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ABSTRACT : Based on the original diagnoses, specles of Anabae-
nopsis with constricted and spirally coiled trichomes were
analysed comparatiwvely. Three species from the plankton ¢olle
ections from Hungary and Peru were similarly analysed., In

this study, shape (length-breadth ratio) and breadth of wege~
tative cells and breadth of heterocysts and spores formed
important criteria for the separation of taxa, The analyses

led to the following taxonomlic conclusions : Anabaenopsis
arnoldii v. indica is synonymous with A, magna Evans, A, teo-
dorescui, A. venkataramanii, A. millerT and Anabaena Xnipowltschii

are synonymous with Anabaenopsis arnoldii Aptekari, A inter-

media, A, peruviana and A, padsonii are synomymous with A,

elankinli Miller and A. kelifii, A. hungarica and A. gircularis
indica are reduced to forms of A elenkinii,

INTRODUCTION

THE genus Anabaenopsis was first described by Miller (1923) with
A, elerkiniiMiller as the type species, Accerding to him the
genus is characterized by "short, spirally coiled trichomes
similar to Apnabaena, with terminal heterocysts, young hetero~
cysats always arising in pairsg by unequal division of the two
eontiguous cells and the trichomes breaking between them into
two almost equal parts, spores sphericalor ellipsoidal and
remote from the heterocysts", He alsc transferred Anabaena
tanganyikae and A, flosaquae (lyng.) Breb, wvar. circularis of
G.5. West (1907) to his gems raising the latter to the specific
rank, He does not, however, mention Woloszynska (1912) who had
already treated these taxa of G.,S5. West under a separate section
of Anabaena which was named by her "Anabaenopsis?giving the wvar.
circularis a specific status (see also comments, Elenkin, 1923).
Woloszynska (1912) also described a new species, Anabaena
(Anabaenopsis) raciborskii Wolosz. and a new variety, Anabeana
(Anabaenopsis gircularis var., javapica Wolosz. Taylor (1932

made a comprehensive treatrment of the genus Anabaenopsis and

and transferred the var. javanica of Woloszynska to Anabaencop-
gis armnoldii Aptekarj, He does not, however, consider A, nadsopii
and A, milleri of Woronichin (1929) both of which are listed
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in the monograph of Geitler (1932), Later Ramanathan {(1938)
described a new variety of A, arncldii namely, v. indica from
Madras and discussed the taxonomic problems involved at the
generic and subgeneric levels. The revision of the genus by
Komarek (1958) deals with 15 species of which he recognises
only 6 as good species, The following taxa have since been des-
cribed having spirally coiled, constricted trichomes : A, peru~
viana Tutin (1940), A, woltereckii Behre (1956), A, teodorescul
Moruzi (1960), A. magna Evans (1962) and A, circularis v, indica
Nair (1967)., Recently Seenayya and Subba-Raju (1972) made

a critical reevaluation of the gemis Apabaenopsis and trans-—
ferred A, raciborskii to a new genus, Cylindrospermopsis.

The latest revision of the genus by Jeeji Bail et al., (1977)
lists all the known taxa of Anabaenopsis, However, it does not
include the taxa described by Gonzalez=Guerrero (1928), Fuku-
shima (1954) and Chandhyok (1966)%, Another new species

A, indica described from Varanasi {(Chintamani, 1979) agrees
well in its diagnostic features with A, gangetica Nair (i967)
which in turn, has already been treated as a synonym of A,
tanganyikae G.S5. West (Jeeji Bai ef al,, 1977}, The problems
involved in the generic distinction among Anabaena, Anabaenopsis

Aphanizomenon, Cylindrosperimun and lindrospermopsis have
been discussed by Horecka and Komarek (1979,

All the taxa described so far, form part of the phvtoplankton
of water bodies of the tropical and sub=-tropical regions.
Rarely, members of this genus have also been reported from
temperate zones (Mangelsdorf 1971:; Scholz, 1960: Komarek, 1958).
Most species hawe been known from lakes and ponds with a high
concentration of salts and from estuarine regions, Many 2lso
form water blooms,

During an investigation on the plankton composition of

certain lakes and fish ponds from Hungary (Hegewald et al,1975)
we came across two speclies of Anabaenopsis which presented
difficulties in their exact plzcement, This led to a compara-—
tive analysis of all the existing taxa which came into questlion
{taxa having constricted, spirallye~coclled trichomes). ©One

of our species, which showed wvariability in morphology and
dimensions covering several species known taxa was similarly
analysed and compared, TwoO more species from plankton coll-
ections from lake Velencei, HBungary (kindly sent by Hajdu,
Budapest) and from lake El Gato, Peru (courtesy Aldave,
Trujillo) were also included in the comparative study.

* The authors are grateful to Prof. P. Bourrelly for this
information,
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METHODS OF STUDY

The places and mode of collection of samples and description

of the lakes and ponds (except lake Velencei, Hungary and lake
El Gate, Peru) have already been described elsewhere (Hegewald
et al, 1975). The study was based on preserved material, 1Im
all cases 50 measurements were taken for wvegetative cells and
the length/breadth ratio was calculated for the cells indivi.
dually. For heterocysts and spores a minimum of 20 measurements
were taken, The statistical average and the standard deviation
was calculated and incorporated (Text-Figs,., 2,4). For those
type descriptions where available data are insufficient, they
were gupplemented from measurements taken from type figures

( length/breadth ratio for vegetative cells) and standard devia-
tion was likewise calculated before incorporation,

Comparative analysis of taxa having constricted, sgpirally
colled trichomes

The following species, varieties ard forms of Anabaencpsis have
been considered in the present study @

A, elenkini Miller (1523) (a)

A, nadsonii Woronichin (1929)=A. kulundinensis Woronichin in
Elenkin (1938) (b)

A. hungarica HalSsz (1939) (c)

A, woltereckii Behre (1956) (d)

A, intermedia Kogan (1967) (e)

A. kelifiil Kogan (1982) (£)

A, milleri wWoronichin (1929) (g)

A, arnoldii Aptekarj (1926) = A, arnoldii f. rossica Aptekarj

in Elenkin (1938) (h)
arnoldii v, natrophila Kol {(1929) (1)
arpoldiil v, indica Ramanathan (1938) ()
arnoldii v, javanica (wolosz.) Taylor (1932) (k)

arnoldii £, africana Taylor in Elenkin (1938) (1)
arnoldil £, phllippinensis Taylor in Elenkin (1938) (m)
arnoldii £, kisseleviana Elenkin (1938) (n)
circularig (G.S. West) Miller sensu Taylor (1932) (o)
circularis var, indica Nair (1967) (p)
luzonensis Taylor (1932) (q)
magna Evans (1962) (r)
teodorescul Moruzi (1960) (s)
peruviana Tutin (1940) (t)
venkataramanli Chandhyok (1966) (u)
Anahaena knipowitschii Usachev (1927) (v)
Aggbaenogsis elenkinil £, curta Dedusenko (DEGuS?nko—Shegoleva,
1959
A, elenkinil £, ovalispora Dedusenko (Dedusenko~Shegoleva,1959)
A circularis £, recta Fukushima (1954, Sc. resear, Ozegahara
MOOr. Pe 622~624)

[ ]

» & @

I:vl:b'l:vl:b'l:b'l:vl.:vlrl’ll’ I>>>

>

* These alphabets corregpond to taxa in Text-~Figs,l-4,
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[

. arnoldii v. recta Roll{1928)

hisgénica Gonzalez-Guerrero (1928)

hispanica v. luteola Gonzalez-Guerrero (1928)
cuatrecasasii Gonzalez~Guerrero (1928)

. lssatchenkoi Woronichin (1934; after Elenkin 1938)
. sturmiae Woronichin (1934; after Elenkin 1938)

IP'I?I?I?IWI?

Features of diagnostic value and measurements of the different
cell types for the apove taxa as provided in the original .
description have been summarised in Table 1, It is obvious

that in manycases the taxa are based on very incomplete des-—
critpions. Although in some cases this is due to the fact -
that one or the other feature (spores) was absent (A, circularis,
A, woltereckil, A, arnoldii wvar. natrophila, £, kisseleviapa

and £. africana), in others important data have Simply been
omitted. Such being the case, a comparison becomes most
difficult. Again, the taxa are hadly separable on the basis

of trichome and heterocyst diameter (Text-Fig.l) only. I£

on the other hand, the ratio of length to breadth is used as

an additional criterion (Text.Fig.2) some taxa become more
distinct (for example, A. arnoldii var. patrophila wvs, A,
hungarica; A. circularis vs. A, arnoldii var. javanica). There-
fore, cell shape becomes one of theimportant criteria for
separation., In order to represent this £ eature, the length/
breadth ratio was plotted against breadth (Text-Fig.2) so that,
provided a range of measumments is available each taxon is
represented by a rectangle, It deserves mention here that the
measurements are based exclusively on type descraiptions and

figures,

Ag is evident from Text-Fig.2, while most of the taxa overlap

to a smaller or larger extent, A. arncldii var. patrophila seems
quite distinct and might, thus, represent a good species,

A, magna and A, arnoldii var., ipndica are alsc separable as one
group in view of thelr rather short cells, A, luzonensis, A;
circularis, A.elelnkinii, A. padsonii, A. kelifii, A. I

A, circularis var. indica, A. peruviana, A. woltereckii would
comprise the second group. A. intermedia also belongs here

with major overlapping with the this group rather than with

A, arnoldii var. javanica. The third groups would comprise

A, arpoldil, A, arnoldii fa, africana, A, arnoldii £, Ehiliggiggnsis
and f. gisse].eviana and A, teodorescui, Again, in view of the
generally shorter cells g\_ arpoldil v, javanica, A, milleri,

A, venkataramanii and Apabaena knipowitschii could be included .
here, although they are characterized by somewhat narcrower
trichomes,

Morphelogical variation of Anabaenopsis in collection from
Hungary and Peru

Our observations on plankton sampleg from Hungary and Peru
demonstrate that at least 3 species exist. In one of our coll=
ections from Lake Kakasszeg from Hungary we could recognise two
distinct species of Anabaenopsis which showed large differences
in trichome width and cell length (Text-Fig.4, shaded squares).
The smaller species (sp.l) eecurred in other samples from Hungary
also, The chemical composition of the lakes and pohds where it
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TexteFig.l t Comparison of breadths of vegetative cells (top)
and heterocysts (bottom) as provided in the original diagnosis.
a=v 3 as given on page 117

occurred has been summarised in Table 2, In almost all cases
the monovalent cations predominate. In Lake Belso the divalent

cations predominate whereas in lake Valencel they are more or
less equally distributed., The variation in dimensions of vege-
tative cells, heterocysts and spores of sp.l has been given in
Table 3 and Text-Fig,.4. The alga from Valencel lake has been
included here because it comes closest to sp.l. The morphology
of the alga 1n all these lakes and ponds has been shown in
Text-Figs.5,6,7,8 ard 9.
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As 1s evident in Text-Fig,4, the size ranges, though based on
averages with standard deviation show considerable overlapping.
However in samples A, C, D and H the measurements agree well
wlith one another and this unit could be assigned to A, elenkinii
The measurements in samples E and P also show good agreeme

with each other and together may be assigned to A, kelifii
Kogan (1962}, These two entities are interconnected 5; the
measurements in sample B which, in turn corresponds to A,inter=
media Kogan (1967). But samples A-E are derived from ponds
which are partially interconnected and receive water from one
common source, Besides, their cationic composition {Table 2)

is more or less identical, Therefore, we believe that we are
dealing with only one specieg (Text~Figs.5,8) although the
appearance (Text-Fig.6) of the alga in sample E poses a problem,
In sample G and lake Valencel the trichomes are narrower with
more elongate cells (Text-~Figs.4,7 and 9)., As such they corr-
espond well with A, hungjarica Halasz (1939) (Text.~Fig,15), It
may be mentioned here that the latter was described from lake
Velencei,

Pollowlug the general practice, if the extreme variation in each
sample were considered, the above~mentioned groups become
indistinguishable. Hence, it is concluded that a single speciles
is involved which due to reasons of priority, is called A,

elenkiniiMiller, However, the groups which are recognisable
are believed to represent forms,

The second species (sp.2) observed in lake Kakasszeqg (Text-Fig,
10) is broader and cells are usually shorter than broad (Text—
Fig.4 shadedy Table 2) and corresponds well with A. arnoldii
(Text-Fig,17). Although, a certain amount of overlapping with
8p.1 could be observed, they are distinct in sample F where
they occur together (Text-Fig.4 shaded squarea), Besides, in
SP.2 the heterocysts are often ovoid and larger than the vege=
tative cells (Text~Fig.10).

The Anabaenopsis from Peru (sp,3) is a considerably larger
species (Text-Fig.4) with very short cells (Text-Fig,11), It
agrees in both cell breadth and length/breadth ratio very well
with A, arnocldii v. indica Ramanathan (1938), which in tuzrn,
inclu?es A. magna Evans (1962) in its range of dimensions (Text=-
Fig,2),

Taxonomle copclusions

Atcording to the original description, A, magna is quite disw
tinet from A, arnoldii but still it is most related to it
(Text~Figs.2,15), However A. armoldii v. indica Ramanathan
(Text-Fig,18) with its larger range of dimensions, connects the
two species, although the overlapping with A. arnoldii is
insignificant (Text-Fig.2). Therefore, as adlready pointed out,
A. arnoldii v, indica is ldentical with A, magpna which 1s agood
species, However the latter needs to be amended bacause the
breadth of spores according to the original diagnosis corres-—
ponds to the maxlmum value given for the breadth of wegetative
cells (Text~Fig,.3) and as such, cannot represent fully developed
spores (Text~Fig.19c). They are most probably developing
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B Text-Fig.2 s Relation between
m preadth (B) and length =
H breadth ratio (L/B) of vege-
tative cells as provided in
the original diagnoses, The
12 | ratio represents the statis-
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Text-Fig.3 : Relation between breadth (B) and length/breadth
ratio (L/B) of heterocysts (left) and spores {(right) as provi-
ded in the original diagnoses, The ratio represents the
statistical mean with standard deviation added to both sides,
a-v : as given on page 117
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heterocysts. The breadth of spores as provided in the origia
nal diagnosis for A, armoldii v, indica (Table 1) corresponds
well to both taxa and can be considered to represent the
spores of A, magna alsoc. This is alsco supported by our mea-
surements for the Peruvian alga for both vegetative eells as
well as spores (Text-Figs, 2,3 and 4), A.magna has so far
been reported from Kenya (Evans, 1962), India (Ramanathan,
1938) and Peru (Text-Fig.11).

The second good species is A, arnoldii (Text-Fig,17), Although
the two forms of this species, namely f£. philippinensis and

f£. kisseleviana are characterized by broader trichomes (Texte
Fig.2), they cannot be separated from the species and £,
africana fits well within the range of the species, A, teo-
dorescui with somewhat longer vegetative cells and A, milleri
with slightly narrower trichomes ard longer cells, (Text-Figs,
2,20 and 21) provide no strong basis for separation from

A, arnoldii and are hence included in it, Species 2 of ocur
samples likewise belongs here (Text-Figs,.4,10), A, milleri

is therefore, not related to A, elerkinili as suggested earlier
by Geitler (1932) and Komarek (1958), A, arnoldii v. javenica
A. verkataramanii and Anabaena knipowitschii agree with
Anabaenopsis arncldii in general appearance (TextFigs,22,23
and 24) except that their average breadth of trichomes is
somewhat lower just as in A, milleri (Text-Fig,2). Hence,
these three taxa are also included in A, arnoldii, However,
the first two are characterized by heterocystis which are
smaller than vegetative cells (Table 1) and the javanese alga
has besides much larger spores (Text-Fig,3) and it has
therefore, been maintained as a separate form, A, arnoldii v,
natrophila Kol may be good species pending confirmation (Jeeji
Bal et al,, 1977), A. arnoldii v. recta Roll has already
been treated as a synonym of A, arnoldii by Elenkin (1938)

and Kondrateva (1968),

The third good species. is a A. elenkinii {Text~Fig,16) which
is the type. Based on the present study of variability in
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Text~Fig, 4 : Relation between breadth (B) and length-breadth
ratio (L/B) of vegetative cells (left) and spores {right) of
species of Anabaenopsis from samples from Hungary and Peru,
The ratio represents the statistical mean with standard devia-
tion added to both sides., Letters and abbreviations as given
in Table 3,
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Text=Figs,.5,6 : (Opposite page) Flg.5 : Morphology of sp.l in
different samples, B«D: Ponds, Feher-to, Hungarys Fig.& =~
Morphology of sp.l in sample E (outflow Feher~to, Hungary)
and sample P {Kakasszegeto, Hungary). —_—
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TexteFigs. 7=9 : Fig,7 - Morphology of sp,1l in sample &

(Kunfeher~to, Hungary); Fig.8- Morphology of sp.l in
sample H (Belso-to, Hungary); Fig.9 - Morphology of sp.l in
Valenceli«to, Hungary.
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cellular dimensions {Table 3, Text-Fig, 4) this would includes
A, nadsonii (Text-Fig.,l14), A. intermedia {Text-Fig.l12}, A,
%el1FiL (Text-Fig.13), A, peruviama, A. circularis v. indica
A. hungarica (Text~Fig.15) and A. woltereckii. As already
mentioned (p.120) three forms can be recognized,

1. A, elenkinii £, elenkinid characterized by trichomes of
average width between 4.5«6.0 pm and cells of average L/B ratilo
around 1l.5. '

2, A, elenkinii £. kelifii characterized by trichomes of avew
rage width between 3,5=5,0 pm and cells of average L/B ratio
aroungd 2.

3. A, elernkinii £, hungarica characterized by trichomes of
average width between 2.5-4,0 um and cells of average L/B ratio
around 2,5, A, elenkinii £, indica (=A, gircularis v, indica
Nair) is also considered as distinct (Jeeji Bai et al., 1977)
although it is similar to A, elenkinii £. hungarica, because
of the larger, elongate heterocysts {Table 1). The two forms
of A, elenkinii namely, f£. ovalispora Dedus. and f£. gurta Dedus
(Kondrateva. 1968, pl. 156, f£figs.4,5 amd 6,7 respectively)
cannot be related to the formae proposed above since theilr
trichomes are much broader {Table 1). A. circularis (G.S.wWest)
Miller sensu Taylor and A, luzopensis Taylor have already been
treated as separate forms of A, elenkinii and the taxonomic
status of A, sturmiag Woronichin and A. issatchenkoi Woronichin
has also been discussed earlier (Jeeji Bai et al., 1977) . A,
circularis £. rectaz Fukushima is probably a stright form as the
name implies and may be identical with A, cunningtonit to be
confirmed after seeing original diagnosis., The taxa of Gon=
zalez-Guerrero, A, hispanica, A, hispanica v. luteola and

A. cuatrecasasii are characterized according to original diag-
noses (in J. De Toni, 1939~46) by straight or curved trichomes
having only terminal cylindrical to ellipsold and often pointed
heterocysts and subterminal spores with warted and smooth,
often golden-brown epispores. They occur in the form of muci-
laginous formations in stagnant pools or swamps, These
featureg indicate that they most probably kelong to Cylindro-
spermum as already suggested by Taylor (1932),
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Text-Figs. 10,11 : Fig,10 -~ Morphology of sp.,2 in sample F
(Kakasszeg-to, Hungary)s Fig.ll - Merphology of sp«2 in lake
El Gato (Peru).
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Text-rigs,12-16 : Iconotypes : Fig.12 « A, intermedia Kogan;
Fig.1l3 - A, kelifii Kogans Fig.14 - A, nadsonii Woroniching
Fig,15 -~ A, ‘nungarica Halasz; Fig.,16 - A. elenkinii Miller,
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Text~Figs. 1720 :

Iconotyres. Fig.l7-A.arnoldii
Aptekarjs Fig.l1l8 « A, arnoldii var, indica

Ramanathan; ¥Fig.l9 = A, magna Evanss
Fig.20 - 2, milleri woronichin,
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AT e S T FESE

Text-Figs, 21-24 : Iconotypes: Fig.ZIQE. teodorescui Moruzi;
Fig,22-A, verkataramanii Chandhyok: Fig,.23«~ A, arnoldii v. javanica

(Woless,) Paylor; rig,24-Anabaena knipowitschii Usachev.
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Based on available data from literature and from our own obser—
vations on the genus Anabaenopsis, it has been made possible
to recognize a few well-defined species, It has been shown
that either breadth or length of cells alone is insufficient
for a good separation and that the ratio of length to breadth
gives a better idea of the shape of cells, which formed the
basis for many new taxa., If, the mean value and the standard
deviation are calculated from a possibly large number of
meagurements, thereby excluding the extreme values, and then
analysed, the species which would otherwise overlap conside-
rably, become separable (A, armoldii and A, arnoldii, V. indica;
A, milleri and A. elenkinii; A. hungarica and A, arnoldii,

V. natrophila)., If the average width of trichomes with stand-
ard deviation were also available for all the taxa based on a
number of measurements, a fucther separation of the taxa in the
A, arnoldii group may be possible, Thus for example it can be
determiped 1f the grouvp of taxa represented by A, milleri,

A. arnoldii v. javanica, A. ¥enkataramenii and Apabaena knipo-
witschii could be separated from the rest of the group, Simi-
larly it could be decided whether A, circularis and A. luzonen-
sis with broader trichomes are separable from A, elenkinii as
also the taxa having somewhat narrower trichomes,

Since the taxonomy of blue greens at the specific level is
possible only on the basis of dimensions it would be desirable
to provide, for all the newly described taxa mean values of
demensions with standard deviation for all the cell types
based on as many measurements as possible together with the
extreme values, Besides it is also necessary to study the
algae under defined conditions of culture in the laboratory.
Thus for lnstance to what extent the size of heterocysts ard
spores in relation to that of vegetative cells 1is a consistent
feature in a given species, is a question which can be answered
only by studies with cultures, OCtherwise, every attempt at a
revision is bound to remain tentative,
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