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Abstract — Arichmaterial of four species collected in Czechoslovakia was studied by REmA-
KOVA (in press). In O. solitaria WITTR., it is possible to distinguish two forms based only on the
dimensions of the cells. In the three planktonic species, O. parva W. et G. 8. 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. FisuER’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,
» 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 the 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 FisHER's discriminant function
in the taxonomy of the genus Oocystis A. BrauN (Chlorococcales).

Method
Fisuer’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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FisER (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. Perhaps there exists a more acceptable or simple method; any suggestions
about this are appreciated. Since besides the works named above, 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 measurements z, and z} are available, may be
obtained from the expression
X = Lazg + Lyzyp (1)
The linear equations of estimation of the koefficients L, and Ly are
Saala + SapLp = dg (2)
SpaLa + SepLy = dp ,

where d is the mean difference between the species, S is the sum of the squared (aa, bb) or multi-
plied (ab, ba) deviations from the means within the species.
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Fig. 1. — Oocystis solitaria WITTR. f. solitaria (1) and O. solitaria WiTTR. f. major WiLLE (2).
A — distribution of cell lengths, B — distribution of cell widths.
Fig. 1. — Oocystis solitaria WITTR. f. solitaria (1) a O. solitaria WiTTR. f. major WILLE (2).
A — rozdéleni bunéénych délek, B — rozdéleni bunécénych sifek.

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

_ D ;
C:-XI+—2—=X11—-—’ (3)

where X; and X7 are the mean values of the discriminant calculated for the both groups, and
D =X —Xg.
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The frequency of misclassification can be found by the use of the ¢-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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Fig. 2. — Oocystis parva W. et G. S. Wesr (1), 0. lacustris CHoD. (2) and O. marssonii LumM. (3).
A — distribution of cell lengths, B — distribution of cell widths.

Fig. 2. — Oocystis parva W. et G. S. WesT (1), O. lacustris CHOD. (2) 8 O. marssonii Lemm. 3).
A — rozdéleni bunéénych délek, B — rozdéleni bunéénych sirek.

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. 14, B),
but none in the cell’s morphology.

Three planktonic species were investigated, i.e. Qocystis parva W. et G. S
Wast, O. lacustris Crop. and O. marssonit LEmM. (Tab. V.: c¢—f), and
600 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 @ and of cell width b, that
for the group of minor size I and of major size /1, the discriminant function was
calculated as follows in the table 1.

Table 1
1 Lg = 0.003294 ‘ X; = 0.1008 ’ D = 0.0494
| Ly = 0.002927 ’ Xrr = 0.1502 I ¢ = 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 J1. The group of larger dimensions was identified with O. solitaria WirTR.
f. major WiLLE, the less form being the typical one, i.e. O. solitaria WITTR.
f. solitaria. Forma major 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,, o, (0.005) < 5.298 < 243. The-
re is a good difference in the value of our discriminant X.

The frequency of misclassification was tested according to the expression

D

2
0= T

S

f

(degrees of freedom f and the mean square A within groups). For #(197) = 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—12,59%, of cases. It actually occured in 7,569, of the cases.

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

d

bnirme—2) = ——
x

for d see in equations (2). It represents for length #(108) = 1.4543 and for width

t(198) = 0.1249. The discriminant enjoys an advantage over any of the me-
asurements used apart: {97, = 1.5633.
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Qocystis parva W. et G. S. Wrst, 0. lacustris CHop. and 0. marssonii LEMM.

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

Table 2
Combination
o
0. parva 0. lacustris 0. parva
0. lacusiris 0. marssonit 0. marssonii
Ly 0.000463 | 0.000758 0.001732
Ly 0.004045 0.002093 0.004055
X7 0.014928 0.017636 0.022742
X7 0.025297 0.026649 0.054862
D 0.010369 0.009013 0.032120
C 0.020112 | 0.022142 0.038802

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

F. 397(0.005) < 5.298 < 207 («) ; 179 () 5 638 (y) .

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

Table 3
L | Frequency of misclassification in 9,
Combination t(397)
‘ expected ‘ found
o 1.0167 ‘ 12.56—25 1 15.5
p 0.9395 12.5—25 i 17.7
VY 1.7854 i 25— b ‘ 6.0

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

Table 4
e
Combination (898)

length width

o 0.8683 1.0107

B 0.8449 0.9272

y 1.5743 1.7254

(- N i B
In this case, the discriminant X (compare ¢ — 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).

Key to the species?)

(Giving the arbitrary values of the discriminant function, I stands for length, W for the width
of cells, both expressed in millimetres.)

1a 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 p, width 1.6 —8.0 p.
Respecting O. marssonit L . 0.76 + W . 2.09 < 0.0221 ; respecting O. parva L . 0.46 +
+ W .4.04 > 0.0201 . . . . . . O. lacustris CooD. (Tab. V: f)
3b Daughter cells released by burstmg of the mothel membrane, whichis not gelatinized;
dimensions of cells: length 3.2—9.6 p, width 1.6 —4.8 p.
Respecting O. marssonic L .1.73 + W . 4.05 < 0.0388 ; respecting O. lacustris
L.0.46 + W .4.04 < 0,020L. . . . . . . .0O.parva W.ot G.S. Wrst (Tab. V:d, e)
2b Autospores with 1—2 chromatophores; daughter cellq 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 p, width 4.8—14.4 p.
Respecting O. parva L .1.73 + W .4.05 > 0.0388 ; respecting O. lacustris L .0.76 4

+ W.2.09> 0.0221. . . . . . . 0. marssonit LEMmm. (Tab. V: ¢)
1b Lhr0111atoph0res in autospores at least} 4 in adulb vcgetatlve cells numerous (to 30 or more);
littoral species. . . . . . 0O.solitaria WiTTR. (Tab. V:a,b)
4a Dlmen@lons of cells length 13 2 28 0 y., w1dth 5.0—18.1 p.
L.3.29 + W.293 < 0.1255. . . . 0. solitaria WITTR. f. solitaria
4b Dlmensmns of cells: length 16.5— 52 8 pL, width 8.2 29.7 Y-
.3.29 + W.293 > 0.1255. . . . . 0. solitaria WITTR. f. major WILLE
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Souhrn

Kvantitativni znaky, kterych se ¢asto pouzivéa k rozliSovani forem, variet i druhti drobnohled-
nych fas, vytvafeji zpravidla plynulé piechody. Nékdy se v8ak jedna o skuteéné rozdily velikosti,
co? ném ukdZi priméry nebo lépe diagramy rozdéleni hodnot. Tak REHAKOVA ve své praci
o roduQocystis A. BRAUN (v tisku)shromézdila velky material o rozmérech druhuO. solitaria WiTTR.,
ktery se zfetelnd rozpada na dvé velikostni formy (Tab. V: a,b; Fig. 14, B),a o tfech planktonnich
druzich O. parva W. et G. S. WesT, O. lacustris CHOD. a O. marssonii LEMM. Ty se sice navzajem lisi
také morfologickymi znaky (Tab. V:c—f), ale v uréitém ontogenetickém stadiu (solitarni bunky
8 vice chromatofory) jsme i u nich odkézani pouze na rozdily velikosti (Fig. 24, B). V této praci
jsme se pokusili aplikovat na tento material Fisuzrovu diskrimina¢ni analysu (Fisaer 1936,
1940; Matuer 1943). Je to statistickéd metoda vypracovani primo pro botanickou taxonomii,
ktera umoziuje: 1. shrnout rozdily méreni dvou nebo vice kvantitativnich znaka do jedné ciselné
hodnoty, tzv. diskriminantu X; 2. objektivné testovat na zaklads an&lysy rozptylu X rozdilnost
skupin (taxont); 3. omezit pocet Spatné zafazenych jedinct na minimum a predv1da,t pmvdén
podobnost chybné klasifikace. Idealni pripad pouziti této metody je tam, kde méame 3 nebo vice
znaki, které nejsou v tésné korelaci. Protoze v Z4dné teské statistické pfiruéee neni tato metoda
uvedena, povaZujeme za vhodné predloZit zde podrobnéjsi pracovni névod.

Pro méteni tiech kvantitativnich znaka a, b, ¢ u dvou skupin (taxont) I a II, vypotteme
prumérnou hodnotu diskriminantu X pro kazdou skupinu zvlast ze vztahu

X = LgZq + Lyzp+ L@, - )

1) The key according to REHAKOVA (in press) completed by the data of discriminant analysis.
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Koeficienty L vypoéteme ze soustavy linedrnich rovnic
Saala + SapLpy + Sacle = dg
Spalia + SepLy + SpcLe = dy 2
Seala + SepLb + SceLle = dg

kde d jsou rozdily praméri kazdého znaku v obou skupinéch (napf. d; = Zay; — Za;) 8 S soulty
¢tveret (aa, bb, cc) nebo soucinu (ab, ac, be) odchylek od pramért uvniti skupin. To znamens,
ze odecitame od kazdé jednotlivé hodnoty aritmeticky primér toho znaku v té skupiné (I nebo 17).
Samoziejmé vyjdou i hodnoty zéporné, jejichz étverce jsou sice kladné, ale jejich sou¢iny mohou
byt rovnéz zaporné. Hodnoty, vypoctené pro kazdy znak (a, b, c), pak se¢teme z obou skupin
(I, 11) dohromady. V rozepsaném tvaru je tedy prvni rovnice soustavy (2)

S(xg—%a)? Lg + S(xq — Za)(@p — Tp) Ly + S(@g — Zg)(xc — ) Lo = dg

Pii velkém pocétu nameéfenych hodnot si usnadnime préci jejich grupovénim: rozdélime
materidl na nékolik tiid s ur¢itym rozmezim znaku. S primérnymi hodnotami znaku v kazdé
tiidé pak pracujeme jako s jednotlivymi hodnotami. Zasady grupovéni nalezneme v kaZzdé
statistické piiru¢ce (MACEK a PORKORNY 1956). Protoze v8ak v naSem piipadé musime pfi vytva-
feni soudini odchylek hodnoty znaku parovat tak, jak se vyskytovaly spojené v materialu,
pouZijeme pro grupovéni dvojosych tabulek. Tak napf. pro délku a sitku bunék Oocystis lacus-
tris Crop. byla sestrojena tabulka &. 5, ve které z; je stfedni hodnota znaku v kazdé tiids, zde
v poétu dilkiu okuldrového méfitka mikroskopu, z; — @ jsou pfisludné odchylky od priuméra,
f Getnost v t¥iddch. Uvniti tabulky jsou vepsiny ¢etnosti v kombinovanych t¥idach sifky a délky.

Tabulka 5
Bitky
i 1 2 3 4 b
i r;—7Z —2,28 —1,28 —0,28 0,72 1,72 J
3 —2,48 2 1 3
4 —1,48 27 ] 35
S .
=
- 5 —0,48 3 55 3 61
v
=
6 0,62 16 52 68
7 1,52 1 26 2 29
8 2,62 2 2 4
f: 2 31 80 83 4 200

= = D
0=X1+-2—:XH——2—, (3)

kde D = X717 — X7.
Tiidéni jedinet pak provadime tak, %e pro kaXdého jedince vypocteme individudlni hodnotu
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diskriminantu X dosazenim jeho rozmériti misto priméra do vztahu (1). Hodnoty koeficienta L
jsou jiz znémy. Jedinci 8 hodnotou diskriminantu mensi nez je kritickd hodnota C patii ke
skupiné I, jedinei s diskriminantem vétsim nez C' ke skupiné I1.

Hodnoty vypoétené pro uvedené taxony rodu Oocystis jsou v anglickém textu na tabulkéch ¢. 1
a 2 a jsou také pouZity v uréovacim kli¢i.

Rozdilnost obou skupin (taxonti) testujeme na zékladé analysy rozptylu X podle schématu
na tabulce ¢. 6.

Tabulka 6
Soucet ctverei Stupné volnosti Priméray Stverec Varia¢ni pomér
S f r ;

i Mezi. ) Y r S S
skupinami 9 7 7
irx , S’
Uvnit# S S
skupin = e i il

(Hodnoty oznacené ¢arkou se rozumdji ,,uvniti skupin‘.)

'V tabulce 6 znamené n pocet prométenych jedinci v jedné skupiné (mé byt stejny i ve druhé),
k pocet méfenych znakl, pro D viz vztah (3). S dvojimi stupni volnosti vstupujeme do tabulky
kritickych hodnot F (JaANgRo 1958, tab. 12). Pro zvolenou hladinu vyznamnosti (napi. 0,005,
tj. pro pravdépodobnost 99,5 9,) zde nalezneme tabelovanou hodnotu F. Jestlize je naSe vy-
poétenad hodnota vétsi, zamitd se na dané hladiné vyznamnosti hypothesa o totoZnosti obou
skupin (taxonu).

Abychom odhadli, v jakém procentu pfipadi se dopustime uZitim diskriminantu X chybného
zatazeni, coZ je pii pouziti transgresivnich znaki nevyhnutelné, testujeme ¢-testem podle vztahu

D

b(2n-k-1) = ——1:
/5

V tabulee kritickych hodnot rozdéleni ¢ (JANko 1958, tab. 8) nalezneme s prislusnymi stupni
volnosti (2n — k& — 1) pravdépodobnost pro hodnotu nejbliZe niZ3i a nejblize vyssi nez je vy-
poétena hodnota ¢. Tak pro klasifikaci O. solitaria WiTTr. podle X jsme nalezli hodnotu ¢()97)=
= 1,5633. Pocet stupnu volnosti je vétsi nez 120 a pro né&j nejblizsim tabelovanym hodnotam ¢
odpovidé pravdépodobnost 0,25 > P > 0,10. Protoze viak ke Spatnému zafazeni muze dojit
jenom v jednom sméru, oéekéavame je jenom v poloving, tj. asi v 5—12,56 9, pripada. Skutetnd
k nému doslo v 7,56 %, ptripadi.

Cheeme-li ovéfit, zda je pouiti dikriminantu X vyhodn&jsi neZ pouziti jednotlivych znaki,
muzeme znaky testovat oddélend podle vztahu (pro znak a)

da
2

t(_"_)n 2) = 7'__3__—_M;—
aa
‘/2n =0

Nejvyhodnéjsi je to kritérium, pro které vychézi nejvétsi hodnota ¢ a tedy nejmensi pravdé-
podobnost chybné klasifikace. Porovnani téchto hodnot viz v anglickém textu v tabulkéch ¢. 3 a 4.

References -

Fisuer R. A. (1936): The use of multiple measurements in taxonomic problems. — Ann. Kugen. 7,
2:179—-188.

— (1940): The precision of discriminant functions. — Ann. Eugen. 10, 4 : 422 429,

Janko J. (1958): Statistické tabulky. — Praha: 251 p.

Macex J. et PORORNY V. (1956): Zakladéni a hodnoceni biologickych pokust. — Skriptum,
Praha: 228 p.

112



Maruer K. (1943): Statistical analysis in biology. — London: 247 p.
REenAkOVA H.: Die Variabilitit der Arten der Gattung Oocystis A. BrauN in der Tschechoslo-
wakei. In press.

Explanations of the plate V — Vysvétlivky k tabuli V

Tab. V: a — Oocystis solitaria WITTR., vegetative cell. b — O. solitaria, autospores inside the
mother membrane. ¢ — O. marssonit LEMmMm. d — O. parva W. et G. S. WesT, release
of daughter cells by bursting of the mother membrane. e — 0. parva, a colony of young
cells. f — O. lacustris Cuop., a colony with mucous mother membrane.

Tab. V: a — Oocystis solitaria WITTR., vegetativni bunka. b — O. solitaria, autospory uvniti
mateiské membrany. ¢ — O. marssonvi LEMM. d — O. parva W. et G. S. WEST, uvolio-
vani deefinnych bunék prasknutim materské membrany. e — 0. parva, kolonie mladych
bunék. f — 0. lacustris CHOD., kolonie se slizovitou matefskou membranou.

(Orig. H. REnAxovA)
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