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ABSTRACT
Intersite comparisons of |ive aboveground plant biomass were made using
data from the 1970 field season. The nine sites compared were the (ollowing:
dison, Bridger, Dickinson, Cottonwood, Pawnee, Hays, Osage, Pantex, and

Jornada.



INTRODUCT 1 ON

This report presents a comparison of the floral composition (1ive above-
qground biomass) at nine U.S. I1BP Grassland Biome research sites. The sites
represent varicus grassland habitats which differ in precipitation, elevalion,
lengyth of growing scason, and other important environmental parameters. Fig.
1 is a map showing the gecgraphical location of the sites, and some pertinent
site characteristics are listed in Table 1. Additional intormation concerning
Lhe individual sites can be obtained from the following Grassland Biome
technical reparts: Tech. Rep. No. 37 (Bison}, Tech. Rep. MNo. 38 (Bridger),
Tech. Rep. Wo. 39 (Cottonwood), Tech. Rep. No. 40 (Dickinson), Tech. Rep.
Ho.o 41 {Hays), Tech. Rep. No. 43 (Jornada), Tech. Rep. Ho. 44 {0Osaqe). Tech.
Rep. Ho. 1 (Pawnee), and Tech. Rep. No. 45 (Pantex).

The sites were compared using two different indices aof similarity. The
first index involved an information equation derived from Shannon and Weaver
(1949) as described by Horn (1966). The second index was based on Jaccard's

coelficient of community (after Greig-5mith 1964).

SHAWNDH ANMD WEAVER'S F{{:| EQUATION

The equation is written below:

“{xi + yi] ]n{xi - yi) - E X LI g In ¥
e I ST VIS ) e ey i D R i e R

Hu is an index ot overlap which, when the x and ¥ values are expressed as
proportions of the total X and total ¥, varies from O when the samples are

completely distinct (.o species or groups in common) to | when the samples

arc identical with respect to proportional species or group composition

(Horn 1966) . When data are available in the form of fregquencies, as is

the case in this study, X =¥ = 1, and the denominator of the Hﬂ equat ian
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1. Geographical
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becomes the comstant 1.3863. |In the numerator, X and Y represent the
proportions of the samples x and y composed of species or group i.

In order to make intersile comparisons, it was necessary to select one
sampling date from each site as representative. Plants collected on the
various dates at the nine sites were grouped by species for comparisons between
collection dates within each site. FEach pair aof x. and Y values represented
the percentage of |ive aboveground biomass contributed by spocies §|oon bwo
different dates. One collection date at each site was chosen to be uscd in
comparisons between sites.  The selection was made by computing the HG valuaes
belween consecutive collection dates within each site and plotting these

values an a graph as shown in the example below (using data from Cottlonwood) .

1.0000 +
"-.._\_\__ ”’d_’_‘..
L9500 + 153 g
C A J
a8 9000 +
3 8 i
L .B500 +
i3 '
U & JBooo ‘
— (W]
moow
=t 7500 + |
[ B |
[x [ ] .
0.0000 L+ - L l | 4 | o

5/6 5/20 b6/6 6/20 7/6 7/20 8/6  B/20 9/C
Collection Date
A high H“uuiue indicates a high deqgree of similarity in the vegetation
campled on the two dates, and therefore little change between samp | ing
periods. A collection date was then chusen from the "levelinag of ' portion
of the graph which represented the period during the growing season when

plant compusition first attained a relatively stable condition (little



change in dry weight species composition between successive collection
dates). The date chosen for Cottonwood in this example was July 6, 1970.
Table 2 lists the dates chosen for the other sites. Data from ungrazed
[reatment areas only were utilized in the intersite comparisons.

Fur intersite comparisons, it was necessary to combine taxa inta larger
plant nqroups in urder to chtain sufficient overlap among sites for computation
ol meaningful RD values. Few plant species were conmon to dJdifferent sites,
and no single species occurred at all sites. The final scheme Lthat was
adopted consisted of grouping all grasses into 7 tribes, all forbs into 24
families, and treating sedges and shrubs as 2 additional groups {see Appenaix
A). MWhen this was done, each pair of . and Yy values represented the per-
centage of live aboveground biomass contributed by group i {either a grass
‘ribe, a forb family, a sedge, or a shrub) at two different sites,

Hu values obtained for comparisons between sites were subjected to
cluster analysis. A good review of clustering methods can be found on pages
505 to 312 of Sokal and Sneath's book, '"Principles of Numerical Taxocnomy''
(1963). The method used in this analysis was the weighted pair-group method
described below.

(i) Al RD values were arranged in a similarity matrix, part of which

is reproduced below.

OICKIMSON
acs |
L5091 PAWNEE
S T L st |
J3115 | B b | HAYS -

! i e
| L1088 0668 | {.?3&5!“/ OSAGE T
e —_— : -

I_ Jhend .7129 [ L2072 L0lkg | JORMADA |
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Takle 2. Colleclion dates uwsed in comparisons between sites.

Site
Bison
Bridyer

Cotronwood
Dickinsoan
Hawys
Jornada
Dsane
Fantex

Fawnea

Collection Date

May 30,

July
July
June
June
July
July
July

July

20,
b

+

22

6,
3,
16,
13
16,

1970

1370
1970
1970
1970
1370
1970
1970

1970

Trealment

Treatment

1

Ungrazed treatment, 4 ft snow fence;

Treatment

Treatment

[Featment

Treatment

Treatment

Treatment

Ungrazed treatment
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[i1)] The pair of sites having the mutually highest RD value were
drouvped together to form a cluster.  For example, the RD value comparing
Hays and Osage was .7345. This was the highest Fl{:I value for both Hays and
Nzage and, therefore, a mutually highest RD value, Hays and Osage were then
grouped together and new HU values computed between this cluster (Hays plus
Osage) and all other sites. The new Rm values were computed using
Spearman's sums of variables formula which appears below (Sokal and Sneath

1963 .

:]uﬂ

r 0 = -
i vg + 24g vQ + 2450

r|fj the new correlation {Rf_‘l value) between group g and group 0
{

[:qQ = the sum of all correlations between members of one

group wWith the other group
“q = the sum of all correlations between members of the first group
W= the sum of all correlations bruween members of the second group
7 = the number of sites in the first aroup

4 = the number of sites in the second group

Ihis tormula yielded values which differed by no more than .05 from values
computed directly from recombination of the original data into the appropriate
clusters., |t was also a much less tedious procedure. ({Four different methods
were used for recomputing RD values, The weighted pair-group method using
Spedrian's sums of variables, as presented above, was judaed to be the best

in terms of accuracy and efficiency. See Appendix B for an outline of the

cther methods Lhat were tricﬂ.}
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(1if) A new similarity matrix was then constructed using these new R
o

values as shown below.

DICKINSON
.5091 PAWNEE
i T (HAYS + |
2255 -1837 OSAGE)
658 L7129 L1353 JORNADA

(iv) This procedure was repeated, each time grouping together the pair
of sites or clusters having the mutually highest Ho value, until all sites
were grouped intoc the same cluster. MNote that for an HO value to be mutually
highest, it must be the highest for both sites concerned. For example, in
the ariginal similarity matrix, the highest Ra value for Dickinson was .5091
when compared with Pawnee., But Pawnee has a higher Ro value, .7129, when
compared with Jornada which disqualifies the Ro value between Pawnee and
Dickinson as being a mutually highest value.

A complete matrix of similarity indices from the original computation
is shown in Table 3. A dendrogram was constructed representing the various
R, levels at which the sites were grouped together as a result of the cluster
analysis (Fig. 2). Comparison of the similarity matrix of RD values [Table
3) with the dendrogram can reveal an interesting insight intoe the mechanics
of the cluster analysis. MNote that in the similarity matrix Pawnee and
Pantex have an Ro value of .6207, yet this relatively high correlation is
completely masked in the dendrogram (Pantex remains isclated from the ather
sites until an RrJ level of .1370). The reason for this seeming contradiction

can be outlined as follows. The Pantex data used was composed of about 88%
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Listed below are Lhe Rn values at which the wvarious sites were grouped

together as a result of cluster analysis. Ro < 100 = Percent similarity.

. (Hays) + (0Osaqe) . 7345
2. (Bison) + (Bridger) WEAL
3. (Pawnee) + (Jornada) 7129
4. [Pawnee + Jornada) + {(Cottonwood) L6047
4. {Pawnee + Jornada + Cottonwood) + {(Dickinson) L5985

f.. (Pawnee + Jornada + Cottonwood + Dickinson)

; i L3315
+ [(Bison + Bridoer) 313
7. [Pawnee + Jornada + Cottonwood + Dickinson + Bison 2250
+ Bridger) + (Hays + Osage) ’
b [Pawnee + Jornada + Cottonwood + Dickinson + Bison .
: L1370
+ Bridoer + Hays + Osane) + (Pantex)
Fig. ?. Dendrogram representing percent similarity between sites as computcd

by cluster analysis of R.—; values.
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pevied Coosp. compared with about 213% Opuntia sp. at Pawnee. 1t is this
relatively large amount of cactus at Pawnee which is responsible for the
b0y R“ value with Pantex. When Pawnee is clustered with Jornada (at HO -
.7219) the Jruntic component of the cluster is essentially equal to the
Upuritio component at Pawnee plus the Cpuniic component at Jornada divided
by lwo. But this, in effect, divides the Pawnee component by two because
no sl S owas collected at Jornada.  Thus, the HO value between Pantex and
the cluster {(Pawnee + Jornada) is reduced to 4496, During the next cluster-
ing cycle when the cluster (Pawnee + Jornada) is combined with Cottonwood,
the same Lhing occurs, and the resulting RD value betwcen Pantex and Lhe
cluster {Pawnee + Jornada + Cottonwood) is .3690. At each successive
clustering cycle the large (puniia component at Pantex is compared with a
smaller and smaller Jpuntia component of the clustered sites because no

e

praatilies was collected at any other site except Pawnee. The result is

successively lower R“ values between Pantex and the clustered sites until

Pantex finally joins the cluster at RU = 1370,

JACCARD'S COEFFICIENT OF COMMUNITY (J)

The equation is written below:

e sl

a = numher of plant groups present atl the first site
b = number of plant groups present at the seconu site

¢ = number of plant groups the (wo sites have in common

J can vary from zero (no plant groups in common) to one {all plant

dqroudps common o both sites),
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Data from the same collection dates used for RG compariscns between
sites were used for J comparisons between sites (Table 2). The same plant
qroupings were also used (Appendix A). J values were computed between
all sites using the equation written above. These values were then arranged
ina similarity matrix (Table L} and subjected to cluster analysis by the
weighted pair-group method using Spearman's sums of variables to recompute
J wvalues at each stage of clustering {the same procedure that was used for
the RU cluster analysis). Fig. 3 is a dendrogram representing the various
J levels at which the sites were grouped together as a result of the
cluster analysis,

Note thal Jaccard's coefficient of community is a measure of similarity
which is based on the runber of groups two sites have in common compared with
the #omier of groups present at each site. |In this respect it is an un-
weighted value, taking into account only group presence or absence and not
differentiating between abundant and rare aroups. The HD equalion does
cvaluate the proportional group compesition, in terms of biomass, at each
site when two sites are compared., This basic difference between the Lwo
indices should be kept in mind when comparing J values versus RU values.
Furthermore, Lhese data were not collected to fulfill the requirements of
this type of analysis. Plant species which contributed less than K% of the
total aboveground bijomass were ignored. |f the rare species had been included

in the records, these would affect the values of J.
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Percent Similarity S5ite
i) ] 20 30 40 5O B0 70 bo 90 100
B e e e o
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___L_d"<§j i i f ""%" = = Jornada
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| I/? ! e Osage
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| 1 |
]
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Listed below are the J wvalues at which the various sites were grouped

together as a result of cluster analysis. J = 100 = Percent similarity,
. {Cottonwood) + (Pawnec) L EO00
2. lCottonwood + Pawnee) + [Dickinson) .5256
3. (Bison) + (Bridger) bbby
4,  (Hays) + (Dsage) Sl
5. (Cottonwood + Pawnee + Dickinson) + (Jornada) 3ho8
B, {(Cottonwood + Pawnee + Dickinson + Jornada) 267k

+ {Bison + Bridger)
/. [(Hays + Osage) + (Pantex) L2147

b, {Cottonwood + Pawnee + Dickinson + Jornada + Bison

1506
+ Bridger) + (Hays + Osage + Pantex) -

Fia. 3. Dendrogram representing percent similarity between sites as computed
by cluster analysis of J values.
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APPENDIX A

This appendix contains a list of all plant species collected at the nine
sites on the dates |isted in Table 2. These species are presented in the
groups 1o which they were assigned prior to intersite Rﬂ calculatijons.

The four letters preceding each species represent the computer code for

that species used in data processing.



ARLD
ARPU
CALD
CAM
MUTD
SFAS
SPFL
SPEI
STCO
5TWI

ANGE
ANGE
SONHL

Y8

GRASSES

Irike Agrostideae

Ariistida longesita (Steud.)

il fole pUppUrea (Nutt.)

amovi i fa Longifolia {Hook )
Calamagroatie mentanensis (Seribn,)
Muhlonlhergia toreeui (Kunth)
cpapeholus asper (Michx,)

Ari

e 2

a4 i
R Al oy R

Rle)

o By

Hexuosus (Thurb,)

voliolys pilosus (Vasey.)

v comata [(Trin.)
tira virfidula (Trin.)

Tribe Andropogoneae

Andropogon gerardi (Vitman.)
Andropogon ::r?c);:rlr‘iuﬂ (Michx.,]
Jﬂﬂhnﬂmm:muam={LJ

Tribe Aveneae

A EH
KOCR

8oCU
BOER
BOGR
BLIA

BRJA
BRTE
ERPU
FEID
FLOL
FESC
FOFR

Memdiiomid e Thrtoemindiag {Uaaey.}

Tribe Lhlorideae

Aeein o oriatata {L:'

Houte Loua curtipendula {Michx,)
Beoutelowa ericpoda (Torr}.
Bowte lowa gracilies (H.B.K.)
Wlow dactyloides (Hutt,)

VI

T_r_'| he Festuceae

Hromes Japondous {(Thunbk.)
vromes teotoruwm (L)
fvioneuron pulenellum (Nash.)
tuca [dabioenste (Elmer.)
Fegbuess ot o fLova {Walt.)
fimtl cenehrel o {Torre.)

P

Teni

[

prebons

(L.)

Tribe Hordeae
AGSM  Agrapupon ami ti] (Pyab. )
AGSP  Agropurew spicatwn (Pursh)
AGSU  Agropuron subscouvdie (Link}
AGTR  Agropuron brgefieuted s (Link)
SIHY Sitanien hyeiriz (Nutt.)

Trihe Paniceae

PAVI Paviicum virgatws (L.)



FORES

Mselepiadacears

:-'InLi |""'I f":':l-f;'. P oI [_R.ﬂ I-q}

Foraginaceae
ok B RAR AT o

LARL
LIRL

MAN
OFFR
OPPO
oru

ARLCU
CEAR

Mo L

{ Jr1,~4l_u FA

eryo Fy

sl pr

¥ .
e Faat

Lappula redowskis (Hornem,)
Lithosperman ruderale (Dougl.)

Lactaceae

Layi pivipara (Nutt,)
¢ fragiidis (Nutt.)

Sthowit Lo pelpacaatha (Haw.)

| laceae

O songesta ':N ubt.})

Tum arvense (L)

EE?HUEUdiaceae

ATAR
ATLCA
CHLE
SAKA

ACH|
AGGL
AP S
AMNMA
AR
AREL
ASAR
MSLER
MNSFE
ASHU
ASDB
AETH

A
AL LI L

R
Lot fl el

i RCh R R
i L
y
s

o

Aenibrpspassd
Lraezsaricx
dthi

TR
FLEML 0

aalar
Tl 12
TR

LG ERREES LEIFE

Lo argentea (Nutt.)
Lo rwpieacens (Pursh)

PP

wliwm Teptaphnlius [Nutt.}

Lampositlae

s i e fodtis (L)

ifawiza (Pursh)
] hﬂifpﬁfJﬁhya {T.+G.)
Lia rargaritacea (L.

cerviigr pesent (DL O, Eat.)

Sudigeonir (Pursh)
PRI RS {Blake}
iy e dets |:|_.:|
fovedler {fray}

7

mul b Florus (Ait,)

obfongi foliue (Gray)
beppacets folius (H.B.k.}

Compositae (cont.)

BAOP bl oppowil foiia (Nutt.)
CHYI Shryﬂars:' villoga (Pursh)

CIUN  (“Crafum undulatum (Nutt.)

ECAN FHehinarceq angustijoiis (D.C.)
ERBE E&rigeron bellidi uu.rMM'(HUL1.T
ERSP.  Erigeron specivsus (Lindl.)
HASP  laplepaprus spinklosue (Greene)
HEPE HAelianthus retioloriz (Nutt.)
HIAL [f{eraciwr ?M*F arwm (Hook. )
LAPU  ILgetuea puleshella (Pursh)

LASE Iactueca serriola (L.)

LIPU Liatris punetata (Hook.)

MINU  Mievoserds nmutmie (Pursh)

RAT T;t*ﬁidﬁ colwmariag (Sims, )
SECR ‘ frfﬂdfﬂ“ (Rydh. ]

SEPL s (Nutt.)

SELN i jﬂﬁﬂ (A, Hels.)
SOMI e ';nrhruH’J (Nutt .}
SOM0  Solidago mollis (Bartl.)

SORY  Solddage rigida (L.)

TEST Detraneuris stenophiplia (Rydb.)
THGR  Yhelesperma grasile (Torr.)
THME fhﬂf“pﬁr#nx ML O T L {Spreng. )
TOGR Vawmsendia grandilora {Nu{L |
TRDU  Iragopogon dubius (Scop.)

™y
o

Cruciferae

DiwWl J:waqu wiglinewm? (Engelm.)
LEDF NFN‘J. meocdenad o (Bchrad.)

Euphorbiaceae

CREQ  roton corumbilosws (Klotzsch)

Labiatae

SCBR  Seuredfaria breittond] (Porter)
SCRE st laria reainosa (L)
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FORBS {cont.)

Leguminosae

AMOA
ASST

CADRA
LOAH
LUAR
LUSE
HEQF
PEFU
BgCuy
PSES
PSTE
SCUN

et B Fed

cenbecseers (Pursh)

Actragabiv: siriatuc {Hutt.}

Cres i

bawhine Lles (Wichx, )

Lokl amertonnus {N utt. }

LD IR
Lupthua
Nl g
LAY S S T N e
Fetaloa

Faopale

Saoralen

FPaorale
Cenrmik

cepnger by {Pursh)
gariceus (Nutt,)

ug of ffeinalis (L)
temon purpureus (Rydb.)
a cuspidata (Pursh)
rocsonlenta (Pursh)

a tenutflorum (Pursh)
fa lifeata (W1,

Liliaceae

ALTE
FRPU
YUEL
YUGL
ZIPA

ALl ien
Silum
Pl il l
TMET &2

Prtesza g

Linaceae

LAl

IR A R

Legrionid? {Reqel)
teaxtile (Nels,)
arta pudiea (Pursh)
Lexhei ENutt.)

leeeser (Hutt.)

ustraio (Heller)

Malvaceae

SPCO

v PN

Leier ctoresimea (Pursh)

Nyctaginaceae

MIL )

"y rerhii ]

Sl Dl {Pursh)

Onagraceae

GALCD
DECH
DEMLU
DEsL
STIL

cnd et coeeinea (Nutt. )

, s
LI T T gt
Cht e

Werothe

ra ~orpnopt folia (T.+6.)
wr nuttaliid {Sweet)
v cerrulata (Hott.)

sriphont bindfolium (Hutt,)

Orobanchaceae

ODRLU  Crobanmaiy ldondedfoasa (HUbL.)

Plantaginaceac

PLPU FPlantago purensi (Roem.)

Polemoniaceae

COLY) Collomia limeagris (Nutt.)

Folygonaceae

ERAB [ni dgortn abertianum (Hutt.)
ERIO  &riogomum spn. (Michx.)

Primulaceae

0DOCO  Dodeouiheon conjugens (Rydb, )

Rozaceae

GETR  Jewm trilorwn (Pursh)

Saxifranaceae

HECY fHeucriera cylindrica (Nutt.)
SARH  Saxd fraga rhombofdon (Greene)

Scrophulariaceae

CASU Criat el r-'.|| ﬁ:'f.:'l.'"’li.'i_“: i [Fhr"i“!l- ]

Vieclaceae

VINU Vol st bl (Pursh)
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SEDGES

CAEL  carex elymoides (Holm)
CAF)  Carex Mi{folia (Nutt,)
CAHE  Carer feliophila (Mack.)
SEDE  Telaginella denea (Rydb.)

SHRUBS

ARFR - dptemigin frigida {(Wi11d.)

ARLU  Avbomisiu fudovdoiaia (Nutt.)
CHNA  Lhirusothammus nauseceus (Pallas)
GUSA  Sulicrrenia sarcthrae (Pursh)



APPENDIX B

[hi=s appendix briefly describes the four methods of cluster analysis
to which the similarity matrix of RO walues (Table 3) was subjected. The
gual was to Find a clustering method that yielded results similar to those
obtained when new similarity matrix coefficients were compuled directly
from recombination of the original data at each stage of clustering.

A1l four methods beqgin by choosing the pair of sites that have the
highest mutual Ro value, combining those two sites to form a cluster,
and then computing new RD values between the newly formed cluster and all
other sites. This same process is repeated at each successive clustering
stage. The difference between the method: is the manner in which the new
Ro values are computed. An example of the computation procedure is given

for cach method,

Mot J*-RU values computed by recombination of original data.
Hays and Usage were grouped together to form a cluster at RG = , 7345,

The data from Hays and Osage was then combined as shown below.

Plant Group Hays Usage [Hays + Dsage)
dgrostideas 012 030 210
Paniceas .030 029 030
Andropogoneae 576 R 694
Chilorideae 879 Loon ATy
Lequminasae 182 L0ao 091
Onayraceae J02h Qo0 .01z
Labiatae 002 .00D L0
ComposiLae .09k .a0z L0ba
Sedges LO0o ARRY .oa7

Unident i ficd Forbs 000 13 LOLE
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The Tigures above represenl percent composition by weight of the
various plant groups. For example, Andropogoneae comprises 57.60 by
weight of the total live aboveground plant biomass at Hays, 81.3% at Osage,
and 63.4. when Hays and Osage are cambined, New R values are then cal-
culated by substituting the (Hays + Osage) percentages as the xi'u in the

RD equalion:

a{xi + yi} 1n{xi * ?ij - Xy In Xy - owe ooy,

o |____|
Ra M+V) nX+ 9 - X Tn X =V iny

and computing new Ru values by letting the yi’ﬁ equal the corresponding
percentages at each of the other sites in turn. The Ho levels at which

Lhe wvarious sjites clustered together when this method was used are shown

be | ow,
1. [(Hays) + (Osaqe) L7345
2. (Bison) + (Bridager) EIL
3. (Pawnce] + (Jornada) 7125
b, (Pawnee + Jornada) + (Cottonwnod) JE BNy
h.  [(Pawnee + Jornada + Cottonwond) + (Dickinson) LB 169

6. (Pawnee + Jorpada + Cottonwood + Dickinson)

+ {(Bison + Bridaer) -3789
7. [(Pawnee + Jornada + Cottonwood + Dickinson + Bison 2743
+ Bridger) + (Hays + Dsage) :
8. (Pawnee + Jornada + Cottonwood + Dickinson + Bisan 1371
+ Bridger + Hays + Csage) + (Pantex) i
ieetbedd “--RD values computed by arithmetic mearn.
Hays and Osage were gqrouped together to form a cluster at Rp = 7345,
Ihe arithmelic mean of the old HG value between Hays and a given site and

Lhe ol Ho value between Dsage and the same site was then calculated. This
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mecan value became Lhe new HD value between the cluster [(Hays + Dsage) and
the given site, The HD levels at which the various sites clustered together

when this method was used are shown below.

1. (Hays) + (Osage) L7345
2. (Bison) + (Bridger) L73L
3. (Pawnee) + (Jornada) B i
b, (Pawnee + Jorpada) + (Cotteonwood) L5596
L. (Pawnee + Jornada + Cottonwood) + (Dickinson) _51G64
2.  (Pawnee + Jornada + Cottonwood + Dickinson) e
+ {Bison + Bridger) 2623
P [Pawn€e + Jornada + Cottonwood + Dickinson + Bison 1529
+ Bridger) + (Hays + Osage)
d. [(Pawnee + Jornada + Cottonwood + Dickinson + Bison 0776

+ Bridger + llays + Osage) + (Pantex)

e bfend 5——Hr values computed by Spearman's sums of variables, unweighted
)
pair=qroup.

Hays and Osage were grouped together to form a cluster at k= .7345.

The new RD values were then computed from Spearman's sums of variables

tormula written below:
[Ja0
r = —
il ; -
vg + 2Aq V0 4 220
qu = the new correlation {Ru value} between group g and group 0

gl = the sum of all correlations between members of one group

wilth the other group

tu

= the sum of all correlations between members of the fFirst group
"0 = the sum of all correlations between memhecrs of the second group

¢f — the number of sites in the first group

= Lhe number of sites in the second group
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In the unweighted version, the new RG values at each clustering stage
are computed via the above formula from the Ry values in the origing
similarity matrix rather than from the immediately preceding matrix (this

differs from the weighted version shown in method 4) .

Assume Fawnee and Jornada are a newly formed cluster. The new RO value
between this new cluster and the already clustered group (Bison + Bridacr)

i= calculated in the fallowing manner.

HO values from original similarity matrix.
T““*—‘*“r
B150N

l .7314 | BRIDGER ’

T‘ L0891 [ L1199 J_;;QNtE i

|
[

[ 0279 | L0168 J_ L7129 ‘Jnmmuﬁ‘

[:]UQ = {RU between Bison and Pawnee)] + {Rn between Bison and

Jornada) + (RD between Bridger and Pawnee) + {RO between

ridger and Jornada)

= (.0891) + (.0279) + (.1199) + (.0168) = 2537

L = [Ru between Pawnee and Jornada) = 7129
Al = [Hu between Bison and Bridger] = 7314
n = 2
=2

-;Iqu

By BEEEET w P PSRN - L e o
qu vq r 2ng V@ * 24Q v + (2)0.7129) V2 + (2)(.731h)
= 073G = the new H“ value between [(Pawnee + Jornada) and

(Bison + Bridger)
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Ivee Hq levels at which the various sites clustered together when this method

was used arc shown below,

I. (Hays) + (0sage) WELD
2. (Bison) + (Bridger) EAE
1. (Pawnee) + (Jornada) L7129
h. [Pawnee + Jornada) + (Cottonwood) L5596
5. [Pawnee + Jornada + Cottonwood) + (Dickinson) L5889

6. [Pawnee + Jornada + Cottonwood + Dickinson) + (Pantex) .3514

7. {Fawnee + Jornada + Cottonwood + Dickinson + Pantex) 2296
+ (Bison + Bridger) !

b, (Pawnece + Jornada + Cottonwood + Dickinson + Pantex

+ Bisan + Bridger) + (Hays + Osage) L2221

Ihis seeming inconsistency (.5889 being higher than the .55496
F_level ot the previous clustering stane) is due Lo Lhe mechanics

(i)
af the computations involved. 1t is not uncommon when using
Spearman's formula to find a site that has a slightly higher HD

value with a newly formed cluster than it did with either component
of the cluster before they were joined together.

Mg 4--RD values computed by Spearman's sums of variables, wejighted
pair-group.
Hays and Dsage were grouped together to form a cluster at RU = 7545,

The new Hu values were then computed from Spearman's sums of variables
Foarmula (same formula as in Method 3 above)., The mechanics are Lhe same
a5 in the unweighted method except that it is the immediately preceding
matrix from which values are taken to compute the new Ro values,  The
same example that was used in Method 3 is shown again below, this Lime

demonstrating the form of the calculations when the weighted method is

employed,
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Assume Pawnee and Jornada are a newly formed cluster. The new RD value
between the new cluster and the already clustered group (Bison + Bridoger) is

calculated in the tollowing manner,
R wvalues from preceding similary matrix.
il

T BISON + |

| BRIDGER |
Pl des PAWNEE -T

 [— . s
L 0240 .7129 J JORNADA |

[]qﬁ £ [RG between (Bison + Bridger) and Pawnce] + [RU betwecon
(bison + Bridger) and Jornada] = (.1123) + (.0240) = .1363
g = [RG between Pawnee and Jornada)l = .7129
A0 = 0, Bison and Bridger are treated as a single entity, and
therefore have no RD value between them (Mote: This is not
an Ru value of zero representing complete dissimilarity

between sites, but rather the zero represents the absence of

any R_ value at all).

q = 2
3 = 1, Bison and Bridger are treated as a single entity.
Dqﬂ L1365
r' — R A e ] — i = — _ - —
W Vv 2aq V@ 2aQ T E Y (7128) T+ (2)(0)

= 0736 = the new Ro value between (Pawnee + Jornada) and

(Bison + Bridger)

Mote that in this example the new RU value obtained by the weighted ver-

sion of the method is the same as the new R“ value obtained by the unweighted
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version presented in method 3. This is not wusually Lhe case, although Lhe
Lo meLhods do o yicld guite similar resulis,
The HU levels at which the various sites clustercd together when Lhe

weighted nethod was used are shown be low,

1. A{Hays) + (Osane) T ELT
2. (Wison) + {Bridger) LA31h
A [Pawnee) + [Jornada) J129
4, (Pawnee + Jornada) + (Cottomwood) LEDLT
5. (Pawnes + Jornada + Cottonwood) + (Dickinson) N Lol

6. (Pawnee + Jornada + Cottonwood + Dickinson)

YT

+ (Bison + Bridger) Al

Jo [Pawnee + Jornada + Cottonwood + Dickinson + Bison a6
+ dridager) + (Hays + Osage) e

u. |(Pawnee + Jornada + Cottonwood + Dickinson + Bison 1370

+ Bridger + Hays + Osage) + (Pantex)

chmpartanl )T Me Llicds

Values abtained by Method 4 (Spearman's sums of variables, weighted
pair-yroups) were found to more closely approximate the values obtained by
Mcthou 1 (recombination of ariginal data) than did either of the other
melhods. Method 4, in addition te approximating values obtained from
recombination of the original data, also proved much less tedious, and
Lhercfore more efficient when a fairly large amount of data must be handled.

Liswtlod below are the averane differcnces and maximum i Flerences in

H) valucs between Method 1 and each of the other methods.
L

Mo t b Average Difference Maximum Differcnce
Met hod 2 L0522 1214
Me Lhod 3 .D266 .0E96

MeLhod 4 L0169 L0h AL
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