
Acta Botanica Hungarica 30 (3  — 4 ) ,  pp .  363— 402 (1984)

SPATIAL DEPENDENCE OF PLANT POPULATIONS

P A R T  2. A FA M IL Y  O F  N E W  M O D ELS*
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DEPARTMENT OF PLANT TAXONOMY AND ECOLOGY, EÖTVÖS L. UNIVERSITY, BUDAPEST, HUNGARY
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This p a p e r  a tte m p ts  to  show th a t  equivalence ana ly sis  belongs to  a  fam ily  of 
m odels, w here c e rta in  basic concepts an d  co rresponding  s ta tis tica l e stim a te s  p lay  a 
key  role in tra n s la tin g  propositions o f one co n stru c tio n  to  an o th e r. This k in d  of sem an tic  
tran s la tio n  is im p o r ta n t, because i t  g u a ran tee s  the  m ore or less unified t re a tm e n t  of 
such d iffe ren t b asic  phenom ena as d iv e rs ity , resem blance, preference, e tc ., im p o r ta n t  
in v eg e ta tio n  research .

V III. In tro d u c to ry  notes

V II I .  1 In  th e  f ir s t  p a r t  of th is series o f p ap ers , an  o p e ra tio n a l ex tension  of the attribute 
duality principle  and  a re la te d  m ethodology , called  equivalence analysis  have been o u tlin ed  
( J u h á s z - N a g y  1976). T he m ain  purpose of such  analyses is to  s tu d y  “orderliness” o f d if­
fe ren t k inds.

V I I I .2 As it  has  a lread y  been em p h asized , how ever, o rderliness o f any k in d  dep en d s 
on a n u m b er o f con d itio n s (e.g. due to  sam p lin g , ev a lu a tio n , e tc .)  to  a considerable e x te n t. 
C learly , several fu r th e r  aspects of s tu d y  are  to  be  clarified , w ith  special reference to  spatial  
processes (see V I I .). T he m ain  aim  of th is  p a p e r  is to  p re sen t a  collection of c o n stru c tio n s  
(m odels), rich  enough to  cope w ith  a t  least a p a r t  o f our d ifficu lties due to “ co n te x t-d e p e n ­
dence” , viz. m odel-dependence (see 0.).

V I I I .2.1 The p r im a ry  purpose of th e  p re sen t p ap er is to  show  th a t  even if  the simplest  
possible conditions a re  ap p lied  (e.g. binary  v a ria b le s  are used , classical p ro b ab ility  fields are  
assum ed, e tc .), several ty p e s  of a rg um en ts a re  possible to m odel d iffe ren t aspects o f s tu d y  
(like diversity , resemblance , e tc .). N ote fu r th e r  th a t ,  due to  s tran g e  h istorical reaso n s , the 
mutual interpretation o f th e  basic p haenom ena in  m o st cases is s till v e ry  d ifficu lt. (F o r in s tan c e , 
du ring  th e  d ev elopm en t o f numerical syn taxonom y , som e ty p e  of resemblance has a lw ays been 
“ o v erem phasized” , w hile  diversity  has been p ra c tic a lly  neglected  fo r a  long period .) T h erefo re , 
th e  seco n d ary  purpose  of th e  p resen t p a p e r is to  show how th ese  sim ple co n stru ctio n s are 
re la te d  in h e re n tly  to  each  o th er, form ing a  fam ily  (or, som etim es, even a system ) of m odels, 
w here th e  m eaning  of one m odel can safely be tra n s la te d  to  th e  m ean ing  of th e  o th e r m odel.

V I I I .2.2 T his k in d  of m u tu a l in te rp re ta b ili ty  is im p o r ta n t, because a t  th e  p re sen t 
s ta te  o f v eg e ta tio n  re sea rch  some “ semantic g a p s”  seem  to  he even  m ore a larm ing th a n  b e fo re ­
han d . T here  ex ists, fo r in s tan ce , a huge “terra incognita”  be tw een  sy n tax o n o m y  and  syn- 
m orphology  (e.g. p a tte rn  analysis). I f  we can  say  th a t  th e  m ost d ifficu lt and p e r tin e n t p ro b ­
lem s of v eg e ta tio n  resea rch  (such as a deeper u n d e rs tan d in g  o f succession and  d eg rad a tio n ) 
lie in  the interface o f  syn taxonom y , synmorphology , and syndynam ics , rep resen ted  b y  th e  in te r-

* See P a r t  1. in A c ta  B ot. Acad. Sei. H u n g . 22: 61-78 (1976).
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sec tio n  of Fig. 1, th e n  all e ffo rts should  be m ade  to  c la rify  th a t  in te rface  as in ten se ly  as we 
can . I n  o rder to  sh a rp en  th is  s ta te m e n t even fu r th e r , suppose th a t  we w a n t to  u n d e rs tan d  
in  th e  fu tu re  d e n d r o g e n e s is  [in te rm s of E rdős an d  R e n y i  (1960): a ty p e  of “g r a p h  e v o lu tio n ” ], 
w h ere  a  d e n d r ite  (say , a c lu s te r  den d rite ) changes in  space, or in  tim e, o r in  a  p ro p er sp a tio - 
te m p o ra l referen tia l system  (see Fig. 2). B ecause a n y  d e n d rite  (a topological tree ) is a c e rta in

Syntaxononny Synmorphology

F i g . 1 . The im p o rta n ce  of th ree  subd isc ip lines a n d  th e ir  in te rface  (see V I I I .2.2)

m
F ig . 2 . A possible dendrogenesis (see V I I I .2.2)

ty p e  of s tru c tu re , an d  because  a c lu s te r d e n d rite  re su lts  in  some tax o n o m ic  a lgo rithm s, th e  
s tu d y  o f a c luste r d e n d rite  belongs sim u ltan eo u s ly  to  th e  realm s of b o th  synm orpho logy  and  
sy n ta x o n o m y . Clearly, a n y  p ru d e n t in te rp re ta tio n  of som e dendrogenesis can  be m ade p os­
sib le, i f  these realm s w ill be p ro perly  in te rco n n e c te d  w ith  th e  th ird  realm  of syndynam ics 
(i.e. th e  “p r o c e s s in g  a s p e c t”  of th e  p rob lem ). A t th e  p re sen t stage of igno ran ce , i t  is v e ry  d if­
f ic u lt  to  answ er th e  sim ple question : a t  w h a t size o f p lo ts  a certa in  (say , m ax im um ) degree 
o f in te rco n n ec ted n ess m ig h t be expected  ?

V I I I .3 This p a p e r  deals w ith  p ro b lem s sim p le r th a n  dendrogenesis. and  has som e 
ca re fu lly  chosen o th e r  lim ita tio n s  as well (see p a r t  1; V III .2 .1 ; IX .;  etc .). O nly  m odels in te r ­
p re ta b le  in term s of in fo rm a tio n  th eo ry  are  u sed , a n d  b y  th e  concept “ in fo rm a tio n ”  is alw ays 
m e a n t  c o n tin g e n c y  i n fo r m a t io n  (s e n s u  K ullback  1959). T he term inology tr ie s  to  follow som e 
o f th e  best fo u n d a tio n s in  th is field  (e.g. K h in c h in  1959, R en y i 1962, A czél and D aróczy 
1975). T he a tte n tio n  of th e  read e r is called  to  som e rem ark ab le  works (like P ielou  1974, 1975, 
1977; O rlóci 1978a), a n d  to  a book u n d e r p re p a ra tio n  (F eoli, Lagonegro an d  Orlóci 1984) 

t h a t  a re  concerned w ith  several im p o rta n t p ro b lem s o f such m odelling in  ecology, or in  v e g e ta ­
tio n  research .

This paper is dedicated to the m em ory of prof. A. Re n y i, who had first encouraged 
die author to play w ith  inform ation theory functions.
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[A] IN IT IA L  F R A M E W O R K  O F C O N C E PT S

IX. Classes o f  concepts: basic concepts

I X .1 L et Q be a se t of p la n t popu lations (labelled  usually , b u t no t n e ­
cessarily  as “ species” ), Q — {qx, q2, . . . .  qt, . . ., qs}, liv in g  in  a r  top o g rap h icu m . 
L e t T j  be a set o f p lan a r sam pling  u n its  (plots) w ith  у-specification  (say , for 
sh ap e  an d  size), T ,  =  |tyl, tj2, . . . ,  tjg, . . . ,  tymj, to  be la id -o u t in  th e  area  
r ' ,  t ' a  T, tjg Cl r ' .  R y p ro jec tin g  th e  bodily  po in ts o f qt in to  x', an d  gain ing 
th e  p ro jec tion  set q[, q) C  x ' , th e  b in a ry  function  (an  elementary floristic  
func tion)  can be defined  as

‘ J g

I q'i П tjg ^  0 -,1 
I o, if  q- П tjg =  0, ]

(IX ; 1)

w here n ^ g =  1 is called  coincidence, an d  n,.y =  0 is called  incoincidence. 
[C learly , (IX ; 1) can  be reg a rd ed  as an event, like t h a t  o f  a B e r n o u l l i tr ia l, 
w ith  tw o e lem en ta ry  o u tp u ts . T he usu a l notion o f “ presence — absence”  is 
avo ided , because th e se  concepts shou ld  be reserved fo r special cases, like for 
“ presence in  a s ta n d ” .]

I X .1.1 F rom  a th eo re tica l p o in t of view, Q an d  r '  a re  regarded  as univer­
sal sets (sets of all important points),  w hile sets q[, q'2, . . . ,  an d  sets ty,, tj2, . . . 
a re  sets o f  sampling po in ts  by  w hich som e sta tis tica l re la tio n s  can be o b ta in ed  
(say , w ith  respect to  th e  D e sc a r t es  space, Q x Q ) .  I n  th is  w ay  of reasoning , 
qt Ç Q is a  universal relation (presence), while q{ £ Фц (coincidence) is a sampling  
relation, w here <ptj, cpjj d  Q, is the f lo ra  (or, flo ru la , i f  y o u  like i t  b e tte r)  of
p lo t tjg.

I X .1.2 Since e lem ents of T j  co rrespond  to  th e  e lem en ts  of th e  class (set 
o f subsets) Ф; , Фу =  {cpjl ,cpj2, . . . ,  cpjm),  th e  resu lts o f  su rv ey  sam pling  can 
be a rran g ed  in  a binary contingency table, to  be called  in te rc h a n g e ab ly  e ith e r 
an elementary table, [E T ], or a K j  (as in  p a r t 1., or in  X . an d  th e  sequel, if  
a series of such tab le s  is needed). ( IX ; 2) gives a v e ry  sim ple illu s tra tio n  of 
a n  [E T ], w here s =  4, m  =  8 , Q =  {u, v, w, z},

u 0 0 l 1 1 0 0 1 4
V l 0 l 1 1 1 0 1 6
IV 0 1 0 0 0 0 1 1 3
z ; о 0 0 0 0 1 1 0 2

l Г 2 2 2 2 2 3 15

IX  .2 I t  is fa irly  im p o rta n t to  reg ard  even such  a p rim itive  th in g  as 
( IX ; 2) from  th e  p o in t o f view  of classes o f  concepts.

IX .2 .1  For th e  sake of s im p lic ity , suppose th a t  we d istingu ish  now  only 
th re e  classes of concep ts. The class of fundam ental concepts (like set, re la tio n ,
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v e c to r , function, g ra p h , e tc .) consists of such m a th e m a tic a l te rm s  th a t  are  
a ll- im p o rta n t, everyw here  in  science. The class of methodological concepts (like 
sam p lin g  u n it, su rv ey  sam p lin g , a  s ta tis tic a l te s t ,  curve f i t t in g , etc.) consists 
o f  su ch  term s th a t  m ak e  w orkab le  (opera tional) fu n d a m e n ta l concepts in  a 
g iv en  con tex t. The class o f basic concepts (like flo ra , v e g e ta tio n , floral d iver­
s ity , in terlocally  ra n d o m  com position , etc.) consists o f te rm s  o f  a  discipline of 
i ts  ow n (in our case: v e g e ta tio n  research). W e reg ard  a  basic  concept opera­
tional,  if  it is resu lted  in  a p ro p er in te rco n n ec tio n  of som e fu n d am en ta l and  
m ethodo log ica l concep ts. (O f course, it  is perfec tly  tru e  th a t  su ch  “ descriptive 
te rm s ”  as fo rm ation  or h a b i ta t ,  m ig h t he as pow erful in  th e ir  ow n m ethod­
o logical place and  ro le as  o p era tio n a l concepts.)

I X .2.2 A basic co n cep t o f th e  o p era tiona l ty p e  has a d e fin ite  value, if 
i t  is som ehow a member o f  an operational fram ework o f  concepts. In  order to  
i l lu s tr a te  such a fram ew o rk , le t us set up  th e  follow ing series or ordered concepts:

<1) local vectors (row  vec to rs) of an  [E T ],
Ф .

<(2)> interlocal relations be tw een  row  vec to rs of an  [E T ],
®

interlocal dependence  betw een  tw o popu la tions of se t Q,
®

■(4) interlocal association  betw een  tw o  p o pu la tions of Q (o r, pairw ise com ­
parison of a ll e lem en ts  of Q),

® i

<5> interlocally s ign if ican t  association based  on co n d itions o f <(4),
@ ]

plexus graph , a ran d o m  g raph  w hose poin ts (e lem en ts  of Q) are 
in te rconnec ted  on ly , i f  cond itions for sign ifican t asso c ia tio n  are sa ­
tisfied  a t g iven  p ro b a b ility  level(-s),

® ,

plexus group , a  su b se t of Q, g enera ted  by  a clicque, a  s to chastica lly  
separate  su b g ra p h  of th e  p lexus g raph .

I X .2.2.1 I t  can  be seen a t  once th a t  these  concepts a re  rea lly  ordered, 
b ecau se  an y  concept is m ean ing fu l only w ith  respect to  th e  fo rm e r ones. I t  is 
t ru e  even  for <(1), for w h ich  th e  concepts of I X .1 give m ean ing  [i.e. arrangement 
o f v a lu es  of (IX ; 1) in a p ro p e r order]. N ote , how ever, th a t  th is  chain  of m u ­
tu a l  in te rp re ta b ility  is rea lized  because of (7 ),. . . ,  (7), a n u m b e r o f operations, 
or, a lgorithm s. (7) m ean s on ly  to  set up some re la tions on Q x Q ,  or, even, on

П

X  Qj. (7) implies th e  e ssen tia l no v e lty  of independence hypothesis, by  which
i= i
in te r lo c a l dependence is d efin ed  b y  such re la tio n s as ) ,  <Ç, e tc . (in general, 
b y  “  7* ” ). (7) gives a fu n c t io n  (e.g. chi2, con tingency  in fo rm a tio n , etc.) whose
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estim ated  va lu es  are  supposed  to  characterize  th e  deviations  from  h y p o th e ti­
cally  in d ep en d en t s itu a tio n s. (T) eva lua tes these  d ev ia tio n a l estim ates in  g iven 
conditions (e.g. a t  ce rta in  probability levels o f confidence). (T) sets up a n u m b e r 
of rules (in p a r tic u la r , if  th e  “ p lexus” is a coloured graph)  in  order to  m ake th e  
construc tion  possib le. F ina lly , (? ) gives some “ cutting algorithm” for a  stoch astic  
p a rtitio n in g  o f th e  g raph  in to  m ore or less separab le  sub g rap h s.

IX .2.2.2 O rd er an d  correspondence in  IX .2 show s clearly  th a t  such  a 
series of concepts and  opera tions is a lm ost alw ays needed . I t  is obvious again  
th a t  th e  h a rd -bo iled  dominance o f  traditional names , such as th e  d ev a lu a ted  
m isuse of ‘'‘'interspecific correlation”  for an y  k ind  of in te rlo ca l re la tions (even 
if, not r, co rre la tio n  coefficient, w as estim ated ) m igh t he ex trem ely  m islead ­
ing. N ote, fu r th e r , th a t  th e  ad jec tiv e  “ in te rspec ific” , in  a sense, w ould h av e  
been a ttach ed  to  th e  o th e r ty p e  o f re la tions (i.e. interflorcd re la tions); th e  
p resen t co n n o ta tio n  is due to  a  ra th e r  u n fo rtu n a te  co n v en tion . I t  is s lig h tly  
rid iculous th a t  attribute duality  o f [ET] is u su a lly  s ta te d  b y  m eans o f such 
dubious ja rg o n -te rm s (like “ n u m b er of species” , “ R a u n k i a e e  frequecy” , Q- 
techn ique , H -tech n iq u e  etc.) th a t  have no true suggestion whatever — in p a r tic ­
u la r, for o u ts id e rs , or beg inners — on the true nature o f  dual relations. (W hen 
th e  au th o r has re c e n tly  asked  a dozen of his friends, w ork ing  as applied  m a th ­
em aticians in th e  fie ld  of m u ltiv a ria te  analysis, n o b o d y  w as aw are of th e  
m ysterious m ean ing  of “ (1” , o r “ H ” ; one m a th em a tic ian  called  them  “ obscured 
free-masonic symbols  o rig ina ted  from  th e  pro to -chaos o f science” .)

IX .3 T his is th e  m ain  reason  w hy th e  a u th o r  has decided to  su b s titu te  
som e tra d itio n a l te rm s by  such basic concepts w hich a re , a t  least p o ten tia lly , 
ab le to  cope w ith  th e  d ifficu lties of in te rp re tin g  dual re la tio n s.

IX .3.1 W ith o u t rep ea tin g  th e  details of n o ta tio n  in  I I . ,  ( IX ; 3) gives 
th e  h ighligh ts, th e  sim p lest lis t of te rm s for an  [E T ], or fo r a  K j  of s X m  size:
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1 (3) flo ra l valences N i ni
Tlj STtl0 (4) flo ra l invalences

( IX ; 3)

I X .3.2 F irs t, n o te  th e  d ifference am ong th e  th re e  ad je c tiv e s : (a) “ local” , 
(b) “/ /o r a l” , (c) iif lo r is t ic , \  (a) an d  (b) is re la ted  alw ays to  som e row and  column 
properties of a  K j ,  re spec tive ly , w hile (c) involves a jo in t  relational meaning
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b e tw e e n  som e row  and  c o lu m n  a t t r ib u te s ,  s im u lta n e o u s ly . T h is  is w h y  K ,  
i ts e lf  (as  a  w hole b in a ry  d a t a  s t r u c tu re )  c a n  b e  re g a rd e d  as  a  b in a ry  r e p re s e n ­
t a t i o n  o f  som e floristic  composition, a n d  w h y  f re q u e n c y  d is t r ib u t io n s  ( l) - (4 )  
in  ( I X ;  3) altogether c a n  sa fe ly  be ca lle d  f lor is tic  marginals, o r, in  b rie f , / -m a r ­
ginals.  (N o te , f u r th e r ,  t h a t ,  mutatis m utandis,  a s im ila rly  s im p le  se m a n tic s  
m a y  b e  a p p lie d  to  su c h  a d je c tiv e s  as  “ lo c a l” , “fa u n a l”, “fa u n is t ic ”  as  w ell.)

I X . 3.3 U sing  th e  n u m b e rs  in  ( I X ;  3), f-marginals  a re  sy m b o liz e d  as (1) 
Vj*\  (2) v ^ \  (3) V j \  (4) v j \  T h e  sy m b o ls  (5) N j  a n d  (6) n ] re fe rs  to  total va­
lence a n d  total invalence o f  a  r e s p e c tiv e ly . T h e  e n tro p y  estimators fo r  th e se  
q u a n t i t ie s  a re , in  o rd e r :  (1) A p  (2) ay, (3) B j ,  (4) b j , (5) C j ,  (6) c., w h e re , fo r 
in s ta n c e ,  Cj =  n ; log  n y. (W ith o u t  f u r th e r  co m m e n t, “ lo g ”  a lw a y s  m ean s 
“ lo g ,” , a n d  n u m e ric a l v a lu e s  w ill h e  g iv e n  in  B its , i.e. p ro p e r ly  weighted bits.) 
I n  th e  seq u e l, we n e e d  th e  fo llo w in g  s im p le  g e n e ra liz a tio n s :

( IX ;  4)

I X .4 As b e fo re h a n d , re la t io n s  b e tw e e n  local a n d  f lo ra l  v e c to rs  a re  ca lled  
interlocal a n d  interfloral re la t io n s ,  r e sp e c tiv e ly .

I X .4.1 In  o rd e r  to  i l lu s tr a te  so m e m a in  p o in ts , le t  u s co n s id e r  tw o  e x ­
c e e d in g ly  sim ple e x a m p le s , w h ere  s =  3, m —  2s =  8, Q =  {u , v , iv},

u 0 1 0 0 1 1 0 1 4
V 0 0 1 0 1 0 1 1 4 (IX :
IV 0 0 0 1 0 1 1 1 4

0 1 1 I 2 2 2 3 12

и l 1 1 1 0 0 0 0 4
V 0 0 0 0 1 1 1 1 4 (IX :
IV 0 0 0 0 1 I 1 1 4

1 1 1 1 2 2 2 2 12

I X . 4.1.1 I t  is e a s y  to  see t h a t  a ll th e  th re e  p a irs  o f  p o p u la tio n s  in  ( IX ;  5) 
a re  interlocally independent , th e re fo re ,  ( I X ;  5), or, a n y  s im ila r  c o n s tru c tio n , 
l ik e  (V ; 8), m ig h t b e  ca lle d  interlocally random composition, [IR C ]. O n th e  
o th e r  h a n d , in  ( I X ;  6) no  p a ir  o f  p o p u la tio n s  is in d e p e n d e n t ,  in  a n  in te r lo c a l 
se n se , a n d  th is  k in d  o f  c o n s tru c tio n  m ig h t b e  ca lled  a n  interlocally dependent 
composition, [ID C ],

I X .4.1.2 I t  goes w ith o u t  s a y in g  t h a t ,  w hile  a n  [ IR C ] is unique  (fo r a  
g iv e n  s), [ID C ] m a y  b e  o f  v e r y  d if fe re n t  k in d s . W e guess a t  f i r s t  s ig h t t h a t  
( I X ;  6) h as , in  m a n y  re sp e c ts , a  g r e a te r  deg ree  o f o rd e r lin e ss  th a n  ( IX ; 1).

I X .4.2 T h is  s o r t  o f  c o m p a riso n  is  p o ss ib le  a t  a  f i r s t  in s t a n t  b y  e s tim a tin g  
f lo ra l  diversity ( J uh á sz-N agy 1976), o r, a s  J uhász-N agy  a n d  P o dani  (1983) 
c a ll i t ,  b y  f loru la  diversity, i.e . b y  c o m p a r in g  possible a n d  realized flora l vectors.
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IX .4.2.1 L e t rcq be th e  power set of flo ra l universe Q, i.e. th e  se t o f all
su b se ts  of Q, l J q =  л ß ,  . . . ,  л jk, . . . ,  7Гум}, w here л ]к is a potential f lo ra ,  
an d  со =  2s. L e t F f he the  freq u en cy  d is tr ib u tio n  for l l q g en era ted  b y  T ,, 
F  ! =  {fji ,  . . . ,  f j k, . . ■, f j C)}. The e lem en ts of Ф • (see I X .1.2) a re  th o se  e lem en t 
FIq t h a t  are rep resen ted  in th e  su rv ey -sam p lin g  b y  non-zero frequency  values 
(manifested floras).  B y  supposing t h a t  th e  sam pling  conditions are  sa tis fa c to ry  
(m  >  s, m  —► °o), an d  th e  p ro b a b ility  e s tim a te  p j k, p j k =  f jkj rn, is m ore or 
less u n b iased , we can  set th e  up  an empirical f in i t e  scheme,

FI,41
^ y 2 ’  • • • 1 • * * ’  ^

Pjl> P j 2’ * * * ’ P j k ’ ' * * ’ P jû)_
( IX ; 8 )

w ith  e s tim a ted  p ro b a b ility  d is tr ib u tio n  p ,  re la te d  to  IJq, a complete system o f
events. I f  b y  le tt in g  Uj to  be a su itab le  estimator such as U , = 2 f j k  log fjk*

к

fn. =  m, th e n  f lo ra l  diversity, m H y \

m H Y* =  rn log m U P ( IX ; 9)

a  w e ig h te d  e n tro p y -e s t im a te  o f th e  SHANNON-type ca n  be d e fin e d .

I X .4.2.2 I t  is to  be n o ted  t h a t  m H is n o t  only  one estim a te  of th e  th e  
m an y  sim ilar e s tim a te s ; i t  has a n u m b e r o f fa ir ly  im p o rta n t p ro p erties . T he 
m ost rem ark ab le  fea tu re  of miff' is t h a t  f lo ra l en tro p y , as an “overall un­
certainty hound” , or, m ore precisely , as a joint entropy for all elem ents of Q,

m I l f > qs]h (IX ; 10)

co n ta in s  all possible “ regions” , w here an y  k ind  of “ in te ra c tio n ” am ong p o ­

p u la tio n s  m ay  ta k e  place (see F ig . 3). In  o th e r  w ords, mHF^ is served  as an  
upper hound  for association  e stim a tes , or even, for associatum  (see IX .5).

I X .4.2.3 D isregard ing  a t  th e  m o m en t su itab le  conditions for a s a tis ­

fa c to ry  su rv ey  sam pling , consider th e  e s tim a ted  values of miff for ( IX .1), 
( IX ; 5), a n d  (IX ; 6 ), w hich are: 19.25, 24, an d  8 B its. I t  is easy  to  re la te  these  
values to  th e  ra tio  of “posse — esse” ; e .g ., for a n y  k ind  of [IR C ], like (IX ; 5), 

miff =  m ax  m H f  =  m  log m, because  all k inds of p o ten tia l flo ras  are  

rea lized . (If, in  an  [IR C ], w here f jk F> 1, th e n  m ax  I l f  =  sm B its.)
I X .4.3 I f  we do n o t d istingu ish  all possible flo ral vecto rs, only tho se  

vectors w hose f lo ra l m arg inal va lues are  th e  sam e, we can speak  of f lora l  
multiplets,  ch a rac te rized  by  a m u ltip le t v a rab le , R , R  =  |0 ,  1, . . . ,  r, . . . ,  s j  
(see I I . 3). T he freq u en cy  d is tr ib u tio n  o f R  values o f a K q is F'- =  {gj0, gn, • • - , 
gjr, . . . ,  gjs}ij£gjr  =  an(I t l16 freq u en cy  d is tr ib u tio n  of th e  w eighted  R  values
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F ig .  3 .  Associatum (m l j ( À )) is a measurable^subset of the intersection in a VENN-diagram, 
whose bound is тТТДФ), floral diversity

is F"j, F J  =  {g'n , gj2, . . . , g j r ,  g'js}, gjr =  rgjr = n.jr, 2 r g ]r =  N j.  B y  in tro ­
ducing  su itab le  e s tim a to rs , G, for F j,  a n d  E; for FJ, Gj — 2 S j r  l°g  Sjn  -Ey=

Г
=  2  n -jr l°g  n -jn we can  define

Г

m Hj(R)  =  m log m  — Gj, ( IX ; 11)

N jH + V h) =  Cj -  E j .  ( IX ; 12)

B o th  e stim a tes , in  p a r tic u la r , N jH j(V R), entropy o f  f lora l multiplets fo r  valence 
values, w ill be used in  th e  sequel (see e.g. X I .1).

I X .5 F inally , th e  read e r is rem in d ed  of associatum  (cf. J u h á sz -N a g y  et 
a l., 1973, J uh ász-N a g y  1976, J u h ász-N agy and  P o d a n i 1983),

n iÍ j (A) =  sm log m  — ocj — т Н ^ \  ( IX ; 13)

a multiple contingency information, i.e. con tingency  in fo rm atio n  e s tim a te  of 
a 2 X  2 X  • • -s X 2 ta b le . Since, w ith  re sp ec t to  ( IX ; 14),

m î fX )  =  ([ç„ q2, . . . , q t, . . . , q s]), ( IX ; 14)

th e  r e la t io n  b e tw e e n  m H a n d  m îj(k)  c a n  ea s ily  be sh o w n  b y  a V E N N -d iagram  
(see f ig . 3).

X. Som e basic re la tio n s: spatia l processes

X . l  Suppose t h a t  elem ents o f T j are  c ircu lar p lo ts , to  be ran d o m ized  
over r ' .  Suppose, fu r th e r , th a t  we h a v e  a  class of p lo ts , &h, 0 h =  | T 0, Tj, . . . ,  
Tj, . . . ,  T uj ,  w here e lem ents of T 0 a re  a p p ro x im a te ly  “ po in ts” , an d  th e  size 
of p lo ts  increases from  T 0 to  T u, in  a s tr ic tly  m onotonous w ay. More precisely ,
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if  th e  size of p lo ts are labelled  as t0, tv  . . . ,  tj, . . . ,  th e n  th e  increasing  series 
t„ <[ <C • • • <0 /  <C - • • is th e  firs t fea tu re  o f  th e  su rv ey  sam pling 
below . ( I t  should  be n o ted  th a t ,  while th e  sym bol t- ind ica tes an  elem ent, 
tjg £ Tj,  as an entity, th e  sym bol tj refers to  th e  geom etric  size of th is  elem ent.)

X . l . l  O f course, th is  increasing  series m ay  be o f v e ry  d iffe ren t k inds. 
I f  we define th e  difference b e tw een  tj and  t-_j as an  in te rv a l, I tj, t j_ 1 |, or, 
give rule to  genera te  such differences, we can speak  o f several ty p e s  of articu­
lation of sam pling . I f  th e  a r tic u la tio n  is “ rough” , th e n  th e  s tr ic tly  m onotonous 
series, N 0 <' N 1 < " . . . <  N  ■ < ( . . . ,  and , n0 >  пл >  . . . )> n  • >  . .  . are  like­
ly  to  be expected . I f  th e  a r tic u la tio n  is “ f in e”  enough , th e n  th e  re la tions 
N j  <  N j+1, nj Uj+l, m igh t occur, i.e. th e  series a re  not s tr ic tly  m onotonous.

X .1.2 The choice of a r tic u la tio n  should depend  on th e  p a r tic u la r  o b jec t 
(v eg e ta tio n -ty p e), an d  on th e  purpose of th e  in v e s tig a to r . (U n fo rtu n a te ly  
enough, a priori,  before m ak ing  a su rv ey  sam pling , we do n o t know  in  m ost 
cases th e  “ reso lu tional p ro p e rtie s”  of our o b jec t, w hich show s c learly  the  
need of an iteration, viz. successive approximation.)  E xperience  suggests th a t  
a  “ good a rtic u la tio n ”  m ust n o t be “ m onotonously  reg u la r” , because o f the  
ex istence of some “ critica l reg ions” .

X .2 In  o rder to  illu s tra te  som e p rim ary  p o in ts  o f th is  p ap er, i t  is w o rth ­
while to  consider a concrete  exam ple , an d  derive c e r ta in  p rim ary  conclusions 
from  it. S im ilar exam ples are g iven  by  J uhász-N a g y  a n d  P o d a n i  (1983).

X .2.1 The p a rtic u la r  ty p e  o f  v ege ta tion  is a meadow, in  N E -H u n g a ry  
(near th e  village B eregdaróc) w hich  has been described  b y  th e  a u th o r , on the  
to p  of his SIG M A -tist period , as Anthoxantho-Festucetum pseudovinae, 
festucetosum sulcatae ( J u h á sz - N a g y , 1958), w here s =  83, m x =  256, m2 =  512, 
due to  tw o su rvey  sam plings. T he long and  ted ious sam p lin g  p rocedures have 
been estab lished  tw ice (M ay, 1965 an d  1966); th e  second su rv ey  has been aim ed 
a t  co rrecting  som e resu lts  o f th e  f irs t  one. (This is w h y  m 2 >  m v ) Som e details 
ab o u t su rv ey  sam pling  a re  considered  la te r  on.

X .2 .2 L e t R 9 \X )  be a redundancy estimate, called  simple relative associa-
tu m ,

R (P W  =  1 -  m î j { X ) lm H f \  (X ; 1)

w hich has a  fa irly  good in tu itiv e  m eaning w ith  re sp ec t to  fig. 3. R oughly  
speaking , (X ; 1) re la te s  a sso c ia tu m  to  an  “ overall u n c e r ta in ty  b o u n d ” . (The 
u p p e r index  (1) in  (X ; 1) d is tin c ts  this  red u n d an cy  e s tim a te  from  b e tte r  ones, 
th a t  can  be considered la te r , on w hen  th e  b o u n d ary  re la tio n s o f m / ;( / )  will be 
clarified .)

X .2.3 The curve of Fig. 4 show s change o f  the redundancy estimate in space 
w ith  respect to  our m eadow  o f X .2 .1 . W e can see a t  once tw o peaks o f th e  
cu rve , in d ica tin g  tw o local m ax im u m  po in ts of R ^ \ á). T he ro u g h -an d -read y  
in te rp re ta tio n  of such curves is possible, if  we suppose th a t  while th e  first
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p e a k  is due to  th e  “ do m in an ce  o f negative associa tions” , th e  p o sitio n  of th e  
second  peak  m ay due to  th e  “ dom inance of positive  asso c ia tio n s” . In d eed , 
th e  p o sitio n  of th e  f irs t p e a k  corresponds surp rising ly  well to  th e  f ir s t  m ax im um  
of mîj(Â),  and  to  th e  local m ax im u m  of pooled neg a tiv e  in te rlo ca l associa tions. 
T h e  second peak of fig . 4 , how ever, has no such w ell-defined  correspondences, 
e x c e p t th a t  it  is lo c a te d  fa irly  closely to  A comp, conpensatory area, w here

cr

6 7
T, m 2

Fig.  4. An Ky V/) versus T  curve (see X .2.3)

N j  еы ri;. Besides som e a rg u m e n ts  to  be exp lained  la te r  on, i t  is n o t too  d iffi­
cu lt to  recognize t h a t  su ch  a tra n fo rm a tio n  in  m ost cases is necessary , b e ­

cause  mîj(X) converges m ore qu ick ly  to  zero th a n  m H (f \  an d , therefo re , 
_Rj^(A) reaches zero b efo re  a m in im u m  area, A min, w here N j  =  ms, Uj =  0. 
I t  is to  be observed t h a t  m a x im u m  area, A max, local m ax im um  of m H ÿ \  is 
lo c a te d  betw een th e  tw o  peaks of F ig . 4.

X .3  In  the  case o f  F ig . 4, or in  a  n u m b er of sim ilar cases, we deal w ith  
a spatia l process o f th e  s im p lest ty p e , i.e. w ith  a d iscrete a p p ro x im a tio n  of an  
a lm o s t continuous g rap h ico n . (The second su rvey  w as m ade to  co n tro l w hea ther 
th e  cu rv e  is “ sm oo th”  enough , th e re  is no th ird  peak , etc.) In  o rd er to  discuss 
su ch  spatia l processes o f  th e  flo ris tic  ty p e , th e  follow ing terms are  proposed 
fo r fu r th e r  use.

X .3.1 Let us call such  fu n c tio n s as m H f ,  m î j(/.), e tc . character­
istic functions.  (N ote t h a t  here th e  ad jec tive  “ ch a rac te ris tic ”  is used , o f course, 
in  a  special methodological sense o f th e  w ord, i.e. th e  p resen t m ean ing  should 
be k e p t clearly d is tin c t from  th e  m eaning of “ ch arac te ris tic  fu n c tio n s” of the 
m a th em a tica l analysis , alias, “ ca lcu lus” .) The extremal values of charac teris tic  
fu n c tio n s  (m axim a, m in im a) in d ica te  certa in  characteristic po in ts  o f T,  corre­
sp o n d in g  in our case to  a  n u m b er o f characteristic areas (e.g. A max, A comp, A min, 
e tc .) . A proper in e q u a lity , such as

• • • A ^ l  <  A max <  A comp <  . . .  (X ; 2)

show s some characteristic ordering  of cha rac teris tic  po in ts  or a reas. A charac­
te r is tic  ordering can  be  m ade m ore efficient by  defin ing  a n u m b er of charac­
teristic intervals, such  as j A max, A comp [, etc.
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X .3.2  I t  is q u ite  obvious t h a t  th e  ch a rac te ris tic  in te rv a l | t0, Amin | =  T , 
called  th e  f loristic  scale (in brief, the scale) has th e  im p o rta n t p ro p e rty  t h a t  T  
co n ta in s  (by  re la tio n  6 , or b y  d )  all re le v a n t ch a rac te ris tic  po in ts or in te rv a ls . 
Amin, in  m an y  cases exists, b u t  i t  m ay  be trivial,  if  Amin р (т ’), w here  th e  
sym bo l р (т ’) in d ica tes  th e  size of th e  s tu d y  a rea . A n o n -triv ia l Amin ex is ts , i f  
A m i n <  p{x'). ( In  our case, for in s tan ce , w here th e  s tu d y  area , viz. stand  a rea  
o f th e  m eadow  is ab o u t 60 000  m 2 in  size, a n d  since th is  a rea  is su rro u n d ed  b y  
fo rests  a n d  sw am ps, we can safely  say  th a t  a  n o n -triv ia l Amin exists.) T h ere  
are  cases, w here th e re  is no w ell-defined  Amin, b u t  a  scaling p o in t tu can  be 
fo u n d  from  w hich all in fo rm atio n  e s tim a tes  (defined  floristically) converge 
s to ch as tica lly  to  zero.

X .4  D uring  a su rvey  sam pling , th a t  is o p e ra tin g  w ith  such scaling po in ts  
as tj, tj£T, ou r in te n tio n  is to  m ake a characteristic scaling, or, a t  a m ore a d v a n c e d  
level, a characteristic screening. B o th  searching procedures a t te m p t  to  lo ca te  
c e r ta in  ch a rac te ris tic  values (po in ts , or in te rv a ls) in  th e  scale, b u t  w hile in  
a scaling  p rocedure  we w an t to  s tu d y  some synm orphological fea tu re s  o f a  
co m m u n ity , d u rin g  a  screening p rocedure  we h av e  some specific desideratum  
in  m in d , e.g. we w ould  like to  lo ca te  the optimal interval o f th e  scale fo r a  ce r­
ta in  c la ssifica to ry  a lgo rithm . (The personal guess of th e  a u th o r  is th a t  som e 
in te rv a l a ro u n d  th e  p o in t given b y  th e  f ir s t  local m ax im um  of miy(A), y-l^b, 
m ig h t he o p tim a l for a num ber o f c lass ifica to ry  procedures.)

X .4 .1  The p rim a ry  concern o f a n y  ch a rac te ris tic  scaling is to  consider 
som e b o u n d s of th e  e stim ato rs, e.g.

N j  log rhj <  A j  <  N j  log m  
N j l°g  Sj <  Bj  <  N j  log s 

Uj log (.m — rhj) < ; Uj <  nj log m  
nj l°g  (s -  Sj) <[ bj <  nj log s

w here m} =  N j / s ,  s) - - N j j m ,  or,

(уу — ms  log s) <Ç Xj <C sm  log m  
(yy — sm  log m) <  ßj  <Z ms  log s

These sim ple bo u n d s w ill be fre q u e n tly  used  in  th e  sequel (see e.g. X I I .2).
X .4 .2 As fo r th e  p rim ary  m ean ing  o f such  bounds, we can  reconsider 

som e s ta te m e n ts  m ade in  IV . I f  a  K j  is in  an  Z-state, th e n  A j  has its  va lu e  a t  
th e  low er b o u n d ; if  a  K j  is in  an  L -s ta te , th e n  A j  has its  m ax im um  va lu e .
(M uta tis  mutandis,  sim ilar re la tio n s are  tru e  for a ll th e  estim ato rs.) F ro m  th e  
p o in t o f view  o f scaling, some s ta te s , re la tiv e ly  close to  a n  Z-state, can  be 
ex p ec ted  som ew here in  ce rta in  “ m id-reg ions”  (critica l in tervals) of th e  scale 
(ex cep t, o f course, th e  irre lev an t A min-s ta te ). Som e object (our m eadow , fo r

(X ; 4)

(X ; 3)
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in s ta n c e )  has th e  p ro p e r ty , how ever, o f ap p ro ach in g  som e /-s ta te  m ore th a n  
once. T he presence or absence of th is  p ro p e rty -d e p e n d s  on th e  “ s tru c tu ra l  
co m p le x ity ”  of th e  co m m u n ity , or, speak ing  in  sim pler te rm s, on th e  scoring 
(f lo ristic ) diversity states of th e  ob jec t th a t  can  be tra c e d  b y  m eans o f som e 
fu n c tio n s  defined on a  series of K 0, K v  . . . ,  K p  . . . (see X I I .3.2; X I I I . ,  e tc .).

X .4 .3  These re la tio n s  ind ica te  again  th e  need for a b e tte r  u n d e rs tan d in g  
of su ch  concepts as orderliness, equivalence information,  e tc . This need is s tressed  
fu r th e r  b y  th e  fa c t th a t ,  c o n tra ry  to  th e  naive  belief of m an y  in v es tig a to rs , 
som e m axim um  degree o f en tro p y  and  in fo rm atio n  estim ates m igh t be v e ry  
closely  loca ted  in  th e  scale. W ith o u t re p e a tin g  n o ta tio n  an d  a rg u m en ts  used 
in  p a r t  1 , th e  read e r is rem inded  of < l) - ta b le  and (O )-tab le , for w ich N j î f E )  
a n d  njîj(e)  can be re la te d .

X I. Equivalence in fo rm atio n  — revisited

X I .1 In  o rder to  s tu d y  again  N j î f E )  m ore closely, let

(1) Vq) =  Cj  -  A j,

(2) N  H j (V R) =  C — Ej,

(3) N j H j( l V r VR]) =  Cj -  Dp

(X I ;  1)

w here  (1) is entropy o f  local valences (cf. X I I . 1), (2) is entropy o f  f lo ra l  multiplets  
fo r  valence values (cf. I X .4.3), an d  (3) is equivalence entropy  (a special k ind  of 
jo in t  entropy), by  w hich

N jî j (E )  =  N jH j ( V q) +  N jH j( V r ) -  N jH j( [V „  V f] )  =

=  Cj -  A j  -  E j  +  Dj (X I ; 2)

as in  ( I I ;  5). U sing th is  new  n o ta tio n  in h an d , it  is s tra ig h tfo rw ard  to  in tro d u ce  
th e  correspond ing  p a ir  o f conditional entropy functions:

N j û j (  V q I VR) =  E j  — Dj,  I

K iH j ( V R \ Vq) =  A j  -  D p  I

T his p a ir  of function  a lm o st alw ays p lay  a  fa irly  im p o rta n t role in  u n d e rs ta n d ­
ing orderliness of d ifferen t ty p es, because

NjHj(Vq) -  NjHj(Vq I V R) =  N jH ji  V R) -  N ]H ]( V r  | V q) =  N jî j (E ) .  (X I ; 4)

X I .2 In  th e  case o f an  [IR C ] (cf. IX .4.1.1), w here, accord ing  to  th e  
p ro o f  given in V .2.4, th e  e q u a lity  Cy — A j  — E j  — D ; is alw ays tru e , and ,
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th ere fo re , th e  eq u a tio n s  of (X I ; 5)

NjHj(Vq) =  NjHj(Vq I VR)

NjHj(VR) =  NjHj(VR \ V q) (X I ; 5)

NjH,(Vq) +  N f i { V R) =  NjH^[Vr  VR])

m ake clear th a t  N j î j ( E )  =  0 for a n y  [IR C ], i.e. th e  stoch astic  independence 
o f  even ts [g] an d  [R ]. N ote th a t  cond itions of (X I ; 5) co rrespond  n a tu ra lly  to
th e  m a x im u m  v a lu e  o f  m H ^  a n d  to  th e  m in im u m  (zero ) v a lu e  o f  m /y(A).

X I.2 .1  M ore p rec ise ly , b y  a p p ly in g  th e  p ro p e r  PASCAL-triangle ru le  (cf.
(s — 1

У .4), a n d  b y  le t t in g  sr =  |  ̂ , A s =  ^  ar log  ar, s* =  log  s, a  fa ir ly  c o n ­

cise d e s c r ip tio n  o f  e s t im a to rs  is p o ss ib le ,

C j =  s ( s  +  s* -  1) 2s“ 1,

A j = s ( s  -  1)2*-*, (XI; 6)

D j  =  s d s,

Ej  =  s(s* 2s 1 ■ As), 

an d , using  (X I ;  6 ), we get (X I; 7),

N jH j( V q) =  N jH j(  V q I V R) =  ss*

N jH j( V R) =  N jH j( VR I V q) =  s [ ( s -  l )2 s- i  -  zls],

NjHj(Vq I VR) +  NjHj(Vr I Vq) =  NjHj([Vq, VR]) =
=  *[(* +  s* -  1 ) 2 ^  -  4 L

i.e. th e  d e ta iled  v e rifica tion  of (X I ; 5). Since N jî j (E )  =  0, th u s  Y j  =  N j i j (K );  
N j î j ( K )  = ss*2s " 1 -  B r

X I I .2.2 F o r an  [IR C ], w here s =  3, as in (IX ; 5), Cj =  43.0188, A j  =  24, 

E j  =  25.118, Dj  =  6 , an d  so 4 4 .(4 ) =  N JH J(V q \V R) 19.0188, N jH j( V r ) =  

N jH j ( V r I Vq) -  18, N jH j ( V q I V r) +  N jH j(V r \ V q) =  N jH j ( [V q, V R]) - 
=  37.0188, Y j  =  N jI j ( K )  8.2641. N ote  th a t as s increases, th e  difference 

o f N jH j(  V q) an d  N jH j( V R) increases as well. N ote, fu r th e r , th a t  b y  d ropp ing  

th e  n o ta tio n  of (X I; 6 ), we can express Y) =  N j î j ( K )  as iV; l°g  s — R , (see
X IV .3.2).

X I .3 O n th e  o th e r h an d , if  a K j  rep resen ts an  [ID C ] o f some so rt, w here 
mlj(X)  ^> 0 , th e  p a r tic u la r  K j  m igh t be of very  d iffe ren t k inds, accord ing  to  
th e  cond itions fo r o rderliness involved . F o r fu rth e r use, le t us d istingu ish  here 
on ly  tw o k inds of com positions.

9 Acta Botanica Hungarica 30, 1984



376 P. JUHÁSZ-NAGY

X I .3.1 In  an  a t le a s t lo ca lly  well-ordered case, w here A j  =  Dj  =  N j  log s, 

E j  =  B j  +  Dj, th a t  is, N j H j ( V q | V R) =  Cj -  Dj =  N j  log mp  N jH j( V r  \ Vq) = 

=  0 , NjHj(Vq I VR) =  NjHj([Vq, VR\), an d , therefo re , Yj =  0 , N j t ß )  = 
=  N j î j ( K )  =  Cj — Ej.  I n  w ords, th is  m eans th a t  th e  m easu rab le  subset of 
jo in t  e n tro p y  th a t  re p re se n ts  in te rsec tio n  will be iden tica l w ith  th e  whole set

o f N j H j ( V R); th is is w h y  iVy/ / /( V R \ Vq) =  0.
X I .3.2 In  an  a t  le a s t  locally  ill-ordered case, w here C; =  E j,  A j  =  Dj =  

=  N j  log  s, Bj =  N j  log  m ,  t h a t  is, N Jî l J( V q j V R) =  E j  —  Dj, N j H Д V R) =  

=  N j H j ( V R I Vq) =  0, a n d , therefo re , Y; =  N j î j ( K )  =  N j  log  N j  (see e. g.
X IV .2.2), consequently , N j l j ( E )  =  0. In  w ords, th is  m eans th a t  because one 
o f th e  en tropy  e s tim a tes  in  (X I; 2) com plete ly  d isappears, th e  in tersec tion  
sh o u ld  be “ em pty” ; th is  is w hy th e  value o f equivalence in fo rm a tio n  is zero.

X I .4 A lthough o u r  u n d e rs tan d in g  o f orderliness becam e p e rh ap s a b it 
m ore  advanced , a b ra n c h  o f new problem s arise, if, ad analogiam  of (X I; 2), 
we in tro d u ce  such new  e s tim a te s  as

n j H j ( v q I v r ) =  e j  ~  d r  

rijHj{vR j vq) =  aj -  dj,

n iH j ( [ v q> % ] )  =  Cj  —  d p

(X I; 8)

a n d  s ta r t  asking q u es tio n s  ab o u t such ad d itiv e  re la tions as

N jî j (E )  +  nj l j{e) =  msîj(e)  =  yy -  Xj — ey +  dj, 

N j î j ( K )  +  njîj(k) =  m s î j (X ) , (X I; 9)

% + У] =  Vj = ej -  ÔJ -  ßj,

w here  e - =  Ej ej, ôj =  Dj  -f- dj. W e m igh t guess th a t  a p ro p e r in te rp re ta ­
t io n  of (X I; 8) is possib le  w ith in  th e  fram ew ork  of syncretic models, w here 
coincidences and  inco incidences of all e lem ents of a K j  are considered a lto ­
g e th e r,

[B ] SOM E SY N C R E T IC  M O D ELS

X II. M arginal diversity  functions

X I I .1 Let us d efine  th e  following iveighted entropy func tions  on th e  f- 
m arg inals of a K R re fe rr in g  to  m arg inal u n c e rta in ty  e s tim a tes  a t  ty,

(1) N j H j ( V q)  =  C j  -  A j ,

(2) N j H j ( V t )  — C j  — В  j ,

(3) n j H j ( i ’q) =  c j  — aj ,

(4) njit j lv ,)  =  c j  -  bj.

(X II ;  1)
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X I I .1.1 If, for th e  sake of b rev ity , we labe l here  e n tro p y  fu n c tio n  b y  
[E F ], th e n  (1) is [E F ] o f local valences (cf. X I .1), (2) is [E F ] o f f lora l valences,
(3) is [E F ] of local invalences, and , (4) is [E F ] o f f lo ra l  invalences. F u n c tio n s  
(1) an d  (2) are  m o n o tonously  increasing, fu n c tio n s (3) a n d  (4) are  m ono tonously  
decreasing in th e  sp a tia l process described in  X .

Fig. 5. A q u a rte t o f  “ species area  curves” , acco rd in g  to  (X I I ;  1) (see X II . 1.2)

X I I .1.2 More p recisely , if  a n o n -tr iv ia l A min ex ists, th e n  (1) and  (2) 
reaches (or, a t least, s to ch astica lly  converges to ) its  m ax im um  of ms log s 
and  sm  log m, re sp ec tiv e ly , while (3) an d  (4) te n d s  to  zero within  th e  size o f  
a x \  B ecause of th is  p ro p e r ty  (m onotony), fu n c tio n s of ( X I I ;  1) can n o t be 
used as “ d iv ersity  indeces”  (see Grassle  e t al. 1979). These fu n c tions, how ever, 
m igh t be th e  o p tim a l su b s titu e n ts  of th e  classical “ species-area curves”  u sed  
so fa r  in  m an y  respects . I t  is rem ark ab le  th a t  in  th e  m a jo rity  o f cases th e  in te r ­
val of scale, whose e x tre m a l po in ts  are  loca ted , w here th e  ap p ro x im a te  eq u a li­
ties o f N jH j (V t) я« njH j(vq) an d  njHj(vt) N jH j(v q) are  sa tisfied , includes 
p rac tica lly  all the important characteristic po in ts  (excep t, o f course, A mln) t h a t  
m ay be in te restin g  in  v e g e ta tio n  research  (see F ig . 5). T he search  for such a 
m axim um  interval (as a characteristic interval) is p e rh ap s th e  sim plest w ay o f 
in d ica tin g  th e  size-classes w ith in  w hich a reasonable survey sampling  can  be 
tak en . Besides, th e  cu rves of Fig. 5 can fre q u e n tly  be linearized  as special 
“ synallometric"  (log-linear) curves. (This to p ic  shou ld  be t re a te d  elsewhere.)

X I I .2 The best p ro p e r ty  o f functions in  ( X I I ;  1) is t h a t  th e y  are all 
b ounded  b y  th e  th e  follow ing sim ple in equa lities [cf. (X ; 3) e tc .] ,

( 1 ) N j  l o g  Sj < ;  N jH j(  vq) <. N j  l o g  *

(2) N j lo g m j  ^ . N j H j i V y ^ N j l o g m  (X II ;  2)

( 3 )  l l j  l o g  ( s  —  Sj) <  TljHj{yq) < ;  Tlj l o g  s

( 4 )  rij l o g  ( m  — mj)  < ;  njHj(vt) <, n j  l o g  m

where, again , sj =  N j /m  (i.e. local m ean  d en sity ), 777, =  N jjs  (floral m ean 
density) as in  IV.
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X I I .3 A ccording to  in eq u a lities  in  ( X I I ;  2), b o th  upper deviates.

A N jH j( V q) =  m ax  N jH j( V q) — N jH ;( V q) =  N j  log s +  A j  — Cj,

A N jH jiV ,)  =  N j  log m +  B j  -  Cy,

ArijHj(vq) =  rij log s A- aj — Cj, ( X I I ;  3)

ArijHj(vt) =  rij log m  +  bj -  Cj,

a n d  lower deviates,

V N jH j(V q) =  N jH j ( V q) -  m in  N jH j(V q)

V N jH j(V t) =  N j l o g s  -  Bj,

VnjHj(vq) =  rij log m  — Uj,

\>njH j(Vt) =  ny log s -  bj,

as em pirica l gain o f  information  e s tim a te s  a t  t, (see K h in c h in  1959) in d ica te  
how  d iv e rse /-m a rg in a ls  a re . C o n tra ry  to  (X II ;  1), fu n c tio n s in  ( X I I ;  3) and  
( X I I ;  4) rep resen t useful diversity fun c t io n s  (called marginal diversity  func tions)  
b ased  on th e  sim ple reason ing  as follow s.

X I I .3.1 I f  K j  is in  a monovalence state of e ither k ind , or b o th  k in d s, th en  
p ro p e r upper deviate (or dev ia tes) has (or have) zero value. O n th e  o th e r  han d , 
in  th e  sam e case, th e  p ro p e r lower deviates are rep resen ted  b y  th e ir  m a x im u m  
va lues. I f  K j  is in an oligovalence state, th e n , vice versa, upper  an d  lower d ev i­
a te s  ta k e  th e ir  m in im u m  an d  m a x im u m  values, respective ly .

X I I .3.2 This show s clearly  th a t  all th e  e igh t d ev ia tes  (in  sh o rt, the 
octet) should  be used altogether, in  o rd e r to  characterize  the marginal diversity  
state o f a K j.  In  ad d itio n , /-d e v ia te s , i.e. m em bers of o c te t p lay  an  im p o r ta n t 
ro le  in  com posing in fo rm a tio n  e s tim a tes , because each  co n tin g en cy  in fo rm a­
tio n  can  be gained as th e  sum  o f th e  p roper gain o f in fo rm atio n  e s tim a tes  
(see X I I I - X I V . ) .

=  N j  log m — A j,

(X I I ;  4)

X III. Three p a rtn e rs  m odelling

X I I I .1 I t  is som etim es v e ry  useful to th in k  o f a K j  as an  o u tp u t  of a 
s i tu a tio n  re su lted  in  a three-ways selection. Because a n y  selection  is a repetitive 
choice of some k ind , ou r e lem en ta ry  concept shou ld  be (IX ; 1), a random  
choice, w hich h en cefo rth  will a lw ays be called an intersection. (N o te  th a t  th e  
v e ry  general m eaning  o f se t o p e ra tio n  /)  is su b s ti tu te d  here b y  a  p a r tic u la r  
methodological meaning  o f th e  w ord.) L e t us define th re e  “abstract partners'’’’,
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an average population (q), an average plot  of j - size (i), an d  an average intersection 
(i), re la te d  to  th e  o rd e red  p a ir <g, t ) .  All p a rtn e rs  a re  endow ed w ith  selective 
p ro p e rty , nam ely ,

— q selects plots  fro m  th e  e lem en ts o f  Tj,
— t selects popula tions  from  se t Q,
— i selects ordered pa irs  from  ms possibilities.

X I I I .1.1 In  th is  selective situation,  a  fa irly  good in tu itiv e  fram ew ork  
m igh t be in troduced . F o r in stan ce , besides choice an d  selection (rep resen ted  b y  
th e  “ in n e r”  scalars a n d  vectors o f  a  K j),  we can r ig h tly  th in k  o f ilselectional 
powers '’’ o f p a rtn e rs  (show n b y  th e /-m a rg in a ls  of a K ) ,  or o f diversity o f  selec- 
t ional powers (ch aracte rized  by  an  octet). Since selection  o f som e so rt is alw ays 
re la te d  to  a certa in  degree o f preference, we m ight th in k  o f our selective s itu a ­
tio n  as of a preferential situation as well. For in stance , in  an  [IR C ], w here no 
k in d  o f  local, or in te rlo ca l preference is p resen t, all p ro p ertie s  of an  [IR C ] (/- 
s ta te , m ax  m l V f \  ze ro -valued  m /ДЛ), etc .) are due to  th is  lack  o f preference. 
N ote, fu r th e r  th a t  a huge n um ber o f  old notions (e.g. u b iq u ity , com m onness, 
ra r i ty , constancy , f id e li ty  etc.) is closely re la ted  to  such  an  in tu itiv e  fram e­
w ork  o f concepts. T hese  concepts, how ever, have a  s tro n g  “ h is to rica l lo ad ” , 
an d  th is  is responsible fo r a n u m b er o f m isu n d erstan d in g  ( J uhász-N agy  1964).

X I I I . 1.2 For th e  reasons w hy  is it  p lausible to  allow  for e ith e r t or i to  
have  selectional powers, we m ay tu rn  to  several genera lizations of our s itu a tio n , 
e.g. w here  Q can be a  se t o f  animals, enzymes,  e tc ., T j  can  be a  set o f som e foods,  
substrates, e tc ., a t a  g iv en  j-c o n d itio n , say , a t  a  given degree of te m p e ra tu re . 
A lth o u g h  elem ents o f Q, w ith o u t d o u b t, are “ m ore a c tiv e ”  th a n  e lem ents of 
Tj, plots, foods, substrates (sim ply, liy  v ir tu e  of “ q u a lity ”  or / s t a t e  th e y  re ­
p resen t) also selects p lan ts ,  animals, enzym es; th is  is w h y  such concep ts as 
enzyme specificity, substrate specificity, an d  reaction specificity ,  n o tw ith s ta n d ­
ing coplimentary, b u t are by no means related trivially to each other (see Q uast- 
l e r  1953).

X I I I . 2 A ccording to  K olmogorov , assum e a classical probability f ie ld  
for our selective s itu a tio n , i.e. p(q) =  Ijs ,  p(t)  =  1/m , p(i)  =  1/ms,  an d  th u s , 
in  te rm s  o f in fo rm ation  th e o ry , we h av e

H(q)  =  log s,

H ( t)  — log m,

H j(i)  =  log ms  — Vj/ms ,

( X I I I ;  1)

i.e. q u a n titie s  of th e  H a r t l e y  ty p e  (see R é n y i , 1962; R eza , 1961; L u c e , 
1960). N o te  th a t  even in  th is  u tte r ly  sim ple (say, “ h y p e rp rim itiv e” ) form alism , 

th e  e n tro p y  Hj(i)  can be g iven  as an  e s tim a te , only. The p rim a ry  ex p lan a tio n  
o f th is  is due to  a particular transition; n am ely , th e  re la tio n  tjg £ Tj  is tra n s-
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fe rre d  here  to  th e  se lec tional re la tio n  of p a r tn e r  i. The sam e is tru e  for for the  
co rresp o n d in g  jo in t e n tro p y  functions,

U j ( [ q ,  i]) — log m s  — aj / m s ,  

ß j ( [ t ,  *]) =  log m s  — ß j / m s ,

Щ к-  *]) =  fog ms,

w h ere  ( X I I I .3), not c o n ta in in g  i , is of c o n s tan t va lue , h u t  fu n c tio n s of (X II I ;  
2 ) a re  estim ates, re la te d  to  th e  ac tu a l (jr'-dependent) va lues o f th e  estim ato rs 
in v o lv ed .

X I I I .3 I t  is fa irly  easy  to  see th a t ,  h av in g  ( X I I I ;  1) — ( X I I I ;  3), a  whole 
sy s te m  o f equations can  be  o b ta in ed , an d  some o f th e se  eq u a tio n s  h av e  a de­
f in i te  bearing  on ce rta in  a sp ec ts  o f our selective or p re fe ren tia l s itu a tio n .

X I I I .3.1 A ccord ing  to  th e  sim plest k ind  of a B oolean  reasoning, th e  
p a r t ic u la r  event space is p a r ti t io n e d  b y  ( X I I I ;  1) in to  23 =  8 m olecular events, 
a n d  we m ight consider th e se  even ts as sing letons, doub le tons e tc ., so we have 
a lto g e th e r  28 =  2 5 6 k in d s  o f  functions. (F o rtu n a te ly  enough , th e  v a s t m a jo rity  
o f  th e se  functions is q u ite  irre lev an t an d  im m ate ria l for ou r p re sen t purpose.) 
T h is  fam ily  of fu n c tio n s  includes e.g. conditional entropy functions  (like 
H (q  j t) =  H([q, t]) — H (t)  =  log s), information func tions  (e.g. î f q ,  i), I  f t ,  i), 
e tc .) , multiple in formations func tions  (e.g. I f i ,  [q, i]), e tc .), partia l information  

fu n c t io n s  (like î f [ q ,  t] [ i) , e tc .), an d  so on.
X I I I .3.2 The sim p lest possible in fo rm atio n  is

I{q, t) H(q) +  H (t)  — H([q, t]) =  log s +  log m — log ms =  О (X I I I ;  4)

w h ich  has th e  de fin ite  m ean ing  th a t  p a rtn e rs  q and  t, without partner i, have 
no information  w h a tso ev e r w ith  respect to  each  o th e r. T his ind ica tes clearly  
t h a t  we shoxdd c o n c e n tra te  on such functions w hich  inc lude  p a r tn e r  i as well. 
F o r  th e  sake of conven ience, i t  is m uch b e tte r  to  use w eigh ted  form s (i.e. each  
fu n c tio n  is m u ltip lied  b y  ms).

X I I I .4 I t  is w orth w h ile  in v estig a tin g  a triplet o f  func tions  (in itse lf  a 
sim ple linear model) in  a l i ttle  b it  m ore d e ta iled  w ay, an d  tu rn in g  afterw ards 
to  o th e r re lev an t fu n c tio n s  o f  th e  th ree  p a r tn e r  m odelling.

X I I I .4.1 A ccord ing  to  X I I I .2,

m s l f q ,  i) =  msH(q) -f- m s H f i )  — m sH f[q ,  i]) =  ms log s -j- ms log ms — yj  — 

-  (ms  log  ms  — Xj) — ms log s +  <Xj — Yj- ( X I I I ;  5)

I t  is to  he no ticed  th a t  ( X I I I ;  5) is id en tica l e ith e r w ith  con tingency  in fo rm a­
tio n  of the  l i ttle  (local) con tingency  ta b le ”  on th e  r ig h t side of an  [E T ], or

в

(X I I I ;  2) 

(X I I I ;  3)
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w ith  th e  sum  o f th e  proper upper  dev ia tes in  (X I I ;  3):

msîj(q , i) =  A N jH j(  Vq) +  A n jH fv f )  ( X I I ;  6 )

I t  is to  be stressed  again  th a t  all contingency information estimates are  com posed  
lin e a rly  from  ce rta in  gain o f  information estimates. (This im p o rta n t p o in t is 
p ra c tic a lly  m issed in  th e  ecological lite ra tu re , because of th e  lack  o f systematic  
t re a tm e n t, an d  s tran g e  “ p o tp o u rism ”  w ith  “ indeces”  an d  nam es, w here sim ple 
e n tro p y  estim a tes  a re  freq u en tly  called  “ to ta l  in fo rm atio n  c o n te n t”  an d  sim ilar 
ru b ish  n icknam es.) W e m ight guess th a t  th e  sum  o f th e  corresponding  lower 
dev ia tes  p lay  a  sim ilar role in  com posing  a n o th e r re lev an t in fo rm atio n  e s ti­
m a te . Indeed ,

V j y f y  V„) +  njHj{vq) =  m s H f l t ,  i] j q) -  

— m s H f t  I [q, i]) — r n s H f i  \ [q, t]) =  

=  sm  log m  — Xj — m sîj([ t , i] q).

( X I I I ;  7)

(X I I I ;  7) is a partia l  information fu n c t io n  re fe rrin g  to  in fo rm ation  o f p a r tn e rs  
t a n d  i, if  q is neg lec ted  (or, say , in  an  ex p e rim en ta l s itu a tio n , i f  q is he ld  
constant).

X III .4 .2  W e can  see a t  once t h a t  th e re  ex is ts  a  sim ple ad d itiv e  re la tio n  
betw een  ( X I I I ;  5) an d  (X I I I ;  7),

m s î fq ,  i) +  m s/Д О , i] q) =

=  ms log ms — yj  =  m s î f i , [t, q]),
( X I I I ;  8 )

w here m s î f i ,  [t, q]) is a multiple information estimate  of p a r tn e r  i, w ith  re sp ec t 
to  th e  p a ir  o f o th e r  p a rtn e rs . I t  is obv ious th a t

m s î f i ,  [t , , ] )  =  A N jH j( V q) +  . . .  +  V n j H f a ) ,  ( X I I I ;  9)

i.e. ( X I I I ;  8 ) is th e  sum  of all th e  fou r local dev ia tes. T he m ain  question  is how  
can  one in te rp re t ( X I I I ;  8 ) from  th e  p o in t o f v iew  o f v eg e ta tio n  science.

X I I I .4 .3  A p rim a ry  ex p lan a tio n  should  s ta r t  w ith  th e  s ta te m e n t t h a t  
b o th  ( X I I I .5) a n d  ( X I I I ;  7) are b o u n d ed  in  such a  w ay  th a t

0 <  m s I X q ,  i) <  m s I A i ,  Iq, tl),l
J '  №  J/ l ( X I I I ;  10)

0 <  m s l j ( [ t ,  i] ] q) m s î f i ,  h , Ф -J

Secondly, because o f  th e  com position  o f  b o th  in fo rm a tio n  estim ates of p ro p e r 
local d ev ia tes, we m ig h t guess th a  m s l fq ,  i) ap p ro ach es its  up p er h o u n d  if
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K j  ap p ro ach es an  L -s ta te , an d  msîj([t, i] | q) has an  opposite  “ t r e n d ” . F o r 
th e  sake  o f illu s tra tio n , le t us consider th e  local valence an d  invalence  values 
o f tw o  sim ple cases, w here  s =  4, m =  8 , an d  w here <A> and  <B> rep resen ts  
an  Z-state an d  an  L -s ta te , respectively .

<A> <B>

4 4 8 0
4 4 8 0
4 4 0 8
4 4 0 8

16 16 16 16

V ery  sim ple ca lcu la tion  show s th a t

<A> <B>

(1) msîj(q , i) 0 32
(2) +  mslj([t ,  i] 1 q ) 32 0

(3) mslj( i ,  [q, i]) 32 32

( X I I I ;  11)

( X I I I ;  12)

i.e. (1) a n d  (2) has its  m ax im um  value in  a n  L -s ta te  an d  an  Z-state, resp ec tiv e ly , 
w ith in  th e  in te rv a l p e rm itte d  b y  (3). T h is k in d  of com plem en tary  re la tio n  is 
show n  b y  d a ta  of ( IX ; 2) as well, w here (1) 3.295 (2 ) 28.617 =  (3) 31.912.

X I I I .4.4 I f  e lem ents of a Q a re  labelled  a lp h ab e tica lly  such  as Q =  
=  {a, b, c, . . .} , a n d  the particular  (e lem en tary ) f in i t e  schemes a re  labe lled  by  

c a p ita l  le tte rs , A  =  {a, ô}, B  =  {b, b}, . . . ,  th e n  we can  den o te  m H j(A ),  
m H j(B ) ,  . . ., particular local entropy func tions  (in brief, local entropy), re la ted  
to  each  elem ent of Q. I t  is n o tew o rth y  th a t

m H j(A )  +  . . . +  m i l f S )  = = т Н Д Ь ] )  =  m s/,([t, i] \ q), ( X I I I ;  13)

w her e m H ,([L]), pooled local entropy, e q u iv a len t to  p a r tia l in fo rm atio n  e stim a te  
m sîj([ t ,  i ] j q), is called  b y  J u h ász-N a g y  an d  P o d a n i (1983) local distinctive­
ness. [For sim ple d a ta  of (IX ; 2), m H j([L ]) =  8 -f- 6.4906 -|- 7.6358 -)- 
-(- 6.4906 =  28.617.] A ccording to  ( IX ; 13), associatum  is given b y  a re la tio n  
w hich  in  itse lf  is a good illu s tra tio n  o f  a b e tte r  u n d e rs tan d in g  o f attribute 
duality;  in w ords, associa tum  is eq u a l to  local d istinctiveness m inus f lo ra l  
e n tro p y . [For d a ta  o f ( IX ; 2), m î f X )  = 28.617 — 19.245 =  9.362.] T he m ean ­
in g  o f  local d istin c tiv en ess , how ever, is lin ea rly  co m p lem en tary  to  th a t  of 
m s l i(q, i) w hich m ig h t be called local evenness. B o th  functions are  m ean ingfu l 
o n ly  w ith  respect to  m s /;(i, [q, t]), f lor is t ic  insaturation. B ecause y, is a b iased  
D -shaped  e s tim a to r (along th e  scale), flo ristic  in sa tu ra tio n  has a reversed  
D -shaped  curve, w ith  a local m ax im um  a t A comp, com pensa to ry  a rea  (w here
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N j  ^  rij). an d  w ith  a global m in im um  a t A min (if i t  ex ists). N o te  th a t  a p p ro a c h ­
ing  A min, all th e se  func tions te n d  to  zero.

X I I I .5 T he a rg u m en ts  used  in  X I I I .4 can  safely  be tra n sfe rre d  in to  f lo ra l  
relations, gain ing

(1) msîj(t, i) =  sm  log m +  ßj — yy

(2) -j-mslj([q, i] I t ) =  ms log s — ßj  ( X I I I ;  14)

(3) m sîj( i ,  [q, t]) =  ms  log ms  — y j

w here (1) is f lo ra l  evenness, (2) is f lo ra l  distinctiveness, a n d  (3) is again floristic  

insaturation. (1) is com posed lin ea rly  as ANjHj(Vt) -f- AnjH j(v t), (2) can  be 

com posed e ith er as VN jH j(V t) -(- Vn^H^Vf), or as a pooled f lo ra l  entropy esti­
mate, sHj([F]),  analogous to  ( X I I I ;  13).

X I I I .6 I t  is re lev an t to  in tro d u ce  a t least tw o fu r th e r  in fo rm ation  e s ti­
m ates, nam ely ,

msîj([q, t] J i) =  msHj([q, t] j i) — m sH  (q ] [t, i]) — m sH j(t \ [q, i]) =

=  Yj -  Xj -  ßp  (X I I I ;  15)
and

msîj([q, t, i]) = msHj([q, t, i]) — msHj(q  | [t , i ]) —
*"ч

— m sH j(t  j [q, i]) — m sH j(i  j [q, i]) =

=  ms  log ms — Xj — ßj. (X I I I ;  16)

( X I I I ;  15) is a partia l  information estimate of p a r tn e rs  q an d  t, w ith  respect to  
p a r tn e r  i. In  th is  case, th e  m ean ing  o f (X I I I ;  15) has th e  good in te rp re ta tio n  
o f a con tingency  in fo rm atio n  estim a te  for q and  t , if  cond ition  labelled  
b y  i is excluded, o r, if  i is held c o n s ta n t. N ote th a t  a lth o u g h  msl(q, t) 0, 
m sîj([q , t]  ! i) Ф  0, excep t special cond itions (e.g. a t  A min). ( X I I I ;  16) is the 
jo in t  information  fo r ou r trio  of p a r tn e rs . This q u a n ti ty  shou ld  be kep t clearly  
d is tin c t from  m sîj( (q ;  t; i ) )  =  Xj +  ßj — y; w hich e s tim a te  (as [msH(q) f) 
П msH(t)  p) m s H f i ) ] )  is d istingu ished  in  the  te rm ino logy  o f G a r d n e r  (1962) 
as strictly defined interaction. W e m igh t call ( X I I I .15) an d  X I I I ;  16) f loristic  
e f f  iciency an d  f loris tic  interaction, respectively .

X I I I .6.1 B y  using  ( X I I I ;  15) and  (X I I I ;  16), som e new  add itiv e  re la ­
tio n s  can be gained , e.g.

m slj(q , i) local evenness
-f-mslj([q,  t] i i) floristic  efficiency 

msîj([q, i] I t) floral distinctiveness

(X I I I ;  17)
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and

m s î j ( t ,  i) I f lo ra l evenness
- msîj([q ,  t] I i) I flo ris tic  efficiency 

m sîj([ t ,  i] I q) loca l d istinc tiveness

( X I I I ;  18)

X I I I . 6 .2 (X I I I ;  17) a n d  ( X I I I ;  18) illu s tra te  again  th e  m ain  p o in t of 
I X .3.2, show ing how can  one gain  som e f lo ra l  inference from  som e local q u an ­
ti t ie s  (an d  vice versa) via  som e p ro p er f loris tic  e s tim ate . T he sam e is tru e  for
( X I I I ;  19),

m s î j ( [ t ,  i] 1 q) 
-{ -m sîj([q , i] 1 t)

local d istinctiveness 
f lo ra l d istinctiveness

m sîj([q ,  t, i]) flo ris tic  in te rac tio n

(X I I I ;  19)

w here  th e  equa lity  ho lds, even  i f  (X I I I ;  19) im plies only  th e  sum  of tw o  partial  
e s tim a te s , because in  th is  p rim itiv e  sy s tem  of m odels (as a  consequence of 
o u r p ro b a b ility  fie ld  is b e in g  a  classical one) several d iffe ren t q u an titie s  m ay 

h a v e  th e  sam e v a lu e , e.g. m s H f i  \ q) - -  nisi f t , [q, i]) =  m s î f [ t ,  i] j q) =  
=  sm  log m  — ctj. (S im ila r co rrespondences have been a lre a d y  ta k e n  in to  
acco u n t.)  F loristic  e s tim a te s , o f course, h av e  th e ir  ow n reference w ith  respect 
to  each  o ther, e.g.

m sîj ( [q 7 t] I i) ! flo ris tic  efficiency
[q, (]) j flo ris tic  in sa tu ra tio n

mslj([q ,  t, i]) I flo ris tic  in te rac tio n

(X I I I ;  20)

X I I I .7 W ith o u t going an y  fu r th e r  in to  some im p o r ta n t de ta ils  of th e  
th re e  p a rtn e rs  m odelling , le t us consider som e close relations be tw een  associa- 
tu m  a n d  ce rta in  estimates tre a te d  above. Suppose we are  in te re s te d  here in  th e  
b o u n d a ry  re la tions o f m l f ) . ) .

X I I I .7.1 S ta r tin g  w ith /-m a rg in a ls  (viz. m arg inal id ealiza tions), i t  is no t 
to o  d ifficu lt to  see th a t

(1) if  a K j  is in an  F -l-s ta te , th e n  m î f X )  =  0, because sm  log m =  oq, an d  m t i ^ f  — 0,

(2) if  a K j  is in  an  L -s ta te , th e n  mîj(X) =  m s îj ( i ,  [g, t]) — m t i f \

(3) if, in add ition , a n  .L -state  is an  f - L  s ta te , th en , since m t l y 1 =  m îj ( i ,  [q, t]), m îj(X ) =
=  (s -  1 [/, q]) (s -  1 ) m H f \

(4) and , if  our f - L -s ta te  occurs a t  -4comp, th en  =  m, an d  =  (s — l)n t,
w hich is th e  global m a x im u m  o f a ssoc iatum .

X I I I .7.2 In  a  m ore  rea listic  sense (i.e. in a topologically “local” sense 
w ith  respect to  th e  scale),

m ax  i f ? )  -- mIj{X) = msîj{i.  [g, г]) — m H l \  (X I I I ;  21)
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anil, therefore ,

mïj(X)  — mîj(X) =  msîj(q, i), ( X I I I ;  22)

th a t  is, th e  difference b e tw een  th e  maximal  an d  actual va lues o f associa tum  is 
equal to  local evenness. ( In  o th e r  w ords, local evenness ind ica tes th e  “ niveau- 
interval'1'’ w ith in  w hich  asso c ia tu m  can move.)

6 -

Fig. 6. A n sR . f(A )  versus T curve (see X I I I . 7)

X I I I .7.3 A ccord ing  to  ( X I I I ;  22), it  is plausib le to  in tro d u ce  ( X I I I ;  23), 
a redundancy estimate,

sR j2)(Á) =  1 — m îj(/ .) jm sîj(q, i), (X I I I ;  23)

in  o rder to  ch a rac te rize  a b e tte r  relative associatum th a n  (X ; 1). F ig . 6 shows 
th e  curve of (X I I I ;  23) for th e  sam e o b jec t as fig . 4 does. T he p resen t curve 
is in  m any  respects s im ila r to  th a t  o f fig. 4, b u t th e  second p eak  has a tra n s ­
fo rm a tio n  to w ard  A min w hich p ro p e r ty  m igh t m ake ( X I I I ;  23) m ore “ rea listic”  
th a n  (X ; 1). F o r in s tan ce , th e  positio n  o f th is  second p eak  is q u ite  close to  th e  
p o in t, ind ica ted  in  fig . 6 , w here th e  pooled positive associa tion  has its  m ax i­
m um .

X I I I .8 A sh o rt co m m en t is needed  (a t least, in  th e  fo rm  of a  few  allusions 
to  be developed la te r  on) to  call a tte n tio n  to  some im p o r ta n t re la tio n s betw een 
equivalence analysis  a n d  three partners modelling.

X I I I .8.1 One o f  th e  key  e s tim a tes  is m sI Á[q, t] | i), f loristic  efficiency. 
I t  is easy  to  recognize t h a t  if  a K j  is w ell-ordered, th e n

N j î j ( E )  +  n ,/,(e ) =  msîj(e)

=  Vi -  (ej — àj) =  tnslj{[q, t] [ i),
( X I I I ;  24)

because  (e;- — dj) =  N j H f V q \ VR) -)- njHj(vq j vr) — ßj. Since th e  eq u a tio n

( X I I I ;  25)
N j î f K ) +  n j î f k )  =  m s î f X )  =

=  Vj — -  ßj *] I i)
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is sa tis fied  for an y  K j,  i f  a  K j  is n o t o rd ered , th e n  th e  jo in t e s tim a te

Y j  +  y j  =  rjj =  sj - ô j -  ßj ( X I I I ;  26)

is to  be ta k e n  in to  acco u n t.
X I I I . 8 .2 This h as  th e  consequence th a t  a  n u m b er of eq u a tio n s  o f th is  

c h a p te r  can  be rew ritten  in  a su itab le  fo rm , e.g.

msîj([q, i] I t) =  ms  log s — (e; — d;) +  rjp  ( X I I I ;  27)

w hich re la te s  floral d is tin c tiv en ess  to  som e degree of orderliness. I f  approaches 
o rderliness, th en  (e;- — ôj) —*■ ßj, an d , rjj —► 0 .

XIV. Two pa rtn e rs  m odelling

X IV .1 Suppose th a t ,  c o n tra ry  to  th e  reasoning  of X I I I .1, p a r tn e r  i is 
n eg lec ted  on th e  w hole, a n d  on ly  p a r tn e r  q an d  t are reg a rd ed  as “true partners'", 
in  e x a c tly  th e  sam e w ay  as before (e.g. assum ing classical p ro b a b ility  field). 
T hese tw o  p a rtn e rs  a re  ch a rac te rized  a t  th e  f irs t in s ta n t  b y  /-m a rg in a ls . (This 
k in d  o f  argum ent is p e rh ap s  “ f i t t in g ”  b e tte r  to  th e  tra d itio n a l th in k in g  of th e  
“ t r a d e ”  th a n  X II I .)  I t  shou ld  be recognized, how ever, t h a t  we have  a lready  
used (say , in  an im p lic it form ) two k inds o f  two partners modelling , associated  
w ith  N jî j (E )  and  N j l j ( K ) .  T herefo re , th e  p resen t ta s k  is to  m ake re lev an t re ­
la tio n s  more exp lic it, a n d  t r y  to  show  th e  p roper in te rco n n ec tio n s betw een 
th e se  constructions.

X IV .2 F irs t o f  all, i t  is n ecessary  to  reconsider coincidence information, 
N j î j ( K ) ,  and incoincidence information, U ji fk ) ,  m ore closely, w ith  p a rticu la r 
reference  to  extremal values an d  boundary relations.

X IV .2.1 I f  jo in t en tro p y , N jH j( [ V q V f )  =  Cj — 0 Cy, is in troduced , 

a n d  N jH j(V q), N j H j ( V t) a re  reg a rd ed  as “ fam iliar q u a n titie s”  (see X I I .1), 
th e n  N j î j(K)  can be red e fin ed  such  as

N p f V f  +  N j H f V , )  -  N jH j( [V q, V,])
=  Cj -  A } -  B p

w ith  N jH fV q  I V t )  =  Bj,  an d  AT; I l f  V, j Vq) =  A j.  M uta tis  m utandis,  sim ilar 
re la tio n s are tru e  fo r n j î f k )  as well.

X IV .2.2 I f  K j  is in  a n  L - f -s ta te , then^ N jH j ( V q \ V,) =  log Sj, 
N jH j( V , I Vq) =  N j  log m, an d , consequen tly , N j î f K )  =  0. I f  K j  is e ither in 
a single f - s ta te , o r in  a  single i-s ta te , w ithou t be ing  in  an  oligovalence s ta te  
on th e  p a r t of th e  o th e r  ty p e  o f m arg inals (like in  th e  case o f an  [IR C ]), th e n  
b o th  N jî j (K )  a n d  n f f k )  a re  g re a te r  th a n  zero. I f  K j  is in  an  /- /- s ta te , th e n

(X IV ; 1)
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NjH j( Vq I V t) =  N j  log Sj, N jH j(  V t I V q) =  N ] log m;-, an d  so coincidence in ­
fo rm atio n  has its  m a x im u m , N jIj(K ) ,

N j l j ( K )  =  N j  log N j  (X IV ; 2)

w here N j  =  m s/N j  (m ean total densiy  for coincidences), a n d , co n seq u en tly , 
th e  sam e is tru e  for incoincidence in fo rm atio n ,

rijljik) =  nj log np

w here rij =  ms/tij  (m ean total density  for incoincidences).
X IV .2 F o r in te rp re tin g  th e  pairw ise bound ,

0 < : N j î j ( K )  <  N jI j( K )  ]
0 < n j î j ( k )  njlj(k)  J

b o th  th e  eq u a tio n s  o f (X IV ; 5) an d  (X IV ; 6 ),

ANjHj ( Vq) +  VNJHJ(Vq) =
=  A N jH j ( V ,) +  VN hH J ( V t) =  N jI j(K ) ,

A n j H j  (v q) +  V n jH j (vq) =  j

=  A r i jH j  (v t) +  V n j H j (v ,)  =  n j j i k ) ,  j

a n d  th e  a d d itiv e  re la tio n  o f (X IV ; 7),

N j î j (K )  +  njlj(k)  =  m sI j (X )  =  j 
=  m sîj( i ,  [ç, í]),

(X IV ; 3)

(X IV ; 4)

(X IV ; 5) 

(X IV ; 6 )

(X IV ; 7)

can  be ta k e n  in to  accoun t. ( X I I I ;  25) an d  (X IV ; 7) show c learly  th a t  in th e  
p resen t case th e re  ex ist sim ilar subd iv isions, com posed of th e  sam e estim ates  
(nam ely , f-deviates  of X II .) ,  th a n  in  ( X I I I ;  8 ), or in  (X I I I ;  14). F u r th e r , b y  
v ir tu e  of ( X I I I ;  20), ( X I I I ;  25), a n d  (X IV ; 7), we can  see th e  in tim a te  re la tions 
betw een  th re e  and  tw o p a rtn e rs  m odellings, for in stance , in  th e  form  of 
(X IV ; 8 ),

N jî j (K ) +  rijîjik) +  m sîj( i ,  [q, t ]) =  v _
=  msîj([q, t, i]),

w here, in  essence, we have th e  sam e subd iv ision  th a n  in  ( X I I I ;  20). I f  we de­
fin e  tw o  special gain  of in fo rm atio n  e s tim a tes  o f th e  second o rd er,

^ N j î j ( K )  =  N j I j ( K )  — N j l j ( K )  1 (X IV ; 9)
A n , i f i )  =  n jI j (K )  -  n jî j(k)  f
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th e n  i t  is to  be recognized  th a t

A N j î j ( K )  +  Anjlj{k)  -  m s î f i ,  [q, i]) m s î f ( q ;  t; i » ,  (X IV ; 10)

w here m sîj((q ;  t; i>) =  x j  -j- ßj — y  j, s tr ic tly  defined  interaction, m en tio n ed  in  
X I I I .6 . (X IV ; 10) m eans th a t  th e  b ro ad ly  and  s tr ic t ly  defined in te rac tio n s 
p lay  c e n tra l role in  in te rp re tin g  / - marginal states b y  m eans of tw o p a r tn e rs  
m odelling .

X IV .3 In  o rd er to  u n d e rs tan d  N j î f E )  even b e t te r  th a n  in  p a r t  1, or 
in  X I .,  we can use th e  re su lts  o f I I I .  an d  X IV .2 for another revision o f  equiva­
lence information.

X IV .3.1 S ta r tin g  w ith  th e  w ell-know n eq u a tio n s o f (X IV ; 11),

N , Î { E )  =  N j î f K )  -  Ÿ j ,

NjHj(Vq I VK) -  Bj,Y j  =  E j D j  ~  B j

(X IV ; 11)

it is to  be recognized t h a t  subcoincidence information, Y j, can  be reg a rd ed  by 
definition  as th e  sum  in (X IV ; 12),

У п У  jr У р , (X IV ; 12)

w here th e  values o f th e  m u ltip le t va riab le  R , R  =  0, 1, . . . ,  s, are im plied  in  
m em bers o f (X IV ; 12) as indexing  n u m b ers  a t tj (see I I I . ) .  N ote th a t  f j0 =

=  y j s =  0, for an y  [E T ], because =  1. I f  we have , for in stan ce ,

an  [IR C ], w here, as in  (V; 8 ), s =  4, m  =  s =  16, th e n  we can  set up  easily  
th e  th re e  non-zero  v a lu e d  subcontingency tables, like  ( I I I ;  3), such as

= 1) (R =  2) (Я =  3)
1 0 0 0 1 l l 1 0 0 0 3 1 1 1 0 3
0 1 0 0 1 1 0 0 1 1 0 3 1 1 0 1 3
0 0 1 0 1 0 i 0 1 0 1 3 1 0 1 1 3 (X IV ; 13)
0 0 0 1 1 0 0 1 0 1 1 3 0 1 1 1 3

1 1 1 1 4 2 2 2 2 2 2 12 3 3 3 3 12

for w hich Y JÍ 8 + 12 +  4.9812 = 24.9812. L et us call one tab le in  (X IV ; 3),
or a n y  such ta b le  in  a sim ilar series of tab le s , an elementary contingency sub­
table, [E ST ], an d  t r y  to  u n d e rs ta n d  re la tio n s o f ( IX ; 11) on th e  basis o f (X IV ; 
12) b y  m eans of (X IV ; 13).

X IV .3.2 I t  is fa ir ly  easy  to  conceive th a t  for (X IV ; 13), or, even fo r any  

[IR C ], th e  p a ir  o f e s tim a tes , Y ] =  Y  -, y  ■ =  y  j, are  o f m axim um  va lues, b e ­
cause any  [.ES71] is in a double monovalence state, an d  th is  interlocal property  
of a n  [ET] is responsib le  for such re la tio n s  as N j î f K )  — Y j  =  N j î j ( E )  =  0, 
njîj(k)  — y j =  njîj(e) =  0. G enerally  speaking , a n d  using  th e  n o ta tio n  of
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( I I I ;  4), for a n y  [EST] o f an  [IR C ], w here 0 </ r < / s, th e  cond itions o f  (X IV ; 
14)

r «>/*

(X IV ; 14)

are  a lw ays sa tisfied ; th u s , y  y, co n tin g en cy  in fo rm atio n  estim a te  for [E ST ] in  
(X IV ; 14) can  be expressed  as

J j r  =  g j r r  log (sir),

and , therefo re ,

__ r—1
Y j  =  g j r r  !°g  (s/r) =

Г =  1

N j  l o g s  -  B , =  V N , H i V t) .

(X IV ; 15)

(X IV ; 16)

F o r illu s tra tin g  these  ex trem ely  sim ple  re la tions, we can  w rite  dow n th e  v a l­
ues o f (X IV ; 15) for (X IV ; 13) in  order, gaining у jX =  4-1  log (4/1) =  8 , 

у j 2 = 6-2  log (4 -2) =  12, y J3 = 4 - 3  log  (4/3) =  4.9812, a n d  so Ÿ j  =  24.9812, as 
before.

X IV .3.3 C o n tra ry  to  th e  co n d itions of X IV .3.2, i f  a  K j  is in te rlo ca lly  
w ell-ordered, i.e. if  it  rep resen ts a n  [IO C ], th en  each [E S T ] is in  an oligo- 
valence state, like (X IV ; 17),

I S / r

Sir
0

r . . .  r

S i r

( s  -  r )

S i r

(X IV ; 17)
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a n d , th e re fo re , ÿ jr =  0, Y j  =  0. T here are , o f  course, c e rta in  cases, like in
(X IV ; 18),

u 1 0 0 0 0 0 0 0 1
V 0 l 0 0 1 1 1 1 5
w 0 0 1 0 1 1 1 1 5
z 0 0 0 1 1 1 1 1 5

l 1 1 1 3 3 3 3 16

w h ere  we have a  m ix tu re  o f  (X IV ; 14) a n d  (X IV ; 18), an d , th e re fo re , Y j  =  8 
fo r (X IV ; 18). W e c a n  r ig h t ly  suppose t h a t  a s till b e t te r  u n d e rs tan d in g  of 
o rd e rlin ess  is possible w ith  re sp ec t to  these  ex trem e  cases.

X IV .4 U sing re a so n in g  o f X IV .2, (X IV ; 16) im plies the double bound

Y j  ViVjH j { V t ) ,  j

VJ <  mslj([q, i] j t),J
(X IV ; 19)

w hich  shows how eq u iv a len ce  analysis is re la te d  to  b o th  th re e  pa rtn e rs  and  
tw o  p a rtn e rs  m odellings. I f  a K ] is in  an  [IR C ], th en  th e  u p p e r hound o f 
(X IV ; 19) is sa tisfied  w h ich  m eans th a t  f lo ra l d istinc tiveness o f (X II I ;  27) is 

u n iq u e ly  defined b y  rjj, t h a t  is, A N jH j( V t) +  AnjHj(vt) =  rjj =  m sîj(X )  =  

m slj([q ,  t] j i). I f  a  K j  in  an  [IOC], th e n  Y j  an d  rjj d isap p ear, and , therefore , 
m sîj(e )  is un iquely  d e fin e d  b y  m s î j (X ) ,  an d , b y  re la tions o f (X IV ; 10).

X IV .5 O f cou rse , we m ight be in te re s te d  in th e  p ro b lem  of how o rd er­
liness of some k in d  is com posed  of som e elementary relations (e.g. qt £ Q), or, 
o f som e coalitional relations (e.g. Qk C  (1). T his problem  leads us to  the  fam ily  
o f  d iacre tic  m odels w hose certa in  im p lica tions an d  im p o rtan ce  will be d is­
cussed  la te r on (see X V II .) .

[C] SOM E D IA C R E T IC  M O D ELS

XV. Decom position o f associatum

X V .1 I f  we w o u ld  like to  s tu d y  th e  p opu la tions one b y  one w ith o u t 
“ loosing the  com m on  to u c h ”  (and, ro u g h ly  speaking, th is  is im plied in  th e  
te rm  “ d iacretic  m o d ellin g ” ), th e n  a p lausib le  w ay of doing  th is  is shown b y  th e  
follow ing sim ple fo rm alism .

X V .2 S ta r tin g  w ith  X I I I .4.4, in  p a r tic u la r , w ith  ( X I I I .13), le t us co n ­
sider p o pu la tion  “ a ” . B y le ttin g

m H  ( A  I [В, C, . . . ,  S ] )  =  (X V ; 1)
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w h e r e

т Н Д А } )  =  m H  ( A )  — m î j ( ( A } ) , (X V ; 2)
w h e r e

m î j « A } )  =  m î j (A ,  [ ß ,C ,  . . . , S ] ) (X V ; 3)

=  m î n )  — m îj([A ]) , (X V ; 4)
an d  w h e r e

m îj{[Â ])  =  m l,( [B , C, . . . ,  S]), (X V ; 5)

i t  is possible to  in tro d u ce  th e  following decom position  (to  be called m ore p re ­
cisely, an elementary decomposition) of assoc ia tum , w ith  respect to  one single 
p o p u la tio n , n am ely , “ a ” :

O) m l l j ( A ) local entropy
(2) - m H j ( { A }) complete dissociation

(3) m f K A » complete association
(4) +  m î j ( [ A ] ) subassociatum

(5) ni t j (X) associatum

A sim ilar decom position  is s tra ig h tfo rw ard  for all e lem ents o f Q.
X V .2.1 F irs t, an  ex p lan a tio n  of te rm s is in  o rd er (see Fig. 6 ). (2) in  

(X V ; 6 ) is a multiple conditional entropy  e s tim a te  for “ a ”  w ith  respect to  all 

o th e r elem ents o f  Q. In  o th e r  w ords, m H j({A })  is a  m easurab le  subse t o f 

niH j(A),  local e n tro p y , th a t  is n o t “ sh a red ” b y  an y  o th e r p o p u la tio n . (H ence 
th e  n am e '’''complete dissociation’’’’ refers to  th e  “ un ique  in te rlo ca l b eh av io u r”  
of th e  p o p u la tio n  concerned .) O n th e  o th e r han d , (3) in  (X V ; 6 ) is complete 

association o f “ a ” , because i t  is th e  m easurab le  su b se t o f m H f A )  w hich is in  
some “ in te ra c tio n ”  w ith  o th e rs , in  th e  in terlocal sense o f  th e  w ord (i.e. i t  is 
“ sh a red ”  b y  a t  le a s t one o th e r popu la tion). (3), in  th e  fo rm  o f (X V ; 3), is a 
multiple information  e s tim a te ; th a t  is, th e  difference o f tw o  closely re la ted  
q u a n titie s , associatum and subassociatum.

Fig.  7. G raphica l ex p la n a tio n  of m odel in  XV. as a  “ m easu rab le”  VENN -diagram  (see XV .2.1)
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Х У .2.2 Secondly, n o te  th a t  in  th e  f irs t  p a r t  of (X V ; 6), n am ely  in  (1) — 
(3), th e  m ain  purpose o f th e  c o n stru c tio n  is to distinct “ a ” ; in  th e  second p a r t  
/(4) — (5)1 o f it, a special k in d  o f  elim ination o f ^ a ” is a im ed  a t .  The k ey  con­
c ep t o f  th is  e lim ination  is subassociatum , re la te d  to  [A], [A] =  [В, C, . . . ,  S ], 
a  jo in t  schem e not co n ta in in g  “ a ” . T herefo re,

m l  Д А ] )  - m H j( [L I A ])  -  m H ^ A\  (X V ; 7)

w here  m Hj([L  [ A])  is th e  pooled  local e n tro p y  w ith  th e  om ission o f “ a ” -d a ta  
(local d istinctiveness w ith o u t “ a ” ), an d

m H f ^  =  т Н Д В .  C, . .  . ,  S]), (X V ; 8)

w here  m H ^ A) f lo ra l  subdiversity  of an  [E T ], if  local v ec to r belonging to  
“ a ”  is e lim inated . In  o th e r  w ords, su bassoc ia tum  is jo in t ( to ta l)  in fo rm atio n  
o f  a  2 x 2  X • • - X 2 ta b le , in s tead  o f be ing  a jo in t in fo rm a tio n  e s tim a te  of 
a 2 X 2 X  • • -SX2  tab le .

X V .3 In  a m ore d e ta iled  w ay,

m î j « A > )  =  m í p . )  -  m îj([A ])

=  т Н Д Ь ] )  -  n i í i p  -  т Н Д Ь  I A])  +  m H  Д А ] )  =

= {m H j[L ]  -  т Н Д Ь  yfj)} -  { т Н Д  -  m H  Д А ] ) } ,  (Х У ; 9)

w here  (XV; 9) is a difference of two k inds  o f gain o f  information  e s tim ates. 
T h e  f irs t  m em ber of (X V ; 9) refers to  local quantities, on ly ; th e  second m em ber 
o f  (X V ; 9) reflects to  interlocal quantities , w hich im plies th a t

т Н Д А ] )  =  т Н Д  -  т Н Д В , С, . . . ,  S ]). (X V ; 10)

(X V ; 10) is p rac tica lly  useful, because, in  m ost cases, to ta l  d issociation  can 
o p tim a lly  e s tim a ted  b y  m eans o f su b d iv e rs ity  values. “ Subdiversity" , as a 
co n cep t, has a special in te re s t of its  ow n; th e  p resen t m ean ing  is sim ple, be­

cause  of th e  co m b in a to ria l in te rp re ta tio n  of т Н Д .
XV.4 Due to  th e  m ean ing  o f te rm s  in  (X V ; 6), i t  is possible to  in tro d u ce  

th e  concepts of associativity  an d  dissociativity  o f p o p u la tio n  in  th e  follow ing 
sense o f th e  w ords.

XV.4.1 I t  is p lausib le  to  s ta te  th a t  (a) associativity of p o p u la tio n  “ a ” 

is o f m axim um  v a lu e  if  an d  only  i f  m H  Д А } )  =  0, m í p A f l  =  m H f A ) ,  an d  
(b) a ssocia tiv ity  o f “ a ”  is o f m in im u m  va lue , if  an d  o n ly  i f  m î p A y )  =  0, 

m H  Д А } )  =  niH j(A).
X V .4.2 F o r reasons to  be considered  la te r  on (see X V I.), i t  is b e tte r  to  

follow  an o th er w ay  o f th in k in g  o f defin ing  d issocia tiv ity . F irs t, i t  is to  be
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n o te d  th a t  com plete  dissociation  e s tim a tes  for all e lem en ts of Q are  “ in d e p e n ­
d e n t” from  each o th e r, an d  therefo re , additive,

mHj({A}) +  mHj({B}) +  . . . +  r« H /{S } )  = = } ,  (X V ; 11)

w here m is called  total dissociatum  of Q. (T otal d issocia tion  is a m easu r­

ab le subset of mHÿ> w hich is excluded  from  all k inds o f “ in te rac tio n s” , i.e. 
m an ifested  in te rlo ca l re la tions.) Secondly , b y  supposing  th a t  m H j{ô {p} > 0 , 
we can define for p o p u la tio n  “ a”

R ^ A } )  = т Н Д А } ) 1 т Н (X V ; 12)

w hich red u n d an cy  e s tim a te  m akes possib le to rank  p o p u la tio n s  accord ing  to  

th e ir  degrees of d isso c ia tiv ity  (0 <Ç R.({A } ) ^  1).
X V .5 F or th e  sake o f a p rim ary  illu s tra tio n , le t us consider an  [ET] in

=  8 ,

(X V ; 13)

(XV ; 13), w here s =  3, m -= 8 , m U f -  16, m в.

a 0 0 0 0 1 1 1 1 4
b 0 0 1 1 0 0 1 1 4
c 0 0 0 0 1 l 1 1 4

0 0 1 1 2 2 3 3 12

The values of e s tim a tes  (X V ; 6) are show n b y (XV ; 14)

a and c b
(1) 8 8
(2) —0 -8

(3)
(i)
(5)

8
+ 0

(X IV : 11)

W e can  see a t  once th a t  “ a ”  and  “ c”  have  a m ax im um  degree o f a sso c ia tiv ity , 
an d  a  m inim um  degree o f  d issocia tiv ity , w hile “ 6”  has a n  opposite  q u a lifica ­
tio n  (w ith  m ax im um  degree of d issoc ia tiv ity , an d  m in im um  degree of asso­
c ia tiv ity ). This o b se rv a tio n  is consisten t w ith  p roper in te rlo ca l re la tions as 
well. Since th e  p a irs  (a, b) and  (b, c) are s to ch astica lly  in d ep en d en t, b u t th e  
p a ir (a, c) is not in d ep en d en t (i.e. in te rloca lly  d ep en d en t), th e  special in te rlo ca l 
role o f “ 6”  is exp la ined  b y  the  re la tion  th a t  “ 6”  is e lem ent of b o th  in d ep en d en t 
pa irs , b u t it  is not an  e lem en t of th e  single d ep en d en t p a ir . T h is k ind  of sim ple 
reason ing  can be ap p lied  to  an  [IR C ], as ( IX ; 5), w here, since all th e  possible 
p a irs  are  in d ep en d en t, a n d  therefo re  all e lem en ts have a  m ax im u m  degree o f  
d issoc ia tiv ity , an d  a  m in im um  degree of a sso c ia tiv ity .
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X V .5.1 T u rn in g  to  a less tr iv ia l case, consider ( IX ; 2), w here s =  4, 

m  =  8 , an d  w here r n H ^  =  19.2453, =  9.3717, m H j{ ^ ô }  =  10.3263.
T h e  e s tim a te s  o f (X Y ; 6 ) for ( IX ; 2) is show n b y  (X V ; 15):

u V w z

(1) 8.0000 6.4906 7.6358 6.4906
(2) -3 .2 3 5 3 — 0.0000 - 3 .2 4 5 3 -4 .0 0 0 0

(3) 4.7547 6.4906 4.3905 2.4906
(4) +  4.6170 +  2.8811 +  4.9812 +  6.8811

(5) 9.3717 9.3717 9.3717 9.3717

A ccord ing  to  (X V ; 15), (a) the associativity  ranking  of e lem en ts in  (IX ; 2) is: 
V ]> и >  tv z; w hile (b) the dissocia tivity  ranking  of th e se  elem ents is: 
z  I и  ~  tv I ) >  V.  N ote th a t  (a) is n o t  re la te d  tr iv ia lly  to  (6), et vice versa ; for
in s ta n c e , we can n o t exp la in , w ith o u t fu r th e r  considera tions, w hy th e  tie  
“ n ~  tc”  ex ists in  (6), or, w hy  v has in  (X V ; 15) its  ze ro -valued  com plete d isso ­
c ia tio n . N o te , fu r th e r , th a t  th e  va lu es  o f to ta l  d issociation  can  easily  be e s ti­
m a te d  b y  (X V .10), as i t  is show n b y  (X V ; 16),

u V w Z

<1> 19.2453 19.2453 19.2453 19.2453
-< 2 > 16.0000 1 19.2453 16.0000 15.2453

<3> 3.2453 0.0000 3.2453 4.0000

w h e re  <(1) is f lo ra l d iv e rs i ty , < 2 ) is f lo ra l  s u b d iv e rs ity , a n d  < 3 ) is to ta l  d is so ­
c ia t io n .

X V .5.2 R a n k in g  p ro c e d u re s  a re  f a ir ly  im p o r ta n t  in  u n d e r s ta n d in g  o f  
h o w  e le m e n ts  a re  r e la te d  to  ea ch  o th e r  (see O r lo c i 1978b). T h e re  a re , h o w e v e r, 
d if fe re n t  ty p e s  ra n k in g , a n d  s im p le  “ c u m u la t iv e  r a n k s ”  (i.e . r a n k s  b y  m e a n s  
o f  p o o le d  in fo rm a tio n  e s tim a te s )  m ig h t b e  r a th e r  m is le a d in g  in  se v e ra l ca ses .

XVI. Notes on further modelling

X V I. 1 C learly, (X V ; 6 ) rep resen ts  an  elementary decom position  o f asso- 
c ia tu m , because th is  sim ple ad d itiv e  m odel refers to  one single e lem ent o f Q , 
4 i  C Q i  only . Suppose th a t  we w ould  like to  generalize th e  reasoning  o f X V ., 
in  o rd er to  cover coalitional relations (or, speaking  in  m ore tra d itio n a l te rm s , 
“ g roup  re la tio n s” ) of a  Q as well, re la te d  to  some Qk coalition  of Q, Qk d  Q. 
T h is in ten tio n  is ju s tilia b le  for a n u m b e r of good m otives. F o r in stan ce , th is  
k in d  of generalization  opens up  som e new  possib ilities to  a  b e tte r  in te rco n n ec ­
tio n  o f synm orphology  an d  sy n ta x o n o m y  (say , c lu ste rin g  m ethods) in  th e  fu-
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tu rc . S im ilarly , if  we were able to  a t ta c h  analogous e s tim a te s  to  coalitions 
(and , say , to  ra n k  th e se  coalitions acco rd in g  to  th e ir  com ple te  associa tion  or 
d issociation  o f som e k inds), th e n  o u r know ledge w ould be m ore ad v an ced  as 
to  th e  “ collective s tru c tu ra l re la tio n s”  o f  the  com m unities.

X V I.2 The f irs t obstacle  of m ak in g  such genera lizations is th a t  m H y '  ^  

^  mîj(?i) -j- mHj{ô^p}, because o f th e  existence of “ m u ltip le  o v erlap s” . 

T ak ing  again  th e  sim ple exam ple o f ( IX ; 2), w here m H =  19.2453, mîj(À) =  

=  9.3717, m H {d i4)} =  10.3263, th e  in eq u a lity  in d ica ted  before is due to  a 
q u a n tity , 0.453 in  va lu e , w hich is to  be  called  “ i n t e r a s s o c i a t u m ”  in  th is  c h a p te r . 
In te ra sso c ia tu m  m ay  be, in  a n u m b e r o f cases, of sm all v a lu e  th a t  can  be oc­
casionally  neglected . T his negligence, how ever, should  be a n  a  p o s t e r i o r i  

o p era tio n ; a p r i o r i ,  it  is a t least to  be clarified  w hat is to  be m ean t b y  in te r ­
assoc ia tum . O ur p resen t a im  can n o t go a n y  fu rth e r th a n  to  s tu d y  b rie fly  som e 
re le v a n t es tim ates  a n d  basic re la tio n s  w hose b e tte r  u n d e rs ta n d in g  an d  usage 
will be tre a te d  in  som e n e x t p a r ts  o f th is  series of papers (or, elsew here).

X V I.3 Suppose th a t ,  in  an a ly z in g  a n  [ET], we d is tin g u ish  some m u lti­
p le ts , say , v - te s t  o f  e l e m e n ts .  Suppose, fu r th e r , th a t  we confine  here our a t te n ­
tio n  to  lo c a l  v - t e t s ,  2 <7 v  <( (s  — 1). A local m ultip le t of v  o rd e r can  he s tu d ied  
b y  m eans of a n  in t e r l o c a l  s c h e m e  of th e  sam e order; th e  b e s t know n ex am p le  
is a  se t of 2 X 2 ta b le , i f  v  =  2. I f  we w a n t to  generalize th e  tra d itio n a l “ p a ir ­
wise reason ing”  of associa tion  analysis to  a n y  v ,  th e n  we h a v e  to  in tro d u ce  a 
general n o ta tio n .

X V I.3.1 L et m H A Z f f  be the p o o l e d  in te r lo c a l  e n t r o p y  e s t im a te  of th e  
«-order, i.e. for th e  w hole set of th e  jo in t  schem es of th e  « -o rder. L et m l f Z f f  
be co rresponding  p o o l e d  i n f o r m a t i o n  e s t i m a t e  of th e  sam e o rd e r such  as

mîjilV} [sm log m  — Xj] ™ H j { Z f f  =

's -  1
V  —  1

m s î j { [ t , i] I q) m H A Z f f ,

(X V I; 1)

w here m s î f  [t, /] j q) is again  lo c a l  d i s t i n c t i v e n e s s  (see X I I I .4).
X V I.3.2 In  o rder to  illu s tra te  (X V I; 1), le t us tu rn  ag a in  to  ( IX ; 2), 

w here m s î j ( [ t ,  i ]  \ q) =  28.617, ш Я ^ }  =  76.0263, m l i f Z f f  =  66.4906, 
and  th u s

28.617 — 76.0263

28.617 -  66.4906

9.8247,

19.3604.

(X V I; 2)

Acta Botanica Hungarica 30, 1984



396 P. JUHÂSZ-NAGY

T h e  su m s g a ined  in  ( X V I ;  2) h a v e  to  c o r re sp o n d  to  th e  su m s  o f  p ro p e r in te r ­
lo c a l a s so c ia tio n  e s t im a te s ,  e.g . т / Д 2 ^ }  =  m l , ( [ t / ,  V f )  m l j ( [ W ,  Z ]
w h e re  m î j ( [ U ,  V ]) =  2 .4 9 0 6 . m î j ( [ W ,  Z ] )  =  0 .1264 . B y  l is t in g  in fo rm a tio n  
e s t im a te s  fo r t r ip le t s ,  m / ;( [U , V,  W ] )  =  6 .8811 , m l f [ U , V,  Z ] )  =  4 .9812 , 
m î j ( [ U ,  IF, Z ]) =  2 .8 8 1 1 , m l j ( [ V ,  ÍV, Z ] )  =  4 .617 , a n d  b y  a d d in g  th ese  v a l ­
u e s , w e gain  a g a in  th e  s u m  19.3604, as in  (X V I ; 2).

X V I.3.3 H a v in g  th e s e  p r im a ry  p o o le d  q u a n t i t ie s ,  w e c a n  e s tim a te  i n t e r -  

a s s o c i a t u m  o f  the  (v  -f- 1) o r d e r  such as

i W ( U+i)])
s -  1
V  —  1 -  ( V  -  1) m s î { [ t ,  /]  I q) -  m H \ У (р )

+  ( » — ! )  mlVp =  mÍj {£P}  —  (® —  1) mîj(X)
(X V I; 3)

F o r  in s ta n c e , (X V I; 3) h a s  th e  p a ir  o f  v a lu e s  fo r  o u r  d a t a  o f  X V I .3.2,

m / i ( [ ; . (4)]) =  19.3604 -  18 .7434 =  0 .6 1 7 , }
m /i([A (3)]) =  9.8247 -  9 .3717  =  0 .453 . J '  ’ ;

X V I.3.4 T h e  m e a n in g  o f  in te ra s s o c ia tu m  o f  som e o rd e r  c o rre sp o n d s  to  
m u l t i p l e  i n t e r a c t i o n ,  e x a c t ly  in  th e  sense o f  K ullback  (1959). S p eak in g  p e rh a p s  
in  m o re  p ic tu re sq u e  te r m s ,  in te ra s s o c ia tu m  m e asu res  t he  m u l t i p l e  o v e r l a p s  o f  
lo c a l e n tro p y  e s t im a te s  o f  a n  [E T ] a t  a  g iv e n  o rd e r . As K ullback  e x p la in s  i t  
p ro p e r ly , such  in te r a c t io n  te rm s  m a y  b e  o f  n e g a t i v e  v a l u e s .  T h e  a u th o r  h a s  t h e  
ex p e r ie n c e  t h a t ,  d u r in g  a  se c o n d a ry  su c ce ss io n , th e  p ro g re s s  o f  d e g ra d a tio n  is 
f re q u e n tly  re s u lte d  in  th e  in c re ase  o f  n e g a tiv e  in te ra s s o c ia tu m  e s tim a te s , 
so m e tim e s  fo r th e  m a jo r i ty  o f  o rders .

X V I.4  T h e  c o n c e p t o f in te ra s s o c ia tu m  is c lo se ly  a n d  c o m p le m e n ta r i ly  
r e la te d  to  th a t  o f  d i s s o c i a t u m .  T he p r im a ry  p o in t is t h a t  if we do n o t c o n s id e r  
t o t a l  d i s s o c i a t u m  (as  in  X V I .4 .2), th e n ,  a s  in  X V I .3, w e sh o u ld  ta c k le  d is s o c ia ­
tu m  e s tim a te s  o f  d if f e r e n t  o rders .

X V I.4.1 U s in g  th e  sam e re a so n in g  a n d  sy m b o lism  a s  b efo re , d i s s o c i a t u m  

o f  the  (v  -)- 1) o r d e r  c a n  b e  e s tim a te d  as

1"+^}

+  (v  +  1 )m H j,)

s  — 1
V — 1

— V

m s î j ( [ t ,  i ] q)

m s î j ( [ t ,  f] q) — m H f l ' p }  +

-  [(«, +  l ) m l j ( X )  -  m î f f î ' } ] .

(X V I ; 5)

I f  v  =  (s — 1), th e n  (X V I ; 5) is h a p p i ly  re d u c e d  to  (X V I ; 6),

m H j { ô is)} =  s m H j*> -  m H j { l f  - 1»}, (X V I; 6)
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w h ere  to ta l  d is s o c ia tu m  c a n  be re g a rd e d  as  a  sp ec ia l k in d  o f  g a in  o f  in fo rm a tio n  

e s t im a te .  F o r  d a t a  o f  ( X I ;  2), th e  v a lu e  o f  (X V I ; 6) ca n  be g iv e n  as m H f ô =  

=  4 • 19.2453 — 6 6 .4906  =  10.4906, as b e fo re . N o te  t h a t  s m H Д  in  (X V I; 6) 
is sp e c if ic a lly  w e ig h te d  f lo ra l d iv e rs ity .

X V I.4 .3  T h e  m a in  im p o r ta n c e  o f  d is s o c ia tu m  is sh o w n  b y  (X V I; 7),

m H ? '  =  т Н 0 Г 1)} +  m i ß )  -  т / Д А („+1)]), (X V I; 7)

w here  we h a v e  a  w e ll-d e fin e d  a d d itiv e  su b d iv is io n  o f  f lo ra l  d iv e rs i ty  as a n  
“ o v era ll u n c e r ta in ty  h o u n d ”  for in te r lo c a l re la tio n s . T h e  p a r t ic u la r  s u b d iv i­
sions fo r d a t a  o f  ( I X ;  2) a re  g iven  b y  (X V I ; 8),

( v  =  3) 19.2453 =  10.4906 +  9.3717 -  0 .617 |
( V =  2) 19.2453 =  10.3266 +  9.3717 -  0 .453 j (X V 1; 8 '

As i t  h a s  b e e n  s tre s s e d  b efo re , in te ra c t io n  te rm s  (i.e. i n t e r  a s  s o c i a t a )  m ig h t b e  
n e g le c te d , i f  th e  p a r t i c u la r  v a lu es a re  sm a ll, b u t  i t  is a lw a y s  r e le v a n t to  k n o w  
how  such  a n  a d d i t iv e  co m p o s itio n  is b u i l t  u p  as (X V I; 7).

X V I .5 (X V I; 7), h o w ev e r, is b y  no  m e a n s  th e  o n ly  a d d i t iv e  su b d iv is io n  
w h ich  can  h e  c o n s tru c te d  fro m  o u r p re se n t, o u r  c losely  r e la te d  e s tim a te s . S om e 
ex a m p le s  a re  g iv e n  fo r  f u r th e r  use.

X V I .5.1 B y  s im p le  re a r ra n g e m e n t o f  p ro p e r  te rm s , i t  is o b v io u s  t h a t

=  т Н Д  -  т Н Д Д Д  (X V I; 9)

W e m a y  d e fin e  a  new  e s tim a te ,  ca lled  m a n i f e s t  a s s o c i a t u m ,

m î j { \ vy) =  tm i ß )  -  m î { E f>} (X V I; 10)

w h ich  p la y  a  f a ir ly  im p o r ta n t  ro le in  u n d e r s ta n d in g  o f  h o w  a s so c ia tu m  a n d  
in te ra s s o c ia tu m  a re  r e la te d  to  each  o th e r . U sin g  (X V I; 9) a n d  (X V I; 10), we 
ca n  o b ta in  a n  in te r e s t in g  su b d iv is io n  o f  m s l f i ,  [q , i] ) , f l o r i s t i c  i n s a t u r a t i o n

(see X I I I .4 ) ,

m slj(q , i 
t  m îj(X )
: m t ß ( 3 ) }  

+ m H j{ S f i )

3.2952]
9.3717)
8.7547]

10.4906]

j m f j « A »  =  12.6669 

J т й Д  =  19.2453

m s îj( i ,  [(/. t]) 31.9122

w h ere  m l ß X ) )  is h y p e r a s s o c i a t u m ,  possib le  lo c a l m a x im u m  fo r g iv en  d a ta .  
X V I.5.2 B y  d e f in in g  tw o  new  e s tim a te s ,

m s î f i t ,  i ]  \ g i '- t f )  =  (v  +  1) m i ß )  -  m î f l f f ,  (X V I; 12)
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called  manifest local distinctiveness  a t  a  given o rder, and ,

m ! j { n ^ }  =  m i ß )  -  (s -  1) (X V I; 13)

ca lled  local particu la tum  a t  a g iven o rd er, i t  is possible to  in tro d u ce  several 
o th e r  subdiv id ions. A p a rtic u la r ly  im p o r ta n t  one is show n b y  (X V I; 14),

m t ß w } =  m î j { n f }  +  m //[A (o+1)]) (X V I; 14)

w h ich  is a subd iv ision  o f m an ifest a sso c ia tu m  in to  tw o com ponen t e s tim a te s , 
p a r tic u la tu m  a n d  in te ra sso c ia tu m . T he re levance  of th e  concep t “ p a r tic u la tu m ”  
is show n by  th e  tr ip le  com parison:

— dissociatum  in d ica te s  “ no interaction”
— particu la tum  in d ica tes  “partia l interaction”
— interassociatum  in d ica tes  “fu ll  interaction  ’

a t  a  given o rder a n d  in  a given c o n te x t. In  o th e r w ords, p a r tic u la tu m  is th e  

m easurab le  su b se t o f m H V* w hich is not shared b y  all elements o f Q a t  a  g iven 
o rder. U sing th ese  new estim ates , we can  produce a n o th e r  subd iv ision  of 
flo ris tic  in sa tu ra tio n , s im dar to  (X V I; 11),

m slj(q , i ) 3.2952
9.3717 I

+  m Ij{H < ?} 7.5207 1 m sîj([ t, i] 1 q(3) =  18.1264
+  m l j { \  4)} 1.2340 )
+  m H j{ 6 ^ } 10.4906

m s îj i i ,  [q, (]) 31.9122

X V I .6 W ith o u t lis tin g  fu r th e r  a  n u m b e r o f in te re s tin g  ad d itiv e  re la tio n s , 
le t us tu rn  h ack  to  our p rim ary  concern  (X V I.1), i.e. possible coalitional su b ­
divisions of re le v a n t e stim ates.

X V I.6.1 F irs t , i t  is to  be n o ted  th a t ,  hav ing  a n u m b er of new e s tim a te s , 
th e  pooled d a ta  o f  (X V ; 15) m ake sense

(1) m s îj( [ t , i] I q) 28.6170
(2) - m H { ô i s>} -1 0 .4 9 0 6

(3) m s îjd L  i'l I г / '- Ч )  18.1264
(4) + 1 9 .3 6 0 4

(5) sm î/A )  37.4868

(X V I; 16)

w here, for in s tan ce , (3) is th e  p ro p er m anifest local d istinc tiveness, o r, (4), 
sum  of su b asso c ia tu m  estim a tes , ap p ea rs  in  (X V I.16) as th e  pooled in fo rm a­
tio n  estim ates for tr ip le ts , as in  (X V I; 2).
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X V I.6 .2 Suppose we are  in te re s te d  here in  coalition  Qk, Qk p| Qk =  Q. 
I n  a  m ore com plica ted  case, we h av e  a p a rtitio n  o f Q, Qv  Q2, . . . ,  Qk, . . . ,  i.e. 
u  Qk =  Q, Qj n Qk =  0, j V  k.)  T hen , ad analogiam  o f (X V ; 6 ), we can set
к

u p  (X V I; 17) for Qk

( 1 ) m H j ( [ Q k ]) coalitional e n tro p y
( 2 ) +  rnîj([Qk]) coalitional association

( 3 ) m îj{Q k} special d istinc tiveness
( 4 ) ~ m Ê j ( 0 : Q k) e lim ination  en tro p y

(5 ) m îj((Q k} ) com plete association
( 6 ) +  m lk([Qk]) subassocia tum

( V m/y(A) associatum

Special distinctiveness  can  be e s tim a te d  as

mîj{Qk} =  k m  log m — xjk\  (X V I; 18)

w here  X j ,  x^P <7 otj, is th e  sum  o f local estim ates of tho se  e lem en ts th a t  are 
e lem ents of Qk. E lim ina tion  entropy,

m H j(0  : Qk) =  m H M  -  т Н Д И к]), (X V I; 19)

can  be regarded  as a  special k ind  o f  gain  of in fo rm ation  es tim a te , w ith  respect 
to  Qk. (X V I; 20) gives a p rim ary  il lu s tra tio n  of (X V I; 17), only  fo r th re e  pairs 
o f e lem en ts, and  using  only  th e  n u m b ers  of (X V I; 17):

(u, v) (u , w) (v, w)

( i ) 12.00 15.24 10.39
+  (2) 2.49 0.39 3.73

(3 ) 14.49 15.63 14.12
- ( 4 ) 5.24 6.85 7.24

(5 ) 9.25 8.78 6.88
+  (6) 0.12 0.59 2.49

(7 ) 9.37 9.37 9.37

X V I.6.3 F o r tu n a te ly  enough, (X V I; 17) an d  (X V I; 20) are  “ re d u n d a n t” , 
because

mljW = = mHj([Qk}) +  mHj([Qk]) -  m H -  тЦ[Qk]) -  mîj([Qk]) 
= mîj([Qk], [<?,]) +  mîj([Qk)) +  mîj([Qk]),

(X V I; 21)
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a n d , b y  (X V I; 21), th e  re la tio n s  of (X V I; 17) a re  reduced  to  th e  form  of 
(X V I; 22)

(u ,v ) (». «0 (и , z )

m îjd Q k l)
+  m lj( lQ k}, Ш )

2.4906
6.7547

0.3905
8.3905

2.4906
3.1452

"»/;(«?*>) 
+  m îj([Q k])

9.2453
0.1264

8.7810
0.5907

5.6358
3.7379

m îj(X) 9.3717 9.3717 9.3717

N o te  th a t  because m l  ([Qk], [Çk]), collective association, is a sym m etric  q u a n tity  
(since Qk (J Qk is a sy m m e tric  re la tio n  in itself),

mlj([Qk], [& ]) =  m ! 0 k], [<?*])
= тН0к}) +  ш / / ( К М )  -  mH<f\

(X V I; 22) is p a rtly  in fo rm a tiv e  for th e  o ther th re e  pairs as well. [This is w hy 
th e  p a ir  (и, г) is chosen h e re , in stead  of (v, w), as in  (X V I; 20).]

X V I.6 .4 N ote, fu r th e r ,  th a t  th e  sum  of th e  co llective association  e s ti­
m a te s  is equal to  th e  v a lu e  o f m an ifest local d istin c tiv en ess , i.e.

sm î j ( [ t , i] q(2>) +  m i / l ’P }  =  3 • т/Д А )1  
18.2904 +  9.8247 =  28.1151 j

(X V I; 24)

w h ich  has the  im p lica tio n  th a t

as before.

2 • m îj(X)  -  sm î j ( [ t , i ]  r/2)) =  т / Д Д (2)]) 
18.7434 -  18.2904 = 0.453

(X V I; 25)

XVII. Some interim remarks

X V II.1 These m odels can  be useful in  severa l w ays. F o r instance, we 
m ig h t be in te rested  in  ra n k in g  coalitions, accord ing  to  th e ir  complete associa­
tion. (D uring a process o f  som e k ind , we should  face, o f course, th e  d ifficult 
p rob lem s of “ tra n s -ra n k in g ” .) This a rg u m en t m ay  lead  us to  redefine th e  old 
b u t  still unsolved p ro b lem s of “dominance structures”  o f  communities  (see 
Ma y , 1981). I t  is p e rh a p s  n o t to o  far-fetched  to  believe th a t  th e  m ost d om inan t, 
th e  second m ost d o m in a n t e tc . elem ents or coalitions are  n o t defined  only  by  
th e ir  abundance re la tio n s  h u t, pr im a  facie, b y  th e ir  iiassociational powers”  by 
w h ich  th ey  tru ly  “ d o m in a te ”  over o ther e lem ents or coalitions.
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X V II .2 L e t us m ake a  d is tin c tio n  betw een  (a) autophenetic a n d  (b) syn- 
phenetic patterns.  C oncept (a) is re la te d  to  one single elem ent of a  se t, like th e  
B an g o rian  “ species p a tte rn ” rep resen ta tio n s . C oncept (b) is re la te d  to  all (or, 
a t  le a s t, co n v en tio n a lly  all) e lem ents of a  se t, like a  num ber of d iv e rs ity  p a tte rn  
re p re se n ta tio n s  (see e.g. G r e i g - S m i t h  1964; P a t i l  an d  R o s e n z w e i g  1979).

X V II .2.1 T he efficient tra n s la tio n  of (a) to  (b), and  vice versa , is s till 
ve ry  lim ited . T he aim  of th e  p resen t paper was to  describe some to o ls to  m ake 
th is  k in d  o f com m unica tion , or, tra n s la tio n  m ore effic ien t. The syncretic m odels 
o f [B] a n d  th e  diacretic m odels of [C] refer, of course, to  some synphsnetic  an d  
autophenetic patterns , respectively .

X V II .2.2 W e should  be aw are  o f th e  fa c t th a t  some seem ingly  sim ple 
problem s are  “ classical” b u t som ehow  neglected . K y l i n , for in s tan ce , had  
m ade clear a n d  op era tio n a l d is tin c tio n  betw een  th e  “ m inim iareals”  of a species 
and  a c o m m u n ity  (see G o o d a l l  1952). In s te a d  of fo rg e ttin g  im p o rta n t re su lts , 
it is m uch  b e t te r  to  t r y  to  follow th e  tra c k s  of our ancestors.

X V II .3  I f  we generalize th e  reason ing  o f K y l i n  and  o thers, th e n  all 
concep ts o f X . (e.g. ch a rac te ris tic  po in ts , in te rv a ls , scaling, screen ing  etc .) 
h av e  to  be in te rp re te d  for e lem ents an d  coalitions as well. We m ig h t guess 
th a t  th e re  e x is t som e em pirica lly  “ good”  (a lth o u g h  p robab ly  n o t sim ple) 
re la tio n s be tw een  ce rta in  a u to p h en e tic  an d  sy n p h en e tic  p a ram ete rs . F o r in ­
stance , in  th e  th e  m a jo rity  o f cases th e re  is an  accum ula tion  of p a r tic u la r  
m ax im a o f com ple te  d issociation  fo r m ost p o p u la tio n s a round  A diss, th e  c h a r ­
ac te ris tic  p o in t, w here to ta l  d issocia tum  reaches its  m axim al va lue . T he de­
te c tio n  o f such  “ m u lti-p a tte rn ” re la tio n s  can  be m ade only  by  hav ing  a re a so n ­
ab ly  rich  re p e rto ir  o f m odels. The n e x t p a r ts  o f th is  series will keep th is  a im  
in view .
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