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ABSTRACT: A simple method using jncidence (presence) data,  t |e Jaccard index
of s. i r i lar i ty anb the nonparamelr ic Wi lcoxon T stat ist ic is shown to produce an
ecoiogica' l1y interpretablb ordinat ion of  moss species ensembles in l3 forest
standi  of  the Huyci< Preserve near Rensselaervi l le,  New York.  The method is also
uppf led to the t i .ee species ensembles of  these forests and there is only,a
f i t t te conformity of  the moss and tree patterns.  There is actual l .y ' ! i t t le over-
a'l I pattern , though consi derabl e heterogengi t.y, to the tree communi ti es .

The new meth6d is compared with pr incipal  components ordinat ion and appears
to y ie ld a r icher,  more interpretable set  of  resul ts,  as wel l  as al ' lowing sta-
i is i icat  inference about the dist inct iveness of  pairs of  indiv idual  species. .
ensembles.  The new method may be general ly useful  in the search for community
pi i iu int  in space or t inre wheir  only incidence data are avai lable and consider-
able species shar ing among communjt ies is present.

lh comparison i r t t f r  one another,  many of  the moss species-ensembles appear
to be random subsets of  the whole species poo1. 0rdfnat ion of  a l l  ensembles
iog. i f r . . ,  however,  reveals lwo maior and divergent tendencies which div ide the
enie*Ot. i .  The div is jon ar ises f rom the interplay of  species diversi ty and
random versus non-random assembly of  species ensembles.  Hence, the new Jaccard-
14i lcoxon ordinat ion takes place igainst  a backdrop of  fami l iar  ecological  cgn-
. .p i i .  The ordinat ion of  t f re mosi  ensembles also makes sense given their  micro-
gebgraphical  posi t ions wi th in the Huyc( Preserve.
-  -  The data set  developed here provides an extensive f lor ist ic_descr ipt ion.
of  the mosses of  a hemlock-hardwobd forest  mosaic which has developed over the
past 50 years fo l lowing extensjve distrubance by humans.

rk'**

Introduct i  on

The f i rst  step in the study of  the composi t ion of  natural  communit ies,  or
species assemblages, is the extract ion of  meaningful  pat terns.  Such patterns,
provide a foundat ion for  conclusions about the s imi ' lar i ty and dissirni lar i ty of
communit ies spread out in space and t ime. Patterns in space may ref lect  under-
ly ing c l imat ic,  edaphic,  d ispersal  or  species- interact ive ef fects,  and they may
rbpresent synchronous or asynchronous successional  change. Patterns str ic l ly-
arranged in t ime, as in the paleontological  record,  f idy represent the cumulat ive
effects of  many biogeographical ,  ecological  and adapt ive events.  Behind this
search for pattern there always lurks the nul l  hypothesis that  observed di f fer-
ences in species representat ion are due to chance occurrences of  colonizat ion
and ext inct ion,  or  chance ef fects of  samp' l ing.

0ver the years many attempts have been made to extract patterns from data
for commun' i ty composj t ion (Dice,  1945; Coleo 1946; Preston'  

. l948; . |962; 
Bray

and Curt is,  
. |957; 

Fager,1957; Curt is,  
, l959; 

Moris i ta, '1959'  Hairston, '1964;
* x i [  , t  

- : 's  
tk ?k ?k )k
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Wi l l iams, 1964; Lambert  and Dale,  1964; MacArthur,  
. |965; 

Wi l l iams and Lambert ,
1959, 1966; Cajrns and Kaesler,  1969; Roback et  a l . ,1969; Langford and Buel l ,
1969; l , l i l l iams et  a l . ,  1969; Goodal l ,  

. l970; 
Andersen,1971; Botkin et  a l . ,  1972;

l {h i t taker,  1973; l , r | i l l iamson, 1978).  For the most part  these papers inquire
about:  mechanisms or factors wh' ich inf luence the br inging together of  species
into assemblages; t ra jector ies of  succession; mechanisms control l ing patterns of
relat ive abundance among species;  or  how we can best recognize when species
ensembles at  d i f ferent s i tes are dist inct .  This last  quest ion is a major con-
cern of  th is paper.

Ear ly methods of ten introduced an unwelcome arbi t rar iness or c i rcular i ty
by assigning each species an fmportance value which ref lected preconcept ions
(possibly of ten correct)  about the composi t ion of  typical  or  c l imax communit ies.
Later approaches have usual ly at tempted to overcome this c i rcular j ty wi th
unweighted mult ivar iate analyseso but these suffer f rom di f f icul ty of  interpreta-
t ion.  I t  is  d i f f icul t  or  impossible to ascertain what propert ies of  the data
the var ious axes or factors of  a mult ivar iate solut ion are most responsive to
in a biologica' l  or  ecological  sense. Some mult ivar iate proceduresn part icular ly
pr incipal  components analysis (PCA),  do " l ine up" the s i tes or stat ions qui te
we] l  (Wi l l iamson, 1978).  However the cr i t ical  problem of the degree of  d is-
t inct iveness between seemingly qui te s imi lar  ensembles has eluded most methods
of analysis.  Fager (1957),  a lmost alone among the ear ly authors,  d i rect ly
tack' led the problem of stat ist ical ly dist inguishing the species ensembles at
di f ferent locat ions.

Many of  the methods proposed for the ordinat ion and classi f icat ion of  com-
munit ies use measures of  abundance as wel l  as species l is ts,  but  increasingly
at tent ion has focused on the use of  incidence data (Fager,1957; Lambert  and
Dale,  

. |964; 
Goodal l ,  1970; several  of  the papers in | l |h i t taker,  1973; and Wil ' l iam-

son, 
. |978).  

Incidence data have a number of  pract ical  advantages over abundance
data:  they are more easi ly and quickly col lected; they are the typical  data
of most ear ly f lor ist ic and faunist ic studies,  many of  which are i r replaceable;
they are probably the only general ly rel iable data for  fossi l  assemblagesi  and
for most colonial  animals and vegetat ively propagat ing plants they are of ten
the only data one can reasonab' ly co1lect .  Even when we could conceivably record
the cover or mass for every species the task of iden'tifying every scrap of
mater ia l  may be insurmountable.  This is certainly the case with mosses, al though
an indicat ion of  re lat ive species abundance can be gotten from frequencies of
encounter dur ing sampl ing,  as in the var ious columns of  our main data set  g iven
in Appendix,  Table l .

in th is paper we explore patterns among the moss species ensembles of  13
neighbor ing' locat ions,  or stands, in the forest  t ract  of  the Edmund Ni les Huyck
Preserve, Rensselaervi l le ( just  South of  Albany),  New York.  We also examine
the tree species ensembles for  l l  of  the same stands using data col lected by
Russel l  (1955) c lose to the t ime the moss samples were taken (1956).  The sampl-
ing of  mosses and subsequent taxonomic determinat ions were done by B. B. Coleman.

A new method of  analysis using the Jaccard index of  s imi lar i ty (Jaccard,
1902,1912; Southwood, 1968; 0r1oci ,  1973; l , . t i l l iamson, '1978) and the Wi lcoxon T
stat ist ic (Wi lcoxon,. |945; Siegel ,1956) was developed to produce an ordinat ion
of the moss or t ree species ensembles of  the Huyck Preserve. This procedure
was devised by C. A. Istock.  A s ingle computer program, wr i t ten in BASIC, was
used to caruy out these calculat ions,  wi th a species by stand matr ix of  inci-
dence data as input (Appendix,  Table 1 for  the mosses, and Table I  for  the
trees).  Whi le the method is essent ia l ly  a mult ivar iate technique, i t  reduces
to two kinds of  two-dimensional  p ' lot  which are readi ly interpretable in relat ion
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to the species r ichness and the spegles shar ing patterns (patterns of  s imi lar-

i iv i  ot  lh. .nr . rUfei  s lngly and col lect ively.  When the method is expl?! led
*J"r6.ur. fu11y below i t  wi t i  be seen that i ts rat ionale ' involves recogni t ion.of

l r , . - iotnt  inf i r .n. . i  of  species diversi ty an! random versus non-random assembly
oi-s iecies into ensembles' .  Hence, unl ike mult ivar iate ordinat ion_procedures
such'as pCA, * .  Lno* beforehand the conceptual  content of  each calculat ion and

i ls numeric i l  re iu l t .  This type of  ordinat ion not only c]usters or l ines up

th;  locat jons,  i i  Aoes so agai i r i t  a pa' lpable backdrop involv ing the commonal i ty

and r ichness of  species ensembles.

The Study Area and Previous Studie.s There

The Huyck preserve includes 1200 acres in the watershed of  Ten Mi ' le Creek'
a t r ibutary-ot  cai i l i t t  Creek which f ]ows to the Hudson River.  One dam in Ten

Mile Creet< created-Lincotn Pond, another dam downstream created Lake Myosot is.

These two water-uoOi. i - i1ong wit f r  pona Oreek create wetter habi tats wi th pond-

side and streamside vegetatTon (Figure 1)._ The Preserve l ies on the Helderberg

Fiui . i ,  wi t r ,  et .u i i ioni  ranging' f r6m 425-525 n.  The vegetat ion has been largely

undisturbed since l93l  when-the Preserve was establ ished. Pr ior  to th is t ime

i f re i ract  had a complex history of  cut t ing,  Plowing and.plant ing
-b;i l ( igq3l relogni zed 26- distinct f6reit conrmunities on the Preserve based

on his stuay of ' t r :ee species composi t ion. .  He out l ined a compl icated pattern

oi  i r i . . rs ibnal  t ra jectbr ies and concluded that these forests belonged-!9 t f '9. .

Hemlock-white pine-Northern Hardwoods Region (Nichols,  
. |935; 

Braun, 1950).  l l l i th

i r , . .* .*pt ion of  red and white spruce and red-and iack pinen the other t ree

soecies expected for th is forest  region were found'Jrvv 'R;t ; ; i i - t igSS) 
took except ion wi i l r  0dum's v iew of  successional  change on

the preserve. H. r . .ognized bnly l l  forest  lypes {Tabl .1) : .  He asserted that
; i ;  ; ; i i ; 'o i -crosuiv i i * i lar  lan"d use histor ibs,  physi .osr?phic^si tuat ions,  and
local  c l imates,  euci t  of  e leven forests is seen to be dist inct  f rom the others.

In the absence oi  iong. inge studies of  p lant succession, i t  is  concluded that

present ly i  nadvi  sabl  e.  "

Figure 1.  GeograPhical  Posi t ions
of the sampf ing locat jons (= forest
stands) wi th in the Huyck Prese-rve'
North is exact lY to the toP of  the
mao. The elevat ions are shown in
feet.



Table l .  Russel l 's  (1955,
Huyck Preserve Forest .  An

Speci  es

Tsuga canadensis
Acer saccharum
msrr=.g*naiTdl:g

Coleman and Istock

his table l2)  l is t ing of  species
* means the species was present.

Stand no.
1234567

stands of the

Fraxinus americana

*
*
*
*

*
*
*
*
*
*
*

*
*
*
*

Quercus rubra
Ti l ia americana
mr,yt-@e
Ulmus americana
BETuTaTffi-
Flnus sTroEIs
@
Juglans cinerea
Acer rubrum
@
Carpinus carol  in iana
Prunus serot ina
Popffislia-n'fi?-entata
Prunls v i rg in iana *
Carya ovata *
Sal  ix  gp. *

Russel l  returned to the Preserve in 1964 and studied his or ig inal  l l  areas.
His resul ts are on f i le at  the Preserve. In s ix of  Russel l 's  stands hemlock is
one of  the dominants,  in 3 of  them beech is one of  the dominants and in 4 others
sugar maple is one of  the dominants.  Judging from his resul ts for  1964 i t
appears that the genera'l successional trend could be toward the dominance of
hemlock and several  hardwoods, wi th whi te pine local ly dominant in one area, and
with other stands represent ing var ied seral  types. The val id i ty of  th is con-
clusion is of  interest  to us,  but  not cr i t ical  to our subsequent analyses and
conclusions concerning the moss species groupings of  the Preserve.

In th is paper we use moss-species data f rom Russel l 's  l l  s tands, and add
two wetter s i tes (pC and LP, f igure 1 )  to encompass a wider represeniat ion of
moss habi tats.  Whi le our concern is pr incipal ly wi th the structure of  moss com-
munit ies we wi l l  ask,  qui te tentat ive' ly,  about the conformity of  moss and tree
community patterns and about the issue of  succession raised by 0dum and Russel l .

Mater ia ls and Methods

Table 2 l is ts the number of  n2 quadrat  samples taken along l ine t ransects
within each of  Russel l 's  l l  s tands p' lus the 2 wetter s i tes to create the moss
species data set  of  Appendix,  Table '1.  The locat ions of  the samples wi th in the
Huyck Preserve are shown on f igure l .

in l l

8

*
*
*
*
*
*
*

*

*

1t10

*
*
*
*
*
*

*
*
*

*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*

*
*

*
*
*

*
*
*

*
*

*
*

*
*

*
*
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Table 2.  General  character ist ics of  the moss data set :
species per stand; shar ing of  species between stands'

No. of  stands
with which spp.

were shared

5

number of samp'les and

Av. no. of  spp.
shared + (Std.  Dev.)
for adiusted data-

No. of
Stand uadrats

2A
20
20
27*
40*
20
20
20
20
20
t6
46*
75x

Total no.

(  38)
(40)

34
3t
26
3B
53
26
Z5
38
37
36
29
37
80

I
2
3
4
5
6
7
B
Y

t0
il
PC
LP

( 28)
(  48)

12
12
12
12
12
12
12
12
12
12
12
12
12

I 3.75
12.92
8.08

13.83
I 2.08
I 0.92
1 .83
5.9, |
5.  33
4.08. I0.  83
9. 33

13.08

(4.01)
(3.63)
(  I  .44)
(3.e0)
(2.6r )
(  2.  84)
(3.24)
(3.0e)
(4.36)
(4.0r )
(2.2e)
(2.57)
(  3.65)

*Adjusted to 20 randomly selected quadrats for
equal  i  ze samPl i  ng.

(  ' )  
No. of 'species remaining af ter  adiustment
*

Mosses on a lake shore
f f iastendofthedamandameterfromtheshoreofLincoln
pond i lF) ,  ZS"r2 quadrats were located around the pond to the west s ide of  the
dam at lb m intervals.  In each quadrat  mosses were removed from soi l ,  rock,
Jeja wooO, l ' iv ing t ree bases ( jn i luding exposed roots),  and l iv ing t rees.
Mosses of  a stream gul ]Y

ct ionofTroutPondCreekwithTenMileCreek,37quad-
rats iFC iurpi .s)  were-set out upstream-to. the area where the stream f lows
through an open i ieta on land ouls ide of  the preserve. Quadrats were located
every"2g meters according to the fo l lowing_system. At the iunct ion of  the
i t i . i r r  a quadrat  fe11 oi  t t re r ight  s ide'of  the t r jbutary,  approximately one_ --
meter from the middle of the str6am bed. Twenty meters upstream a_quadrat fell
jn midstream, the next quadrat  fe11 on the lef t  bank, and so on. The compass
direct . ion was west.  Any tree nearest  to ei ther the r ight  or  lef t  bank quadrats
was sampled i f  there was no tree wjthin the quadrat .
Mosses of  Russel  I  's  I  I  stands

ndsdel ineatedbyRusse. l lasfol lows.InStandl
a nerth-south compass l ine was fol lowed beginning at  the Pond Hi l l  Road and a
1 i2 quadrat  was sampled at  evgry l0.meters.  Compensat ion NE had to be made
from t ime to t ime to avoid by 20-m the shore of  L incoln Pond which was sampled
separately.  When no trees were present in a quadrat ,  the nearest  t ree was
i .hpt .O. 

"nf f  s iands except 5 anb l l  were sampled simi lar ly.  Stand 5 was sampled
in 2 parts:  for  5a 20 quadrats came from a dr ier  spruce plant ing;  for  5b.20
quuJrlts .ar. from a more mesic hardwood forest on the north side of Trout Pond
Creek, these samples were pooled for the analysis given h.19. The area of  the
Ten Mi le Creek f iood plain ' forest  at  Stand l l  was much smal ler  in area than the
other stands and on' ly 16 quadrats and trees were sampled.

the "adjusted data set" ,  to

of  the sampl ing.



-  _ Al1 _samples.were pressed and dr ied.  Standard manuals (Grout,  1gZB, ' ;933,
1936'  

. |965; 
Welch, 

. |958; 
and Darl ington, 1963) were used to 'determine genera'

and species.
Adjustment of  Sample Sizes

isthenumberofquadratsamplesperstandwasad.
iusted back to 20 for the four stands where more than 2b werb or ig inal ly taken.
Thiswas done by-select ing 20 samples at  random from the or ig inal  27,40",46,
and 75 samples for  stands 4,  5a and b pooled, PC, and LP reipect iveiy.  'The're-
sul t ing drop in species number for  these four stands is shown in tabie 2 and
the indiv idual  spqcies which dropped out at  a given stand are shown with an
aster isk_in Appendix,  Table l .  Stand l l  had to be lef t  wi th only 16 samples.
Pr i  ncipql  Cgmpgnef ts Anal .vses

PCA calculat ions_were performed by the BMDP factor analysis program p4M
(Dixon and Brown, 1977 )  wi th ROTATE = f tONr.  The moss or t ree data sets used as
input were matr ices of  jo int  occurrences. The calculated correlat ion matr ix
was factored about the or ig in as recornmended by l^ | i l l iamson (1979).

Coleman and Istock

The Jacc_ard-wi lcoxon Analysis (JWA): procedure and Rat ionale

Procedure-The-aata set  leqyired is a matr ix of  incidence (presence) data,  i .e. ,  a
matr ix of  species by locat ions as in Appendix,  Table ' i  for  rnoises or table I
for  t rees.  The subsequent calculat ions are:

l .  Compute the Jaccard indeces (S).of  s imi lar i ty for  a l l  possible compari-
sons between locat ions (= ensembles).  The mhtr ix of  jb int  occurrehces
is also.obtained as part  of  the calculat ions (numerators for  the Jaccard
indexes),  and the average Jaccard values (5) i re also obtained for each
I ocat i  on .

2.  Calculate the Wi ' lcoxon T stat ist ic for  a l l  possible pairs of  locat ions.
Each pair  of  locat ions provides two columns'of  (n-2) 'paired Jaccard
values, where n is the total  number of  locat ions.  Al io calculate the
average of  T,  i .e. ,  T.

The Jaccard- index. is S =.  c/(a+b-c) where c is the number of  species in com-
mon between two locat ions,  whi le a and b are the numbers of  specibs for  each of
the locat ions separately.  s is not l ikery to be sjrmmetr ical ly,  or  normal ly,
distr ibuted. Figure 2 shor ' rs the asymmetr ical  d ist i ibut ion of5 tor  the moi i
ensembles.  A hal f -matr ix of  S values ! t  g iven above the diagonal  in table 3.
The ful l  matr ix is,  of  course, symmetr ical .  Stat ist ical  comfiar ison of ,  the S
yl lug:_for any two locat ions requires a nonparametr ic test ,  hence the choice of
the Wi lcoxon T.

I t  is . important to recognize that the l is t  of  S values for any given loca-
t ion descr ibes the lpec=iep sha!" ing behavior (species matching) of  i f r i t  tocat ion
with respect to eacF-oF-th-e omer loffi ionF.' when the l ists-for any two loca-
! ]on:  are compared for the remaining n-2 paired values of  S we are Lxplor ing
the degree to which the two locat ions have simi lar  species shar ing behavior l
The nonparametr ic l , l i lcoxon T makes this comparison by forming the"signed di f fer-
ence between each of  the n-2 val .ues and-ranking the di t ferenies wi th6ut 

" .gurJfor s ign.  The-sign of  each di f ference is then carr ied over wi th the rank indposi t ive and negat ive ranks are summed separately.  T is the sr i t te.  o i  l r r . i .
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two sums. Tables gjv ing the probabj ' l i ty  of  a given T for a g ' iven sample.s ize.
; ; ; ; ; i tabte (S' ie6et,  igso; i tso see siegel  for  procedure to break t ies).  Thus
we have a direct  test  of  whether any two locat ions di f fer  s igni f icant ' ly  in S
within the context  of  a l l  the species and locat ions of  the whole data set .
Values of  T for  the moss data set  are given below the diagonal  jn table 3 wi th
ui tJ" isks to jndicate s ign' i f icant departures f rom random species shar ing behavior.

The distr ibut ion of  T values for the moss data set  is shown in f igqre 3:  . .
The maximum value T can assume with a sample s ize of  l l  (= l3-2) is 33 (= 1/2 tne

,r*  of  I  to l l ) .  T = 33 comes with equal  d iv is ' ion of  the ranks I  to l l  between
poi i t ive and negat ive di f ferences. When al l  the ranks are of  one sign,.T=0-
th.  theo.et jcal"distr ibut ion of  T is approximately normal (Siegel '  1956).  Despi te
oui  smat l  sample s izeo the non-normal ' i ty  of  T in f igure 3 is I  f i rst  c lue that
there is pattbrn in the data.  h le have far too many low and high va' lues'  sug-
gest ing that both strong simi ' lar i ty and sharpdissimi lar i ty exist  among the
ensembl es .

The'use of  the Wi lcoxon T here is more than a means of  stat ist ical  ' infer-

ence, T serves also as a measure of  d istance between ensembles.  In th is sense
*.  f iu.  a mult ivar iate descr ipt ion,  i .e. ,  a mapping in a hyperspace where the
ensembles label  the axes and i  is  the mapping var iable.  .Rough graphical . real iza-
ai ; r ; -o i  t f , is  property of  the method are empioyed later f igures 7,  B and 9) '

A two dimbnsionai  p lot  of  the ensembles wi th T and S as axes yields an
ordinat ion which is reai i ly  interpreted using the ecological  1og_ic behind-the
method. Such a plot  appeai^s in f igure 4 for  the mosses and in f igure 19 for the
i i . . i  of  the Huybt< Preibrve. An aiypical ly high 5 combined with a low T exposes
an unusual ly r i ih ensemble which contains the most complete subset of  the more
co**on ip. . i .s  ( ' locat ion 8 is an example in both f igures 4 and t0)r_an.ensemble
which has man.y of  the rarer species and fewer of  the cornmon ones wi l l  have both
low S and low T, such as stand 3 in f igure 4,  or  stand 11 !n f igure '10.  A
depauperate ensemble wi th cornmon spgc' !es,wi l l  fa l ' l  low in S but have a more
tybic l t  value for T,  such as I ,and 2 jn f igure 10. Less and less deviant
eirsemnles wi th typi ia l -values for both S and T wit l  be toward the "center"  of
the p ' lot  nearer to S, T;  shown as an * in the f igures.

Each ensemble t i t l ing in or near the central  c luster is akin to a set  of
random draws from the ent i re species' l is t ,  where the species in the l is t  have
t iequenci . t  ror i ' f r ty Jquivafent ' to thoee ref lected jn column 3 (no. of  samples)
of  Appendix,  TaSle l . '  Simple comparisons between any two central  ensembles may
o.casional ly be signi f icant,  a few examples can be found in tables 3 and 4.
Much more f i^equent iy two ensembles whjch p ' lot  c lose together have a T.  approaching
the maximum T indic i t ing that  they behave as s imi lar  subsets of  the whole species
set in their  capac' i ty to share (or match) species-

W.i l l iamson (197b) has pointed out the "horseshoe ef fect"  which ar ises when
zeros exist  jn the matr ix of  jo int  occumences among locat ions and PCA is used
as the method of  ordinat ion.  I , l l i th such zeros the resul t ing plot  f rom PCA has a
horseshoe shape which gives the m' istaken impression that ensembles which share
i .*  o" no spef ies are i rore s imi lar  to each other than to ensembles wj th which
they share more species.  He developed a "step'across" method to est imate more
acc"urately the distances between the ensembles not shar ing species.  His tech-
nique is very ef fect ive in a hypothet ical  case and moderately ef fect jve wi th a
real  and more complex data set"

Zero jo int  occurrences also cause a horseshoe- l ike resul t  in appl icat ions
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Moss species ensembles

of  the JWA, but wi th the horseshoe turned on i ts s ide in the S, T plot .  The
horseshoe ef fect  js  most marked when many zeros occur.  The moss data set  used
here contains no zero jo int  occurrences and the tree data set  contains only I
case where no species are shared between a pair  of  ensembles.  l^ lh i le the horse-
shoe ef fect  appears not to be a problem with our data sets '  i t  wi l l  be necessary
to incorporate Wi l l iamson's step-across technique or some other correct ion when
many zero jo ' int  occumences are encountered. Ordinat ion across gradients of .  _
community change in space or the fossi l  record wi l l  o 'Ften encounter th is problem.

The above weakness of  the JWA emphasj  zes that the pr imary purpose of  the
method is to explore patterns of  conrnuni ty relatedness when the issue is con-
fused by a compl icated shar ing of  species,  not  to explore pattern or relatedness
in communit ies strung out over some clear gradient of  species replacement.

Resul ts and Conclusions

1I

Moss communit ies
f f issamp1edjntheHuyckForestsharedmossspecieswiththe
other l2 stands. Between 6 and 22 species were shared over al ' l  painvise com'
pagisons with a total  of  137 species appear ing in the ent i re adiusted data set
i l+7 species in the unadjusted set) .  The average number of_species shared by
each stand ranged from 8.08 for stand 3 to 

. |5.9. |  
for  stand 8 (Table 2).

Most species were rare.  No species occurred in every stand. Eight_spec' ies
were near ly ub' iqui tous,  occurr ing in 

. |0,  
11,  or  12 of  the stands: B. sa1ebrosu11,

O. v lp ide,"H. acinatuf f i ,  M. cuspid; tg*,  P.  dent iculatum, P. rePens'  B.  t . l * lETrnt '
;;d@ n e r i c lffis ETv. n i n T p pe nET X,*T a6-l e-Tl--.*onTv a GW-
specTes-tuiEh-Ell recurvans, D. montanum, H. [aldania!um' anl l. [utans .rye_rg.
mbderately common ani-TocalTy A-ominanE. 

_1ery 
few gpecies such as C. cordifolium

and P. wahlenbelg!_ were rare general lyn but local ly abundant.-ifre-lnrosileftTes ensembles were definitely interconnected by species sharing,
but in a loose' ly kni t  fashion which def ies easy interpretat ion by inspect ion
alone. Dominance of  the 13 species ensembles,  € i ther indiv idual ly or col lect ive' ly '
by a few species is str ik ingly absent.  .Heterogenei ty is much more apparent.
-  

The Jaccard-Wilcoxon Ana' lysis (J l^ lA) appl ied to the adiusted data set  pro-
duced the 5,  T plot  of  f igure 4.  Stand B is stat ist ical ly dist inct  f rom s' tands
3,4,  5,60 l '1,  PC and LP in i ts species shar ing behavior.  Stand 8 shows moder-
ate af f in i ty wi th stands 7 and 9 (T = , |9,  

table 3),  though 9 plots c loser to 8.
Stand 8 holds i ts special  posi t ion in f igure 4 because i t  has the best subset
of  the commonly shared species,  hence stand 8 has a run of  h igher than typical
S values. Stand B does not have part icular ly many species,  s ix other stands
have about the same or more species.  At  the t ime the data were taken stand 8
was a young, openn dr ier  forest  dominated by oak (Quercus r l rbrg),  but  wi th,sugar
maple (ncei  saccharum) increasing as oak decl ined (Russe'11 . |955, 

and unpubl ished
noles oF*T-964).---

Figure 4 ident i f jes stand 3 as the converse of  stand 8,  ' low species match-
' ing wi th other stands, but not a part ' icu1ar1y' low total  number of  species.  By
noi  possessing common' ly shared spec' ies stand 3 qcquires dist inct iveness and a
str ing of  low-S values. Stand 3 is stat ist ical ly dist inct  f rom al l  other stands
in i t i  species matching, except for  PC and LP ( table 3).  This af f in i ty wi th
the two wetter s j tes is surpr is ing because stand 3 l ies on a steep southwest
facing s1ope, is wel l  drained, and at  the t ime of  sampl ing was dominated by red
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oak with sugar maple increasing and white ash (Fraxinus americana) and beech
(Fagus grand' i fo l ia)  beginning to establ ish themff i  (Russel l ,
1955, and his notes of  1964).  The geographical  proximity of  3,  LP, and PC may
play a role.

The rest  of  the species ensembles t race out a fa i r ly  s imple pattern in
f igure 4.  The dbsence of  t ight  bunching of  the stands i l  a g;"aphica1 render ing
of the looseness with which the mosses are organized into communit ies.  There
is no clear subcluster ing,  something one would expect i f  there were recurrent
groups of  species in the sense of  Fager (1957).

The JWA may not be too sensi t ive to unequal  sampl ing" Figure 5 shows an 5,
T p ' lot  for  the unadjusted data set .  The more intense sampl ing of  stands PC, LP,
and S understandably pu11ed them farther into the central  c luster,  apparent ly
also causing stand l1 to be pushed outward.

The clearest  JWA ordinat ion of  the moss communit ies resul ts when LP and PC
are dropped as in f igure 6.  This plot  was created for comparison with the or-
dinat ion of  t ree communit ies,  but  i t  a lso shows the ef fect  of  e l iminat ing the
wetter s i tes and makes the relat ion of  stand l l  to stands 3 and 5 c ' learer.
Stand l l  is  unusual .  I t  l ies on the f lood plain of  Lake Myosot is and i ts forests
were dominated by whi te ash and American elm (Ulmus americana) (Russel l ,  1955).

The configuration jnside the hypervolume oFi-JWtroTdlnation can be
gl impsed by using any two stands as axes and plot t ing al l  stands accord' ing to
the T values found for comparison with the stands label ing the axes. A stand
is assumed to have T = 33, the maximum T, wi th i tsel f .  Figures 7,  B,  and 9 are
useful  examples of  such graphs. With them we can explore interstand af f in i t ies
in more detai l  than was possible wi th the 5,  T plot .  Figure 7 uses the extreme
stands 3 and B as axes, the f igfure also includes dashed l ines at  T = l l  indicat-
ing a stat ist ical  d i f ference from the appropr iate reference stand, dt  p < 0.05,
for any stand fa ' l l ing inside the l ine.  From f igure 7 the af f in i ty of  stands 8n
9, and 7 and of  stands 3,  PC, LP and 5 is c lear.  Stands 4,6 and l l  are s ig-
ni f icant ly di f ferent f rom both reference stands. When stands 6 and 4 are used
as reference axes the plot  in f igure 8 resu' l ts.  Now the more extreme species
matching tendencies of  stands 3 and PC, and of  stands 8 and 9 appear as s igni f i -
cant ly di f ferent f rom the reference stands, the af f in i t ies of  LP and 5 wi th 3
and PC appear less strong. In f igure 9 the reference stands are 9 and PC and
rather fami l iar  c luster ings reappear 9,8,7,  I  and 2 as opposed to PC, 5,  LP,
and 3,  whi le stands 4 and 6 fa l l  into the square of  s igni f icance and the af f in i ty
of  stand 1l  wi th the 3-PC cluster appears c lar i f ied.

A graph such as f igures 7,8,  or  9 is a sort  of  select ive ordinat ion and
is part icular ly valuable in explor ing the strength of  af f in i t ies and cluster ings
that are di f f icul t  to read from the numerical  values of  table 3 or f rom the
5, T p ' lot .

The JWA has exposed two di f ferent tendencies in the moss communit ies of
the Huyck Preserve. The moss species groups of  stands 8,  9,  10,  I  and 2 are
general ly r icher in common speciesn they have greater species matching capaci ty
both wi th themselves and with the remaining stands. The species ensembles at
stands 3n PC, LP, 5 and l l ,  whi le not part icular ly depauperate,  tend toward
greater uniqueness in species composi t ion and hence possess less species match-
ing capaci ty.  Stands 6 and 4 are intermediate.

The way the JWA ordinat ion of  the stands f i ts the amangement of  the stands
on the' landscape of  the Preserve ( f igure l )  is  not  l ikely to be coinc' idence.
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Di  scuss i  on

Ensembles which c l .ustered.together tend to.be geographical ly c lose. Even the
two out ly ing stands, 1 and 2 (see.f igure l ) ,  appeir  lo t ie in through stands 6
an9 1 ( f igure 8).  Species contagion-and mi i roLnvironmental  s imi la" i ty u*ong
nei.ghboring stands may account for some of the observed congruence between theordinat ion pattern and the microgeography of  the stands.

Resul ts f rom two PCA ordinat ions of  the moss ensembles are given in Appendix,
Table 2.  More than 85% of the var iance is explained by f ic tor l " in Uotfr . i ie i ,
tU: l ines up the stands wel l  a long factor l . '  The PCA-ordinat ion agrees wel l
wi th the JWA ordinat ion on several  counts.  The placing oi  i ianOs 8]  g,  anO tOat one extreme and stands 3,  PC and l l  at  the other e* i reme-j ie cfei .  poinis"of
agreement.  The posr ' t ions of  stands 6 and 7 however are in sharp ai iagreem.nt.
When PC and LP are dropped from the pCA, case (2) of  ApperOi- ,  Tabt.  l , - i f , "
only change from.case (1) involves the posi t ions of  6 and 11. The reason fordropping PC and LP was to create a PCA brdinat ion comparable in i ts l l  s tandsto the ordinat ion of  t ree data by pcA, case (g),  to ub aiscussed later.
Apparent l .y PCA and JWA simi lar ly resoive the'more extreme species ensembles butrespond di f ferent ly to the cent ia l  c luster of  more typical  Lnsembles.
Tree communit ies
@9tgPte4.presenttheJWAforRusse.| l 's t reedata(Russe.| l ,
1955; and our table^l) .  .The p' lot  in f igure l0 shows ror"  ug".ement wi th thef igures 4,  5 and 6 for  the mosses. Staid 8 has i ts usual  e i t "ere posi t ion andi ts relat ion to stands 6,  7,  4 and l0 is vaguely reminiscent of  thb moss ordina-t ion.  Stand 3 is however in a very di f ferei i -p6si i ion,-nJr:uip.ar ing; ; ;  

-  -
typical  ensembl€,  whi le stands l1 and 2 tend tbward uniquen. i i i  Stand 9 is alsoin a very di f ferent posi t ion as are stands I  and s.  rn 'shor l ,  there is relat ivelyl i t t le-congruence between the Jl^ lA ordinat ions for mosses and i rees beyond the 

'
ro le of  stand 8.

The same lack.  of  congruence is shown by PCA ordinat ion.  Cases 2 and 3 ofAppendix Table 2 show this-poor agreement.  -The 
PCA ordinat ion-of  t ree ipui i . tensembles does not even pul l  out  i tand g to head the l is t .

The broad scatter of  stands: l  f igure 10, and the many signi f icant di f fer-
glcel  among pairs of  stands in table 4-argue that the t ree spei ies ensembles ofthe Huyck Preserve are extremely heterogeneous and, as Russei i -asserted,
at tempts to draw conclusions about successional  t r i iector i . i  ure almost certainlypremature.

The disturbance-of^the vegetat ion of  the Huyck Preserve pr ior  to 1930 hasprobab' ly had a less last i .ng or te l l ing ef fect  on the moss comfiuni t ies of  thePreserve, than i t  has had on the tree cornnuni t ies.  The much qieater number ofmoss species also probably confers greater "resolv ing power; ;6n-this stratum ofthe vegetat ion when an ordinat ion i i  performed.
.  The J|alA produced a relat ively c lear ordinat ion for  the mosses. I t  ident i -f ied.a-group of  geograplr ical ty cont iguous cornmunitr-es-(s,  Fc,- [p,  11,  andpossiblv 5) which are.s l ight ly less ipecies-r ich,  and perf ,upi  lypicat  of  lowerand wetter parts of  the terrai 'n (but hot 3 o.  s) .  These sare c6mmunit ies tendmore.toward uniqueness in their  species composi i ion relat ive-to-the " typicai ; ,species ensembles of  h igher elevai ig ls. . -Thb spec_ies group'at- i tana g i i  par-t icular ly extreme, being stat ist ical ly dist inct  t rom i l f  bt f rer- i tands .r .bpt
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LP and PC (table 3).  The moss ensemble of  the young, open forest  at  stand 8
ran up the next most s izeable str ing of  stat ist ical  d i f ferences, but did so
pr incipal ly because of  i ts  f requent high simi ' lar i ty to other stands. The moss
ensembles at  stands 

. |0,  
9,  7,  l ,  and 2 are al l  c lose]y al l fed wi th stand 8,  in

fact  stand I  is  not stat ist ical ly di f ferent f rom any of  these, whi le i t  is
stat ist ical ]y di f ferent f rom 3n PC, LP, l l ,  5,4n and 6 ( table 3).  Stand 8 and
al l  of  i ts  a l l ied stands are on wel l -drained uplands or s lopes. The moss
ensembles of  stands 6 and 4 serve as a br idge between the stand B group and the
stand 3 group. These rather c lear resul ts f rom the Jl , ' lA ordinat ion would not
have been possible wi thout the stat ist ical  inference confemed by use of  the
Wilcoxon T, and the opportuni ty to v isual ly rotate the hyperspace of  the ordina-
t ion as in f igures 7,8,  and 9.  These two features of  the method al low consider-
able and detai led secondary explorat ion of  the JWA ordinat ion.  PCA ordinat ion
did not give enough informat ion to supportn refute,  or  even al low such deduct ions.

With Russel l 's  caveat (quoted ear l ier)  in mind, we tentat ively conclude
that the moss species ensembles sort  out  into at  least  two major and di f ferent
moss vegetat ion types and that these are l ikely to be long maintained. Whether
they presage simi lar  t rends for the t ree communit ies remains to be seen. The
intermediate stands 6 and 4 may move toward one of the two clusters of moss com-
munit ies or may remain as t ransi t ion communit ies.  b l i th in ei ther the stand B or
$tand 3 camp, the moss species ensembles appear to be much' l ike random subsets
of the ent i re species pool .
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Moss species ensenbles

Appendix table 2.  Pr incipal  components analysis ordinat ion for  moss and tree
species assemblages. ( l )  is  the ordinat ion for  a l l  l3 stands using the ad-
justed data set .  (2)  is  the same as ( l )  except PC and LP were dropped in order
to compare only the same l l  stands for both t rees and mosses. (3) is the
ordinat ion of  the t rees. Al l  l is ts arranged in order of  decreasing factor score.
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Stand

( l  )  Mosses
Factor I
Score

(2) Mosses
Factor I Stand
Score

(3) Trees
Stand .Factor I

Score
I

9

t0

4

I

LP

2

5

7

1t

6

PC

3

1.232

1 .177

1.096

1.085

1.065

1.065

I .004

0. 95. |

0.924

0.891

0.877

0.789

0.706

85

1.215

1.163

1.078

1 .072

1.056

0.997

0.943

0.939

0.893

0.847

0.682

8

9

l0

4

I

2

5

7

6

11

3

4

7

8

6

10

9

5

3

l l
'l

2

1.254

1 .254

1.219

r .200
r.102
0. 951

0.937

0.896

0.787

0.572

0.416

9287

% is the % of the var iance explained by factor l .


