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Ab s tract - A rich material of four species collected in Czechoslovakia was studied by :R:'EHA­
KovA (in press). In 0. solitaria WITTR., it is possible to distinguish two forms based only on the 
dimensions of the cells. In the three planktonic species, 0. parva. W. et G. S. WEST, O. lacustris CHOD. 
and 0. marssonii LEMM., there are some morphological characteristics, besides differences in cell 
size, but they are not distinguishable throughout the entire ontogeny. FISHER'S discriminant 
function enables us to unite several measurements (in our case only two: length and width of the 
cells) in one numerical value, the so-called discriminant X, and to minimize the frequency of 
misclassification. This can be used not only in taxonomic studies, but also in keys for determining 
algae. 

In the taxonomy of small algae there exist two kinds of distinctive features, 
qualitative and quantitative ones. As qualitative features we consider for 
example a different sculpture of the membrane, the presence or absence of 
some cell organells such as chromatophore, · pyrenoid and stigma, or the mode 
of reproduction. The quantitative features are suggested, when the cells or 
their parts (autospores, chromatophores, spines) are counted or measured. 
The qualitative characteristics are naturally separated from one another, even 
though there exist transgressions according to their variability. These trans­
gressions, however, are typical for quantitative features. The characteristics 
of this kind are much used in the taxonomy of microscopic algae, as it is 
apparent from a number of names of varieties and forms, e. g. parva, minor, 
111 .>nima, major, maxima, frequently based only on the small differences in size. 
Some of them may be considered as ontogenetic stages, but there are also 
constant differences in the means, both within and among th,e species. Such 
differences in the means of the transgressive quantitative features may be used 
successfully in taxonomy of the small algae. Modern taxonomy, however, 
cannot be satisfied with the limiting values or means. It searches for methods 
of how to verify objectively the differences and to divide the material into 
groups (taxa) with the smallest possible frequency of misclassification. For 
this reason attempts have been made to use FrsHER's discriminant function 
in the taxonomy of the genus Oocystis A. BRAUN (Ohlorococcales). 

M e thod 

FISHER's discriminant function combines the measurements of two or more taxonomical 
features, giving one numerical value, the so-called discriminant X. This value gives in most cases 
more information about taxonomical differences than any of the features used apart. This sta­
tistical method may be variously used, but it was calculated for the use in botanical taxonomy: 
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FIBBER (1936, 1940) demonstrated it on some species of the genus Iris L. We have no evidence 
whether it was used practically, but up to the present it has not been applied to taxonomical 
problems in phycology. P erhaps there exists a more acceptable or simple m ethod; any suggestions 
about this are appreciated. Since besides the works named a.bove , FISHER's discriminant analysis 
is explained very clearly in the handbook by MATHER (1943), the details of the method are here 
presented only in Czech. 

The value of the discriminant X, when two m easurements Xa and Xb are available, may be 
obtained from the expression 

(l) 

The linear equations of estimation of the koefficients La and Lb are 

S aaLa + SabLb = da 

SbaLa + SbbLb = db , 
{2) 

where dis the mean difference between the species, Sis the sum of the squared (aa, bb) or multi­
plied {ab, ba) deviations from the means wi thin the species. 
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Fig. 1. - Oocystis solitar~a WITTR. f. solitaria (l) and 0. solitaria W1TTR. f. major WILLE (2). 
A - distribution of cell lengths, B - distribution of cell widths. 
Fi g. 1. - Oocystis solitaria WITTR. f. solitaria (l) a O. solitaria WITTR. f. major WILLE (2). 
A - rozdeleni bunecnych delek, B - rozdeleni bunecnych siiek. 

The analysis of variance of X enables u s to test the significance of the specific difference. 
The critical value 0 for the classification into groups (taxa) I an II is 

- D - D 
0 =- X1 + 2 = Xu - 2 (3) 

where X I and XII are the m ean values of the discriminant calculated for the both groups, and 

D = Xn - X1. 
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The frequency of misclassification can be found by the use of the t-test. This allows us also 
to verify, whether the function X is really more discriminative than any of the involved measure­
ments used apart. 

Material 

In the present study we worked only with natural populations of algae 
collected in Czechoslovakia. Algae were measured alive immediately after 
collection. 

To prove the homogeneity of the littoral species Oocystis solitaria WITTR. 

(Tab. V.: a, b), 200 individuals from 20 various localities were measured. Two 
groups of different size were found, which, however, have never grown together 
in the same peat bog or pool. They occured at small distances without special 
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Fi g. 2. - Oocystis parva W. et G. S. WEST (1), 0. lacustris CHOD. (2) and 0. marssoni1'. L EMM. (3). 
A - distribution of cell lengths, B - distribution of cell widths. 

F. i g. 2. - Oocystis parva W. et G. S. WEST (1), 0. lacustris CHoD. (2) a 0. marssonii L EMM. 3). 
A - rozdeleni buneenych delek, B - rozdeleni bunecnych sifek. 

demands on the character of their station or on the pH of water. Between 
them there are differences both in the length and width of the cells (Fig. lA, n), 
but none in the cell's morphology. 

Three planktonic species were investigated, i.e. Oocystis parva W. et G. S· 
WEST, 0. lacustris CHOD. and 0. marssonii LEMM. (Tab. V.: c-f), and 
oOO individuals (200 of each species) from 25 various localities were measured 
(Fig. 2A, B ). There are morphological differences among these species, besides 
differences in length and width of the cells; the latter can be used for onto-
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genetic stages with indistinguishable main morphological features, I.e. for 
solitary cells with several chromatophores. 

Results 

Oocystis solitaria WITTR. 

When the symbol for the values of cell length is a and of cell width b, that 
for the group of minor size I and of major size II, the discriminant function was 
calculated as follows in the table 1. 

Table 1 

I La = 0.003294 X.1 = 0.1008 

L __ L_b_ =_ o_.0_0_29_2_7 _~-- _ _ x_z_i_=_o_.1_50_2 

D = 0.0494 

c = 0.1255 

If we classify into groups, the values of discriminant X for each individual 
are to be calculated from expression (1) . The individuals with X less than the 
critical value 0.1255 will be attributed to taxon I, those with a higher X to 
taxon I I. The group of larger dimensions was identified with 0. solitaria W ITTR. 

f. rnajor WILLE, the less form being the typical one, i.e. 0. solitaria WITTR. 

f. solitaria. Forma rnajor was isolated in culture and the mean dimensions 
were proved to be constant (REHAKOVA in press). 

When the analysis of variance of X is calculated and the table of variance 
ratios consulted, the probability is found: F 2 ; 197 (0.005) < 5.298 ~ 243. The­
re is a good difference in the value of our discriminant X. 

The frequency of mjsclassification was tested according to the expression 

D 
2 

t(f) = v~ 

(degrees of freedom f and the mean square~· within groups). For t(l971 = 1.5633 

the tabulated probability is 0.25 > P > 0.10. Should misclassification occur, 
the deviation must be in one given direction; it may be, therefore, only found 
in 5-12,5% of cases. It actually occured in 7,5% of the cases. 

A similar analysis may be made on the data of length and width separately 
according to the expression 

d 

for d see in equations (2). It represents for length t(l 9s) = 1.4543 and for width 
t(l 9 s) = 0.1249. The discriminant enjoys an advantage over any of the me­
asurements used apart: t(l 97) = 1.5633. 
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Oocystis parva W. et G. S. WEST, 0. lacustris CHOD. and.O. marssonii LEMM. 

When the above symbols are used, the values in Tab. 2 for the discrimination 
of three planktonic species were calculated. 

tl. 

0. parva 
0. lacustris 

Table 2 

Combinat ion 

f3 
0. lacustris 

0. marssonii 

y 
0. parva 

0. marssonii 

La 0.000463 0.000758 0.001732 
Lb 0.004045 0.002093 0.004055 
X.1 0.014928 0.017636 0.022742 
xn 0.025297 0.026649 0.054862 
D 0.010369 0.009013 0.032120 

l _____ o ______ I_---·-o.0~~~~2 ______ _J _____ ~~0221~:_ _____ .c__ _ ___ o_._0_3 __ s_s_o_2 __ _ 

The analysis of variance proves the specific differences to be significant 
with great probability: 

F2; 397(0.005) < 5.298 ~ 207 (ex) ; 179 ({J) ; 638 (y) . 

The probable and actual frequencies of misclassification are compared in 
the table 3. 

Table 3 

Combination 
Frequency of misclassification in % 

t(397) 
expected I found 

tl. 1.0167 12.5- 25 
I 

15.5 
(J 0.9395 12.5- 25 17.7 
y 1. 7854 2.5- 5 

I 
6.0 

L 

t - values for the two measurements calculated apart are in table 4. 

Table 4 

Combination 
t(398) 

length I width 

ex. 0.8683 
I 

1.0107 
f3 0.8449 0.9272 
y 1.5743 

I 
1. 7254 

In this case, the discriminant X (compare t - values in table 3) is also 
somewhat more discriminative than any of the measurements treated apart. 
but enjoys only little advantage over the width used alone. 
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The size groups are in good coincidence with the morphological differences 
among the three planktonic species, i.e. with the morphology of mother 
membrane and with the number of chromatophores in young daughter cells 
(Tab. V: c-f). 

K e y t o t h e s p e c i e sl) 

(Giving the arbitrary values of the discriminant function, L stands for length, W for the width 
of cells, both expressed in m i 11 i m e t r e s.) 

la Chromatophores in autospores 1 - 2, in adult vegetative cells 1-4; planktonic species. 
2a Autospores and released daughter cells with one chromatophore. 

3a Daughter cells released by gelatinizing of the mother membrane; dimensions of cells= 
length 4.8-12.8 µ,width 1.6 - 8.0 µ. 
RespectingO. marssonii L. 0. 76 + W. 2.09 < 0.0221 ; respecting 0. parva. L. 0.46 + 
+ W. 4.04 > 0.0201 ............... 0. lacustris CHoD. (Tab. V: f) 

3b Daughter cells released by bursting of the mother membrane, which is not gelatinized; 
dimensions of cells: length 3.2-9.6 µ,width 1.6 - 4.8 µ. 
Respecting 0. marssonii L. 1.73 + W. 4.05 < 0.0388 ; respecting 0. lacustris 
L. 0.46 + W. 4.04 < 0,0201 . . . . . . . . 0. parva W. et G. S. WEST (Tab. V: d, e) 

2b Autospores with 1 - 2 chromat.ophores; daughter cells with 2 - 4 chromatophores released 
by bursting of the mother membrane; adult vegetative cells with 2-4 chromatophores; 
dimensions of cells: length 8.0-20.8 µ,width 4.8 - 14.4 µ. 
Respecting 0. parva L. 1.73 + W. 4.05 > 0.0388; respecting 0. lacustris L. 0.76 + 
+ W. 2.09 > 0.0221. . . . . . . . . ....... 0. marssonii LEMM. (Tab. V: c) 

lb Chromatophores in autospores at least 4, in adult vegetative cells numerous (to 30 or more); 
littoral species. . . . . . . . . . . . . . . . . . . . . 0. solitaria WITTR. (Tab. V: a, b) 

4a Dimensions of cells: length 13.2 - 28.0µ, width 5.0-18.1 µ. 
L. 3.29 + W. 2.93 < 0.1255. . ..... . . 0. solitaria WITTR. f. solitaria 

4b Dimensions of cells: length 16.5 - 52,8 µ,width 8.2 - 29.7 µ. 
L. 3.29 + W. 2.93 > 0.1255. . ... . 0 . solita.ia WITTR. f. major WILLE 
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Souhrn 

Kvantitativni znaky, kterych se casto pouziva k rozlisovani forem, variet i druht°1 drobnohled­
nych fas, vytvafoji zpravidla plynule pfechody. Nekdy se vsak jedna o skuteene rozdily velikosti, 
coz nam ukazi prumery nebo lepe diagramy rozdeleni hodnot. Tak REHAKOV A. ve sve praci 
o roduOocystis A. BRAUN (v tisku) shromazdila velky material o rozmerech druhuO. solitaria WITTR., 
ktery se zfetelne rozpada na dve velikostni formy (Tab. V: a, b; Fjg. lA, B),a o trech planktonnich 
druzich 0. parva W. et G. S. WEST, O. lacustris CHOD. a 0. marssonii LEMM. Ty se sice navzajem lisi 
take morfologickymi znaky (Tab. V: c-f), ale v urcitem ontogenetickem stadiu (solitarni bunky 
s vice chromatofory) jsme i u nich odkazani pouze na rozdily velikosti (Fig. 2A, B). V teto praci 
jsme se pokusili aplikovat na tento material FrsHERovu diskriminacni analysu (FISHER 1936, 
1940; MATHER 1943). Je to statisticka metoda vypracovana pfimo pro botanickou taxonomii, 
ktera umoznuje: 1. shrnout rozdily mefeni dvou nebo vice kvantitativnich znaku do jedne ciselne 
hodnoty, tzv. diskriminantu X; 2. objektivne testovat na zaklade analysy rozptylu X rozdilnost 
skupin (taxonu); 3. omezit poeet spatne zarazenych jedincu na minimum a pfedvidat pravde­
podobnost chyb:tie klasifikace. Idealni p:fipad pouziti teto metody je tarn, kde mame 3 nebo vice 
znaku, ktere nejsou v tesne korelaci. Protoze v zadne ceske statisticke pHrucce n eni tato m etoda 
uvedena, povazujeme za vhodne pfedlozit zde podrobnejsi pracovni navod. 

Pro mefeni tfech kvantitativnich znaku a, b, c u dvou skupin (taxonu) I a II, vypocteme 
prumernou hodnotu diskriminantu X pro kazdou skupinu zvlast ze vztahu 

(1) 

1 ) The key according to Ji,EHAKov.i (in press) completed by the data of discriminant analysis. 
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Koeficienty L vypocteme ze soustavy lineamich rovnic 

SaaLa + SabLb + SacLc = da 

SbaLa + SbbLb + SbcLc = db 

ScaLa + ScbLb + SccLc = de , 

2 

kde d jsou rozdily prumerti kaZdeho znaku v obou skupinach (napr. da = xa11 - xa1 ) a S souCty 
ctvercu (aa, bb, cc) nebo soucimi (ab, ac, be) odchylek od prumerti uvnitf skupin. To znamena, 
ze odecitame od kazde jednotlive hodnoty aritmeticky prumer toho znaku v te skupine (I nebo II). 
Samozfojme vyjdou i hodnoty zaporne, jejichz ctverce jsou sice kladne, ale jejich souciny mohou 
byt rovnez zaporne. Hodnoty, vypoctene pro kazdy znak (a, b, c), pak secteme z obou skupin 
(J, II) dohromady. V rozepsanem tvaru je tedy prvni rovnice soustavy (2) 

S(xa--xa)2 La + S(xa - xa)(xb - Xb) Lb + S (xa - Xa)(xc - xc) Le = da 

Pii velkem poctu namefenych hodnot si usnadnime praci jejich grupovanim: rozdelime 
material na nekolik tfid s urcitym rozmezim znaku. S prumemymi hodnotami znaku v kaZde 
Hide pak p racujeme jako s jednotlivymi hodnotami. Zasady grupovani nalezneme v kaZde 
statistick0 pfirucce (MACEK a POKORNY 1956). Proto:le vsak v nasem pfipade musime pfi vytva­
feni soucinu odchylek hodnoty znaku parovat tak, jak se vyskytovaly spojene v roaterialu, 
pouzijeme pro grupovani dvojosych tabulek. Tak napf. pro delku a sifku bunek Oocystis lacU8-
tris CHOD. byla sestrojena tabulka c. 5, ve ktere Xi je stfedni hodnota znaku v kazde tfide, zde 
v poctu dilku okularoveho mefitka roikroskopu, Xi - x jsou pfislusne odchylky od prumeni, 
J cetnost v tfidach. Uvnitr tabulky jsou vepsany cetnosti v kombinovanych tfidach sifky a delky. 

I Xi 1 1 
Xi-X -2,28 

I 
3 - 2,48 2 I 
4 - 1,48 

I 
5 - 0,48 

I 
6 0,52 

I 
7 1,52 

I 
8 2,52 

I 

I f 2 l 

2 

Tabulka 5 

s if k y 

3 

-1,28 - 0,28 

1 

27 
I 

8 

3 I 55 

I 
16 

I 
1 

I 
31 80 

I 

I 

I 

I 
I 

I 

4 5 

0,72 1,72 

I 
3 

I 
52 

I 
26 

I 
2 

2 
I 

2 

83 
I 

4 

- -

Kriticka hod.nota diskriminantu mezi obema skupinami (taxony) je rovna 

- D - D 
0 = X1 + 2 = Xn - 2 

kde D = XII - X I . 

I 
J 

I 

35 
__.._ 

61 

68 

----
29 

4 

F 
{3) 

Ti"ideni jedincu pak provadime tak, ze pro kaZdeho jedince vypocteme individualni hod.notu 
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diskriminantu X dosazenim jeho rozmeru misto prumeru do vztahu (1). Hodnoty koeficientu L 
jsou jiz znamy. Jedinci s hodnotou diskriminantu mensi nez je kriticka hodnota 0 patfi ke 
skupine I, jedinci s diskriminantem vetsim nez 0 ke skupine II. 

Hodnoty vypoctene pro uvedene taxony rodu Oocystis jsou v anglickem textu na tabulkach c. 1 
a 2 a jsou take pouzity v ur.eovacim klici. 

Rozdilnost obou skupin (ta.xonu) testujeme na zaklade analysy rozptylu X podle schematu 
na tabulce c. 6. 

Tabulka 6 

Soucet ctvercu Stupne volnosti I PrtirofraY 6tverec I Variaeni pomer 
s f F 

Mezi !!'... n2 k 

I 
s 

I s 
skupinarni 2 7 7 
Uvnitf 

I 
S' S' 

skupin D 2n-k - l 
f' J' 

(Hodnoty oznacene carkou se rozumeji ,,uvnitr skupin". ) 
V tabulce 6 znamena n pocet promefenych jedincu v jedne skupine (ma byt stejny i ve druhe), 

k pocet mefenych znaku, pro D viz vztah (3). S dvojimi stupni volnosti vstupujeme do tabulky 
kritickych hodnot F (JANKO 1958, tab. 12). Pro zvolenou hladinu vyznamnosti (napf. 0,005, 
tj. pro pravdepodobnost 99,5 %) zde nalezneme tabelovanou hodnotu F. J estlize je nase vy­
poctena hodnota vetsi, zamita se na dane hladine vyznamnosti hypothesa o totoznosti obou 
skupin (taxonu). 

Abychom odhadli, v jakem procentu pfipadu se dopustime uzitim diskriminantu X chybneho 
zai"azeni, coz je pfi pouziti transgresivnich znaku nevyhnutelne, testujeme t-testem podle vztahu 

D 
L 

tr2n- k- JJ = v-8 

7 
V tabulce kritickych hodnot rozdeleni t (JANKO 1958, tab. 8) nalezneme s pHslusnymi stupni 

volnosti (2n - k - - 1) pravdepodobnost pro hodnotu nejbli:le nizsi a nejblize vyssi. nez je vy­
poctena hodnota t. Tak pro klasifikaci 0. solitaria WITTR. podle X jsme nalezli hodnotu t( l 97) = 
= 1,5633. Pocet stupnu volnosti je vetSi nez 120 a pro nej nejblizsim tabelovanym hodnotam t 
odpovida pravdepodobnost 0,25 > P > 0,10. Protoze vsak ke spatnernu zafazeni muze dojit 
jenom v jednom smeru, ocekavame je jenom v polovine, tj. asi v 5 - 12,5 % pfipadu. Skutecne 
k nemu doslo v 7 ,5 % pfipadu. 

Chceme-li ovefit, zda je pouziti dikriminantu X vyhodnejsi nez pouziti jednotlivych znaku, 
mu:leme znaky testovat oddelene podle vztahu (pro znak a) 

da 
2 

t(2n - 2) = 

VBaa 
2n - 2 

NejvyhodnejSi je to kriterium, pro ktere vychazi nejvetsi hodnota t a tecly nejmensi pravde­
podobnost chybne klasifikace. Porovnani techto hodnot viz v anglickem t extu v tabulkach c. 3 a 4. 
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Exp lanation s of the plate V - Vy svet livky k tabuli V 

Tab. V: a - Oocystis solitaria WrTTR., vegetative cell. b - 0 . solitaria, autospnres inside the 
mother membrane. c - 0. marssonii LEMM. d - 0 . parva W. et G. S. WEST, release 
of daughter cells by bursting of the mother m embrane . e - 0. parva, a colony of young 
cells. f - 0. lacustris C:r:ron ., a colony with mucou s mother m embrane . 

Tab. V: a - Oocystis solitaria WrTTR., vegetativni bui1.ka. b - 0. solitaria, autospory uvnitf 
matefske membrany. c - 0. marssonii LEMM. d - 0. parva W. et G. S. WEST, uvolno­
vani dcefinnych bunek prasknutim matefske m embrany. e - 0. parva, kolonio m ladych 
bunek. f - O. lacitstris CHOD., kolonie se slizovitou matefskou membranou. 

(Orig. H. Rrn rA.KovA.) 
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