
I'rcslia., Praha, .jJ: 289-312, 1979 

Taxonomic position of three planktonic blue-green algae from the 
genera Aphanizonzenon and Lylindrospermopsis 

Taxonomie tfi planktonnich sinic z rodu Aphanizomenon a Cylindrospermopsis 

°jf;lria, Hor eckc.1 a ncl Jii'i Korn(nck 

Hrnn::rr;.-\ :\f.l) Pt .J. l\" mr..\.REK2) (]()79): Taxonomic po:;ition of thrCl' planktonic blue­
-gr.~cu alQ:aP from tl10 g('1H'rt1. Aphanizomenon and C'ylindrosper111op.<J"is. - Pre::; lia, Praha, 
51: :?8H -:31:?. 

T\\O frc:;lrnat.f'r plankton ic blue-green a lgae ,,-ith wPll dovelorctl sporPs, Anribaena 
aplwnizouicnoirles and Anabaenopsis rrici!Jo1·sl..:ii. occurri11g ma inly in tropical countrie::; 
anci in warrnL'l' areas of the tem perate zone w<'rc founcl in soutlwrn parts of Uzecho­
,.;lovakia (~\.V. :-)lovakm, Central Moravia) ancl in Hungary (near Uahas). The morp l10-
loaicnl variation of all the populations found was studied. Cornpnring the diacritical 
generic feature», An(/,boenn aphanizomenoicle8, which occurs m ai nly in tropical and 
::;ubtropical Asia. and SE. Europe Jrn.;:: been tran::;ferretl into tlw .~··nwi Aphanizomenon: 
A. aphanizomenoides (FunTr) HoHECKA Pt KoM . .\.REK. From the Lropical Asia another 
similu,r. lphanizomenon species (A. trop ical is HoRECKA et KoMA.1mK) has been separated 
from _..j. riphanizomenoidcs , and defined. Anabaenopgis ru ciborskii must he excluded 
from tltL' gomrn Anabaenopsis becauso of quite <lifforC'nt development of hetorocyst.s. 
'" .t. r11ciborsl..:ii" is most related to the genus Oylinrlrospermum : how0ver. on the ba-iis 
of numerical evaluation of nostocacoan genera, the classification of t hi ::; a lga to the 
separntP gC'nus Cylindrospermopsis SEENAYYA et SunB A RAJU 1972 is supported. Cy­
hndrospermopsis ra.ciborski i is spread in tropical countries all over the world, and 
<' Cf'ur:; occa:;ionally also in temperate zone: SE. Europe, USA (Kan., Minn.) and 
sout IH'rn parts of the USSR. 

l) J?, ·yioJl.rtl Hygie ne Station. Trnavslca 52, 885 12 Bratislava, Czechoslovakia; 2) Ozecho­
slorr: k Academy of Sciences , Botanical Instit·ute, Department of Hydrobotany, Dukelska 
145, 379 82 Trebon, Czechoslovakia. 

During the :vear 197 8 \VC fonnd, in the Pannonian region (~\Y. part), two 
;H·.:-;em blagcs of bl no-green algae containing several intNPRting planktonic 
~p"c.:ies, the ;-:;yskmati(" position of which had not yrt been sa,t i8factorily 
clarified. \Ye triE:>d to evahrnte statisticalJy both 8amplcs and to solve the 
taxonomy of two dominant species, A nabaena. aphanizomn1.oidPs FORTI 1912 
and A nubaenopsis raciborskii (Wor:..osz .) ELENI{. 1923 . They occurred with 
·wC'l1 developed spores in both localities. 

Description of samples: 

l. An artificial reservoir Bori cky (approx. 28 ha, depth 1.5- 2 m) at Kopeany near Senica 
in SW. Slovakia, Czechoslovakia, originated as a gravel-pit lako, fed with ground water and 
by the polluted creek Cuninsky potok. The samples were repeatedly taken during the period 
29th May to l5th September 1978 (HoRECKA). In the end of May, the water had a green colour 
and contained V>ater bloom, caused by filamentous and coccal blue-green and chlorococcal algae. 
The dominant filamentous blue-green algae were Oscillatoria agardhii, 0. acuiformis, 0. redekei, 
Pseudanabaena limnetic(f,, from the chlorococcal species M icrocystis aeruginosa and M erismo­
pedia glauca. After the rapid death of this community in the first days of.June, the Oscillatoriri 
species mentioned occurred again and, rarely, Ana.baena aphanizomenoides, Anabaenopsis elen-
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lcinii and Aphanizomenon issatschenkoi. Anabaenopsis raciborskii was first recognized at the end 
of July (without heterocysts), an<l it occurred commonly during August and September (the 
trichomes with heterocyst.s and spores). Water temperature ranged in this p eriod from 18 to 
27 °C, pH from 6.9 to 9.3 , the amount of 0 2 :;oluble in the water ranged from 1.3 to 16.2 mg.i-1 . 

2. Hapidly floating water in an artificial stream (probably the outflow from t lie re::icrvoir) 
near Dabas, Hungary. TJ1 c sample was collected on 24th September 1978 (Ko.MAREK). The water 
had a green colour; it contained many dispersed p lanktonic blue-green algae with gas vacuoles. 
The sample was dominated by Anabaenopsis raciborskii; Anabaena aphanizomenoides, Ana­
baena flos-aquae and Microcystis wesenbergii occurred in small amounts . No more ecological data 
were recorded. 

Aphani z omenon aphani zo menoid es (FORTI) HoRECKA et KOMAREK 

11-,0RTI (1912) described. from one Jake in Anatolia. (Turkey) , the planktonic 
blue-green alga A nabaena nphani'zomenoides with the following features 
(a.ccording to GEITLER 1932) : ., Trichome einze1n, gerade oder leicht gebogen, 
1-2 mm Ia.ng, 4-5 µ breit., an den Querwanden schwa.eh eingeschmirt. Zel­
Jen tonnenformig-zy]indrisch , 1- 3mal Hinger als breit, mit GasvakuoJen. 
Heterocysten fast kugeJig oder le.icht e11ipsoidisch, 5.5-7 µ breit, 6-7.5 µ 
Jang . Dauerzellen e inzeln oder zu wenigen neben den Heterocysten, kugelig, 
8-14 µ Lreit, mit glatter, farbJoser Mernbran. " (Fig. l , iconotype). 

This species was later found in Malaysia (PROWSE 1972), where it is 
"common in fish ponds and often forms blooms" (Fig. 2). Besides, PROWSE 
described another A phanizomenon-like alga, "Raphidiops1:s mediterranea 
SKUJA with heterocyst.s and oval spores, adjacent to the heterocysts from one 
or both sides", with cells 4.5-6 X 2.5-3.5 µm and spores 9-14 x 4- 4.5 µm ; 
the ends of the trichomes of this alga are extremely long-attenuated and 
sharply pointed. DESIKACHARY (1959) mentions Anabaena aphanizomenoides 
from India (Madrai;;) with the heterocysts only about 4.5 [..1.111 v.ridc and the 
spcres l 0.5 µm long and about 'i µm wide (i .e., \vith oval spores). The identity 
of this materia.1 with Malayan specimens with oval spores is probable. 

Typical A nabaena aphanizomenoides with spherical spores was recently 
fot1nd (in summer) in warmer areas of SE. Europe, e.g. in Hungary (near 
Szeged - HoRTOTIAGYI 1955, H EGEWALD et al. 197 5; in Szelidi lake - A. 
SCHMIDT 1975 ; near Daba.s - leg. KOMAREK) and :in Czechoslovakia (water 
reservoir Chomoutov near Olornouc - Jeg. STERBA; water reservoir Boricky 
near Renica - leg. HoRECK~i). The morphological features of some of these 
materials are given in Table 1. 

In the year 1955, another species was described by KrsELEV from the lake 
Staryj Forpost in Kazachstan (USSR). It was Aphanizomenon sphaericum, 
with the following featmes : Trichomes solitary, more or Jess straight, 
attenuated t.o the ends (usually 3 terminal cells are elongated, without gas 
vacuoles, sometimes hyaJine). Trichomes are constricted on the cross walls. 
c.~ lls cy)indrical or baneJ-shaped, with gas vacuoles, 3-7 x 3-3.5 µ.m, 
rnundcd or rounded-pointed at their ends. Heterocysts spherical or oval, 
5--7.5 X 5- 6 µm. Spores spherical, solitary or up to 3 joined from both sides 
to th e heterocysts, 6-10 µm in diameter (comp. Table 1). 

Figs. 1-5. - Aphanizomenon a.phanizomenoides (FORTI) HoRECKA et KOMAREK, 1 - after 
FORTI from HUBER-PESTALOZZI 1928 (iconotype from Turkey); 2 - after PROWSE 1972 (from 
Malaysia); 3 - after HEGEWALD et al. 1975 (from Hungary); 4 - after A. SCHMIDT 1975 (from 
Hungary); 5 - orig . KOMAREK (from Hungary). 
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Table 1 
--- -----

Anabaena 
Anabaena aphanizo1nenoides 

FORTI 1912 aphanizomenoides 

(orig. descr.) (PROWSE 1972) 

Filaments solitary, straight solitary 
or slightly curved 

Ends of attenuated attenuated 
filaments (µm) (acc. to figures) 

Length of 
filament ' (µrn) Lo 2000 

Shape of cells barrel-shapC'd to barrel-shaped 
cylindrical (acc. to figs.) 

Length of 
cells (µm) 4-6 

Width of 
trichomes (µm) 4: - 15 

Size of apical 
cells (µm) 

Shape of apical rounded-conical rouncled-conical 
cells (acc. to figures) (acc. to figures) 

Htc. size (µm) 6 - 7. 5 >, 5. 5 - 7 

Htc. - shape spherical or 8lightly 
ellipsoidal 

Spores - position a 1 or f p\\" joineJ 
t.o Htc. 

Spores - shape spherical 

Spores - size 8-14 0 
((.1.ID) 

Gas vacuoles + 
Ecology planktic in a lake planktic in 

fish ponds 

Locality Anatolia, Turkey Malaysia 

Note acc. to PROWSE 

Anabaena 
ap/1Q,nizomenoides 
(HEGEWALD ot al. 

1975) 

solitary, 
straight 

attenuated 

to 400 

barre l- ;:; haped 

3-5.5 

2-6.5 

3-10.7 x 1.4 - 3.5 

rounded-conical 
(acc. to figures) 

4.2 - 7.4x4.5-5.8 

s pherical to 
ellip,,;oidal 

a 1 or few joined 
to Htc. 

spherical, 
(to ellips.) 

6.6-13.6 x 
6.6 - 12.7 

+ 
planktic in 
fish ponds 

near Szeged, 
Hungary 

in all other features 
identical with the 
typical material 
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Anabaena 
aphanizomenoide.s 
(A. 8CLiMIDT 1975) 

sLraight 

attenuakd 
(acc. to tigures) 

barrel-shaped 
to cylindrical 
(acc. to fig'3.) 

2.5-5.5 

rounded 
conical 

a 1-2 joined 
to Htc. 

spherical or 
almost spherical 

10 - 12 x 7.5-9.5 

+ 
planktic in a lake 

Szelidi-lake, 
Hungary 



.·! nabaena Anabaena 
aphanizomenoide,s aphanizorn eno ides 
(ori g. HoRECKA) (orig. J\:o:r.!AREK) 

solitary, straight solitary, straight 
or slightly curved or slightly curved 

attenuated attenuated 
( 1 - 5 apical cells) 

< 300 

barrel-shaped 
t o cylindrical 

l.'i - 2.3 

2.2 - 4 

3.5 - 10 x 
0.9-2.8 

r ouncled ­
conical 

3.5-6.7 x 
2.5 - 5.4 

cylin<lrica.l 

a 1- 4 joined to 
Rte. or 1-2 
distant from Htc. 

sphcrica.l 

6 - 8 0 

-t 

pla11 ktic in an 
artificial 
water-reservoir 

n 0ar Senica, 
Czechoslovakia 

barrel-sl1aped 

3.6-4.5 

3.5 - 8 

4.5-8.5 x 2 - 3.2 

rounded­
conical 

4 -6.5 x 5 - 6 

spherical to oval 

a 1-2 joined 
to Rte. 

spherical 

to 9 0 

+ 
planktic in 
a canal 

near Dabas, 
Hungary 

A phan izomenon 
sphaer·icum K1SEL. 

Hl55 
(orig. d e:oc r.) 

solitary 

att enuated 
(3 apical cells) 

barrel-shaped 
to cylindrical 

3 - 3.5 

3 - 7 

rounded to 
pointed 

5-7.5 x 5 - 6 

spherical to 
ellipsoidal 

a 1-3 joined 
to Htc. 

spherical 

6-10 0 

+ 
planktic 

Kazachstan, 
USSR 

Anabaena 
R esulting 

karakumica data 
.l\ OGAN 196 7 

solitary, straight solita.ry, straight 
or slightly curved 

attenuated 

- 2000 

barrel-shap0rl 
to cylindrical 

(l.'i - )2.5-5.5 

2-8(-15) 

3 - 10.'i x 0.9 - 3.5 

rounded-conical, 

attenuated, but 
without elongated 
cells 

- > 1000 

barrel-shaped 
to cylindrical 

5.4 - 8 

rarely almost rounded 
pointed 
3.5 - 7.5 >~ 7 - 9 0 
(2.5- )4.5-7 

spherical, slightly spherical 
oval to a lmost 
cylindrical 

a 1- 4 joineu to a 1- 2 joined 
Rte., rarely a 1-2 to Htc. 
distant from Htc. 

spherical, rare spherical to 
slightly elongated widely 
(widely oval) ellipsoidal 

6-14( - lS) x 
x 6 - 14 

10-14(-18) x 
x 10 - 14 

+ 
planktic in water 
reservoirs (lakes, 
ponds) and 
artificial canals 

tropical and sub­
tropical countries, 
and warmer areas 
of temperate zone, 
SE. Europe , Asia 

+ 
summer 
plankton 

n ear ..:-\schabacl, 
Turkmenia, 
USSR 

probably only 
a variety from 
A nabeana apha­
nizomenoides 
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Fig. 6. - Aphcinizomenon aphanizomenoides (FORTI) HoRECKA. et Ko:\'.IAREK. Orig. HoRECKA 
(from SViT. Slovakia, Czechoslovakia). 

HEGR\\TALD et al. (1975) note that they found no <.lifference between Ana­
bacna aplwnizonienoi'des and Aphanizomenon spliaericwn. This opinion is 
evidently correct; however, it promote the question, whether this blue-green 
alga belongs to the genus Aphanizomeno·n or .dnabaena. The formation of 
fascicles is not a generic feature in Aplwni'zomenon; tlw solit.ciry filrtment.. as 
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well as the fascicles occur in both genera mentioned (comp., e.g., Aphan,izo­
rnenonflos-aquae and Anabaena affinis). The only differential feature between 
them are the dongated, narrowed and hyaline (vacuolised) terminal cells (in 
old trichomcs !) in the genus Aphanizomenon. Xo sharp boundary exists be­
tween the two genera, but it is possible to distinguish them. From this point 
of view, the correct name for the blue· green alga in question is Aphanizomenon 
aphanizomenoides (FORTI) floRECKA et KOMAREK. 

~imilar to this species is also Anabaena karakumica KOGAN 1967, but with 
]a,rgcr djmensions of the cells and heterocysts (Table 1) . Two other species of 
AnabaPna with spherical spores joined to the heterocysts , .A. sphaerica and 
..d.. kisseleviana, are clearly distinguishable from Aphanizomenon aphanizome­
noides: ..d.. sphaerica is a benthic species growing in strata, without gas 
vacuoles a,nd with different dimensions; A. kisseleviana grows as a planktonic 
species in colder areas and has larger dimensions. Both species never ha,ve 
atten1u1ited apical cells . 

The t.richomes of A. aphanizomenoides without spores are very similar to 
those of Aphan,izomenon 1:ssatschenkoi. These two species differ only by the 
shape of the spores and by their different pos!tions on the trichomes. In the 
reservoir Bori r ky , where both species occurred together, the trichomes with­
out spores were not recognizable. 

Aphanizornenon aphanizomenoides (FoR·rr) Ho.RECK,( et KOMAREK, comb. nova 
(Figs. 1-6) 

Syn.: Anabaena aphanizomenoides FORTI Atti Mern . Acad. agric. Sci., Lett. Arti Comm. 
(Verona), ser. 4, 12 : 126, fig. 2, 1912; (basionym). - Aphanizomenon sphaeric·um KISELEV Not. 
:,;yst. Sect. crypt. Inst. bot. (Moskva) 10 : 36-38, 1955. 

Description: Trichomes solitary, straight or slightly curved, up to 2000 µm)ong, to the 
ends attenuated ancl terminated with narrowed, rounded-conical cell, on the cross walls clearly 
c>onstricted. Cells barrel-shapf'd to cylindrical, with gas vacuoles, 2-15 x 3-5.5 µm, at the 
ends only 1.4- 3.5 µrn wide and rarely lacking gas vacuoles. Heterocysts intercalary, spherical 
to slightly oval, 4- 7 .5 x 4.5- 7 µm. Spores spherical (rarely slightly elongated - widely oval), 
solitary or in series up to 3, joined to one or both sides of the heterocysts, (6)8-14 µm in dia­
meter. 

D ist ri bu tion (Fig. 24): Planktonic in eutrophic waters, mainly in tropical and subtropical 
countries, less in the temperate zone (SE. Europe): Czechoslovakia, Hungary, India, l\Ialaysia, 
Turkey, USSR (Kazachstan, Turkmenia). 

Aphanizonienon trop 'icalis HoRECKA et Ko:VIAREK 

DESTKACHARY (1959) and PROWSE (19n) dcRcribed ·rnat<'rial of Anabaena 
aplwnizom enoides with oval Rpores and v.rith lonp-, sharply pointed ends, 
which probably represents a special taxon (specie:-:;). It. i.s <"L question, if this 
alga is identical with ,.Raphidiops1:s 1nediterranea with developed heterocysts". 
However, there exist data on popula.tions of Raphidiopsis, in which hetero­
cysts \Yere never found (CRONBERG 1973, HIND AK 197 5) during the whole 
Yegetation sea.son or in cultures. Some other authors suppose R. niediterranea 
to be, possibly, the filaments Jacking heterocysts of a.nother species, Ana­
baenopsis rnciborskii (e .g. HILL 1970). We suppose that the alga similar to 
Aphaniz01nenon aphanizomenoides with sharply pointed terminal cells, inter­
cala ry het.crocysts and w>th oval spores adjacent to one or both sides of 
heterocyst.s should be descr~bed as a special species (Aphanizomenon tro­
p ical1·s HoRECKA et Kol\L{REK). 

295 



7 

.. 

so, .... 0 

\ 

c ~ c 

~ ~ 
~ 

a .. 

j~ __ ; 

.. 
p e 

b 
.. 

a .:. 
94· .. ~ .;.· 

:'.. ~ ,. 

;· .~ b 
. \" 

8 

Figs. 7- 9. - Apha11.izomenon tropicalis HoRECKA et Ko:MA.REK. 7 - after I>RoWSE (sub "Raphi­
diopsis mediterranea SKUJA'', from Malaysia); 8 - after PROWSE 197:? (sub "Anabaena nphanizo­
menoides FORTI with long bristle-like end cell", from Malaysia); 9 - redrawn from photos from 
PROWSE 1972 (sub "Raphidiopsis meditcrranea", from Malaysia, icunotype). 
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Aphan1"zonwnori tropicalis HoHE<'H:.~ et. KOMAREK, sp. nova (Figs.7-9) 

~yn.: Analmena aphw1izomcnoidr.s FOJnr "''mm PROWSE Taxon. Biol. Blue-green Algae, 
p. 49-51, figs. 1, :2b-d, Pl.], H)7:2. '!Anabucnu rtphrmizomennirfos Fo1tTI s<'n"u DESJKACHA:H.Y 

Cyanophyia. l .C .. \.H. Monographs. p. 405. 1959, p.p. (l\Iadras material). 

f)iac:11 osis: Filamenta liht>r0 nataniia, solitaria. recta vel arcuata, ad apices attenuata, ad 
JissPp1menta con"tric:ta. CPliulae npicales c>longntat', liyalinac, conice acutae. Cellulao intercalares 
cylindrrcae, vacuoli::; gaseos1t:i unpietao, 4.5-7'< 2.n-4.5 µm. Heterocystao solitariae, int,er­
calRres, ~pltacricae Yel Pllipsoid011(•. sporac dlipsoideac to cylindricae. }1 cterocy-d.as contingenta0, 
9- 14 µm longae, 4-'i µm latae. - .Hab1tatio: In lacubus piscinasquo In<liae et Malaysiao. -
Iconotypus: Fig. 9. 

])p::;criptio11: Trichonw,.; . ..;oli1ary, mor<' or kss straight or slightly cuned, lnm~. 011 tlt<' cros::; 
"alls constnc>t!'cl. to thP t'nd"" Hit('Jlt1atl'd. "itl1 Ll1u dongat<'<l coni0nl (sornetinws <'::drt•n1ely long) 
anrl µointf'd, liyal1rw apical ('1·ll. Cells mon' or ic'sR C"ylindrical. \\it lt gas \ ·aC'uol<·s, 4.5 7 x :?.5 to 
4.5 µ.m. to t lH · 1'1Hi con1eal. lacking f!'a-' \'flC'uolPs nnd somct inws \ ·acuol1..:f'd. Hetc'roc~-..- t,.; inkr­
calary, sulitflly . "'Jll1P1·1ca! to 11\'al, ;;omc1" l1at \1·1cil·r than i!H' vc'gP tati\'e C'c·lls (4 fi !.L111). ~pores 

oYal to 0ylincl1 lf'HI. ,.;ol1lary. joined to one or l10tl1 Rit!Ps of the l11'tPrncysts , 9 - 1-~ · 4 7 (.LTll. 

J) is tr 1 but ion (Fig. :?.+): l)lankto11ic i11 11·ater ret'1 '1Toirs (tank,.;, fi,.;lq>ond,.;) m tropical count ri('::\ 
(:::i. Asiu): lrnl1n (2\ladrn--), .\lalay,.;in. 

Cylindrosprn11opsis rocibor"'ki1· (\\'or,osz.) ~El~:NAYYA pt, Snrn.\ lLuu 

This alga ,rn, · founcl more tinH·s all over the world. It w11s <le~wrilwd from 
lndonesia.n lnkr'H (.J a.va.) and occun; mainly in t rnpical regions (Fi~. l 0). 
H O'YeH'l'. it lws n 1so been found a few tinws in the frmpera,t.c zone, in ( 'zecho­
slova.lja. l-l u1warT. PNA arn1 l'S~R. NO\\., its vc.niatio11 is kmnn1 c.tn<l it is 
clear that this ~pccies compri8Pf-i, beyond doubt,, Cyli11rlrusperm 11111 ka11fJ11annii 
w,('lfl\1]J)LF.) Hun.-PEST. 1~);38 (= Aphani::.omenon lrn11f111m1m:i ~CRl\111>LE in 
Bn.t• ~~TH. rn] ..f: Fig. 11 ). further three species, descrihC'd h.\~ OrWC'TIOYA 

(01ffCHOYA et KosE:;sKo HHi4; Fig!-5. 1:3-lG) and lm•1wbly :118 > (',1tlindro­
spenmm1 rloryplwrn m BRn-1L et B1swAS 19~2 (Fig. l 8). 

~·l. rutiborskii has <t speeial morpholog_v which crent.cd l'n.hkms with 
taxonomic <'nilua.tion of this .'pccic's. 1)rohlerns of this spec ie·-; ha.Ye been 
re,·iewecl t.]1ornugh1y by J EE.JI-HA I et al. (l \J77). The formatiun of lieteroc.nts 
is quite diffcn·nt from t.h<tt in tlw genus Anabaenops·is. In Anabaenopsis. t1w 
lwkrocy.'t.t-\ develop in an interral::i.ry position in pa.irn, the trichornes break 
bch\·een tlwrn, and tln~8 tlw lid·,e1·oryst.H occupy sec·ornhtril.\· the terminal 
JH 1t-\it.ion. Thi;-; frat 111<' i:-; tlic main criterim1 defining t 1w gt'nus Anabaenopois. 
In Ana/J(tC?top:·Js rntiborsk·ii, t.lw hcteroC'.n.;fa develop primarily from one 
terminal cc1L wh i <·h i1' the cl innit.icnl frat.11re of th(' genus Cylindrosperrn um 
(Fig. ~3). 

From t lH· w·nus Cyli11drospcn11um, ... ·lnu!JOC?lopsis raciuorsk1:i differs in t.hrec 
features: 1. The C'clls C'ontain ga,s Yn.cuolcs, which lrn,,~e never been found in 
another Cyl indro.r:pPrrn 11 n1 species: howcn~r, in tlw v<'1·y closely n'l<:1t c•d gpnna, 
A nul;ur·r10 and Aostoc hoth kinds of i-;pecics also OC'eur \\'it.h or wii lwut. gais 
v1H·11oks. and tliis !'i11! .. de feahin· <·Hn hardh· bP w:;ccl as a diacritie<d on<· in 
nostornc·P<llt genc·1·n. :!·. Th<' <'nd oft; ichom~'S (lacking hot.h het.8roc·ysts H.ncl 
spol'cs) lul\ c attcnuatul nncl pointed endH like in Apham·:mwno,1 or Raphi­
diopsi·s. 3. ln ~!nolHwnopsi...; mciborskii,, i,hc spores m·e situated rnostl)· near 
c·iiher to on(' or both <·1Hh:. of the triehonws. but. sometimes :2-3 n·gC'ta.tivc 
rr]l ' arc' pn'scut bct.,\"C'('!l t lw tc1·min<d hetcrocy~ts nncl the t-;porC'~. ]1\H' thcsP 
rca.sonR. SEE.TAY\' A et SumA RAJ i; ( L 97:?) established a new genus Cyl1.ndro­
spermopsis fOl' A.nabnPnnpsis raciborskii. Hmn'vcr , it shou ld be noted that 
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Figs. 10 -17. - Cylindrosperrnopsis raciborskii (Wor.osz.) SEE AYYA et S'C'BBA H.AJU. 10 - after 
\Yor.OSZYNSKA from HUBER-PESTALOZZI 1928 (iconotype, from Indonesia); 11 - after BRUNN­
THALER from HUBER-PESTALOZZI 1928 (sub "Cylindrospermitrn ( ?) Kaufrnannii", from Egypt); 
12 - after ~.KUJA from KoNDRATEVA 1968 (sub "Anabaenopsis rac1'borskii", from Gre ce); 
1:3 - after Sr::SGII from KoNDRATEVA 1968 (sub "Anabaenopsis koganii", from India) 14 - after 
KoGA~ from Ko~DRATEVA 1968 (sub "Anabaenops-is koganii", from Turkmenia, U~!:iR); 15 -
after 0BUCHOVA from Ko::SDRATEVA 1968 (sub "Anabaenopsis ioustericum", from Kazacltstan, 
USSR); 16 - after PRESCOTT et ANDREWS from KONDRATEYA 1968 (~ub ''Anubaenopsis serir1ta" 
and 'A. . 11•ustericum'', from the USA); 17 - after 0BUCHOVA from l\:.o ·nnATEVA 196 (sub 
"A.nabaenopsis maksimilianii" from Kazachstan, USSR) . 
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the position of spores joined to the heterocysts or of intercalar position also 
has only an interspecific value in A nabaena. 

We had the occasion to cvc.tlua,t.e st.<ttistically t.wo well develo1wcl popu­
lat ions of th i8 alga, an<l to a8sess its varic.ttion in detail (Figs. 10, 20). The 
morphology of our material in rompariRon with important data from the 

Fig. 1 . - Cylinlirospermum doryphorum BRUHL et BrswAs. After BRum.. et B1sw.a.s from 
DE.TKACHAHY Hl.59 (from 111d1a). 

]it.ern,tmT, is s11mnrnriz<'d i11 Tnhle :2. \Y<' cc.in fully confirm the r·sults of 
I-I 1 LL ( l D70), \\ho stuclic<..1 the v1uia.t.io11 of the same alga from the l\Iinn sota 
lake:»' , and of JEEJr-Ru et al. ( ~77), concerning the variabilit.y of the 
position, number and shape of spores in A. rac?°/)()r+ii. 'Ve a.gree that the 
spC'cies e:-:;ta b]i, hcd h,v 0Bl ' t'HO\".-\ (0BL- ( '!LOL\ et J' OSENKO 1904) on the basis 
of the feature: nwnti 1)J!e<l (pokition of spores: .,.-:1. l.·oganii, A. maksimilianii, 
.-1. 11·u.-tf!'irum), and p1·0LalJlr al:-m ~-1 nabrtl'nop8is ..;Priatri PRESCOTT et A.NDREWB 

l B55 (Fig. 17) can be lo ·ated "·it Lin t.hc Y<triat iu11 rangc of Anabueno7Jsis /0.11-
l i ndrospermopsi< rnt.,;bo1·ski i. Tlw dev<'lop 111cn t, of het.croC;\'Rt~ from the 
terminal cells ancl t.he disi11kgnllion uf' trichomc . ..; between the ycgPta.tive 
cell.· were common!.\· obs<'n·ed in 0111' sample:;. 

Concerning tlw _gcnNir positfoH oft h '.· <:dga we regard it i mpossiblc cit her 
t.o join A. raciborsl:ii as <L memLer i.o t.he gen u:c; A JUd.Jaenop. ·is, or to classify 
it in a sp.:.·cicd 8ed ion of this gen ns. TJ1 ' fornrnt.io11 of heterocysts represents 
an unamLiguous <.liaf·1·itieal feature uirnrnu11I.\· accepted a: lJ<:trt of the 
ddiuit.ion of tliL· g<>1wr;t of ,,.Yo .. tcH'rttew. A. mcif){)r8kii rn11st thus be las~ifi cl 
as belonging tn diffrn'n! grm1s (Uylindro»pPrn1op8is Si~EXAYYA et l'.)t'BBA RA.Ju 
l !)7 ~) or tu a special Hl' C1 io11 of Cylindrn.->JH'nlllllll (BHARAJJ\\- .\.YA HJ33). In 
onlc.-r to giYe some data eluridu.i..in.g this problem, \YC have us cl t.he method of 
numericn,1 taxonomy for evaluating t.he nosto(·a,ee<n1 g 'lll'l';t with t lie x­
rcption of f.soty. tis, Rfrhelio and Jlon11olhrrmnio11, whi<.:11 lack sufficient sets 
of the frn t.1n·es required. Y\' P hn. Ye n Pd -±:3 morplwlogicttl features selected 
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Fig. 19. - Oylindro8permopsis rac iborskii (\\'oLosz.) SEENAYYA et SvJ3BA RAJU. Orig. KOMAREK 
(from Hungary). 

from the characteristic.· of all genC'ra in c1nestion. The· rnam oLjection t.o 
such an evalu ation can be the a priori dclim it:1tion of the generic cont.ent,i:L 
For partially eliminating this situation. WP evaluat.c<l scparntely plankt,onic 
and non-planktonic Anaba.ena RpeciPs aH two differc'nt groups at. the len_'l 
of genera,. It is true that,, for exa.mplc, the genus Anabaena can be diYidecl 
into more groups (according to the pos1tio'1 of t.he RporcB, etc.), and thr 
numerical evaluation of aH nost.oc~1. cean NJJCcics \Yotdd be hcst. But it '\V<tK 
imposi-;ible to carry out Ruch c-~ :;;tucly during t.his 'vork. \\'e triad, therefore, 
only to obtai. n introduct.Ol'y inforrna.tion uu this problem. The results am 
shown in Figs. 21- 22. 
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Fig. 20. - Cylindrospermopsis raciborskii (Woz,osz.) SEENAYYA et SUBBA RAJU. Orig. HoRECti 
(from SW. Slovakia, Czechoslovakia). 
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However, the nnmcrica] evaluation of nostocacean genera did not yield 
a clear solution. The \Yide difference of Cylindrospermopsi.s from Anabaenopsis 
has been confirmed, as well as the close relation of Cylindrosperrnopsis to 
Cylindrosperrnum (and a little more distant relation to Raphidiopsis and 
Aphanizomenon). The que t.ion remains of evaluating the position of Cylindro­
sperrnopsis (or where to draw the line between the single genera). The 
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Fig. 21. - Phenogram derived from the numerical eva.luation of similarity between no~tocacean 
genera ( = OTU) ; 45 features were used. 

closest relatjon was found between both grnups of Ana.ba.ena (the only 
similarity over 90 phenons). Then follows the similarity between Cylindro­
sperrnurn and Cylindrospermopsis, which is closer than, for example, between 
Aulosira and Nodularia, Anabaena and Anabaenopsis, or Nostoc and TVollea. 

We suppose that the intermediate types can represent the criterion; they 
occur in bot.h A nabaena-groups but not between Cylindrospermitr11 and Cy­
lindrospermopsis . \i\Te propose, therefore, to accept development of the 
heterocysts (Fig. 23) as a main diacritical feature between Anabaena ( + Apha­
nizomenon), Anabaenops1:s and Cylindrosperrnum ( + Cylindrospermopsis). On 
this basis, all three groups of genera can be clearly defined. The attenuated 
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end::) of filaments can serve as a secondary genel'ic feature which clistingujshes 
t.Iw genus Aphanizonienon from Anabaena and Oylindrospermopsis from 
Cylindrospermum. To the genus Oylindrospermopsis probably also belong the 
species Anabaenopsis philippinensis TAYLOR 1932 (comp. SEENAYYA et SuBBA 

RAJU 1972, JEE.JI-BAI et al. 1977) and Oylindrosperrnu/m doryphorum BRUIIL 

et BISWAS 1922. The interspecific relations between an these species remain 
to be Bolved. 

%. 

100 

90 
7-8 

1-2 

5-6. 7-9 
80 10-11, 3-4. 8-9 

2-3,2-4 

5-8, 8-10 
1-5, 4-1, 5- 7 

70 1-8, 4-5, 6-11, 7-10 
1-3, 1-4, 2-5,4 -8,6-7, 6-8,8-11 

2-7. 3-5,6-10,5-9 
2-8,5-10,6-9, 7-11, 9-10 

60 1-7,4-9, 5-11 
2-9 
9-11 
1-6. 1-9, 3-8, 3-9,4-10 
1-11. 3 6' 3 - 7, 4- 6 

50 1-10,2-6, 2-11 
2-10,3-11 

4- 11 

40 3- 10 

Fig. 22. - Coefficients of similarity between the single genera of Nostocaceae (the numbers 
correspond with the phenogram in the Fig. 21). 

Oylindrospermopsis raciborskii (Wowsz.) SEENAYYA et SuBBA RAJU Taxon. 

Biol. Blue-green Algae, p. 55, 1972 (Figs. 10- 20) 

Syn.: Anabaena (Anabaenopsis) raciborskii Woz.osz. Bull. int. Acad. Sci. Cracovie, cl. mat.­
nat., ser. B : 684, fig. lOA-F, 1912; p.p. (straight trichomes = iconotype). - Aphanizomenon 
kaufmannii ScHMIDLE in BRUN.NTH. Hedwigia 54 : 223, 1914. - Anabaenopsis raciborskii 
(Woz.osz.) ELENK. Bot. Mat. Inst. spor. Rast. glav. bot. Sada USSR 2 : 77, 1923, p.p. - Oylindro­
spermum kaufmannii (SCHMIDLE) HUB.-PEST. Die Binnengew. 16, 1 : 191, Fig. 89, 1938. -
Anabaenopsis seriata PRESCOTT et ANDREWS Hydrobiologia 7: 61-63, Figs. 1-3, 1955. -
Anabaenopsis koganii 0BUCH. in OBUCHOVA et KoSENRO Bot. Mat. Gerb. Inst. Bot. Acad. Nauk 
Kaz. SSR, 2: 81, Pl. 2: 1-4, 8, 1964. - Anabaenopsis maksimilanii 0BUCH. in 0BUCHOVA et 
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Table 2 

Filaments 

Ends of filaments 
without Htc. 

Length of filaments 
(µm) 

Shape of cell;; 

Constriction on 
the cross-walls 

Width of trichornes 
(µm) 

Length of cells (µm) 

Shape of apical cells 

Rte. - size (µm) 

Htc. - position 
and shape 

Spores-position 

A. raciborskii 
sec. GElTLErt 1932 

solitary, straight, 
rarely spirally twisted 

-200 

cylindrical 

slightly + 

2.5-4 

2.5-16 

5 - 7 x 2-2.5 

terminal, 
long-conical 

A. raciborskii 
sensu stricto 

sec. KoNDRATEVA 

1968 

straight or slightly 
curved, rarely spirally 
twisted 

90-100(-200) 

cylindrical 

- or( +) 

2-4 

(1)2-8 x longer 
as wide 

attenuated, rounded 

3.4-12 x (l.8)2-3 

terminal, long-conical 
or long-ovoid 

separated from 
Htc. by few voget. 
cells 

Cylindro::;pn·;11um 
kaujmannii s<'C . 

H UBE [t-1' .h:S'l'ALOZZI 

19:38 

solitary, to the end,., 
sometimes twisLed 

cylindrical 

( + ) 

2-3 

6-12 

A. seriata 
p fU:SL'OT'l' 1955 

solitary, straight or 
;;lightly ClllTOd 

attenuated 

-80 

cylindrical 

( + ) 

2.5-2.8 

7.5 - 10 

attenuated , 1: pointed conical, po in tcd-rounded 

5-8x 2 - 4 4.6 - 5 x: 3 

terminal, long-ellipsoid. terminttl, conict1l 
to pointed 

1 -:3, jninPd to 
Htc. or st:p:wat1•cl 

1-4, joined to 
Htc. 

A. kogcrnii 
0DUCIIOVA 1 D64 
- diacr. fon.turos 

60-150 

1- ::, separated 
fru1u Htc. Ly \'egut. 
cell -i 



w 
~ 
...:;, 

8pores - shape 

Spores - size (p.m) 

Gas vacuole:; 

Ecology 

Locality 

Note 

planktonic in a lake 

Java, Indonesia 

spiroid trichomes 
belong probably to 
anotlwr species 

e llipsoidal 

4.5-6.4 x 2.8-3.2 

- or + 

long ellipsoidal 
to cylindrical 

plankt. in reservoirs planktonic in Nile 
and streams 

(Kazachstan, Egypt 
'l'urlunenia, Ukraine) 
USSR 

uval elli pso idu.l 

9 - 16 x 3 - 3.5 7 - 11 )'. 3.3 - 4 

plank tonic 

Kansas lakes, US_.\. 



~ Table 2, contd. 
~ 
~ 

A. maksimilianii A. wustericum A. raciborskii A. raciborskii A. raciborskii 
0BUCHOVA 1964 0BUCHOVA 1964 sec. HILL 1970 (orig. HORECKA) (orig. KOMAREK) 

Resulting data 
- diacr. features - diacr. features 

solitary, solitary, straight solitary, straight solitary, straight 
± straight or slightly curved or slightly curved or slightly curved 

slightly slightly slightly 
attenuated attenuated attenuated 

70-500(-1570) 24-208(-399) -150 60-250(-1570) 

cylindrical cylindrical cylindrical 

((+)) ((+)) - or(+) 

1.8-3.5(3.7) 1.9-3 2.8-3.8 (1.8)2-4 

(3.5)5-13(15) 3.5-13.5 2.5-16 

ogivally pointed to conical, conical, ±conical, 
rounded pointed-rounded rounded pointed-rounded 

6.9-14 x (1.8)2 to 5-9.9 x 2.5-2.7 4.8-11.8 x 2.6 -3. 2 (3.4)4.6 - 12(14) x 
3.7(4.5) x (1.8)2 -3(4) 

terminal, terminal, terminal, terminal, long-conical 
spear-point like conical conical o r long ovoid 

1- 2, separated 1-2, joined to 1-5, joined to Htc. or 1-2, joined to Htc. or 1- 3, joined to Htc. or 1-3(5), joined to t erm. 
from Htc. by veget. Rte. separated by few veget. with 1- 2 interc. cells with 1-2(3) interc. Rte. or separated by 
cells cells cells 1- 3 (more ) veget . cells 



~ 
~ 
~ 

cylindrical cylindrical oval or 
barrel-shaped 

8.5-22 X (3)3.5 to 
5.3(5.5) 

+ 

cylindrical 

+ 
planktonic, pond 

near Senica, 
Czechoslovakia 

cylindrical 
(to oval) 

11.4-18 x 2.4-4.2 

+ 
plank tonic 
in the canal 

near Dabas, 
Hungary 

cylindrical. rarely 
long-oval or 
long-elli psoi clal 

(4.5)7 - 18(22) x 
x (2.4)3-5(5.5) 

+,rarely -

planktonic in different 
water resen-oirs and 
secondary in small 
streams 



"JYpe 

Anabaena Cl) I Aphanizomenon C2) 

Type 

Cylindrospermum CJ) I Cylindrospermopsis C4) 

Type 

Anabaenopsis 

\ 
> 

(1) 

(2) 

(3) 

(4) 

Fig. 23. - Scheme of development of heterocysts, and the ends of tricbomes in selected no ·· to­
cacoan genera; the thick arrow indicates the site of trichome disintegration. 

KosENKO Bot. l\fat. Gerb. Inst. Bot. Acad. Nauk Kaz. S R, 2: 82, Pl. 2: 1-3, 5-6, 10-11, 
1964. - Anabaenopsis wustericum 0BUCH. in 0BUCHOVA et Ko. ENKO Bot. Mat. Gerb. Inst. Bot. 
Acad. Nauk Kaz. SSR, 2: 83, Pl. 2: 9, 1964. 

Description: Trichomes solitary, more or less straight or slightly curved, up to 250 (to 
1570) µm long, with 2- 28 (or more?) cells, on the cross walls finely constricted or not constricted, 
attenuated to the ends, with a conical, rounded-pointed terminal cell. Cells cylindrical, with 
gas vacuoles, sometimes w~ h invisible cross walls, 2.5-16 x (l.8)2 - 4 µm. Heterocysts terminal 
(arise from the terminal , 

1 
'

1 tative cells on one or both ends of the trichome), solitary, conical 
or long-ovoid, at the ends ted-rounded, (3.4)4.6-12(14) X (l.8)2-3(4) µm. Spores cylindrical 

\ ' ; 
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Fig. 24. - Geographical distribution of Gylindrospermopsi8 1·aciborskii, Aphanizomenon aphanizomenoides and Aphanizomenon tropi­
calis. 



or oval, arising near to one or both ends of the trichomes, joined to the terminal heterocyst or 
separated from it by 1-3 (sometimes more?) vegetative cells, solitary or up to 3( - 5) in a row, 
(4.5)7-18(22) x (2.4)3-5(5.5) µm. 

Di stribution (Fig. 24): Planktonic in stagnant and floating waters, mainly in tropical 
countries, rarely in the temperate zone: Austria, Brasil (Lago Paranoa, near Manaos - Cn.oN­
BE.RG 1978 in litt.), Burma, Ceylon (CRo ' BEHG in litt.), Czechoslovakia, Egypt (Nile) , Greece, 
Hungary, India, Indonesia (Java), USA (Kansas, Minnesota), USSR (Kazach::;tan, :Moldavia, 
Turkmenia, Ukraine). 

CLA""GS (1961) supposes that the species includes two types which are 
cfo:;t inguishablc according to the width of trirhornes. For the u~·pe w~th wider 
trichornes (about 4 vm) he propo:scs the name Anabaenopsis ll'OloszynSl'.'rtr'. Of 
A nabae11opsis rnciborskii, some su bspecific tax a J1c1 ve a lso been de:-;;C'r i bed. 
Var. l011g1'stelluln ~ZALAI 19.+:Z has cells up to :W.:Z µrn long (invisible cros ':l 
walls ?) n nd in·obnbJy fa,lls wit.hin the variation ra,ngc of the type. The forms 
describ c-d by B E HRE ( l 9i56) from the Philippines (f. major and f. minor) 
probably belong to .A. philippinensis (.JEEJI-BAI et al. 1977). \''"ar. l.IJ·ngbyoir!Ps 
GEITL. l 935 has firm sheaths and screvv-like twist ed trichomcs \vith cells 
3.5--i µrn wide. The populations with coiled filaments \Vere found in a few 
samp]es from SE. Asia (Philippines, Indonesia; comp. the origina,1 nrnterial 
of \Yo:wszYNSKA 1912) and represent probably different species (aecorcling 
to JEEJI-Ru et al. 1977 a ll the populations with coiled kichomcs belong to 
~nabaenops1·s philippinensis). The coiled trichomes have never been found 
in any European material. The material of 8TARMACH ( l 9ti2) frnm Polancl 
clearly belongs to another species (Cylindro sp enwnm), specimens from Belo­
nissia, clcsm·ibecl by ~IrCHEEVA 19G7 belong to Anabaenopsis Clln11ingfol7'ii 
(according to JEEJl-BAI et al. l077). The Ppecimens from the US~\ (PRESCOTT 

et Am>RE \YS 19fi5, HILL 1970), which ltave spores in series 1-5, may r ep­
resent a specic.ll taxonomic form of Cylindrospernwpsis ra.ciborskii. 

HAMAR (1977) described carefully the popnlat.ion of .Ana.beanopsis rnci­
borski·i from the river Tisza (Hungary) in l !YI 5, and accept.eel tv,:o varieties: 
V[tr. long1·sceltula ~ZALAI 1942 (differential features: cells 16.2 - 20 x ..t - 5 µm, 

trichomes slightly constricted at cross walls, hetcrocysts ovoid, 3.2 to 
3.7 µm Jong), and var. seriata (PRESC.) HA.MAR J 977 (syn . A. sPriata PRESc. 

1955 ; differential featu res: heterocysts clongabcd cone-shaped, -!.G -8 x 3 µm, 
spores up to 5 in series). 

SOUHRN 

Behem I. 1976-1978 byly nalezeny na uzemi Ocskoslovonska (jz. Sloven:-;ko, piskovna Bo­
ricky u Senioe ; nadri Chomoutov u Olomouoe) a VO stf. Madarsku (nedaleko Daba:-;e) planktonni 
sinice Annbaena aphanizomenoides a Annbaenopsis mciborskii, rozsifone pi'evazno v tropickych 
a subtropiok:)-ch oblastech. Autofi studovali statisticky je jioh morfologickou variabilitu a vyvoj 
spor a heterocyst a revidovali jejich taxonornicke zafazeni. 

Anabaena. aphanizomenoides, ktera je rozsifona v tropicke a subtropicke Asii a v jv. Enope, 
odpovida s-\·ymi znaky roclu Aphanizom enon a musi byt pfovedena do tohoto rotlu pocl jmenom 
Aphcmizomenon aphanizomenoides (FORTI) HORECKA et KOMAREK. Synonymni tomuto druhu je 
Apha.nizornenon sphaericum KrSEL. 1955. Jmenem ,,Anabaena aphanizomenoides" byl rnj . ozna­
eovall take jiny, dobre definovany drub z r. Aphanizomenon, vyskytujici se v tropicke Asii (Jndie, 
Malaj sie), ktery byl popsan jako Aphanizomenon tropical'is HoRECKA et KOMAREK. 

Anabaenopsis raciborskii m e:\. zcela odlisny v:)rvoj terminalnich heterocyst nez ostatni druby 
rodu Anabaenopsis ( = diferencni znak rodu Anabaenopsis) a musi byt proto z tohoto rodu vy­
razen. V:)'voj heterocyst je totozny s rodem Oylindrospermum, od nehoz se lisi morfologii t ormi­
nalnich t:asti trichomu ( = diferencni znak mezi rody Anabaena a Aphrmizomenon) a pozici spor 
Autori provi·dli numerick6 , -yhodnoceni rodi'l celeJ.i Nostocaceae; i kdyz v:)r::; lectky tohoto hod.no-
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ceni nobyly zcela jednoznacne, podpofily oddeleni studovaneho druhu do samostatneho rodu 
Oylindrospermopsis SEENAYYA et SuBBA RAJU 1972. Drub Oylindrospermopsis raciborskii tvofi 
vodni kvi'>ty v eutrofnich vodach celeho tropickeho pasma a zasahuje az do teplojsich oblasti 
mim6J10 pasrna (j\·. Evropa, USA, jizni republiky SSSI~). 
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Prof. Med . Dr. Stefan Larhsla.us Endlicher 

* 24. 6. 1804 t 28. 3. 1849 

Profesor botaniky na videnske universite . :N"arodil se v Bratislave , vystudoval 
teologii a prirodni vedy. Zprvu pusobil jako knihovnik dvorni knihovny v e 
Vidni. V te dobe vydava v Bratislave zpracovani kveteny Bratislavy a okoli 
v dile ,,Flora Posoniensis" (1830). 0 tfi roky pozdeji vychazi ve Vidni jeho 
.,Prodromus Florae Korfolkicae" a navazuji dalsi botanicke prace. Jiz ja.ko 
kustod dvorniho pi'irodovedneho kabinetu vydava v letech 1836 - 1841 ob­
sal1le dilo ,,Genera plantarum", na ktere navazuje jako pokraeovani ,,::\Iantissa 
botanica." (1842-1850) a ,,Iconographia generum plantarum" (1838) . Spolu 
s Benthamem, Fenzlem a Schottem pfipravil ,,Enumeratio plant.arum ... 
Novae Hollandiae" (1837). Od r. 1840 pusobil jako profesor botaniky na univer­
site ve Yidni a feditel tamejsi botanicke zahracly. Jako u cebnici botaniky na­
p sal spolecne s Ungerem ,,Grundziige der Botanik" (1843), z niz cerpal J. Sv. 
Presl mnozstvi udaju pro svou vseobecnou botaniku ,,Pocatkove rostlinoslovi" . 


