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INTRODUCTION

A renewed tntevest i objective and quantitative
appranehes ta the elassificntion of plant conmunition
has Ted, within the past decade, tooan extensive ox-
annition of systemnatie theary and technique. This
examination, meluding the work of Sérenson (1948},
Motyka ot aof. (1930}, Curtis & Melntosh (19513,
Brown & Curtis (1952), Ratensky (1952, Whit-
takor (1054, (436, Goadall {1953, 19534h), doVeies
(1A%, Guimaehet (1054, 1947}, Wehh  (1954),
Hughes (1934} and Paore (18567 has aceonpanied
theoretie studies in taxanotny [ Bisher (19363, Worn-
ble (19513, Cliffard & Binet (1954), Gregg (1954y]
anel o statisties {Tsaneson 1054}, It is o canclusion
of wany of these studies that nature of unit vaviation
1o nsgar problem in svstematies, and that whether
thix vaviation = cantituous, or in
other form, there 1= o necd for application  of
llanititative e statistieal methods. T eculogie
clissifieation, au ineveasced wse of ordinate systems,
whiel has heew stunulated by the develapuient of nare
efficient sampling technigues and the ealleetion of
statiel data on w barge seile, bas prompted the pro-
prasal of the term “ordination™ (Gaodall 1953h),
Goodall (18541 bas cdelined ordination as ™oy ar-
vangement ol units e unie or multi-dimensional
order™ as syvuonyineus with “Oedinng,” ( Ramensky
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30, and s opposed to “a elassifieation in which
units ave arranged iu diserete elusses”  The preseut
study = an attempt ta examine the upland forests
of southern Wiseowsin i velation to u suspeeted
iudtidinensionnl earnmunity strueture by the use of
ovdination method and in so dong, to review the
theovetic position neeessary fo sueh an exanibation,
Lirewarvrs Revigw

The applieation of quantitative technigues to com-
wunity elassifieation has reen hased, in part, upon
thie asswnption that quantifativee eammunity  eon-
position, ax determined hy suitahle sampling methods,
et he s prinaey hasis far the building of ardinatian
systes, This asswnption was elaphasized by Gleason
(LY i an exauination of the relationship hetween
hiotic and plysical factas, Gleasou quated Spalding
(19a8), “The establishovent of a0 plant in the place
which it oceupies is canditioned quite as wueh by
the influence of ather plants as hy that of the physical
cuvirawment,” and concluded from his awy ohserva-
tians, the differentiation of defintbe assoein-
tions s maiuly due to the intorelation of the eani-
ponent plavess and the physical envieanment is s
oftein the result as the eamse of vesetation.”  Further
ctiphasts npan vegetation o itself was wade hy
Cloments & Goldsmith (1924}, and more recently, by
Mitsudera (1954), wha vegurd the conunity as an
instrwient which, if praperly examined aud wenip-
ulated, wight be o key to the velation of hiotic and
physieal pheromena.  Cain {10447, Goadall (19534,
185:4k), Whittaker (1954) and Williaws (1954) have
cruestioned the relevance of considering single physi-
cal enviromuental factors apart from an environmental
complex.  Tosistence upon the study of vegetation on
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tts oy leve] has heen retferated 1o pany studies with
recent exatuples in Shreve (19423, Curtis & Meln-
tost (1931), Brown & Curtis (1952}, and Ramensky
{ Pagrehnjak 19531,

Ineluded in intortstion o cotmunity  structure
are two hasie velationships: that of individual species
to cacl other, coul that of stands or plots as o whale
to ench other. These relationships have determined
the develapruent af two complementary but separate
approaches to the prablew of clas=tfication.

The specios appraach stresses the degree af wntaal
aceurrenee af s species with other speetes. This ap-
preach recelved anvacly quantitative hackaround in
the work of Forles (1907ad&h, 1925} who propased 2
cacfficient of assaetute ocenreenee which lie applied to
the studv af hird and fish concuunities.  Further
development of the coneept of associate aceurreree
led to the olahoration of tndexes of intevspecitie
wssoctation {Diee 19480 Cole T8, Nash 19307 and
to the capstruction of idexes of rvelative species
ocenrrence (deVretes, 1833, 1934, Bray 1956a). Tu-
dexes of inferspecific assoelation have heett applied,
in eclassifieation, (11 to eorvelate species with host
speciticity or with envivowment {Agreell 18455 Hale
14357, {2} to determine comnitnity groupings by
the selection of wroups of species with bigho ioter-
specifle carrelations (Stewart & Keller 1936, Tuoni-
kosky 1432 Streuson 1848 Gaodall 19532 Hosokawa
HaR-HG) soul () to detentnive degree af ampli-
tadinal overlap af speeies as on hadieation ot kind
ol community vaviation  (Chlbert & Curtis 1933).
Ineclexes of poliative species oceurrenee have heen used
as the hasts ot oo spatital ovdination of the species
{eleVeies 1933, 1934} or far an objective asstghitent
of species adaptation values (Bray 10562,

The second  haste approach, that of carrelation
among stands a0 whaole, can be roughly divided inte
three The  frst imfartnation  other
that that devived  frow the vegetation o oovder to
estahlish 20 peonnaey series of gradionts or regimes

metheds Uses

along which o subsequent vegetation alignonent s
undertaken (Wiedenunn 10245 Vorohyvor & Pagrebm-
Jak 14200 Dogrebjak 1030 Ranensky TEW . Fan-
e T30 Whittaker T936Y. These resimes do nat
sty represent  diveet physienl  envivonmental
Lietors, but niore often express environuental cow-
Mexes al interrelated  Faetors, sueh as sonl oisture,
ar they Tollow envivonmental cantralz, suclh as elevi-
tinn, whieh deternine a complex of factars. Ratnen-
kv, for example, used previously  establishied  soil
eerstinre el =il nutrient regimes to construet a pri-
vy =tand  ordination feam which “Funetional
Averiges" woere extracted by o oseries of eliminations
of aberrutions in the eotpositionat stand data. These
averages weore cotstdered the wedian eonditions of
the hiovocnosts ad served as hases for final stand
The work of Ramensky ineluded =ome
al’ the first intergeading hell-shaped speetes disteibuo-
tions to he demonstrated along vegetational geadients,

The second stand miethod s the wse of objeetive
techurgiues to shaw velationships among stands whiel

ariertation,
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have previously been classified into diserete units,
usually within the Braun-Blanquet syston.  This use
was given an early formalation in the work of
Lorenz  (1858) who was apparently the first to
apply quantitative methods in eonmunity classifica-
tion when he canpared various kinds of moers on the
basis of “per eent of speeles similarity.”  Later
techniques, including those of Kulesyfiski (1929),
Matyvka et ol (1950), Raahe {1952} and Hanson
(1938 u=e Jaceard's Cocffletent of Comnnunity or one
of ibs quantitative madifications to show the cotn-
positional sinilarity of units on various hierarehical
classitication levels,

The third 1method attempts, (rom o diveet analvsis
of quantative vegetationnl data, fo demonstrate degree
of relationship by the construction of eenupasitional
gradients which arve Indepondent of onvironmental
or ather eonsiderations. The use of the various
technicques of  factor analesis (Goadall 1854h), of
stand weghbing deviees hased an the assignment ot
species adaptation values (Curfis & MeTntosh 1931 ;
Brown & Curtis 1932 Parnwlee 1933; Wueeta &
MeDermatt 1953, Hovikawa & Okutomi 1935), and
of attelpts to utilize direetly iudexes of quantitative
coeflicients of camuunity  (Whittaker 19525 Bray
Watia) or indexes of aecurrence probubility (Kato
et al. 1955) are examples of the above approach,

Previavs TrearaesT of Tk Ubann Forkst ow
WiscoNsIN

A linear ardination of the stands of the upland
farest of  southern Wisconsiu presented  hy
Curti= & MeTntosh (1931).  Subsequent studies were
miaede i whiel soil fungi {Tresner of of. 1054) wore
arvanged along this ardination and in which cortie-
oloi eryptogatis weve pvelated in pavt to the ardina-
tion and in part to lost specifieity (1ale 193373,
Other stndies weve made of the fovest hevhs (Gilbert
1932), ot antecologien] chavacteristies of herhs (Rand-
all THALY, and of the savanuna transition iute prairie
{Bray 1957},

Linttations to a0 linear prosentation heeame ap-
parvent fram continned Wisconsin field work,  One
wis the ohsevvation of eeologienl substitatian in whick
two  sepavake spectes alternated in osharing  what
appesred to be ddentiea] ranges of  environmental
tolevanee  (MeTntosh 1937). Further  reasan o
suspect the existenee of o possihle multidinensional
struetnre cime From a growing vealization of the in-
portaree of past history in deterining the composi-
tion of any stand.

Wil

SaURrer o Trars

ALl ot the 39 stands of this study were sampled
by the same wethods.  The trees were neasured by
the randont pails technigque (Cottnn & Curtes 149493
using b points and 80 trees per stand,  The ebacae-
ters hers ahsolute mmber o trees per
dere arl tatal basal avea per neve, both anow spocies
The  shruhs and  herbaceous  plants wero
satpled hy 20 quadeats, sach 1w sg., laid ot every
ather paint. The chavacter used is sinple frequeney,

sk e
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The stands cmploved were selected from the large
number available hy a4 stratified random procedure,
so devised ns to give ot egual number of stands from
cach wajor geographic portion of the southwestern
one-half of Wisconsin,  All stands were at least 154
in size, were ot upland sites uporn which vain water
didd ot acewnulate, and were b reasonahly undis-
turbed  corelition. A aetvally applied, this  last
criterion meant that the stands wers ungrazed, had
nut heen subject to five within the recont pust, and had
never heew loggad to such an extent as to eveate lavge
openttgs in the canopy, Tootnost eases, 1 few trees
Il been vetnaved at vavions intervals o the past, as
The litnited log-
ging prabably ereated serious orroes in the nieasured
untounts of Srglans  wigra, sinee this high-value
~peetes was deliherntely searehed for an an intensive
seale durving World War T, Tt is helieved that the
population densitios of the rewmaining species did not
vary greatly fram those which would normally he

A very

witnessed by an aceasional stonep.

produced by natoral death and windthrow.
frw stands were totally andisturbed for at least the
past B oaes

The samplinge nrethods employed for hotl the trees
anel the waderstary were nat, as could he expectod,
completely free from error. Hatimates of sumpling
ervar were tonde by repeated sanpling of the same
starul, using ditferent tnvestigatars in both the sne
amd e cdtfferent vears. Twa extensive sevies af sieb
fests, v a maple woods and an oak woods, showed
A standavd ereor of 10877 far the individual tree
species and 7.1 for the understory plants.  On this
hasis a0 canservative estimate of aver-all error in the
individual stand neasures of ahat 1097 seems veason-
ahle. Obviously, this errar would be much less for
the moxt etinmat species aind greater for the rave
species (Cottann et ol 1953),

We arve ndebted ta Dro Ovlin Anderson, The, BT
Browt, Dre. Mavgaret Lo Gilhert, Dr. George H.
Ware, D flichavd T Ward, and especially ta Dr.
. T Melnutosh Tar their aid in the colloction of
the ariginal data, Professor Grant Cottam of the
University ot Wiseonsin and Prafessor J. W, Tukey
al Prinecton University were very generous with their
tie and adviee on various problens.,

Taxotaude nomenelatiure in the present paper is
after Gleason (19327,

TRIEATMENT OF THE [3ATA
NATURE OF Tk APPROACH

The ardination approael was selected For the pres-
ent study inorder fo provide statements (1} whieh
depict, with a sufHeiont degree of quantitative exact-
vess, the compositional strneture af o counnunity and
(2} which might he able to give sowe initial indiea-
tiote af the aver-all patterns of interaetion hetween
hiologie wmd phesien] phenouna. The possibility of
using ordination statements ta sttegest eausal re-
actians is dependent on the cancept of physical and
hiotic factors interneting in a relationship in which
ciaeh fuetor is, to some degree, wutually determined

Trrann ForesT CoMMUNITIES OF SOUTHERN WISCONSIN
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hy the others. There is, thevefore, as s often noted
in ceologie writing, no stmple cause and etfeet vela-
tionship hetween physieal pheromena {as primavily
sansal) and hiotie phenomona (as primarily effectu-
al), especially i the move complex enviromments.
Theve is, vather, instead of 2 domain which is detep-
mined hy a small nunher of independent factors (that
i=, 3 svatem of mechantst eausality ), a fleld of inter-
velated units amd events {configurational eausality).
The ardinatiou af this ficld is, then, 2 plotting of the
chitnges in sonte biotie and/ar physiceal features fram
ared to arven within the aystem, or, in anather sense,
a wapping of its complexity, Such a4 wapping indi-
cates, by the relative proximity of different features
and their varying spatial patterns, the degree to which
the fextures may participate i a mutually deterniined
complex of factors. With the eomipletion of this
mapping, if may then be possible to apply statistical
tools which indieate more Fully the eansal interactions
in any ane part af the awdination.

OF the twa e jor approaches to ardination study,
that of stand or of speeles ovieutation, it was
decided to ose a technigque which gave theovetic
spatial relations of stands as a first vesult.  With
such o fronewark, the distribution patterns of indi-
vidual speeies can be ensily studied hy divectly plat-
ting sowe nweasure of their behavier in ench staned.
A sfwdlar plotting can he made for measures of
envirommental or historie factors in each stand, ar
far general deseriptive features.  [f the ordination
ix artgingally hased upon species rather thun stand
relations=hips, thenw the location of velative stand
position (and s a conscquetes,  correlation with
envirenmental featares) becontes wore difRenlt.

Use oF Score Sourrs

TE the degree af stmilavity af  stands, one to
anather, s ta he assessod, thet some deeision tust hoe
made as te what eriterin ave to he used in judging this
sitnilavity.  There is wide agreetont amongst tom por-
ate-zone ecologists thut comnnunity cotnparisons must
be made on o flovistic hasis and that environwental ar
other features ave not valid for primary comparisons.
Unfortunately, this agreoment does nat extend el
hevaud the general tden of fAaristics. Cloments and
the Auglo-Amervican zebool generally eecornnond the
use of the dominants as the main eriterion of coni-
munity o stand relationship, while Braun-Blanguet
and his adhevents use ehavaeteristic speeies of high
Helelity, even though these may be small, e or
otherwise dviamically Insignificant wenbers of the
assewbluge,  Lippuaa (1939), Daohenmire ¢ 1054)
and athers use syuusia, eithor singly or in conhing-
tion, for their eharacterizotion of camiunity  re-
semblance. Tnono case has the total flory of 2 given
stard heet used, - sinee the detorination of all of
the hueteria, soil fungi, soll algae, liverworts, nosses,
lichens and wvasenlar plints is usually hevond the
facilities at the coinmand of ecologists.  The principle
5 well recognized, therefove, that the entire specios
complenient is not needed for meaningful statements
about conmunity cotnposition.  The disagreement lies
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in the gquestian af where ta draw the line short of the
total fora.

In the similavly complex problew of soil elassi-
fientian, it is possible that the degree af vesemhblanee
hetween o series of sotl sawples wight be deterniined
by applyvivg a single test to cach sample. Such tests
might meunsttre the texture of the soll, its pereentage
content of saud, or some other simple chavacter. Tt
would then he possible to areange the group in
deseending order, as from very sandy through sandy-
L to non-sandy. The sandy Jeans in the eenter
wattld bave certain features in conunon and wauld
differ greatly frow the two extrenies, but they wight
woll tnelude =ails whieh differed widely among them-
selves.  Tho application of a second test to the
satuples, sueh as feetility level, would sevve to dif-
forontinte sails which were of shuilae texture, but,
even sa, the resulting groups inight not he howno-
gotteans—they might diffor in organic matter content,
Pl colar, ar ather ehavacters, A siwdlar problem
was trecogitized by Pivie (1837], “ln an eaclier part
at this essay the transition fram living ta non-living
was compaved ta the transitton fram green to vellow
or Fratn acid ta alkaline.  TF this comparison were
vabtid, 1t would he possible to lay down a preeise
hut arbitraey dividing Tiwe, But as it has heen shown
that “life” cunnat he defined in terms of one variable
ax colawrs car, the eonparizon is uof strietly valid
and any arhiteary division wanld have to he wade
an the hasas of the s of o nwnher of vaviahles
any ane of whicl ndght he sera™ The hest approach
wight therefare he to apply o sevies of tests, cach
exintining sonte pertinent or mportant aspeet of
sofl ke, A stude of the results of the series
of test« would give u e basis for compavison of
the original group and wonld easily pick out the
satls st pearly related too cach other and least
clasely related to others, T4 might he desivable to
weight the test results, oo order of theiv Gportanee.
The ealelum coutent s more toportant than  the
sodiiin carttent in tnast temperate forest setls and ks
pestiles bt he apprapriately weighted to show
this nrepartanes. Statistieally, the degree of velation-
shipp could be shown by o suttahle weasure of the
correlation hetwoeen the sets of test valees for any
two sall satples,

The saime procedure ean he aeploved iu the fovistic
analvsis of plaut eommunities. A standard
of tests ean he applied to eneh stand and the results
for pairs of stands ecorvelated with eaeh other.  TE
thix ix dane For all staneds in the sertes, then sinilar
stands =hould have high watual corvelation values,
hut chssitnilae stands= should carrelatiot.
Tt an appropriate wmeasure of carvelation 5 used,
then the vesulting index should give a lineay measare
af the difference hetween any two stands

Ohre test of the simtlavity of twa stands could
he the quantity of Aeer saceharwm that each contains,
anglagaus to o detertmnation of the caletwn cantent of
soil samples, A sevies of sueh tests, using other
denuittants, would inerease the precision of the can-
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parison.  Similarly, a series of herbs and shrubs.
chosen to inelude some which were restricted to the
formation under study and others known to he
sensitive to the varying conditions present in different
stands af the forwation, could he added to the list of
tests.

In the current studies, measarerents of 26 speeies
were used as the tests. Twolve of these species were
dowinant trees, while the remainder were herbs and
shruhs,  The trees ineluded all of the species with
d preseuce value ashove 33€7 in the 59 stands studied.
The herhs and shruhs were eliasen at vandom in
hlacks along the original continuum pgradient from
aniorg those speeios which weve neither averly com-
tan tor rare and whieh had shawn elear ent distri-
bution patterns W previeus studies.  Weighting of
the 12 dominant tree speeies was acconplished by
using  twe separate wmensurements of each  species
fabsolute denstty per acve, and ahsolute dounnanee
per e} as iudependent tests.

There were, thus, 38 tests cruploved for each stand:
Frequeney {in 1w quadeats) of 14 speeios of herbs
and  shruhs, deasity of 12 spocies of  troes, awd
damuanee {in square tnehes of basal aren at hreast
hewght} of the sane 12 troes,  The vesults of the
tests for eaeh stand were vecorded in o soparate scove
sheot for that stand.  (Of course, many of the test
seores on A given sheet were zera, when one or
tare test species wis missing frow that stand.)  The
test scoves were in different nnits, sinee the oviginal
measurerents were wade m threee difforent elasses.
This diserepaney was veetified hy expressing enely
seore as o pereentage of the aximm value attained
Iiv that test on any of the sheets, These corrected
seaves thus tadicated, i comparable anits, the he-
haviar of eneh test species in relation to its optirmm
hehaviar in the entive series.  Sinee the nwnher of
test seoves aud the sum of these scores vavied frow
stand  to stand, the seores for each stand  were
adjusted to o relative basts,  Thev finally indieated,
therefare, the velative amouut contributed hy each
tost arganisig to the combined seove far the stand.
T ane stand, for exawple, species A iy contribute
1714 of the total secore while species B may vep-
vesent only 1.9 The adjnsted seoves on o relutive
hasis apprear to offer the hest basis for naking eon-
pavisuts hetween stands  (Whittaker 14052},

INDEX aF RIMILARITY

The ehotee of wsuitable index is largels dependent
on the choice of an avdination teehnique.  There ave,
however, several chavacteristics of availahle indexes
which should he exnmtined.  The standavd eorvelation
coefficient, “r'" ineorporates a1 square teansfornmtion
which leads to the weighting of the lwmportance of
entries with “high values. Thus, if a paiv of stands
have ane ov two species in connuon which have high
seore values, the stands will have a high corvelation
cocfficient yegardless of the relafive similarity ov
dissitnilarity of theiv lesser species. Tt can he shown
that high values of “v" cover a wide range in in-
terstand  vaviation and ave velatively ilnsensitive in
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the mediun to Bigh arveas of stand similarity. There
ts i high sensitivity i the Jower range of cocfficient
valmes of “e”™ but this wensitivity lies in an area
where the ceglogie ditforences hetween stands ave not
very significunt due to the residue of widely plastie
speeles which inhahit many of the stands of any
geagraphie area. Of the available ludexes of simi-
lavity  emptoved in phytosociology, hath Gleason’s
quantitative wmodification of Taceard's Coeoffictent of
Contmunity {Gleason 1924) and Kulezyiiski's index
(14927) can he shown to have o greater shiliey fo
differentiate stunds within the avea of medinne to high
shntlavity than his the corvelation eoefficient. When
the =unn of seave values ix relative and equals 100,
hath Gleasan's el Kuleganiski's cocffielents ean he
expressed e the terins Tnfer used by Motvka ef ool
2w

(1950} s ('= — - where ais the s of the quanti-
i+ h
tative rensures af the plant< 1 one staned, hoas the
stitlae s for s secand staoved, aned wobs the sum of
the lesser value tor auly those speetes whieh ave in
eOtIEEH stands (Oosting 14567
Thus, 7 twa =tand= by cluinee laed exactle the sone
sedres For exactly the =ome species, the index would
he 1AM, stnee {ad oand (h] woulid he equal aud both
would equal (w)o If there were wo spocies incont-
ity then fhe dex wonld he zera. The range from
e resendiliares to complete identity s appropriate-
Iy cavered by the range from 0 to 1. This indes
appenrs ta he the hest approxivmtion yvet available
ter s Linesry tieasuee of velationship.

Asotmed in the present study, the index rediees
sinply ta (wle ar the = of the lesser seares far
those species wlich luve o seore ahove zera in both

hetweoen the  twe

starel=, This 1= due to the use of velative

steh that fa) plis (h) s alwavs 200 0 overs pair
¥iy-

of stands and. .
20

were sooarrired that the Hal adjusted seares wore

BRI

=w. [n practice, the seore sheets

recarded in the last column an the extrene vdee of
the sheet, Chie shoet cotld thes he superdmposed, i
turt, b every ather sheet inoa slightly oftset position,
aned the

tests where a0 positive value was present on hotl

lesser values added o o vuchine Top all
sheots,

Whet o Tarae umher of stands are studijed, the
calenlation of the w index hecares Trdensome, sinee
n— |

there are nox eamnpatisons to he e Thus,

Forr 10 sbanel=, 45 comparisans are teeded, while far
10 stands, 450 are requived,  Tu eanesE, e
cotivse should e haed ta electranie calendators, nsing
Tn the present eise.
iocotmplete comparisan was made by land for 58
statuds, resulting i 1710 values of the w index, These
valies were areanged by stand nwinber 0o afrix,
Weo would he happy to carvespond with anvone who
is ingevested in obtaining o copy of the mateix for
Further sork.

saelt

pattel cards as seare sheets
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Tnie Oroination MeTooD

The use of stand data and of a summation of 2
sevies of tests of these stands has been autlined as
the quantitative hasis for the present studv. OF the
ardination techniques which wore rveviewed, wany
depend upon the nge of a previous knowledge and
soetinies elussification. of either the vegetation or
physical enviromnent.  Although this use is not neces-
surily undesirable in ovdination studies, it is apparent
that a technigue which ean extruet an ordination
direetly from the availahle data would hoe hest suited
to the present study.  One guantitative ol com-
pletely ohjective technigque whieh takes this extrae-
tiarn is factor analesis

Faetor wialysis secks bo dvaw “Functional unities"
(factars) fromn an artented table (e matrix} of
coveelatiop  cootlictents. These cocfficients ean he
ealeulatod, as in Hoodall (1954h), from a eovrelation
dnwarng species, which are corvespondent to bests i
faetar analysisy org i the relationship among stands
5 teeded, the use of diveet interstand cavrelation
1 pernissthle (Tueker 19565, T either ease, the
standavd feeliniques of factor anale=is are applicable
The extraction of o funetional wity s followed, in
wast factar techiniques, by the computation of o wew
brix, eallod the residusl watrix, from whieh the
next unlty ean he obtained. Thix sertes of oxtraetions
resitlts inog numher of Hoear veetors, eallod the faetor
matrix, wed oan atbenpt s then made to identify
cael veeter with an underlying Factor
Analysts s used i oaveas wheve no hypatheses ave
availahle about the easal nature of the domain, and
i= hased upon the a=sunption, aceording to Thurestone
CL7), that ™. . .2 variety of phetonena within
danmain arve related aud that they ave detormined, at
least b part, by a pelatively swall nueher of fute-
tianal nnities or Pactors When applied ta orvdiua-
tion =tudy, hawever, these Funetional urities ave nat,
as s emphasized by Goadall (193407, direet environ-
mental forees hut ave rather, =ociologie factors. A
sogiologie factor is defined as “an olement in the do-
seription of the cotmposition of the vegetation,” and
it hiay oot may hot b orelated o environmental
Faetors.

The appliention of factor analvsis to the present
study was enrefully  considerod, but was rejeeted
for rhe fallowing veasons: (1} the heavy computa-
tiutal Toad invalved in Lotelling 39 stands, (2] the
dizadvantages, which lave heen diseussed ahave, 1n
applving v (the covrelation coeffieient)  to
datay and (3] 0 hesitaney v interpreting Tuetor
anaylaix when applied to stand datic espeeially in
rogard to the diffieulties nated b Goodall (1054hY,
“theugh the Caetors nay he stutiztieally orthogonal,
thev arve not hiodog'eally  independent; the inter-
pretation  thus heceones votnplicated ™ The
canstruetion of a prebiminars eapivie method with the
following erviteria  therefore seemed desivahlo: (1)
vogetation steaeture s regavded as o possihle kov to
the nature af the inferaction of faetors, aned, as soel,
must be stidied on its own Tevel, (23 an extraction of

(AR e LN

stand
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st avdivztion diveetly from objectively derived data
without previons clissification would be desirable.

The basts of o teehntque which might satisfy the
dhove eriteria is the ax that for ordination
systerus 1 generals the degree of  phytosociologie
velationship hoetween stands enn he wsed to indicate
the distatiee by which they should he sepavated with-
1w spatial oedinntion, The degree of relationship
of vegotation uwtts has usoally  heen weasoaved by
sarte estinnte af the stinilavity of stawd eaiposition,
with s high degree of stwilarite signifyving o elose
spatial  proximity.  The techuique  which will he
outlined attempts, thevefore, to extract tram a mateix
al’ measurements of interstatad stmilarity, @ spatial
pattericin which the distanee between stands s related
to their degree of similarity,

Chiver s natrs of values of distinee hetween points
i Buoeliden spaee, it s possible, without a prioy
knowledee of thaie location, to reconstiuet  theie
spatial tTorgersan 1032).  This recon-
streitetion depeteds upon simple techniques in which,
e two  lintensional For exanple, 3 points
nat in the sie loeation aud not on the =ame line,
are used ta locate the other polnts hy their rvelution-
ship ta the 3 reference points.  TE for example,
there were inoa matrix, 4 points, of which A, B, and
Cowere cuch separated by o distanee of 40 units and
peint 1) was sepavated From A and B by 200 units
anel fro € by 3464 units, then the position of these
puints cattld he established, with A, B, and C forming
the apieies of an equilateral trinngle and T aceurrving
nidway on line AR,

When coctticients of community are used, however,
as iddieatars of spatiol distanee, then exact inferstand
distances are not avatlable, sinee the postion of a
stand i relation to another stand oceurs within an
wrea of wneertainty oviginating in the savpling ervor
utide o surveving the stands. Fucthermore, it =
likelv that stands oceupy proxiate instead of exact
thearetic pasitions in relation to each other.  The
securrenee of stands within an area of uncertainty
restlts g matrix of estitnated proxitmate distances,
It sueh proximate distances ave availahble, then the
location af <tand [ in the provious example night
he in o different position relative to reference stands
A, Byoaned 0 oas o emmpared to three other referenee
stands (I exaet interstand distanees were availahble,
the positions would he the sume rvegardless of the
choice ol veforenee stands),  The technique to he
develaped, thevetore, s a0 preliminary attempt 6o
derive ab ordination front estinmtes of proximate

hHIITY

placement
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interstatiel distance which gives a single spatial can-
figuration neast  elosely  appraximating  the mateix
distatees.

This technigque depends upon the seleetion af
pair of reference stateds For the detertination of
stand positions on oany one axis. Given proximate
tberstaned distanees, the chaiee of reference stands i=
uf ernetal irmiportance. Inomaking this chaies, it ix
evident thut reference stands ave comparable, in part,
to =tzhting points as wsed in plane-table survesing

J. Roaer Brav axp J. T CorTis
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aned that those stands which are furthest apart will
he more aceurate for judging interstand distance than
those which are in close proximity., This aecuracy is
especially desirable beeause of the avea of uneertainty
it which each stand fluetuates velative ta the positions
of neighhoving  stands.  [f these fuctuations ave
greater than the actual distaiee apart of the reforence
stands, then the vesulting ordination will reveal only
these fltetnations. It s neeessary far any ordination
that the sphore of fluctuation fov any stand he small
in relation ta the space oceupied by the ordination as
i owhale.  The choiee of referenee stands should he,
therefore, of those stands which are furthest apart
and as a consequence, have the greatest sensitivity to
over-all campasitional ehange.

ANLS CONSTRUCTLON

The ordinute location of paints in space by the use
of rveference stands is illustrated by the ovdination
of five paints whose hypothetical interstaid distanecs
are shownoin the lower-lefe of Tahle 1. The distanees,
although  hypothetical, represeut exact spatial dis-
tances.  They  were  detevmined by inverting  the
estimates of stand similarity which appenr in the
upper-right of the table sa that o high degres of
similarity was representod by o low degroe of spatial
separiation.  The inversions were accomplished  hy
subtracting each index of similavity fram a waximum
stnddlarity value of 100,

Ta lacate  stands  hetween o pair of
referapee line conneeting the reforetes
stands s deawn to scale ona pieee of blank paper,
ared the position of every other stand s projected
anto this Jine.  The projection is aceomplished by
rotating two ares popresenting the distance of the
projected staud from cuch of the referenee stands,
and thew projecting the point of are intersection
perpendicularly outo the axis.  Applying the eriterion
of the preutest degree of spatial separation as deter-
wining the cholee of vefoerenee stunds, Tuble 1 shows

seloctedd
staneds, w

stands nuher 1 and 2 to have o naxinum separation
of 999 units,  These stuneds were selected, thevefore,
as the v axis referetce stads and ave placed in Fig.
1 oat o distance of 999 units.  Stand 3 0 Table 1 1
70 units feam reference stand 1 and the sone distanee
Fram veference stand 20 Stand 3 s loeated 1n Fig. 1,
therefore, at the intersection of aves with radin of
7ih units ared base= at points T and 2. Two sueh inter-
secttons are possihle in a4 two dimensional ordination,
ardl the points of intersection ave prajected perpen-
dicularly anto the x axis, ax shawn e Figo 1, to give
an x axis loeatton of 80 units.  Stand 4 can alse he
loeated alonyg the x axix by the are intersection and
projection technique: it occurs at 62 units along the
x axis. Stand 5 = similarly locatod, after intersee-
tion el projection, at 62 x axis anits. It ean be
proven geametrically that o eonstellation of points
in nospaee can he projected  perpendiculaely onéo
the line connecting the two referenee points which
are furthest distant in the constellution by using
the sthave technioue,
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Tauvnk L Matrix of hypathetieal exaet  huterpoint
distances. The uppercight portion of the tahle shows
hypothetiond data on puint similarity for an exaet spatial
systemn,  The Jower-left portion shiows daee an siiilaricy
wloeh were luverted to show Joterpoint distauee,

] :
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Fag. 1. Demoustention of stand feention by the inter-

seetion et proajection tfeehnique,  Stand 3 is located
at the intersectrate of ares with vadit of 70 units, and
Lases af stands 1 oand 2 Tts projected position ou the
Xousis dx midway between stands 1oand 2,

A seeond axis ean he eonstritefed by the same
ticthad using a line an the paper erected at a vight
angle o the v axis. Two new reference sbaneds ave
selected which are it elose prosumity on the x axis,
but which are nevertheless sepavated by a great inter-
stared distanee. Do the mateis o Table 1, stawds 3
anel 4 1t sueb erviteria shawing sy axis separation

af 12 nwits and an wterstand  distanee of  B202
units. L stanel 3 is assigned a0 location at its uppor

ave itersectian point in Fig, 1, then the interstaned
distunce of S22 units of stands 3 and 4 tndieates
thut the proper tacation of stand 4 0= at its lower are
interseetion poaint (intersection of  undertined  nun-
her 4, Tty The loeation af staeds 3 oand 4 0=
shiown, o relation to the x axis veferenee stands, in
Fig. .

Stands 3 oand 4 e, therefare, separated hy on
projected  distiance of 12 units on the x axis o
Fig. L but are, nevertheless, separated as shown in
Fig. 2 b oaninferstand distanee of 829 units. The
X oaxis proximity of stands 3 oand 4 oand theiv high
spattial separation tndicate that they might he used

Pecane Forese Coyavyenes oF SOUTHERN WisCoNsIN a4t
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Pri. 20 Dowaustration of construetion and
st foeation,  Staned § i= locnted at one of the twe in-
terseetions of aves 2004 anits from reference stand 3 and
GLH units from refercnee stand 4. The distanee of 5
unit= frow stand 2 oto stand 4 indieates the point of
iberseetion ta the vight is the eorrect poink for projee-
tion ante the y axis,

HES L

as reterenee stands for v oaxis construction. ITn Fig.
200 v axis loeation of stared 3, which j= 2004 units
fram reforeree stand 3 and 648 units from referonee
statted 4, 15 illustrated. The are intersections of stand
A owith referenee stands 3 and 4 shows, after projee-
tran, fwo separate v oaxis Jocations, one of which,
hecause the line connecting stands 3 and 4 i« uot
perpendicular to the x axis, i< ineorvect,.  To deter-
wite the carvect position of stand 3, the distance of
stand A frean the roference stands of the x axis shonld
he consudted,  The distance of staod 3 fron referenee
stand 2 0s HO units which indicates that the are inter-
secbiar ta the vight (lutersection i Filg. 2 with under-
lined no. B) whieh is A0 units frame stand 2, is the
correet point for projection onta the v axis. Stand
A s located, therefare, after perpendicular projection
at o distance of 65 units on the v axis i Fig. 2,

By following the outlined technique, the inforia-
tiem an interpoint distanees tn Tahle T has heen used
to indicate the spatial location of the points in a two-
ditnensionat ordinate systenr, T8 sueh alistanee infor-
nution neeessitited the use of wore than 2 diven-
siots, then Further dimensions could he construeted,
usinig the same techpigue,

Avrniearion ar tuw Muroon
N OAXIS CONSTRUCTION

The avdinatiou of the upland farests depends npen
seleeting stands front the complete nutrix  which
el he used as veterenee paints Eor the loeation of the
other stands,  Sinee. the available interstand distaneces
in the camplete matrix represent only proximate dis-
tanees, ik s abvious that any resulting stand ordina-
tow will unly approsimate interstad relationships.
It 1s assuwmned, however, that theve is a certain degree
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uf order within the watvix and that the interstand
distatiees are not a series of random numbers. Only
a limitedd muuher of stand positions for auvy one
st shanld, therefore, he possible. As noted hefore,
these positious should fluctuate within o narrow arvea
toan ardination s to preseut a weaningful approxi-
mation of the nmtriy neasurenents,

Before the reference stands for the first axis can he
seleeted, cocfieient of concuunity values, as fowewd in
the complete matriy, st he fnverted so that a low
cocfficient of cammuuanity value vepresents o relativels
wredbor spatial separation and a high value represents
A elose proximity.  Although the eoefficient has a
vange Fram & to WHL, the error invalved in sanmpling
a stand nmkes i unlikely that avy of a series of
veplicate satiples fram the sone stand will show
the  ncximnn Two stands were  stnpled,
caeh 7T times, nsimw the ficld  methods deseribed
earlier, and coofficicnts of conununity were ealeulited
amotie these samplings. The mean coefficient of
cornnithity within each of the 7 replications was 82
which indieated a niean error of index reprodueibility
af srowie 20 index units. A value of S0 was, there-
fore, ronsidered to represent the taximun eactfieient
value, that is, the value Tar twa indentieal stands:
the hichest wilne actmally found in the complete
witris Tar A% staneds was 78,

To enhvert eoelficients of eommunity to interpeint
distarier values, an inversion wias aceatplished  hy
stthtraeting eieh coefficlont value fram the fixed maxi-
e ol 800 Stands whieh bad a0 coefticient of 0
wore sepatitted, therefove, by o maximaem distanee af
&0 units. All subsequent mention of stand  inter-
patnt distutees refers to the inverted covfietents of

wvalue,

camnunity,

Using: the eriterion of the geeatest spatial separa-
tion For the chaiee ol veference stands, an examing-
tian of the inverted valies shawed 3 g af stinds,
ninhers 37 cnd UG, 00 aod 157, ated 33 and 133, to
e seprnated by the maximum distanee of 80 units,
Sinee these 3 stawed pairs cacl showed cocfficients of
cammunity of zero indienting no siwdkarity, ther
relation=hip te the other stands i the study was
exatuined fo determine whether they were completeiy
wnrelated to the other staneds.  Th o is suggested that
uostmd pair with a0 eaotficient of comtunity he
e s o vefervnee pair only it each wemher of the
pair shaws o vidue greater than 0 with all stutds
which e not menhers ot referenes paies. By
establizhing this eviterian, the ehaiee of o stand patr
tnemher which shows wa velatianship to other stands,
and which, therefore, canteithates nathing to o knowl-
their  velative  spatial will  he
sverided.  This eriterion eun e wet in relation to
startel paies 35-T36, 00-137, and 33-138 cach wemhey
d relation greater than ¢ ta every

oo of Lenesi ticrtt,

afl which shows
ather staed 1n the stoedy.

The staud pairs seleeted ahove appear to repre-
sent 2 oscks ol reloted stands, pombers 136, 137 and
13% ared rwmhers 04, 33, amed 35, The index values
betwoeon each af the menthers of caeh set were highly

Fealwrical Monageagihs
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significantly correlated, as tested with r. Each of
the 3 pairs of reference stands werve used, therefore,
to ardinate stands along the x axis on the supposition
that the use of several sets of stand data wight
include more information from the watrix than if a
separitte set weore nsed, and might veduee the fluetua-
tiots fron nen-exaet distanee weasurcinents,

Sinee each of the 3 pairs of veferenee statds were
gepariated hy the masimun distanee of 80 units, a
line af 30 units was drawn cunnecting cnch of the
reterence pairs. The ordination was aceomplished
hy the fechunique outlined above of are rotation and
af the prajection of the point of ave interseetion
anto the s axis,  Stand 89, for exmuple, showed a
cpefticlent of eommunity of 39 and 17 with stands
M und 137, The inverse of these values, veprescuting
spatinl separation, Ts 41 and 63, and stand 89 was
located, therefore, ab the inteesoebions of jres with
radii of 31 and 63, respectively. These interseetions
were projeeted perpendienlarly onto the x axis at a
pasition of 200 units from veference stand 00 and of
4.4 units from retevence stad 137,

The tinal x axis position of st waos detornnined
s the median position for the staned iu velation to the
three paus of veferenee stunds, There was a close
stmilarity 1w the x axis positions of the stand 1w ore-
lation ta the thiee pairs of veference sbnds, Staned
89, For example, had X axis posittons of 340, 458.5,
aned 0.0, 0t was wssigned anxoaxis laeation of 4835
The final median values presenting x axis location
ave shown ue column 1 oo Tahble 2,

Toannr 200 Stawed locntions 0 threee dimensions
: !
i OBDINATION AXIs
Stand 4= —— e ————
Na. X
e I
(i 7
[} 55
{5 21
04 32
05 63
(16 46
(1] +h
15 67
15 14
17 21
1% )
14 66
20 63
21 17
x4 71
24 A
25 [t
i 16 P27
31 76 118145
4 74 RS T
33 77 R T T I
4l " P12l 105
73 4.5 P127 1650,
uh 16.5 i 12N BLL0
56 714 B PTR I
q47 12.0 a7 7oA
B 748 LN 7.h
| 485 I
4l 7040 185 1 47,0,
92 1 62.5 |3 _ i :
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VOAXIS CONSTRUGTIGN

The choiee of referenee stands for the second axis
is hased upon eriterin which ave, in pavt, similar to
those wsed i the eholee of the first dimension
referenee statds: stands separated by the greafest
interpoint distance and by the least prajected x axis
distatiee expected, i chosen as veference
statids, ta give the greatest spatinl sepacation to the
nther statds. Stied pades which niast elosely fit the
shove  evitevinn ave  likely  to be centeal in axis
lncation sinee by the gneehanies of  the are infer-
sectian el prajection teehnique, the ware nearly
stitieds wre found toward the center of any axis, the
greater s the probahitity that they will have spatial
seperation inthe new dimensian oft a0 velatively great
distance, Conversely, stands located  towards one
of the ends of the axis ave less Likely to he distantly
velated, sinece by sharing a rvelativels high velation-
=hip with the ceference stauds towneds which they
are found, they are, therofore, moere likely to he
relafed to cacl ather.

il he

A test s sugeested Far the selection of v axis
reforence stanes in whieh the value of stand sepava-
tian an previous axes 1= stibtracted from the index
value ol intorpaint distanee, with the highest valae
considercd to he the suitahle.  Suel o test
weights o low separtion on preevious axes as of equal

=k

inportanee with o high degree of interpoint distanee.
The impartiee of chioosing veforenee stands in elase
praoxtiite on previols axes s illusteated i suhse-
gquent #oaxis construetion inowhieh the condition af
not-oxaet inkerpaint distinees makes b tupossible
to correet Tar non-perpendicular axes, This test was
applied ta the 59 stands i the study and stand
pair LT and 1835, which e separvated byoa projected
xoaxis distanee of unit= {Table 23 and by an inter-
poittt distanee value of 4% {ax mverted fram a
cocflickent of canuunuity ol 333, muve 4 wmaxunum
value ol 47, Anather stand paiv, 26 aud 183, alsa
cuve 2 bigh value (4691 by the above test, with
separations af 08 ad 47 respeetively, Stonds 20
anel 111 were found to he Lighly siguificantly eor-
velated in thelr relationship ta the other stands, aud
the wse ol several reference =ets agait appeared
feasibbe, Stands 26 aud 185, and 111 and 183 were,
therefore, seleeted a= v axis reference stand=. Simee
these two =cts of stands wore separated by oonly 0.9
anel (LG nits pespectively on the xoaxis, projections
alter ave rotation were nede directly onto the Jine
eonreeting eaeh peferomes paie, aeed this line was eon-
sidered the voaxiss Final s axts locatwon for each
stinnd wis deterwined by taking the wean paosition
For tuch bl on the fwo constraeted axes,
axi= positions are shown in ecolumn 2 of Table 2,

Thipse

% AXLS CONSTRUCTLON
With the ecompletion of the v oavis, o searel was
tade For stands which laed velatively sindlar x and
prostbions,  but  which  wore,  nevertheless,
sepaipated by rvelatively great interstand distances,
The sie test of wmxinmn axis separation was made

¥ooNis
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ax in the choice of the v axis refercice stands, and
a pair of stands, numhbers 8¢ and 107 were found to
give the highest value.  Stands 8§82 and 107 were
separated by an interstand distance of 41 units and
hy projected distances of .5 an the x axi= and of
8.9 ou the x axis for a test value of 3245, The line
eonnecting reference stands 89 and 107, although not
perpendicular to the v axis and, thevefare, not exaet-
Iv parallel to the v axis was, nevertholess, tsed s a
hase line anta which to projeet the are ntetseetions.
This wus neeessavy stnee the sampling error valved
in the area of uneertainty sureownding each stand
tade it hmpassihle to apply fornulae which would
corveet the effect of o non-perpencdicular axis. This
crvar alse prohibited the consultation of distanees to
the w or v oaxis refervenee stands, sinee =onwe stands
to he prajected oute the 7 oaxis were fomul ta he
cquidistaut from the x and » reference stands. No
chotee could, therefave, be nade (a= 1s lastrated in
the lacation of stand 5 in Fiz, 2} betwoeen upper and
tower  intersection points. Are intersections  wero,
thevefore, projected diveetly anta the line eannecting
vefevence stards 89 el 107, The prajections onto
thi= line were considered 2 axis stund locations, and
are shawn in eolwun 3 of Tuhle 2.
Rescirs

Usang the values in Table 2, cach of the 51 stands
studied was loeated on a0 twa diviensional grapl by
the interseetion of it= values anany two of the three

axes, In Fig 4, for example, eneh point en the graph
o,
22 120 %
.l 759
50
e |-
Q
)I_ o,
1gh - S0 %
- 18
281
I? 1 L l L
4 ) 32 ag 64 79
X - axis
Fre &0 Dewanstration of domiwanee disteilintion of

Pilte amervicand within the x-p avdination.  Eael eivele
ar sl vepresents o ostaned location.  Aetunl dominanec
flgures i hasal sren per 100 s in, per aere ot hrenst
height are givew heside eaeb stansd location,  Yalues iu
the wpper 2594 are represented Ly fhie hogest cirvele,
vitlues i the 30 ta 969%  quartile Ly omediom siged
cireles, values u the 53-01% quartile Lie small eirelos,
and values in the 100 ta 7655 quartile iy dots. Contaur
liner are dravwn around the £ quartile lower limits in such
a manner as to inelude all examples of the fudieated sine
class whether or not lesser size class values are piresent.
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represents s stand with its locus determined by its
vitlues in Table 2 for the x and v axes.  Similar
plottings were made for the stand loeations on the x
atl 2z axes and the y and g axes. These 3 graphs
citt be thawght of as 3 views {front, tep, and side) of
a three-dimensianal eube, within which the stations
ave lacated af the anterseetions of lines projeeted

Ecolugical Manograghs
Vol. 27, No. 4

fron each axis.  The actual econstruetion of three-
dimensional models is very time consuming {Fig. 7).
Once the stands are located i 2 two- or three-
dinensionsl  configuration, it becomes easy to
staey the hehavior of individual speeies within the
stands, Tee Fig. 3, for example, the actual hasal area,
per acve far Tilie cwmericana is plotted on the x-y
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Frg. 5. PFregqueney hebavior of score herhs (12 spectex) within: the x-3 acdination.

sparnels te the quactile size elass disteibution illustrated in Fle. 4
Apoeynam androsaemifolivm 10 Arisaema trifolinm 34 Hesmodinm glutivosum 40, Fragavia ¢irginiana 235
Galbem aparine 50, Galivm caneivnnm 47, Hydrophyllion vivginianym 25; Hystrir patala 10; Pheyma lepto-
stachye 305 Plevidiom aguidinnm 27, Sanguinaria ecanadensis A; Fiola puliescens A7,

Sige af ecivele corre-

Frequeney at the 5004 lewel is as follows:
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i ordinstion construction.  Sige of circles covrespands to the quartile size eluss distribotion illnsteated in
Fig. 5. Dowmdvanee per aere ab fhe 006, level tn sq. v s as follows: JSaglans civeren 2100 Taglans nigra

8t Popnlus grandidentata 1,200,

Dot ameriegnum 20,

araph.  The vilues at eaely point arve the measured
basal areis Lov Pilie as taken frawe the fleld data
for eiell stand. Those stands in whieh Tl was
ahsent arve indieated by a dush, The hasal aveas have
hoen put into size elasses, ax indieated by the eireles
af different «ize. Tu thix s all sinilar figures in
the puper, the largest eivele ineludes the top 259,
of all of the values; the next size, the thivd 2539%
tho stnallest eirele, the sceand 25¢ 0 amd the solid
ponts, the st ar lowest 259 of the values. At
i glanee, thevefore, it s apparent that Tilia veaches
ity highest ibportanee in o very sall portion of the
possihle sven and that the stands with lesser domi-

Frequeney at the 509 level is as follows: Alliwm tricoccum 10; Pler-
sitle foweeera 105 Padeplyllune peltatvm 30, Fyrola cliptica 15

Fevanieastram virginicam 10; Zanthoxy-

nanee of this speeles
pattern of decreasing
an Fig. 3 lhave heen

are spread out from it w2
accrrrenee. The eontour lines
drawn in such o way s to

inelude all exanwples of the indicated size elass,
regatdless of  whethor lessor size elasses apre also

present.  Thev, therefore, dodicate the area within
which the speetes may veach the indieated  level
of dowinatiow.

Similar graphs were made for all axis ecnthina-
tions for all species usod on the test sheet and for g
large nurher of species not used in the ordination,
Fig. 4 illustrates the 3 views for the 8 most important
tree species, while Fig. 5 shows -y views only for
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the 12 herbs used on the seire sheet.
usedl i econstruebing the ordination
Fig. 6 in x-y views.

A theee-dimensional vepresentation of the hehaviar
of Querens borealis i given in Kig. 7. The 3 sizes of
spheres indieate the tap 3 quartiles of dominance per
aere. Na differentistion 15 made hetwoeen the lowest
quartile ane the stands nat containing the species;
hath ave indieated by holes which appear as dats in
the figire. A conmparisou of Fig. 7 with the ap-
propriate views of ¢ horealis in Fig. 4 will show
haw these separate presentations ney he used to gain
a visual e af the ordinations in theee-dinensional
SpRLe,

Nine species not
are shown in

Fui. 7. Theee-dimensional model aof the
heliaviar af Chrerews barealis within the ordination. The
Aowives of spheres Dindieate fhe fop B guariiles of Jdani-
tanee pr stere, Stinds af the lenvest (]11.‘11‘H|<' el with-
alit fhe species are representod with boles which appear
= dlots th fhe tigure. The s axis = an base af wodel
af frabt from left ta rvight: v axis on bese from frout
teo venr v axis du vertieal plane fran helow to ahove,

dominanes

Cortain mgazures ot the  envicontoent, ineludine
soib snalyses oeade apan s paaled siple Prom 3 van-
el eanlleetions ol & Layer i each stand are glven
i Table 6 For the stands wsed fu the study.  The
sotl nutrient analvses were made by the State Seils
Latharatory, Madison, Wiscousin,  Water retaining
enputeity was deterimined by the wethod outlined hy
Parteh (10401

DISCUSSTON

Tk Mectaviean Vanlntry ar Tie ORDINATION

The and  enviraunental  vesults of  the
ardination in Table 2 should he assessed hy eriteria
which are consistent with the asstmptions upon whiel
the ordination teehinique is hased.  The first of these
Assubiptions ix that the degree of  compositional
stiilarity hotwesn stiuds eun bo used as comparative
distatiees to indicate spatial loeations for these stands.

hiolomie

Fealogicat Mowagranphs

Val. 27, No. 4
The complexity of stand relationship and of the
forees which influence eonimunity strueture is of such
wagnitude that a matrix of comparative distanee
cannot, as previously noted, he oriented in a single
cxact configuration.  The cotplexity of stand rela-
tionship is not chaotie, however, and it is assumed
that each stand fluetuates within a fairly Hmited area
in its emnpositional (and spatial) relationships, al-
though this area ts enlarged by the smupling ervar of
the techniques used in field survey. The ordination
is further hased on the assumption that hy establish-
g ¢ sot of exaet eriteria for stand seleetion, the num-
her of interdependent cansal complexes acting within
the eomnmunity can be limited,  This limitation in-
creases thes probahility that referenee stands enn he
seleeted which are oriented slong the lines of major
changes In eomnunity strueturve, hut it does not
necessurily prevent o cortain loss of watrix informa-
tiom by the selectian of refevence stands which veflect,
i part, independent eausal happenings whieh arve
unrelated to the wajor complexes. Tt is evident,
theretore, that the validity of the avdination <hould he
texted b its ability to approximate thut not exaetly
reproduce]  the estinmtes of stand similarity, and
perhaps to show stand alivnments whieh corvelate with
the available estimates of
fantures,

phivsieal  envivonmental

Tavne & Interstaned distances of the referenee studs
from nfrix and ovdibation.  The first colurn lisks all
nair eanbinations of refereiee stands: seeand ealumn
shows ecocllicicuts of comnnity ivverted to represent,
iuterpaint eistance: thind eolawmn
fween the =tands in the oedintion,

shows dlistiteos he-

i | ! ! !
i o Ordina- I Ordina-
Stand | Matrix i tion i Htand  Makrix tion
Pairs | Distance | Distance | Pairs | Distanee | Distance
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Teor stssess the approximation of ovdination distances
to cacfliciont distanees, 38 stand pairs were selected
at ratdatn g thetr mterpoint distancees in the ordi-
nation compared with their eocfficient of eommunity
vitlues in the matrix, Tnterstand  distanee hetween
twa paints twith loeations xq, vy, and 2, and X, v,
and 2.} was determined by the foruula

Vs, — b F oy — vy 4+ (s — 2% The
catnpartisun of the A8 stand paivs shawed a corvelation
value ot =33 which is significant at the 1€ level.
The carvelation is negative sinee ordination distapee
Detween stands, whicl shaws Tow values for o high
sinilarits i eampasition, compured  with
cooflicient of  community values which shaw high
values fur o hish similavity, The highls signifieant
correlation demonstrates the tendeney for the ardina-
tiom fo approximate the stand relationships in the
matrix. The check of ardination distanee eangeired to
cacfticient  elistarnee applicd ta the 11
referene Cacliieiont of community walues
were first inverted by the moethod previously disenssed
o represent degree ol spatial separation and are
presented in the first calinnn of Table 3. The sceandd
ealiinn of the tahle shows interpoint distanece in the
ordination as ealeulated by the ahave fartmula. The
corvelution coeflident ol these two distzanees for &3
staned putivs 0= 478 whiel s significant at the 6,12
lewvel,

SR

was ko

staneiels,

The test of the ardination ax a whale is that it
approsiinates the interstand distance velationships in
the matris af cocllicionts af community.  For any
individual  axis, addditiomal  assurahee s
tecessay that it has contriheted new aned meaningful
separations of the stuteds, X ecarrvelation test was,
theretore, applied sinong the stand loentions af the
3oaxes,

hawever,

Stand loeations along the x and v oaxis and
along the v and v axis weve found fo he miearrelatod.
Stamel Tocations o the 8 and 2 axis were, however,
correlated b the 377 level, though not at the 177
level, Tt was, thorelore, possihle that the 2 axis ve-
peated, i part, information previeusly cevenled in
the s axis. It was deeiled that this repetition wus
not sufficiently great to justify discarding the » axis
tor the following rveasons: (1] As will he deron-
steated, the 2 axis showed nieaningful separations of
species widpaint locatians which weee nnt availahle
G peevions axes, (2] The x-x sprecies distribution
patterns in Figs, 4 & O showed little tendoney toward
a linear avvangemont which would vesult if the sxes
were perfectly caveeladed. (3] GF 10 enviranental
teilstubenents wore fested with each axis, 7
wore correlated with the x axis, hat, of these 7, only
2owere also covreliafed with the 2 axis. One of these
twa eorrelatians was al” o ratio which had o different
hasic an fhe 2 axis than an the ¥ axis.  There was
alsa o envicamnental feature which eorrelated with
the 7 avis, bar not with the s axia

whieh

The third test of ordination vilidity = whether
the s, v and 2 axes lead to a vandornization of stund
lacation,  Sueh o randomization would ohseure any
differences in species ar eovivanmental hehavior, Tt

Upraxo Forest CoMMUNITIES OF SOUTHERN WIsCaNsIN
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i appurent that if this were the cuse, then the species
widpeints on each of these axes, as shown 1 Tabie
4, would have heen i the sawe loestion, which they
Aoyt ave not. A random unordered stand arienta-
tion wauld probably also vesult in few or ne environ-
mental correlations, hui ax seen fran Tahle 7, this
daes nat happen. Hvery envirotmental Feative is
correluted with at least one of the nxes.

Tanne 4. Laoertion of spocies widpoints an ording-
tion axes.  Midpaints ave mean axis leentions of dowi-
tzee values aud represent poiut at whicl species reacliog
its aptitnwn jmpartaee with respeet to size.

Species

Q'!LH}‘CU-S Racracarpa .
Guercws vefutina. ...

Carya gode. ... X .a
Prunits serotina. | - : 5 L
Quercus alba, ... .. o 7 1.4
Chuercus borealis. .. b 2.7
filmus amerieana. ... . . 3.5 41.9
Popuvlus qrandidentata. C f.4 40.4
Juglans wigra. ... . 0 45.4
Ostrya plrginiana. ... ... .., A 9 5.4
Frawinus americana, . .. 1 Ao 4305
Juglans cinerea. . 4 1 437
Carya cordiformis . 3.6 427
Tilia americana. ... ... ... D 4.9
s rubwe. ! I R 38.13
Acer sacehariem .. ... .0 B854 0 405 15.8

The determbition of speeies wmidpoints referred to
ahave wis inade by finding the mean quantitative he-
huviar (in this ease, ahsolute hazal avea per acere) in
cach of O equal gradient seetions, weighting the
mean value by axi= position, swmming these weighted
vilues, and dividing hy the sum of the quantitative
hebavtars, These widpoint valies far dominanes per
aerve are shown in Tuhle £ They indieate the point
at which enebl specios reaches it aption hupartanee,
at deast with vespect o size.

The differing relationships af  speeies with oach
athier alang the 3 gradients ean he <een frone Tabie
4 Alang the x axis, for exanple, Adeer seeehartm
sl s vihiva vevupsy alinest adentieal prasitions,
atel hath are sepavibed Frown Gstega vivginicin hy
vver HE units, vet, on the 2 oaxise deer and Flsues
ave separvated by over Whunit=, while Jeer is less than
2 units distant frow Gstrge. Rimilarly, Elwns
americand il Gurerens harealis whicll are less thun
4 units distant on the s axis, are separated by aver
I8 units i the v oaxis, while Juglaus wigra and
Oxtrgec vivgidiona which are 11 units apart own the
X oaxis, are separated by 6.0 and 7.0 muits o0 the v
andd 7 oaxis, vespeetively.

The distanees botween the hasal drea per acee wmid-
points of the species is shown, for 3 ditnensions, in
the upper-vight of Tahle 5. This table ean he used as
a basis for o spatial ovdination of the speeies which
s eomparable to the patierns presented in deVreies
(19047, A drawing of sueh an ordination with mid-
point lovatioms the same as on the 3 axes of Table 4
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Tanre: . Speeles ddpoluts—interpoint  distances

the distinecs hetween the dominauee midpoints of speetes i Hiree

J. Roger Brax axp J T Corris

i theee dintensions,

Feelogie |] \«i(:l:m\l wpha
Na 4

The
dimensions.

table shows
wheather

upper-right of the
The lower-left indicates

therve was greatest sepavation of midpoints in the first, second, or thivd dimension.
! i ; i
i . | Qb *L 2 T’,g. Tu. Qv |Fa | Je. As.
R N , o i R —
Quercus macrocarna. o041 D64 !1?,3 19.9 |25.6 131.4 133.2 7. 5
Quercus reluling. G2y 177 18.0 12000 23.7 131.7 131.6 46 A
Caryaovfr.!a........._...§ L 11 i | 2.3 | 6.7 [18.4 22,3 |26.5 [ 46 . 3.1
Prunus sevating. .0 1 1 ;2 ? 1.8 [16.6 |22.0 |25.1 34, .8
Cheercns alha .. .0 1 1L 1 [ oo 1223 1B LR 2005 Bl 1
Guerews horealis . I I‘I I 3 13 13 R . S DR | 24 3
i lmus gmericana . I i1 111 22 Lo g 19 .5
Populus gmnduienmm Lyl 3 03 3 i3 ] . 17. 4
Juglans nigra,. B A B S 1 6. 3.0
Ostryavirgisana. .0 1 1 11 11 f1 o2 12 12 10 2
Frozinus emericane. ... .0 1 1 1 1 1 1 | Il 8. .2
Juglans einerea.. ) L 21 0L | I ;1 O . .3
Carya cordiformis. ... | 1 1 11 1 [T | 2 5
Tilie qeericona. ... ...0 L b b o I | T . .7
Lilmus rodira. . o (O | i L1 IO Ly K
Acer sqeeharum il il il o1 1 i 1 i1 | 1
: i : ) !
tion on the v or 2 axix than on che x axis. These
sepalations, inowauy eases, complewented the vesilts
of field observations, and gave iudication that a hio-
lagrie interpretation of the weaning of the axes might
he possible.
The Bovwae Yanunry of tHE ORDINATION
The avdinatiou, therefore, by the wse of a technique
Y which is apen to wodifieation, guve one (hot certainly

H. Phree-dimensional dreawiug of the eelitor poind

helreior of tree speeies. Deter-

B e
loe:tions of domwinnnes

inination of center poiut loeations cxplained o text.
Paotut on frame closest to reader s lowest walue for
all 3 axes. The  twclitionnl position of  the  xes

was chartgred boo peevent e Tiding of  sone speeies in

the drawing.

i presented in Mg 800 Bath the npper-right of
Tabte 3 and Fig. § show ecommunity relatianships of
species by suggesting an estimate of the relative
correspondenee of  thetr stand loentions:; the less
distant 15 the degree of midpaint separation, the
wore likely are the species to ocewr in the same
standx.

The lower left of Table 3 lists the axis for each
st pair on which there the mreatest spatial
separation in their dominanes mddpoint Tu spite of
the greater tmpartauee of the x axi=s (with a masinuwn
distance hetween midpoints of 52,1 as eompared to
2L0 and 2009 for the v and 2 axes), there ave 33 of a
tatal af 120 stand paivs which give o greater separa-

1=

not the only possible) approsiwation to the infornu-
tion an stand similavity m fhe natvix of coofficients of
contniarity. This approximation was made o 3
dimensions which were demonstratod to give spocies
locations il envivanmental correlations which were
tnon-randam and non-vepetitive,  The ultimate test
of the value of the ovdination s, however, o hiokogie
one, and suecoeding disenssion will attenpt to utilize
the ardination in exatniving the nature of the eom-
wanity and of its factarial relationships,

The views of spocies distrthution in Fies, 4, 5, and
G ean he used an cereating o weutal jmage af the
spectes as they appewe in three dinenstons, an buage
which will veveal the sime effeet as that of the 3 di-
wensional pattern in g, T Vreon these visualiza-
tions and from Fig. 7, it is evident thaf oucl spocies
shows all ar part of an atnesphoerie distribution,
that is, ane in which there s an hiereasing eomeentrs -
tion (nunther of petuts) and itnportanee  (size of
poitits) of the species as the conter af the distrilution
5 reached,  Away from the econter, the decrease
muthers and stzes of the paints 1= nat abwavs uni-
torur fnoall diveetions but the species distrihutions,
nevertheless, suggpest that av idealized  distrithotion
wauld show o eoncentration and size aof points di-
tiinishing eutward i alt diveetions from o dense
center to an arves heyond o sparse periphery where
the points va longer occur.

An atwospherie distribution is a tornt which ean
he expected fram an extension of the frequently
expressed coneept of weologie amwplitude inte nore
than 2 duimensions. This concept postulates a mini-
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Tanny 6. Envicoumental nensurclwents by stands, Aversge eanopy  estitmates  fraw o nunther aof  stitions
within eaelt stad, Bail awalyses from pooled =unples of 3 vandow colleetions of the A laper i eaelt stand.
Nutrient values fu pounds per aere at a soil depell of 7 ine W.R.CL ix wator retaining eanaeity: OM is orgauie
tattor,
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winin, optitnunt, and auaximmne bebavior for oach
species in relatiom to the dynamies of eonpnunity
structure, and has often heon demonstrated in 2
ditenstons by eantour-shaped {(“solid noval™) pat-
terres arel i one dimension by hell-shaped (“nornal™)
patterts. Tt ean he shown that a compression of an
atmospherie distribution into 2 dimetsions will give
cantaur-shaped patterns as shown in Figo 3 and in
Wicdewnnm (1929), Ranenzky (193073, Pogrebrijak
(18a5), and Whittaker (1956} Further compres-
sion into one dintension will vield the bell-shaped
patterns domonsteated i the original liear treat-
moent af the upland  forest {Curtis and MeTntosh
1951}

Fig., 6, which shows species patterns stnilar in
foarm to the two preceding figwres, denwonstratos the
releviiiee of the ovdination ta the entive plant popm-
Iatinne ol the uplamd bavdwaods. The
i Figs 6 welude all of the winar tree spoctes for
which acdogquate data were available and an unbiased
Although none
of the species in Fig 6 eantreibuted ta the placement
af =fands in the ardination, thev, nevertheless, show
the =owe atwosplierie disteibutions outlined  ahove.
The ahility o the ordination ta give weaningful
thitterns fo spectes not wsedd 0 1ts construetion s

S| e

selection of shealy and herh speeies,

votidered s hoth o bisie test of the usefulness of the
ovdination and g~ o demonstration of the Fea=ibility
af wradient eanstrnetion by the consideration of less
tlian the tatal =pecies comnplement,

Fis 4 thrangl 6 <how eneh speeies fo have an
weltvudual pattern, different iu size aned  lacation,
lthough Taivly similae o shape o these of other
species, The distribution and the velationship of
the patterns within the ardination = elearly one ab
confinuous variation, as wis previously dewarstrated
i the hnene cauttnuum o Curtis and MeTntosli.
The =pecies used in the orditation, as well s those 1
1Pt i whikeh after the
wits et pleted, ean e deserihed, therefare, as having
partterned, not-vandom distethutions within the poee-
serihed geogriphie, environmental, and phasiognoniic
liids at the studve Baell of these  distributions
troves autward Cronn contral arvis of high denstiy to
peripheral areas o sparse density, and flis wmove-

Wt exatned ardination

ettt coveals alone 1,20 ar 53 ditensions eorrespottd-
i hell-sla e, atimo=pherie
Fael spocies Tins oa separate avea of
within this distribiution 1=
mterspersed  fo virving degrees with other speeles

contour-shurped,  or
clisterlint o=
leresttinn, s HYECTRY
distributions =0 that there i= 0 eontinuois= chawee m
statel cotposition: Team any pact of the ocdination
to anyv ather puret.

The alive deseription supparts, ta a laree dearee,
copelusions fromr work completed a0 diversity of
geagtnplie tewions and vegetations,  ineluding the
studies aof Gleasan (126, Varohvoy & Pogrelijok
R3O, Hamensky (1010}, Sivenson (1948], Sidrs
{100, Curtis & MeTntash (1951, Whittoker (193179,
deVieres (1053}, Goodall (19540, Guinoehet (19343,
Webly (1054, Chaveelull (195357, Honkaw: & Okutona

J. Rocrr Bray axp J. T, Curris
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(1955), Poore (1956}, and Hewetson {1936). Tt is
suggested that evidence for the individnalist theory of
speeies distribution and for the eontinnn nature of
comtuunity stroeture is now sufficiently campelling to
require studies concerned with cimnmunity steneture
to exauite the rvelative confinuity or diseontinuity
of their material and to wse (uantitative nethods
whieh will permit this examination. At a mininum,
the examination would indude a =mpling of at least
one analvtie character in a sufficient numher of
statuds to allow comparisons of guantitative compo-
sition. TT an appavent grouping of stands into o dis-
crete nuit (oo assoention, ctel) Is saspeeted, then
thix unit shauld he tested against samples of velated
vewebations ta determine whetber there are separeate
groups of stauds with a eertain vange of variation
within caeh gronp, o whether this vociation is great
enaugh to ahseure the hanndaries hotween the groups.
[F the litter is teue, the application of ovdination
thethods s neeessanrv. A veasemable appraach ta the
treatment of phytesoctoloaic materinl ahaut which
litele is known might be to ehieek carefully the homa-
weneity o cach staned, and thew to apply an ardination
teclivigque. Tf elwnps af statuds ave showw along the
vesultant gradietts, it would then e possible to regued
these elunips ox castes (associations, ete} and defer-
mine the suitable parameters neees=ary far the future
classification of cael ecaste,

One reasan for veesamining the upland hardwoad-
ot Wiseansin was the diversity of interpretatians
which varions readers gave the orviginal paper. Thus,
sante correspondents questianed o the liear ean-
tinuwm wis nat o statistieally sulvaneed restateinent
af sueeesstan, while athers (Tovikawa & Okutonid
1990) regorded 1 2 0 demonsteation af celafions=hip=
which were independent of  suecessian. The con-
trnous ecotmpeeitfianal varviation which wis denon-
strated  was o at bes astned o oapply o spatial
transition as =ecen tn the feld {Choeelidll (955}, as
contrasted to theoretie varintion v the strieture of
cotnntitios  regardless  of  their nderageagraplie
relation=lips. To chavifieation of the above interpre-
tations, 18 should he ovident From the present study
that  the ardination are  prely
eonupesttion] aned cinnat necessartby be direetly po-
lated ta Dietars or to conploxes of tactars,
sional change is only one Ao ey sl Foreos

dinwen=ions of the
SUeees-

whiely have stuped the speeies distribetion patterns
of Fies 4 thraugh G0 The dinensions vepresent an
approximation of  the  chatges i eonpositonal
~trueture whieh e present within the eanounity
el are not spatial teansitions ax they extst i the
field, althaugh, as noted by Gleason (1926} and as is
evident to vy feld warkers, there arve often natural
dredts wheps the sulient features o o continnun ean
ho o abserved,

Tk Narrry oF THe (IRADIENTS
ttoas likely that the degree to which there are
sepavitions in tmore than one dimension was in part
depetdent upon the qualifications used to differenti-
ate the cotnunity initially, Iad sufficient knowledge
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beett available hefore the study was hegun, it might
have heen possible to chininate those stands from
the study which had relutively poor subsoil dreain-
age and ope of the additional dunensions might,
therehy, have heen eliminated.  On the other hand.
had there heen an exparsion of the data o inelude
poorly drained forests aud those subject to inunda-
tion, then o wore canplete picture of the southern
farest as u whale eould bave heen given. The view
of Ashihy (1948}, that the mwost lmportant aspeet of
contnnnnity stwdy 4 the ormginal delineation of the
sty avea, 15 very applieable to the present sfady,

Ax previously noted, the 3 of  the
arditation represent emupositional  gradients which
sare not likely to he relafed to any single eausal
azeney.  The prohahility fhat  every  Faetor
cot=tut influence on the stracture of o <tand, and the
itnterrelated  nature of  hiotic and physieal faetors,
probibits the identification of =ingle enusal necha-
Tee =pite of these limitations. however, cortain
over-all patterts are evident in the 3 axes, patterns
wlidele relate to Deaad hio-physical complexes and o
bistenyv. Tt s notewartly that sawme of these patterns
af sprecies e of enviranimental features had not heeu
stspeeted hetare the applicatioun of nultiduvensionat
toehimiegue,

Thus, in general, the s axis duplieates the original
tear eontinuin of Cuvtes & Melntosh and shows o
cotHes o condition= which melude pradients from
ta leht tensity aned
ordient= Mram lawer fo higher =oil

dinension:s

I

N,

evapnvition,
neaisture ol
relative hidity, il grdients from mare to less
widelv fhietuating =ail el aie temperatnre. The
atder ol species alung the x axis s hasieally cdefer-

higher e

raliieel by s over-all Tineare divection e the vy
patths b econvuunigy developrroent within the upland
Forest. These padhs Toallow a0 netwark ol snecessional
patlern= which are mainly velited neither ta prinaey
nar seeabdary stueeession but to recovery from past
This «isturhuteee, o tle Torm of e,
recuced the Tarest o oy pliees taoa savae o
larrens condition in which there were seottered oaks=
sl far Iewsle aned {Cattam 19490 Bray
POOS]. Lhortug: this the terningl
specics whitelt were alsa the wove five snscoptible,
were veplitced by Less terminal aned by initial species

drstirbites,

aitk R &

reduction, IR

which were the least five snzceptible. The eoinei-
denee  that  Ghaterens meaeracarpr 1= hoth the wiast
iitial aeed  five resistant speeies, amd that o feer

seeelirmn = the iost terminal and fire susceptible

Tanne 700 Envirmanental correlations with  theee

werler refaining eoguueify s (LML s orgunice

coreelition.
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species, sugoests that the ultinate explanation for the
camposition of 2 forest stand in upland Wisconsin is
largely an historie ane.  The longer o stand has heen
free of fire {and other disturhaiee forees) and the
more favorable the huabitat in whicl it oceurs, the
wore likely it can develap to a wple-hasswood
forest.  The x axis shows, therefore, nainly the
velationship of the conmumity to major past dis-
turhunce factors and to its own develapmental re-
covery from these factors

To exmmwine coerelations with phvsica]l wepsure-
menks af the environment, a cheek was wade, using r,
the correlation covfficient, of all available envivan-
ental dafa with cach of the three diviensions, The
vesilts are shown i Table 7. Since hoth environ-
mental data and stand locations showed approximate-
v novial distributions, the significance of eorrelation
wis  checked  with the t test v exenining the
hvpathesic that correlation (g1 =0, The vilies in
Talile 7 ave the prohability that s=0, and that there
is, therefare, no correlation. Thas, a probahility of
< MO ix a hasis for rejoeting the hvpothesis and is
cansiderved w lighly significant covrelation. A value
of <00 1= considored o significant caveelation, while
valuos of .05 ave considered to reproseut na signifi-
cint eovvelation. By the shove interpretation, for
example, pereent eitopy is posttively correlated with
the x axis at a0 highly signitieant level, while it ix ot
covrreluted with either the v oar 2 axis,

The values in Table 7 slhow o highly stgnificant cor-
relation between peveent canopy, depth of AL, orgunie

T
matter, P, Ca, T2, --—-—--T-,-l--eln:l the x axis. Water re-
K

Bty enpateits, Wooand
correlated with the v axis,

NIT tof,  however,
At exaniination of the
vilues in Table 6 indicated the vegovits af the fea-
tures related to the x axt=, were positively correlited
with eueh otbwer. Tt 1w Lizhlsy praluhle that theso
correlations represent the wensured aspeets of an
ierensitgly wesie enviranment whiele aeeotniany the
sieeessional recovery of the fovest Trame st dis-
turbinee. While only s geneval interpretation ean he
miade of this recovery ab present, it i< elear that the
dvitnnies af faetorial intereelationshipes along the x
axis offor o hrand aren

fl‘

e

Tar Muture presearel,

e v oaxis secins to be carcelated, in part, with the
ifluenee of surface and sub-snrlaee deinage, e,
with a0 soil

canseiently, molsture  coamplex, with

internal soll aie spaee and acation probably alse

WOl s
thiere s

il

thot

ixes. AL Is depth of A

hady af table arve the prabahility Lt

Peveent

Chanop A pH 1 WO - S NH, - OAL
Sl 0 0l 505 b <00l 505+ <00 505 4 <.0) | 4 <000
Yoo P =15 =08 0 + <000 =015 ER (i .00 4 <01 =05 = .05
- T =085 .06 [ =08 =41

N

~ <05 505 1 + <06 1 + <.01
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The 3 tree speeiex with idpoints to-
wards the lower ond of the v Tuhle 4 are
Frarisis flimes amerierna, nul Ofrya
viegidicna and arve, of the species oceurving in the
wplaned Torests, the nast toleeant of poor drainage
and acration. Specles which are Found towaed the
upper ed of the v axis ave predaminantly oaks, such
as Cherews borealis, 30 allbia, @ wiaevocarpa, aml 4.
relatineg, whivh ave intolerant of mundation and paay
aeritkion,  Spesies with nidpaines fowards the center
of the axis, =weh as cdeer seeekarvim, Suglans wigre,
{hwees macha el Clerrgper eavefifovimis are mesie .‘-‘.p(‘{"itl..‘-:
with an intermoediate taleranee of poor dratnage and

inHuential,
AXIs T

RTINS

aeration.

Twa envieontoental features, WL aud NI show
i highty significant pozitive cotvelation with the v
axts. Water retaining capaeify b= vepresented with
its highest vidies occurving towsvds the upper end
af the axis asswined ahove to have the hoefbor interil
deainuee, The atomaly of igh W.ILC, wssociated
with good drainage s pethaps explained by the dif-
Foretiees 1 past bistory of the stardds olang the v
axi=, [0 was fownd that W.RO. s a0 siendfieant
wegntive eorrelation with depth of the Ay fayer. This
correlation = apparentls reluted to the cireumstanee
that stands with high water-retwining capacitios have
i osharply demareated boundaey hetween the A and
o Lvers, while the apposite stonds tend to bave o
diffnse hopndary, with the oveunic matter arvadually
deeroasing inoamaonnt, These dfferences vepresent
freds towards oy litms atel tepieal podzals on the
one baeed aned woll hinoes and geay-hrown podzolic or
hrown Tavest =ails one the ather. They probahly ve-
flect st bistory to the extent that stands at the
wpper et ol the v axis foor hoaos, bigh WR.CO)
lve  heeir oeeupied by mixed  coniter-lunrdwaond
Carests o nare reeont postalanetal tones than stands
at the iy have  develaped o
sivanlas ol geisslands with a0 deep laver of ineor-
porited  hnus,  Substantiating  evideneo for this
seenin the disteihution patterns ot Dierrilln
(ranediera Meticessthenitimn

ather eed, which

WLk
fengieera, prithieseens, bt -
devse . Plevidivm aquilinese and Pyprode ellipice which
elosely natehied the disteihation of the bicher values
of waler vetaining eapaeity. Al of these species
cwrrently veach thetr optimum in the conifer forests
alf nuethern Wiseansin and are only ineidental wem-
hers of the southere Corest nnder diseussion. The
neeans WUILCL in o stands o which 3 or more of the
above species oeeurred in the quadeat samples s
103 s compared tooa mean of 78 for the remnaining
statteeds,

The strang  pasitive careelation of NH, with the
voaxis s ot eelated to pll <inee these twa features
show o earvelation with each ather.  Theve is, how-
ever, s likelibaod that the N1, correlation Ts, in patt,
contralled hy the soil moisture and aeration complex
disessed abuve in relation ta tree distribution.  The
asstiiieel poorly aerated sails towards the lower part
of the v uxis have, perhaps, a rvelatively  higher
prroportion of detuteifving hacteria. With an in-

Eealomical Monogeaphy
Val, 27, Na. 4
eregse in interuad dratoage and in soil oxvgen along
the ¥ axis, theve is a propovtional inerense in pitrify-
ity hacteria and, thevefore, an indireet inerease in
NI The w axis, therefore, appears to represent
a eomplex of tuternal zail drainage and acration
factors which is coineident with a oliseral Listorie
fuctor refloeting post-glacial vegetationul changes.
The 2 uxis apparently cepresonts, iu part, the
influence of yecent distucbaaiee, witl speeies which
henefit. by disturhance heing separnted Crom the
species with which they are proximate an other axes.
Both €arye vrate atd Prwwns sorative at the lower
el of the o avis ave gap phase species (Watt 1047,
Bray 1956Gh) which take advantige of oak wilt @ayhs
and of prazing woinitial favests.  Papnlas grandi-
dewteata ix atother gap phuse species and is tound
towird the upper end of the # axis.  Tts ahilite to
etiter areas opened by five has long been noted
{Chamberling 1877) and observed in the tield, #Fes
atil ta extent
appervently do well inosone disturhed  internediste
areed vcarhy terminat forests and, as 0 pesulf, are padled
away fram thele proxinity to Aerr saceharum to
which they ave elosely adinecnt an the previous axes,
Gieerens albea e Queerens barenlis are sepurated on
the 2 axis booa grestor extent than on the x or v
axes, o osepavabion which might he velated ta the
abiliby of red ank to inercase i tnpottanee
waple-hisswood  Forests which have been huened,
Forests fram which white oule hud heen etingnated
catlier by suecessioual developents,
The vatues in Table 7 show 2 cuvirantental feu-

NI lesser Carya vardiformis,

tures, T, LML, and i(Ti_lﬂtn he eorvelated with the
axis. Potussiuin shows o signifiennt negstive eor-
relation which niight Be volated to wmount wnd content
of lowvss, 1 that K s ehavactevistieally high iu foessial
soils i the Middle West anqd towsirds the
uppet et of the » axis night have an inereasingly
shallow ar absent loessial laver. The highdy sipuifi-

st

"y

.. . A | o1
ettt posttive earrelation hetween the |'uhn---------I-- - iniel

the 7 axis s ilosteated by values which nore than
double fronn ane end of the asis to the other.  This
carvelation = the vesult of 2 (4 content whieh is not
corveluted along the axis caupled with the decreasing
K conteur noted shave,  There is, therefore, a ean-
Along the x axis there

sequent inercase tn the vatio.

1Ca

1= sl s b

‘a covrelation, hut it s produced by an

unearvelated Kocontent whivh is seeonpanied hy an
increasing  Ca content.  No o conuection s directly
apparent hetween this ratio and the growth of
plants altheugh it may vefleet amwunt of available
K. Thus, availahility of K is considerahly decregsed
with increased Ca. if K is tending toward Tow levels
of fertility Lotz & Clandler 19463, Soch low
fertility levels are possible in the decreasing K eon-
centration along the 7 axis which is aceompaniod by
a unitormly high Ca level. A similar non-availahility
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Contgur lines in the Wiscansin ordinations are

Pominance salues at this level in sy, bnoare as follows: Adeer

sacefteerim 12,000, Carga cordiformis 400, Quercus alba 8,500; Quercies borealis 11,400 Quercus velufina 6,-

anes Filia americdna 3,700,

ot K correlafed with the x axis is not as likely,
sittee the non-correlated K concentration along this
axix thedieates there is no ared where low K ovalues
are consistently found with high Caovaloes.

The reasans tor the signifieant positive 2 axis
correlation with argurie ntter are not readily ap-
parrent. The overwhelwing prohability that all the
wensured cuvivonnettal factors plus numerous non-
westsured Faetors are interacting with cach other and
with hiotie forees, and that plants are responding to
the intecaetions eather than to <ingle factars indi-
cates that attempts to pinpoint the axes too closely
are doowed to Tailure.

The diffleulty of assigning definite factorial mean-
ings ta the ardination axes is further emphasized
v i cansideration of  Fig, 4. This represents w
contparisort of  the  two-limensional  hehavior pat-
terts af a series of tree species which ocenrred in
the Wizconsin study and also in Whittaker's 1946
analysis ol the Great Smoky Mountains vegetation.
The spectes of Tilia are slightly different in the two
rewions,  The patterns on the (Great Smoky graph
are taken fram Whittaker's Tley
partray cither the 109 contour of speeios density ar
the highest value attained by the species iF it was
less than 102 and thus represent faverahle or opti-
o cowditions for growth. The patterns on the
Wiscotsin graph are the eontours of the top quartile
of duntrznees per The absalute Tevels in
squate ichos per dere For this 759 level are indi-
cated in the logend of the figure. This nay seent an
unlair camparison sitee only seleeted  eonfours are
nsed, but a study of the foll set of curves in Whit-

HORILOEE IS,

dele.

taker's orviginal graphs in velation to the full dia-
grams for the Wiseonsin data anly strengthens the
COLLPRTISOT.

With the exception af Quercns alia, the patierns
in the two graphs ave vemackahly similar, espeeially
it the axes of the Wisconsin wraph srve rotated
shghtly to the right. The exaet meantng of this
caiticidences is not clear. A relationship hetween the
x axis and Whittaker's  maisture  gradient  seeps
reasotable  enough, bhut there is no inuoediately
evident, connection hetween the factors wsually as-
suciited with elevation and any possthle interproto-
tion of the 2 axis.  All of the stands in the Wiscon-
sin study were within o few hundred feot of eaeh
ather i elevation atd did not differ signifleantiy in
averige temperafive as menstered hy vearhy weather
statiors.

The sitmilarvity fn speeies distribution patterns be-
tween Wisconsin sid Tennessee  sugpests that the
hiatic tarees within @ community bave a high degree
of  howmemstatic stability in their interaetions with
other eansal agencies.  Sueh stahility = a0 leatine
of the dyvnamies of open sostets 0 whieh. althaugh
a wide variety of faetorial configurations way exist,
there are appacently only a lhnited namber of svstewn
structures which ave possible,  To biotic communities
i Dimittation in structire tiedns eneh species s con-
fined ta a definite comnutity position in relation ta
nthter speces with the unlikehoond that all conhina-
tions of species can oceur. Tt is the limited nunher
of stand ecompasitions which permits the application
of quantitative methods fo conmnumty elassification.



146

Forriner Uses o THE (JHDINATION

Although the main purpose of the study was fo
investignte the phytosociology of corumunity structure,
the ordination vesults ean he used ax a basis for
further researeh and for investigations in related
fivlds.  The value of the oviginal upland hardwoods
continuum in animal ecology (Bond 1953} and in
plant ceology (Tresnor, Backus & Curtis 19545 Gil-
hert & Curtis 1853; Hale 1955} has been demon-
strated. The construction of additional dimensions
shonld  Faellitate anyv further wark which is done
hy providing @ more cowplex pattern of conununity
structure. Thus, studies of Life histovies of individual
species . he given an oxaet comrunity background
agminst which to eavrelate those changes in the
morphalegy, vitality, manner and means of dissemi-
nation, and porbaps txonomy and phenology of the
species whiel arve deterntined by differences in con-
ity compasition.  Other important phrtosoeiologie
Festtures whiech ean be direetly velated to differences
cotntnunity straeture arve (1) the distribution patterns
of spectes, both as to variation in popubation means
e inoneinuer of dispersiot, s detnonsteated in Whit-
Tard (1940 and (2) the variation o inferspecifie
assoeiation relationships=.

The vature of the eausal role of taetors shaping a
cantunity i oun wltiate goal in ceologye. The de-
terntination of conununity steietire, as wis sugaested
carlior, = perbaps o Key to these causal relationshins,
Goodalt {1934h) notes, “Tt is the hizh eorvebation
between different envicunmental factors that often
stggest= a deceptively sitople velationship hetween
plant distrihntion and the enviconment.  There is
e ta hie said For the view that the connplexes of
cnviranmoeutal Cietors determining plant distribotion
calt he indiented  and hetter  imdireetly,
thorongl the plants themselves, thin by diveet plocsieal
wensirentettsy this s, of eotrse, the idea hebiud the
tse ot “phviometers" inagrienltural wetearalogy,
atted the attentton devated to phevology™ By separat-
g nlike stavds along several different compasitional
atmdienis, possible exteenes i easal veactions ave
detertuined snd the loention of erneinl junctures of
ehitnge i1 camnity =struetire is possible. Blahavate
e expetsive fests enn thet be made at these fure-
taves whiclh would have been nnpossthle to apply to
the connnunity ax o whole, A Purther mterpretation
ol the southern upland havdwoods would then, per-
litpis, he able to demanstrate the tntersetive nature of
d oseries of faetors as they elimge the struebare of
the cotmmity and, tn tueg ave ehanged e their
oWl ex bession,

ttieased

SUMMARY

The velatiowships of A% stands of upland hardwood
Tovest i sauthern Wiseor 1o woere staedied by nseans
Guantitative nieasnre-
ments of 26 different speetes were used as the basis
af the ardination.  These 26 species ineluded the 12
tmast ihiportant trees and 14 herhs and stoohs, The
quetntitative elreters used  were ahsolute density

al o new ordination teebnigque.

J. Roorr Bray anp J. T. Curtrs

Ecologizal Manogranhs

Vol. 27, No. 4
per acre and absolute basal avea per aecre for the
trees and simple frequeney for the herhs and shiubs.
Thesze measurements were arvanged on a “score’ shect
for each stand after having heen put on a eomparable
andl relative hasis. The degree of phyvtosociologie
similarity of any stand to caeh of the other stands
was assessed by Gleason’s coefficient of ecominunity.
Such eoefficlents were ealeulated for cach staud with
each other stand (1711 values).

Tt was considered that the degree of similarity of
two stands as shown by their coefficient could he
tramslated into a spatial pattern in which the inverse
af the coufficient was equated with linear distanec.
Using wroups of stands which were least similar as
end points af an axis, the relutive positions of all
uther stands were Jocated along this uxis by a geo-
metvie technigque of ave projection, with the vadi
af the ares given by the inverted cacfficionts of siwi-
lavity, When this was done, it was seen that some
statids were equidistant from the two end groups
bt nevertheless were themselves unlike, Using the
wast distantly related of these, o seeand axts was
erected hy the sume pethod as the first. The position
of all stands on this new axis was then determined.
Further twspection vevealed that o fow stauds were
abaut oquatly spaced hetween the ends of both the
new axis and the flest axis butf were stilb dissimilar,
These were used to praduce o thivd axis. The three
axes wore ab vight angles fo eaeh other, =0 the posi-
ticns of aby given stawd an each axis could he pro-
Jeeted to wive o threc-dimensional loeus Fa fhot
stand. When all stands were thus located iu thyee-
dimewsional  spaece, o highly signifieant  eavrelation
waus Found hetween theiv aetnal, measured spoeings
and  the oviginal  coefficieut of  conunuuity valnes
hotwoeen then.

Giiven: the framework of the spatial distrihotion
of the stauds, the hebavior of Dudividual species was
veadily exnmined by plotting o weasured phytosoei-
ologie value of a speeies at the loei of the stinds of
s veenrrenee, Tt was fornd that all spectes (lnelud-
g an unthinsed selection of these 1ot ased in the orige-
ital 26 on which the ardination was hased), Faraed
aftwospherie distributions with high o aptivam values
iniorestrieted porvtion of the array, surroaded hy
decrensing values i adl diveetions. No two speeies
showed the same loeation, Bt ouell was ittbers]iersed
ta varying degree with other speeies, in g cantinpously
elamnging patteri,

The three axes of the ordination are conpositional
gradients, mid their straeture is interpreted as nat
the vesult of 2 eau=al determination by the physical
enviroument hut of an interaction hefween orgauisms
and environeent, A preliiminary attempt was wade
to deserbe patterns of this tnteraction although an
exitet deseription remaius for future study, Thas,
the najor (x) axis appeared to represent, i part,
ratterns of developmental reeovers from magor puast
disturhances,  This recovery was corvelated with fea-
tures of an ineveasingly shaded atd weste envivon-
et bueluding eanopy cover and the following =ail
features: depth of Ay laver, organic satter, 1,



Getober, 1957

I Ca.
Ca, Py and - oo—.

K
part, with surface and subsurfaee drainage and with
soil deration aud it showed corvelation with soil water
retatning eapacity and NH,. The thivd axis was ap-
parently rvelafed to recent disturbance and the in-
fluence of gap phase replacement, and it showed

bl

covrelation with the soil feautves of K,i('ﬂ’
K
organie matter. The possibility that the axes wmay
have different interaction pattorns than suggested
ahove 15 evident in the similavity between the two-
dimensianal distributions of @ unmber of tree species
in the Wiseonsitt stunds and in Whittaker's Swaky
Mountain stawds which wore arranged along topo-
graphic and altitwdinal gradients,

The second axiz was related, in

anil
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