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SU M M A R Y
(1 ) Six m easu res  o f  b e ta  d iversity  (five from  the lite ra tu re , one p ro p o sed  here) were 

co m p a red  an d  evaluated . A p p lica tio n  w as lim ited  to  m easu res  su ited  fo r species 
p re sen c e -a b se n c e  d a ta  a long en v iro n m en ta l g rad ien ts .

(2) F o u r  eco log ical c rite ria  o f  ‘g o o d ’ p e rfo rm an ce  o f  b e ta  d iversity  m easu res  w ere 
developed : (i) con fo rm ity  w ith th e  n o tio n  o f  com m unity  tu rn o v e r en su res  th a t  the 
m ag n itu d e  o f  a  m easu re  is m ean in g fu l; (ii) ad d itiv ity  is th e  p ro p e rty  th a t  th e  sum  o f  beta  
d iversities  betw een co n tig u o u s segm en ts  eq u als  th e  b e ta  d iversity  o f  the  en tire  g rad ien t; 
(iii) independence from  a lp h a  d ive rs ity  en su re s  useful app lication  o f  a  m easu re  to  sy stem s 
w ith d ifferen t a lpha  d iversities; (iv) in d ep en d en ce  from  excessive sam ple  size obv ia tes any 
sp u rio u s  effects o f  oversam pling .

(3) T w o  m easu res  o f  b e ta  d iversity  (one  p ro p o sed  by  W h ittak e r (1 9 6 0 ) and  one 
p ro p o sed  in th e  p resen t p ap er) c am e  c lo se s t to  fulfilling all fo u r c rite ria  an d  should  be o f 
m o s t use in eco log ica l app lications.

(4 ) F ield  d a ta  from  M t H e rm o n  in Isra e l w ere  used  to  co m p a re  th e  usefu lness o f  the  
six m easures.

(5) C u rre n t p rob lem s an d  issues, inc lud ing  the  re la tionsh ip  betw een spec ies-area  
cu rves  an d  b e ta  d iversity , an d  fu tu re  ap p lic a tio n s  in m easu ring  b e ta  d iversity  are  
d iscussed .

IN T R O D U C T IO N

Beta diversity can be defined as the ‘extent o f species replacem ent or biotic change along 
environm ental gradients’ (W hittaker 1972). T he studies o f W hittaker (1960, 1972, 1977), 
M acA rthur (1965, 1972) and others have established the im portance of identifying beta 
diversity and alpha diversity (the num ber or diversity o f species within com m unity 
sam ples) as com ponents o f overall diversity. A ccurate m easurem ent of beta diversity is 
im portan t in at least three ways: (i) it indicates the degree to which habitats have been 
partitioned by species; (ii) values o f beta diversity can be used to  com pare the habitat 
diversity o f different study system s; (iii) beta  diversity and alpha diversity together 
m easure the overall diversity o r biotic heterogeneity of an area.

The purpose of this paper is to  com pare the different m easures o f beta diversity used in 
the ecological literature. A lso proposed is a new and possibly superior measure. Each 
m easure is described with a com m on algebraic notation, and evaluated using explicit 
criteria. A ttention is limited to  the m easurem ent o f beta diversity along single 
environm ental gradients, although possible extensions are also considered. Only those 
m easures suitable for presence and absence da ta  are discussed. W ilson & M ohler (1983) 
have discussed guidelines for m easuring beta diversity with quantitative data. T o our 
knowledge, the present paper is the first com parative evaluation of beta diversity m easures.

* P rese n t add ress : D e p a r tm e n t o f  B o tan y  an d  P la n t P a tho logy , O reg o n  S ta te  U n ivers ity , C orvallis , 
O reg o n  9 7 3 3 1 -2 9 0 2 , U .S .A .
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M E A SU R E S O F BETA D IV E R S IT Y

This section presents six m easures o f beta diversity. Five have been discussed in detail 
elsewhere, and only the definition o f these and a  few w orked exam ples are given here. For 
consistent p resen tation , the  sym bol for each m easure, and in som e cases its form ulation, 
have been changed slightly from  those in the original.

One necessary  change has been the adjustm ent o f units, which can be interpreted in two 
ways. The first is th a t beta diversity is the am oun t o f change or turnover in species 
com position from  one location  to  another; in exam inations o f species and com m unities 
arranged along a gradient, beta diversity is the biological length o f the gradient (cf. W ilson 
& M ohler 1983). The second is th a t beta diversity represen ts the num ber o f com m unities 
present. Since com m unities in nature are seldom discre te  and countable, a given value, say 
c, o f  be ta  diversity in  this interpretation is ac tually  equivalent to  the am ount of 
heterogeneity th a t w ould obtain if there were exactly  c distinct com m unities present. In 
practice, the tw o form ulations are nearly the sam e, because changes in com m unity 
com position, as m easured by the equivalent num ber o f  com m unities present, are simply a 
function o f the degree o f species turnover. A  convenient term  for changes in species 
com position is ‘com m unity  tu rnover’; the am ount o f  com plete com m unity turnover is 
sim ply one less th a n  c, the num ber o f com munities.

M easure 1: /?w
W hittaker (1960) established a straightforw ard m easure of beta diversity, which will 

here be called /?w:

/?w =  s / á — 1,

w here s  is the to ta l num ber of species recorded in the study  system , and S is  the average 
num ber of species found within the com m unity sam ples. (C om m unity sam ples differ in 
size, shape and definition from  one investigation to  another. F o r the purposes o f this paper, 
a com m unity  sam ple is any  species inventory acquired from  a consistently applied 
vegetation m easurem ent plot.) The m easure /?w is sim ple to calculate and explicitly relates 
the com ponents o f diversity, a  and ß, to overall diversity, s.

M easure 2: ß c
In  his discussion o f bird species distributions on three continents, C ody (1975) defines 

beta diversity as ‘the ra te  a t which . . .  species are being replaced in censuses . . .  at each 
point on the hab ita t g rad ien t’. M easures such as C ody’s (see also B ratton  1975; Pielou 
1975) o f ra tes o f biotic change or rates o f species tu rnover at various stations on a gradient 
can be used to  define ecotones between com m unity types (W hittaker 1960; Beals 1969). 
As a m easure o f the range o f hab itats present and as a  useful com ponent o f overall 
diversity, however, beta  diversity should be considered an  am ount o f differentiation, not a 
rate o f change. F o r these reasons and to  be consistent we define a  m easure o f am ount o f 
biotic change, ß c , by in tegration  o f C ody’s ra te  m easure w ith respect to  the habitat 
gradient. T hus,

ß c = k o » )  +  i m / 2 ,

where g (H ) is the num ber o f species gained (i.e., newly encountered) along the hab itat 
gradient, H , and / (H ) is the  num ber o f species lost along H . T he m easure ß c is appealing 
because its use o f gain and loss o f  species m atches well the intuitive sense o f species
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turnover. I t  is defined explicitly for samples arranged along gradients o f environm ental 
change.

M easure 3: ß R
Routledge (1977), in his exam ination of how  diversity m easures can be partitioned into 

com ponents o f alpha and beta, gave two m easures o f beta diversity suitable for use w ith 
presence and absence data. His first, which we call ß R, is:

ßR =  s 2/(2 r  +  s) -  1,

where s is the to ta l num ber of species found in the study system , and r is the num ber o f  
species pairs w hose distributions overlap.

M easures 4 and  5: ß x and ß E
A nother m easure discussed by Routledge (1977), simplified here for presence and  

absence d a ta  and equal sample sizes, is:

ß, =  log ( D  -  1(1 I T )  I  et log (e,.)i -  1(1 / T )  I  a , log (a)],
i j

where e¡ is the num ber o f samples along the gradient in which species i is found, cq is the 
richness or alpha diversity o f sam ple j ,  and T  =  Z ; e¡ =  Z /  ct. T he m easure ß x is appealing 
for its sym m etry  and its basis in inform ation theory.

A  closely-related m easure results from the exponentiation o f the entropy m easure, ß l . 
This transform ation  is analogous to the derivation o f diversity num ber m easures by Hill 
(1973) and produces com ponents o f diversity that, when multiplied together, yield the to ta l 
diversity (Routledge 1977). In term s of com m unity turnover, however, the exponentiation 
is simply,

ß E =  exp ( f t )  -  1

M easure 6: ß T.
O ur field research  on the distribution o f species along environm ental gradients has led us 

to  a sixth m easure o f beta diversity. This m easure, ß T (‘beta tu rnover’), combines the idea 
of species turnover reflected by the gain (g) and loss (/) o f species along the gradient, as 
used in ß c , with a standardization  by average sam ple richness, cr, inherent in ßw. Thus,

ß j  —  l # ( H )  +  / (H )J /2 c r .

c8 c„c. cs C6

F ig . 1. A n  h y p o th e tic a l en v iro n m en ta l g rad ien t w ith  n ine species ( S j - S 9) an d  th e ir  d is trib u tio n  a t 
th ir teen  co m m u n ity  sam ple  s ta tio n s  ( C ^ C ^ ) .
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The calculations o f these m easures of beta diversity are best seen with a  sim ple example. 
Figure 1 is a  schem atic represen tation  o f nine species (S j-Sg) distributed along an 
hypothetical environm ental gradient. Lines indicate the distribution o f each species. 
Species presence or absence is recorded within thirteen  com m unity sam ples ( C ,- C i3) 
located as show n along the horizontal axis. F o r exam ple, only species 2, 4 and 6 are 
present within sam ple 4. F rom  these presence and absence da ta  can be calculated the 
values o f the six beta diversity m easures. The appendix shows the com putational details o f 
the form ulae presented in this section. Values vary considerably, from  /?I5 the sm allest at 
0-89, to  ß c , the largest at 6-00.

E V A L U A T IO N S  O F  M EA SU R ES

A ny m easure o f be ta  diversity should  be ecologically meaningful and logically consistent. 
In  this section the six m easures are set against four criteria o f ‘good’ perform ance: (1) 
conform ity with an  intuitive notion o f com m unity turnover; (2) possession o f the property 
o f additivity; (3) independence from  alpha diversity; and (4) independence from 
over-sam pling. These criteria are explained below. T he results o f this section are shown in 
Table 1. A  field exam ple illustrates the general results.

T a b l e  1. S ix  m e a s u r e s  o f  b e t a  d iv e r s i ty  r a t e d  b y  f o u r  e c o lo g ic a l  c r i t e r i a  o f ‘g o o d ’ 
p e r f o r m a n c e .  Y  =  c r i t e r io n  fu lf ille d , N  =  c r i t e r io n  n o t  fu lf illed .

M easu re s
C rite rio n ß w ß c ß* ßi A ß r

N u m b e r o f  co m m u n ity  chan g es Y N y * N Y* y t
A dditiv ity Y* Y N N N y *
In d e p en d en ce  fro m  a lp h a  d iversity Y N Y Y Y Y
In d ep en d en ce  fro m  excessive  sam pling Y Y Y N N Y

* I f  ctj =  à  fo r  all sam p les  j. 
t  I f  (a , +  a„ )/2  =  à .

Criteria o f  perform ance

(1) Conform ity with the notion o f  com m unity turnover
The utility o f a m easure o f beta diversity depends, to  a great extent, on its ability to 

reflect accurately the range of com m unity com position contained within an area, tha t is, 
the degree o f com m unity  turnover. T o test this ability (see Routledge 1977), consider two 
extrem e conditions which can  be well-defined: (i), a system  com posed of a single unit with 
each species present th roughou t the gradient; and (ii), a system  o f c com pletely distinct 
units, each o f which contains species th a t are completely co-extensive within the unit but 
whose distributions along the gradient do no t overlap with the distributions of species from 
other units. In case (i) there is exactly one com m unity, with no com m unity tu rnover; in 
case (ii) there are exactly c  d istinct com m unities and c — 1 com plete tu rnovers in 
com m unity com position. A  beta diversity m easure th a t fulfills criterion (1) has the 
following property : for a given study system, the value (ß )  o f the m easure is equivalent in 
m agnitude to  the value th a t w ould be obtained in a system  o f exactly ß  com plete 
com m unity changes, o r o f exactly ß  +  1 com pletely distinct com m unity units.
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F our m easures (/?w, ß R, ß E and ßT) at least partially fulfil criterion (1) (Table 1). O ne 
/?w, accurately reflects extrem es o f com m unity turnover under all special conditions; ß T 
does so only if the average alpha diversity o f the end samples equals the average alpha 
diversity over all the sam ples; ß R and ß E only do so under the m ore restrictive condition 
tha t each com m unity sample contains the sam e num ber o f species. The rem aining tw o (ß c 
and ßj) do not reflect the notion o f com m unity turnover.

(2) A d d itiv ity
A m easure of beta diversity should have the property o f additivity. F or exam ple, w ith 

three sampling stations (a , b, c) along a gradient, the sum  of ß  from  a to  b and ß  from  b to  c 
should equal ß  from  a to  c:

ß ( fl,c )  =  ß(a, b) + ß(b, c).

W ithout the property o f additivity, ß  will depend on the particular location o f sam ples 
along the gradient, and will no t be solely a reflection of the com m unity turnover along the  
gradient.

Only one m easure, ß c , is additive under all conditions (Table 1); /?w and ß T are strictly 
additive only if each sam ple along the gradient contains the same num ber of species; ß R, ß l 
and ß E are not additive. D egrees o f additivity for the six m easures are illustrated la ter w ith 
field data.

(3) Independence fro m  alpha diversity
W ithin a given d a ta  set, m easures o f alpha and beta diversity should be independent for 

three reasons: (i) levels o f alpha and beta diversity are established by different suites o f 
ecological mechanism s (Shm ida & W ilson 1983) and the m easures a  and ß  should reflect 
this; (ii) w ithout independence, the com parison o f species-rich and species-poor system s 
would be impossible; (iii) the interpretation o f a  and ß  as com ponents o f overall system  
diversity is facilitated by their independence.

One test o f the property  of independence is the com parison o f values o f ß  for tw o sim ilar 
system s, in which each species o f one system  is duplicated by a  pair o f species in the other 
system with the original and the duplicating pair having identical distributional limits. In 
this test case, alpha diversity a t every point along the gradient in the second system  is 
double tha t of the alpha diversity o f the first, but the set o f species ranges, hence the degree 
of com m unity turnover, rem ains the same. A  m easure of beta  diversity th a t is independent 
o f alpha diversity should have identical values in the two systems. Five o f the six m easures 
(/?w, ß R, ßi, ßE and ßT) are independent o f alpha diversity under these conditions (Table 1); 
ß c will increase with increases in alpha diversity, and thus is not independent of alpha 
diversity.

(4) Independence fro m  sample size
A m easure of beta diversity should be independent o f sample size, except for very small 

sam ple sizes. (Hum e & D ay  (1974) present a statistical m ethod for determ ining optim al 
sampling intensity.) A test for this criterion is the exam ination o f the stability o f ß  with an 
increase in the num ber of sam ples bu t with no change in inform ation about species 
distribution. In the present study this is tested by taking several identical sam ples a t each 
point so that sampling intensity is increased w ithout adding any other inform ation.

Four m easures (/?w, ß R, ßc and ßT) are independent o f sampling intensity (Table 1); /?, 
and ß E change values w ith the addition o f samples tha t contain no further inform ation on
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species distributions. Both ß l and ß E are derived from  m easures o f niche width and overlap 
presented  by Pielou (1972, 1975) for the study of insects on discrete host plants, wherein 
the num ber o f sam ples (hence habitats) does convey inform ation. In  the  analysis o f species 
distribution da ta  along continuous gradients, how ever, hab itats are often no t discrete and 
the use o f ß l o r ß E is less appropriate.

Com parisons o f  m easures

O f the m easures o f be ta  diversity considered, only  tw o (/?w and ß f)  fulfil, a t least in 
p art, all four o f the criteria o f  good perform ance; ß K perform ed nearly  as well as ß w and 
ß T, but failed the te st for additivity. The relative advantages o f these three m easures are 
discussed below. T he failure o f  ß c , ß l and ß E to meet several o f the test criteria suggest that 
they are unsuitable for general use in ecological analyses o f beta diversity with presence 
and absence data.

F IE L D  E X A M P L E

In  this section we apply the six m easures o f beta diversity discussed above to  species range 
d a ta  collected from  the western flanks o f M t H erm on, in north-eastern  Israel (3 3 °2 5 'N , 
3 5 °4 8 'E ). T he vegetation of M t H erm on ranges from  evergreen m aquis a t low altitudes in 
the west, through an open deciduous scrub-forest, to  an alpine trag acan th  (.Astragalus) 
belt. This altitudinal zonation  is similar to  th a t on o ther m editerranean m ountains, except 
th a t a t middle and high altitudes the vegetation is m ore xerom orphic than  tha t typically 
found on E uropean  m editerranean m ountains (Shm ida 1977). Species presence or absence 
was no ted  within survey sam ples a t 100 m  intervals o f altitude. A to ta l o f 936 vascular

0-25

2400 28001200 1600 2000 
A l t i t u t i o n a l  s t a t i o n s  ( m )

F ig . 2. Values fo r four beta diversity m easures for adjacent sta tions along an altitudinal
g ra d ie n t o f  M t H e rm o n , Is ra e l, (--------), an d  ß p ,  (-------), /?,; ( ........... ), ß R. (V alues fo r ß L ~  ß f

The shapes o f  the curves are similar bu t their m agnitudes are quite different.
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plant species was recorded. The distribution o f a species is considered to be continuous 
between the lowest and highest stations within which the species is present, even though  
the species m ay have been absent from  interm ediate stations.

Total be ta  diversity values for the  gradient between 400 m and 2800 m vary greatly, and 
in decreasing order of m agnitude are: ß c =  679, ß T — 2-6, ßE =  2-5, ß w =  2-3, ßR =  1-7 
and ßY =  0-9. These differences in m agnitude are also present in values between adjacen t 
stations (Fig. 2). T hree curves of beta diversity between adjacent stations are plotted. Since 
ß T =  ßw whenever the m easures are calculated for only two samples, the curves for these 
m easures a re  identical. Also, for the range o f values found on the M t H erm on gradient 
ß E ~  ß v  so only the curve for ß 1 is shown. The curve for ß c has been excluded because 
its unstandard ized  values are not directly com parable to  those o f the other units.

Since the interval o f altitude for each pair o f adjacent stations is always 100 m, the 
shapes o f  the curves in Fig. 2 represent the changing rates o f com positional turnover along 
the gradient. The shapes of the four curves are sim ilar even though the derivations o f the 
associated  beta diversity m easures are quite different. The peak in beta diversity occurring 
between 1200 m and 1300 m corresponds to  the transition  between a maquis and m ontane 
flora; the large values between adjacent stations above 2600 m may reflect rapid and 
ecologically significant changes in the alpine environm ent. Therefore, for the purpose o f 
revealing the relative rates o f com positional turnover along gradients, any of the m easures 
is suitable.

The com parison of the sum of beta diversity values between adjacent stations w ith the 
value o f be ta  diversity for the gradient as a whole indicates the degree o f additivity o f each 
m easure. Specifically, percentage error in additivity is defined as:

( /^ e n ti re  /^ a d ja c e n t)  ^  ^ q q  

^ en tire

The only com pletely additive m easure is ß c (0% error), but, with the M t H erm on data, 
ßT (4%), ß w (18% ), and ß E (24%) are nearly  additive; ß R (66% ) and ß l (100% ) are far from  
additive.

D ISC U SSIO N

Six m easures of beta diversity suitable for the analysis o f presence and absence da ta  along 
ecological gradients have been evaluated: /?w, W hittaker’s (1960) original m easure; ß c 
(C ody 1975); ß R, ß l and ß E (modified from  Routledge 1977); and ßT, introduced in this 
paper. Judging these m easures by the four criteria described above, along with the test of 
their perform ances with field data, two m easures (ßr  and ß w) appear m ost suitable for the 
ecological analysis o f com m unity data . Both work well under all the theoretical conditions 
here exam ined and both  were helpful in interpreting the field data. One (ßr) has a direct, 
intuitive m eaning o f degree of species turnover along gradients; it is recom m ended when 
sam ple d a ta  can  be arranged along a single overriding environm ental gradient. The other 
(/?w) is perhaps the m ost widely used m easure of beta  diversity. Because its form ulation 
does no t assum e a  gradient structure, ß w is the m easure o f choice when sam ples canno t be 
arranged along a single gradient. The interpretation o f values o f /?w (or o f any other 
m easure) is, however, m ore difficult w hen da ta  do no t fit within a gradient structure.

Tw o o ther issues m ay be addressed. F irst, should the area  o f a com m unity affect the 
m easure o f  beta diversity o f a system ? T he idea of the num ber o f com m unities, irrespective
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o f the relative abundance o f  com m unity  types, is reflected by ß T and /?w. O ther measures, 
such as ß 1 and ß E, reflect b o th  the notion o f the num ber of com m unities and the evenness 
with which the com m unities are represented within the system. In  this way /?w, as a 
m easure o f beta diversity, is analogous to  richness m easures of species diversity, and ß1 
and ß E are analogous to  heterogeneity  m easures (sensu  Peet 1974). Secondly, how  should 
alpha diversity be m easured? F o u r of the six m easures of beta diversity considered (/?w, 
ß r, ß v  ß z)  rely on explicit values for alpha diversity. I t  is well know n th a t species richness 
is an increasing function  o f sam ple area. O ne solution to this problem  of dependence of 
m easures on sam ple area is the use o f standardized sam ple areas. Collecting data  along an 
ecological gradient is an  alternative solution because, w ith such data, it is the presence o f a 
species under the environm ental conditions corresponding to points along the gradient that 
is im portant, no t the presence o f  the species within any arbitrarily  delimited sam ple plot.

The rate at which species richness increases with increasing sam ple area (the slope of a 
species-area curve) has som etim es been used as an  index of hab ita t heterogeneity 
(Williams 1964; W hittaker, N iering & Crisp 1979) or o f  beta diversity (C onnor & M cCoy 
1979). This in terpre tation  is hindered by three problem s. F irst, species-abundance relations 
alone result in increases in  species richness with increasing sam ple area (M ay 1975; Pielou 
1977)— the area p e r  se hypothesis o f C onnor & M cC oy  (1979). The extent to  which 
hab itat heterogeneity contributes to  the ra te  of species accum ulation canno t be determined 
w ithout a  com plete know ledge o f the species-abundance relations. Secondly, m ost 
species-area curves in island studies are no t nested. Sam ples, such as islands, are 
geographically separated  and  m ay be quite dissimilar in  species com position for reasons of 
history. W ithout nesting sam ples, slope param eters o f species-area curves cannot be used 
as indices o f com m unity tu rnover. Thirdly, it is difficult statistically (M ay 1975; C onnor & 
M cC oy 1979) and inapp rop ria te  ecologically (Shm ida & W ilson 1983) to  choose among 
com peting m athem atical m odels for representation o f  species-area curves. Species-area 
curves can have great value fo r the interpretation o f  species-abundance relations or 
im m igration and extinction ra tes  in individual field studies, bu t the use o f estim ates o f slope 
param eters o f m athem atical m odels for the m easurem ent o f beta diversity is inappropriate.

T he study o f beta diversity is moving beyond the trad itional description o f the ecological 
length of environm ental g radients in several directions, (i) M easurem ents o f beta diversity 
will be instrum ental as a po in t o f  reference for com parative studies o f com petition o f both 
p lan t and anim al species along environm ental gradients. Such com parisons will be 
particularly  useful if beta  diversity is m easured uniform ly (say with ßT or ßw) and with 
consistent sam pling m ethods, (ii) W ilson & M ohler (1983) use units o f beta diversity as an 
ecologically m eaningful basis for rescaling environm ental gradients; rescaled gradients 
perm it clearer in terpretations o f  the width and overlap o f species distribution curves, (iii) 
Beta diversity can also be applied to  o ther spatial scales. A s noted by  W hittaker (1977), 
beta  diversity on the com m unity  level is one realization o f the general concept o f w hat he 
called ‘differentiation diversity’ and has analogues on different scales; for exam ple, pattern 
diversity within com m unities (W hittaker, G ilbert & Connell 1979; W hittaker, N iering & 
Crisp 1979; W ilson 1982). B eta diversity can  also be extended to  gradients o f time, for 
m easuring the ecological length o f successional o r phenological sequences (Shugart & H ett 
1973; Jassby  & G oldm an 1974). (iv) A  m ajo r unansw ered question in the analysis o f beta 
diversity is how  its m easurem ents from  single, bu t perhaps interacting, environm ental 
gradients w ith an  area  can  be com bined into a value for overall be ta  diversity for the 
m ultigradient system.
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A P P E N D IX

This A ppendix describes how the six beta diversity m easures described in the text are 
calculated, using the hypothetical system  presented in Fig. 1. In  this presentation, several
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basic characteristics of the system are first calculated, then the value for each beta 
diversity m easure is derived.

T he sim ple system shown in Fig. 1 has nine species depicted, so s =  9. There are 
thirteen sam ple stations (seen along the horizontal axis). The alpha diversity, o r num ber of 
species in each o f the samples, is 4, 4, 3, 3, 3, 3, 3, 3, 3, 4, 3, 3 and 2, respectively from left 
to right. Thus,

Z a y =  41 and à  =  3-15.
j

Similarly for the num ber of samples in which each species is found,

£e, =  3 + 4 +  2 +  7 +  6 +  9 +  5 +  4 +  1 =  41.
j

G oing from  left to right in Fig. 1, the num ber of species gained (or newly encountered) 
after the first sam ple, is

g =  5 (species 5, 6, 7, 8, 9);

and the num ber o f species lost after the first sam ple is

e =  1 (species 1, 2, 3, 4, 5, 6, 7).

In  this system  of nine species, there are forty-five possible pairs o f species. Of the forty-five 
pairs, r  =  16 pairs have overlapping distributions, as observed by jo in t occurrence in a
sam ple. These pairs are {(1, 2), (1, 3), (1, 4), (2, 3), (2, 4), (2, 6), (3, 4), (4, 5), (4, 6), (5, 6),
(5, 7), (5 ,8 ) , (6, 7), (6 ,8 ), (7, 8), (8, 9)>.

E ach  beta diversity m easure can now  be calculated. Refer to  the text for additional 
details on each measure.

(1) ß w =  s / a -  1 =  (9 /3-15) — 1 =  1-85

(2) ß c =  lg(H ) +  /(H )]/2  =  (5 +  7 )/2  =  6-00

(3) ßR = s 2/(2 r  + s ) -  1 =  8 1 (3 2  +  9) - 1 = 0 - 9 8

(4) ß x =  log ( D  -  1(1 / T )  I  e, log (e,.)J -  1(1 / T )  I  a , log (a,)]
< J

=  3 - 7 1 -  1 - 6 6 -  1-16 =  0-89

(5) ß E =  exp (A ) -  1 =  exp (0-89) -  1 =  1 -44

(6) ß r  =  [g(H) + /(H )J/2à  -  (5 + 7)/(2) (3-15) =  1-90




