATION OF CROSS-VALLEY MORAINES

J.T. ANDREWS

Moraine is used in glacial geomerphology to describe a set
of landforms that are associated with glacier margins. Commonly
recognized types include; end, laferal and medial moraines.

There is at least one other type that will be referred fo as 'cross-
valley moraines'. This moraine form is always associated with
glacial deposition intoe a water-bedy (pro-glacial lake or sea),
The moraines are closely spaced and are readily 'distinguished!
from the other three major catagories. The c.v.m.'s were sfudjed
on Baffin Island, N.W.T. They can be divided into subsets

using different criteria, such as shape, location of the moraine
in the valley, relation of the moraine to former ice source, and
then on various structural characters such as: strength of Till
fabric orientation and dip, mean grain size, pebble form and
roundness.

The problem breaks down as fcllows; we can divide the
moraines Into subsets based on morpheleogy and location, is fhis
division meaningful in terms of differsnces in infernal structure
and composition? The matrix would comprise 80 Individual sites
times approximately 10 'characters'. The precise number of
characters is not determined because | am not certaln if the

programs allow for missing data. Furthermore, if would be
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interesting fto fake each of fthe groups within I, 2, and 3, and
see how different a classification scheme might be Insofar as

the importance of 4 to 10 might vary.
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SAMPLE NO. 80'x 11¢7)

CHARACTER:
1) Morphology (I,2, ———=) )
) .
: . __ Run each individually with
2) Location (Valley)(l,2, -===) ; 5 fo 10 below?
3) Location (ice)(l,2, =) )

4) Orientation strength(0 —»0q )

5) Dip strength (0 —ox)

6) Dip type (1,2,3, -=-=)

7)  Model dip up glacier/dip down glacier (ratfio)
8) Stone form (I,Z{B,-——-—l

9) Stone roundness, ratio round/angular

10) Mean size - @ units
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The problem of how %o classify things is ome whieh
hes infrigoed and puszled workers for many yesrs. The
methods which have been devised and employed in solving
this problem Bre almost as numerous @8 the numbers of
ohjects to be classifled. with_n the Isst few yeuars,

8 new Aelﬁ has arisen, uz:a w‘:ich emplop & n;w\mdthcd to

help =molve the pmmem;*e% bexonoiiske, " THis nethod
Hawlyra

uses mathematical enalysis and cu_sn?pu'cera to Elpm

.L~h

information, show reletionships, and aid in the classi-
fication of objects. This new field is iaximelries; the
methods of which were used in this study.

A study was made of some dried specimens of the genus
Astregalus, All of the specimens were collected in &nd
around the Fort Collins, Tolorado area, Tt was suspecied
in the beginning of the study thet some of the specimens
were not of the genus Astragalus, but were a member of
e closely releted genus, Oxytropis. It was decided to
include these specimens in the =tudy slso to aee whet
relationships, if any, could be determined between the
two genera.

The genus Astragalus isg & member of the Leguminosae
(pea family), which i= diwided into three subfamilies,
Lotoideze, Mimgsoideie, and CQaesalpinioideas,. The
aubfamily Lotoideae, to which Ashtragalus belonzs, contins
the majority of legumes of temperate regions of both
tHe northern and southern hemispheres and ineludes such
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genera. ag Trifolium, Iwpinus, Oxytropis, Pisum, and

 Hedicago.

Agtragalus is = perennisd (sometimes: sanudl) haFﬁ,. A,
with roota being rhizomes or faproots. The ;eaves gfﬁeﬁ :
consist of leaflets and are variou;:pubescent. The £low-
ers vary in color from wﬁite to’dﬁehm3ta-purpiiéﬁ,'hﬁi#i'
disdelphous stamens, (ynine united and one free %¢_§n¢;a
glabrous style with a terminal stigma. The fruita:a§‘-\
Astragalus sre pods waich sre diverse, being sessile to
heving a stalklike base, and varying in texture from
membranous to woody.

The method used in classifying wes that of converting
deseriptors into measures of tawonomie similarity; and on
the basis of the similarifies, dividing the objeects into
elusters.

The speeimens in the study were deseribed by choosing
charscters which were thought to be significant and
coding each object into its corresponding state of the
cheracter. The c¢hoice of c¢hiracters is an area in
which the worker can exercise his judzment and skill
as a faxonomist., Meaningful characters must be chosen
g0, #e to show relationships between cobjeets, and a thor-
ough knowledge of the subject matter is prersauisite to
meking these selections.

The cherecters whieh I chose to deseribe my speei-

mena were gz Follows:
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Ky Flower ‘color

‘1, gresm I

2. purplish

3. eream with purple dok
Kz_ Length of pod

1. 5-10 mm N _
2. 10-15 mm \ ¥

3. 15-20 mm 2 3 N

4. 20-25 om

K3 Texture of pod

1. pepery

2, leethery

3. woody
L Leaflat

1. segaile

2. not sessile
K5 Pubescence of leaflet -

1. leeflets densely pubescent

2. leaflets sparsely pubescent
K& Length of stem

I, 10-20 cm

2. 20-30 cm

3. 30-40 eom

4. over 40 om

When ell objects were coded into the various states,
the coding®form was analyzed by 2 ecomputer. This anal-

Al

¥8is tells the worker the amount of information contained
within the charmcter, the probebility of the shtates of

the cheracters, and the conditionsal vrobability distribu-
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Yiona of 'f':éf ha-arad‘ta{s when compéred with the remaining
cheracte¥a. Thia information is.numericelly presented

and is mosh useful in telling the worker the correlation
and interdependence between descriplors. ITf one char-
<3 actier shaves little or no infopmation with the other
characters, it may add j : jthe oclassification'of the

cbjecta. On the other hand, {f two ocherscters share the

P seme information, this would indiceje to the worker thak
one of the characters e sary and could be revised

or aliminated from thMy is up to t_he worker

tio intierpret the numerical results of this anslysis end

determine if the oharaspters which were used in the sindy

are meaningful or if they should be altered or verhaps

elininated from the study.\™ Qa Wk'ﬂ'{ B)}g)% 33

Pairs of objects were assigned & similerity measure

L TR

9],
1 et

besed upon the comparison of the dascr’i}etars. This
x

i

arity measure 1= expressed numerieally, with ob-

high similarity measure being more alike

it

vy /’than objectyWith ™ low similarity measure. This simi-

larity measurs was then used to convert the objecta 5
L%
Al
into olusters for' classification. Bach ecluster wes given

2 numerical measure to express ifs Isclefjon from all

other elusters. 'The larger the nymerisal value (C-value),

the smaller =nd more numerous b e th Justers, so
that objects within each clugkhr ilar $o
gach other. s the numerdoal luster he-

/ L Oohe i1
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comss smaller and smaller, the classes hecome lerger. and
fewer. The clusters arg graphiesliy shown (Skiline)
_"‘_Ilef@n

-
valpes for the clusters. At edeh C-lewvel, cluster mem—

the objects and the corresponding C- '

berships ere shown. As fhe C-value drops, more and more

Wt\fcé b‘iacta are connected and added fo the membership of

? 'z‘x@lnater. The objects which are joined in at the
Tower values are more loosely connected in the membership,
that is, they show less similarity fthen those added &t

higher valuea. The dif er ce hatween two successive

':/a% aé\( of @, whi? Béﬂ be thought of
a8 the/siability o 1'. cluster.

By this method, the phenotypic similarity between
objects is shown, the phenotypieally similar objects
y early (&t 2 high C-value)

dissimiler ohjects are separated.
i

T -“"'ﬂ‘—‘” Ly
RESULTS OF CHARACTER ANALYSTS V4 of ypd ra / /f /

i:. ch eter atz‘f was compared with the other

stat éﬁéw the probability of the one state when the
other state was known. TFor example, when the specimen
had woody poda it was found to &lways heve cream colored

flowers with & purple dot, when the flower was cream

colored, the pod was slweys papery in texture, and when
the plant had purplish flowers the pod was always leatherys
THe correletion of these characters in fthis wey might
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x suszges¥ that one or the other of the characters could be !

ot cnepked, but the Pact that information wes lscking in .
|l.'.,..| : some of the specimens indicated to me that there should
2‘; i _ be mors specimens from which %o draw & more valid con— x 8
= clusion. I might add 2t this point that when informa— )
;;?' ‘ : tion wes migsinz all of the cbjects were not ingluded in ..
S| the comperison . This fact must be taken into considera- 2
";; ll tion when asnalyzing the results. . e "
‘3 TG A better econclusion can be derived from theréﬁ_'l.q{sa"isnn ‘ “
' 0f flower color and the attachment of the lsaflet. Here ehi5 _ L-:

it waa found that cream colored flowers were elways sl

eorrelated with leaflots with petioles and the purplish

s flowers were always mssoviated with sessile leaflats.
el o Another problem the: could erise here and should not be

: . dieregarded is the fagt that eolox gn dr‘ieﬂ apacimens\r
often fades and what was purple jn 1&19 1ivink specimen

ecould fade to white in the éried’apecimen. For 't:hiha
_ reason, it is zood fo take this kind of daute from the
* plent when collected ao as to not make errors. Th.*.‘a‘-

Y

fact ashould be taken mto consideration hefnre mal-'ing
abaolute statements sbout correlations.

The pubescence of the leaflets in plémts with papery

=,

gr:f: pods was #lways found to be dense, while those plants

witk leathery pods always possessed lasflets which Wwere
sparsely pubescent. It wes also found that lezflets
with dense pubescence were alweya seasile, and those
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escent were seesils 538 of the

which were sparsely
time. Since a1l jects were inciuded in this compari-

gon, the infor given by these figures is signifi-

£
=

eant and perhaps *_naicateﬁhat charscter four does not
contain much information and probebly should be altered
or eliminated.

RESULTS FROM SEKILINE

That there were indeed two taxs in this study csn
be seen from the Skiline graph. There are two disti‘mrk
clusters which do not become joined until & C-value of
«4800. There were only two connechions between the
different taxa at this level. The taxa are well defined
ag peparate groups at & high level with a C-walue of
+8000.

From the comparison of the coding with the two
different groups, the Oxytropis specimens are separated
from the Astragalus on the basis of the pubescence of
the leaflet. A1l the Astagalus specimens except one &re
coded 88 having densely pubescent lezflets. The one
Astragelus specimen thetwscoded &s having densely pubes-
gent leaflets is the one specimen whioh made connection
with the Oxytropis specimens at the O-walue of .48000,
When this one specimen was re-examined, the leaflets
were found to have dense pubescence rather than aparse
pibescence, so the separstion of the two taxs is wvalid

gnd would Have been Bt an even lower C-velue had not
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this error been made in coding. ‘}f‘,{ a1 Hn ,{Im)

The Astrazalus specimens czn be Turther divided into

W0 Zroups based eon the texture of the pods and the
length of the stem. One group h&s leathery pods and
stems which are 10-30 o= in length. The other group
has wocdy pods and stems which are 3-40+ cm in length.
s .

These two groups cannot be furtig}f%éparatad on the
begis of the characters used in this study.

On the besis of the resulis I have constructed
the folleowing key for the specimens of my atudy.

Astragalus”
(densg pubescence)

Oxytropis
(sparse pubescence)

woody pod eathery pod
atem - 30-40+ cm stem - 10-30 om

This study has by no means been an exhaustive
examination of the genus Astragalus in Colorado or
even in a particulsr aree, bubt hes given some inasight
into how the taximetrie method works and ean be upplied
o the field of taxonomy &nd the problems of claasificga-

tion,
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