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ON THE SIGNIFICANCE OF CZEKANOWSKI’S INDEX OF SIMILARITY

A plant community may be more or less homogeneous. This means
that the floristic composition of any given stand is more or less similar
to any stand of that community. On the other hand, the assumption
that a given plant association has a characteristic species composition
raises the question of how much it differs from other kinds of communi-
ties. The comparison of stands in terms of the species present only 1is
a crude way of classification. The question usually arises whether a more
laborious quantitative examination is necessary to determine the degree
of similarity of two or more stands. Hence, since the fundamental prin-
ciples of any heretofore undertaken attempt at an objective evaluation
of the degree of similarity between two species lists have never been
consistently applied, this question is worth further consideration.

There are many methods whereby the actual degree of similarity
(or diversity) of one stand to another as well as to the possible commu-
nities or associations may be assertained. Most of these (see Dagnelie [3],
1960) are based on the indices showing the number of species common
to two species lists in relation to the total number of species in two areas
(Jaccard’s coefficient of community) or on suitable modifications (Greig-
-Smith [4], 1964).

Another widely used coefficient of similarity is generally attributed
to Serensen [13] (1948). According to Curtis [1] (1959) it was originally
proposed by Czekanowski [2] (1913), and then developed with modifi-
cations by Polish ecologists (Kulezynski [7], 1927; Henzel [5], 1938;
Matuszkiewicz [11], 1947; Motyka [12], 1947). Basically, it is a correla-
tion coefficient intended for use when a number of different quantita-
tively expressed measures or attributes are available for the two com-
pared entities. In connection with species present this becomes the number
of species, common to the two areas, expressed as a percentage of the
mean number of species per area; i.e. 20 x100/(4A+ B) where the two
areas contain 4 and B species respectively and there are C species in
common.
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The possibility of using an index of similarity in compiling a clas-
sification of a set of stands has been attracting attention for some time.
Sgrensen [13] (1948) calculated values of the index of similarity for all
pairs of a set of stands and placed stands between which the value of
the coefficient was at least 50 per cent in one group. Groups defined in
this way were then associated into ‘2nd order groups’ for which the
limiting value of the coefficient was 40 per cent and so on. In this way
an objective classification was produced.

Looman and Campbell (1960) [8] pointed out that the significance
of a given value of the coefficient, as an indicator of the degree of simi-
larity, varies with the total number of species involved and the number
of species in each of the compared stands. They indicate that Serensen’s
arbitrary levels did not lead to gross misgrouping. Some of their con-
clusions require modification. Namely, as Greig-Smith [4] (1964) points
out, they used the y2 value for two degrees of freedom instead of that
for one degree of freedom which is proper for a 2 X2 contingency table.

The way of calculation of the least number of species common to
the two stands that will indicate association between the stands at, for
example, 95 °/, point of probability, derives from Kendall’s [6] formula

(1) 2 =8,

where r is the correlation coefficient and 8 is the total number of obser-
vations in the 2 x2 contingency table. For that purpose, the following
table may be used here:

Stand II
Number of species Total
in present absent
__+_ —
preient o A—0C A
Stand
I
bsent
absen B—C S—A—B+0| S—4
Total B S—B S

C — the number of species common to the two stands, 4 — the number of
species in the first, and B — the number of species in the second of the stands being
compared, S — the total number of species in a given set of stands.

The correlation coefficient r equals (Kendall, [6]):
C(8—A—B+C)—(A—-C)(B-0) C8—AB

(2) r = p— = = .
VA(S—A)B(S—B) VAB(S—A)(S—B)
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The critical value of r at a given point of probability P, may be
expressed according to (1) by the formula

(3) rp=]/%,

where yp stands for the P-quantile in y2 distribution with one degree of
freedom.

Now, the critical number of species in common at the given level
(Cp) must satisfy the equations (2) and (3). These yield the formula

AB+]/AB(S—A;(S—B)XP

(4) Cp = T

Such testing of the singificance of each comparison in isolation is
definitely impractical owing to the amount of calculating time, but no
simple test exists for the significance of the whole matrix of similarities
(Greig-Smith, 1964), because 4 and B are in fact independent variables.

Since the use of the above criterion (4) is however required in more
detailed investigations, it was decided to employ the electronic computer
to prepare the corresponding tables of Cp at P = 0.95. This work was
conducted at the Tartu State University Computing Centre for the follo-
wing values of S, 4 and B

S =20; A (and B) =2, 3,..., 20,
S =25,30; A (and B) =35,6,...,25,

S = 40,50; A (and B) =6,7,..., 40,

S =60,70; A (and B) =11,12,..., 60,

S = 80, 90,100, 125, 150, 200; A (and B) = 11,12, ..., 75.

These intervals have been selected to correspond to the widest benefit.
However they may turn out to be incomplete in some cases. The tables
for § =25; A (and B) =5,6,...,25 and for § = 50; A (and B) = 6,
7,...,50 are shown at the end of this paper.

The coefficient of Czekanowski (i.e. the K = 2C/(A + B) of Serensen)
has been applied by many workers, because it offers a very speed
procedure if compared with other indices of this kind. Unfortunately,
this advantage disappears when the corresponding criterion (Kp) for
the whole matrix is required.

One of the possible ways to evaluate the K values in relation to the
criterion Kp = 2Cp/(A+B) is the ratio of them, resulting in a more
simple expression (K/Kp = )C/Cp, which seems to be preferred.
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Actually, in drawing up the matrix of similarities for classification
purposes it is sufficient to employ the Ratio of Similarity, defined as
Tp = C/Cp, instead of any coefficient of similarity. The author used
the Tp in examining the interrelations of 117 plots in Estonian spruce
forests (unpublished). It was found that, if using the tables of Cp, this
ratio can be calculated for one pair of quadrats in 10 sec. (i.e. as rapid
as the determination of the value of K). Consequently, the procedure
can be suggested for use in preliminary classification of vegetation as
a speedy technique with statistical background.

Now, the question of using the other (different from P = 0.95)
levels of probability arises. As the Chi-square in formula (4) is placed
under the square-root with four variates, they all together will introduce
a relatively small proportion to the value of 7». Thus it is possible to say
in advance that in many cases (for example, Estonian spruce forests,
for which the Ratio of Similarity had frequent values ranging from 0.5
to 2.8) the value of Ty, = 1.5 corresponds to the Ty, = 1.0, and
the Tg0, = 2.0 to Tg9 90, = 1.0.

In different tables and their different parts the relationship between
Coos and Cp does not, however, remain constant. Therefore the more
precise expression:

_ AB
(5) Cp = RP,o.9sCo.9s——S—‘(Rp,o.%_l)a
is required, where:
_—
RP,o.os = _Xf_
Xg.% ’

so that the values Rjg99; = 1.727 and Ryggg99s = 2.813 might be
used.

Finally, the question not only of similarity, but also of diversity
may arise.

If the species complement of stand I is determined by certain causal
factors, the null hypothesis states that the assemblage of stand II is in-
dependent of the factors (r;;; = 0). From the 2 X2 contingency table
the expected number of species common to I and II equals

4B

C
0 S

’

and the expected number of species absent both in I and IT is:

S—A4)(S—B
b, = B=ANE=E),
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The alternative hypothesis depends on the assumption that the
species complements are caused either by more or less the same (1> r > 0)
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0 POZIOMIE ISTOTNOSCI WSKAZNIKA PODOBIENSTWA CZEKANOWSKIEGO

STRESZCZENIE

W pracy rozpatruje sie zagadnienia spotykane przy poré6wnywaniu stanowisk
biologicznych na podstawie wystepowania réznych gatunkéw. Autor nie prébuje
przedstawié kompletnej dyskusji wszystkich mozliwych wzoréw, jakie sa propono-
wane w obszernym pi$miennictwie dotyczacym tego tematu, bo w zasadzie wszyst-
kie dotychczasowe metody nie rdznia sie zasadniczo. Wszystkim mozna zarzucié,
ze nie uwzgledniajg liczby S wszystkich gatunkéw wystepujacych w zespole wszyst-
kich badanych stanowisk. Ze wzgledu na to nie mozna niestety obliczy¢ poziomow
istotnosci obliczanych dotychczas wskaznikéw podobienstwa.

W pracy sformulowano hipoteze zerowa o niezaleznosci czynnikéw warunku-
jacych wystepowanie gatunkéw na dwu wybranych stanowiskach i zaproponowano
metode jej testowania. Dolna i gorna warto$é krytyczna liezby O gatunkoéow wyste-
pujacych jednoczesnie na obu stanowiskach sa odpowiednio réwne

Cp = 20y—Cp oraz COf = Cp,

gdzie O, oznacza warto$é oczekiwang liczby gatunkéw wspélnych dla dwu stanowisk
w warunkach, gdy komplety czynnikéw wplywajacych na zestawy gatunkow A
i B 83 stochastycznie niezalezne.
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Dla uproszezenia rachunkéw przy stosowaniu proponowanej metody sporza-
dzono tablice gornych wartosei krytycznych Cp dla poziomu ufnosci P = 0,95. Przy-
klady takich tablic podane s3 w koncu -pracy.

T. ®PEM (Tapty)
O CTATUCTUYECKOM YPOBHE I1P11 MHAEKCE CXOJACTBA YEKAHOBCKOI'O

PE3IOME

B naHHoil cTraTbe yjieadaeTcd BHUMAHHA BONPOCY O CPaBHEHMN NMPOGHHIX miomapeit
HAa OCHOBe NPUCYTCTBHUH PA3HHX BHMJOB. 3/eCb MB He MBITaCMCA AAaTh AETAILHOIO
H3JI0:KEeHUA M CPaBHEHHA BCEBO3MOMKHHX (GOpMYyJ], NpUBEeEHHHX B OOHIMpHON JnTe-
paType, TaKk Kak B NpUHIUIe OHM CYLIeCTBEHHO He pasiaumyaioTcA. Bce 3TH NMONKITHKH
CpaBHeHMA MOJABEPralOTCA KPUTHKE B TOM, UTO He YUNTHIBaeTcA oOujee yucio BHAOB S
B NaHHOW cepum npoGHHX muomageit. IIpy TakoM HmOAXOMme, K COMKAIEHHIO, MH He
MeeM BO3MOJKHOCTEell YCTAHOBHTh CTAaTHCTUYECKOT'O YPOBHA TOCTOBEPHOCTH.

JdaHHaa craTrbA COJEp’KUT IepBOHAYAJbHOE OMNpedelleHMe HOJEBOH TIHMIIOTE3H
C COOTBETCTBYIOLIUM OGBACHEHMEM cnoco0a YCTAHOBIEHMA YPOBHA MIOCTOBEPHOCTH.

HukHinit 1 BepXHuU#t KpUTHYECKMe YPOBHM JIJIA CTATUCTHYECKON! IpOBEPKH HOJEBOM
I'MIIOTEe3h BHIPAMKAIOTCA KaK

01; = 2Co—Cp, 31 C}; = Cp,

rpe C, o60o3HauaeT MaTeMaTuyeckoe OxKMAAHMe uMcaa OOLUX AJIA NPOoOGHHX miomapeit
I u II BuaoB B oGcTaHOBKE, MpPU KOTOpPOIl coYyeTaHMA (AaKTOpPOB, onpejieldAlolLine BH-
goBHe cocTtaBH A u B, ABJAAIOTCA CTATHCTUYECKH HE3aBUCHMBIMU.

C Lenbl0 COKpAMmeHMA BHYUCIEHMIl NMOArOTOBJEeHH TAOJIMIL BepXHEro KpHUTH-
yeckoro yposHa Cp pana pocroBepHoctM P = 0,95, npuMepH KOTOPHX NpDUBENEHH
(cM. TabaHuel 1 U 2) B KOHIL|e CTAThi.



