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ABSTRACT

One hundred and seventy four taxa belonging to 28
genera of desmids have been included in this work. Most of
them are new records for Pakistan. Diagnostic characters
of the families and the genera have been given. Keys are
provided for all the taxa included in this study. Camera
lucida drawings and photomicrographsof most of the taxa
are given alongwith the diagnoses. The genera along with
the number of taxa are Cosmarium (43), Closterium (24),

Bugstrum (22), Micrasterias (19), Staurastrum (13),
Pleurotaenium (9), Xanthidium (7), Arthrodesmus (5),
Staurodesmus (4), Desmidium (3), Tetmemorus (2), Cylindro-
cystis (2), Netrium (2), Penium (2), Hyalotheca (2),
Sphaerozosma (2), Spondylosium (2), Qocardium (1), Docidium

(1), Zriploceras (1), Spirotaenia (1), Mesotaenium (1),
Bemtusina (1), Phymatodocis (1), Gonatozygon (1), Strep-
tonema (1), Cosmocladium (1), and Onychonema (1).

In all, 400 samples containing desmids were
collected from all over the country. The more widely
distributed taxa are Desmidium swartzii collected from 5
localities, Bambusina brebissonii from 4, Tetmemorus
brebissonii from 4, Hralothecg dissiliens from 3, COosmarium
botrytis from 3, Baastrum oblongum from 3, Eenium margari-
taceum from 3, and Netrium digitus from 3., The more common

genera are Cosmarium and Closterium.
The nomenclature of all the taxa is according to

the Rules of International Botanlcal Nomenclature, Riddles

of nomenclature have also been solved whenever found
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necessary. Some extremely rare da;lda have also been collected
and included in this work,

This study is primarily based on field collections.
Some taxe, however, had to be cultured in the laboratory to
determine the exact identity, These taxa are mostly from basic

waters,
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IMTRODUCTION

The present work was undertalien as a part of the
prosromme to explore the alsal flora of Paltistan. Prior
to this study only two works (Sarim & Faridi, 1976 and Sabra
Shah & Faridi, 1974) were done on the deamids in FPakistan.

Their works covered a comparatively small area. This study
includes the taxonomy of desmids fzum‘HWE?. Pun jab, Sind and
Baluchlotan., Extensive tours were made to collect as many
samples as possible. Specimens lying in other herbaria and
with other botanista were also examined.

Paltistan has an area of 365,403 square miles. It is
bounded on the North by the Himalayan mountains. A narrow arm of
Afghanistan called Vakhan corridor separates it from the Russian
Turkestan. The Chinese territories of Sinkiang and Tibet border Kashmir
on the llorth and the North East. On the est, low drxy hills
and mountains separates Pakistan from Afghanistan and to the
South, in Baluchistan, it has a common frontier with Iran for
500 miles. On the EBast side, Pakistan has a boundary with the
Indian states of the Punjad and Rajestan. The Arabian Sea lies
to the South of the country. Pakistan lies between 24°N and
37°N latitude and between 61°E and 75.5°E longitude., The climate
of Pakistan, is of continental type and nowhere there is
excessive rainfall, The principal rainy season lasts from July
Yo September in the Funjab and Sind but winter months in N.W.T.P.
The Summers are hot and Winters cold.

The soils of Pakistan belong to the dry proup, Pedocals,
which have a high content of calcium carbonate and a low content

of organic matter,
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Wallich (1860) was probably the first man to start
investigating desmids of South Asia. He worked out some taxa
from Bengal, India. Indian desmids were studied by several
workers later on, particularly by Hobson (1963), Lagerheim (1888),
Turner (1892), Schmidle (1895,1900), Borge (1899), West & West
(1907), Carter (1929), Bruhl & Biswas (1926), lyengar & Bal (1941),
Kamat (1962,1963) and Bharati (1965).

Islam (1970,1975), and Islam & Zaman (1975a) described many
taxa from East Pakistan which is now called Bangladesh, His is
the only work of importance from that country.

From Burma Zeller (1873), Joshuma (1885,1886), West & West
(1907) and Skuja (1949) reported many taxa and made impor;:ant
contribution towards the kmowledge of this group.

The Indonesian and Singapore desmids were worked out
by Grunow (1865), Gutwinki (1902), Wildeman (1900) and Scott &
Prescott (1961). The last named work includes as many as 526 taxa
from Indonesia.

West & West (1902) and Schmidle (1895,1900) are probably
the only workers of the desmids of Sri Lanka. Apart from his
valuable contribution from Japan, Hirano has described desmids from
Nepal (1952,1953) and Malaysia, Thailand and Phillippines (1967).

Sarim & Faridi (1976) worked out 47 taxa of Closterium
from Peshawar valley of Pakistan. Prior to this group Sabra Shah
& Faridi collected 37 taxa of Coemgrium from the same area (1974,
unpublished), These are the only two works on desmids from a vast
area of Pakistan, prior to this study.
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The desmids are mostly unicellular plants of varied
forms and symmetrical in three plahes. Desmids belong to the
order Zygnematales of the Class Cholorophyceae. There is a
difference of opinion about the taxonomy of desmlds.

The classification of desmids has undergone
many changes ever since workers took interest in the group.
Meneghni in 1837 used the term Desmideae as an order which
was accepted by Ralfs in 1848 (Rﬂgj.‘é’ka, 1977). This was
ultimately changed to Desmidiales by Pascher (1931) to
bring it in conformity with the International Code of
Botanical Nomenclature. 5

West & West (1904) divided the desmids into two
groups, Saccoderm and Placoderm, while Oltmanns (1922) into
Mesotaeniaceae and Desmidiaceae., ''He placed divergent
genera Gonatozygon and Genicularia into Zygnomoideae. Thus
according to his, Conjauu.gales have three families. Krieger
(1933) divided Conjugatae into two orders Zygnemales and
Desmidiales. The Desmidiales were divided into Mesotaeniaceas,
Gonatozygaceae and Zygnemaceae which was accepted by Fritsch
(1945). Smith (1950) does not recognize Gonatozygaceae.
Kosinskaja (1952) raised the status of the familles of
desmids, recognized by Krieger and Fritech, to orders and
named them as Desmidiales, Mesotaeniales and Gonato zygales.

Some more recent classifications are those of
Prescott (1969) and ﬁ;iu‘.‘;n (1977). Prescott recognizes
two ofders of the old Conjugatae following Krieger (1933),
the Zygnematales and the Desmidiales. The Desmidiales
ineclude five families, the Mesotaeniaceae, the Gonatozygaceae,
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the Closteriaceae, the Cosmariaceae, and the Hyalothecaceae.
His classification is based on the mode of reproduction
mostly. RiZicka (1977) took into consideration the electron
microscopic research of the cell wall done by Mix (1972).
His classification is a combination of the old and new
concepts, Iike old workers he places Conjugatas as distinct
from the green-algae and calls them . Conjugatophyceae. This
class is divided into two orders Zygnematales and Deemidiales.
The Zygnematales include two families viz, Mesotaeniaceae
and Zygnemataceae, while the Desmidiales are further divided
into two suborders Closteriineae and Desmidiineae. The later
includes only one family Desmidiaceae while the former has
three families, the Gonatozygaceae, Fenlaceae and Closter-
iaceae.

It may be noted that some workers used the words
Zygnemales and Zygnemaceae instead of their correct forms,
the Zygnematales and the Zygnematacease. The plural of
Zygnems is Zygnemata. In the present work the classification
of Rasicka is followed and all the families and orders
recognized by him have been accepted but his concept of the
Class Conjugatophyceae has not been accepted. There are
many texa in other orders of green algae which show conjuga~
tion and amoebolid gamets, particularly the members of
Volvocales, Similarly, the absence of flagellated swarmers
is not confined to this group of green algae only.

About 400 samples were collected by the writer
from all over i ‘ Pakistan. Apart from these, specimens
collected by other workers were also examined. The taxa
which are more widely distributed are Desmidium swartgil
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colleéted from five localities, Bambusing brebissonii from 4,
Tetmemorus brebissonii from 4, Hyalotheca dissiliens from 3,
Cosmarium botrytis from 3, Buastrum oblongum from 3, Penium
margaritaceum from 3, and Netrium digitus from 3.

This study includes some rare plants like Qocardium
stratum and Streptonema trilobgtum. As a whole Cosmarium and
Closterium are the commonst genera.

The basic soil of Pakistan is not very congenial %o
the growth of desmids, whenever, they are present, they are
generally few in number. Gareful examination of a tube may
reveal even as few as one or two specimens, Each collection
may have one or more species but generally the species are
not very widely distributed.

In all 174 taxa of 28 genera have been included in
this research. Since it is the first extensive study of
desmids in this country, it is needless %o say that most of
them are new records, The description of taxa is accompanied
by photomicrographs and camera lucida drawings. Suitable keya
have been added to facilitate identification. The genera
along with the number of taxa are Cosmarium (43), Closterium
(24), Mastrum (22), Micrasterias (19), Staurastrum (13),
Pleurotaenium (9), Xanthidiun (7), Arthrodesmus (5),
Staurodesmus (4), Desmidium (3), Zetmemorus (2), Cylindrocystis

(2), Netrium (2), Benium (2), Hyalotheca (2), Sphaerozosma (2),
Spondylosium (2), Qocardium (1), Docidium (1), Triploceras (1),
Spirotaenia (1), Mesotaenium (1), Bembusing (1), Phymatodoois
(1), Gonatozygon (1), Streptonema (1), Cosmocladium (1) and

Onychonema (1).



VIII
The geographical distribution given in this work
is mostly based on the papers consulted. A plant found in
most countries of Burope, Asia and America and where desmids
have been studied in details, has been shown as world wide
in distribution.
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MATERIALS AND METHODS

Specimens were collected from ponds, drains, tanks,
canal sides, marshy places, river margins, stagnant waters,
rain pools, springs, streams and lakes.

Collections were made by plankton net, squeezing and
gcrapiing the aguatic vegetation and dipping bottles in water.
The specimens were examined in fresh conditions as far as was
possible,

Immature specimens were cultured in petri-dishes. Soil
extract was used as the culture medium as described by Faridi
(1964,1971). To clear the specimens 2% Potassium Hydroxide or
5% Acetic Acid solutions were used, whenever found necessary.

The soil extract was prepared by adding one gram of
garden soil in 10 c.c. of river water, This solution was
boiled for two to three hours to kill all organisms present
in the soil. The mixture was filtered. Minerals and vitamins
were added to enrich the soil extract by pouring a few drops
of extract from crushed spinach leaves and fresh carrot juice.
All cultures in petri-dishes were provided by artificial flwore-
scent light of 40 watts., The specimens were preserved in 3%
Formalin.

Certain specimens could not be identified with
certainty by direct examination. These were isolated in
unialgal cultures and identified after more prolonged study.
These were removed singly with the help of pipette and inocu-
lated separately into petri-dishes containing soil extract.
Closteriocurvimeter designed by Heimans (1946) for closter-
iometry has also been included.
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Closteriomntry

| In attempting species determination of Closterium, two
| eriteria in gonoral use ara ofton of little help. Longth is
| gonerally- iccepted as the maximum straight distance botween the aplcap,
: but this &ritorion changos with growth aftor ocach division. Breadth:: c.
?‘1 4s the diemeter of the groatest circular transvorse soction, and is
i moro constant; betteor still is tho ratio; length:breadth,

For the highly lunate or arcuate specles, the measure of
the grade of curvature is a more constant eriterion. By using a set

of drawn concentric ares, a camera lucida drawing of a Closte 4 um
H:'i can be shifted under the semicircles until its curvature mat.cﬁaa

that of one of the arcs, which are then read in medians.
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pan
CHARACTERS OF THE FAMILIES INCLUDED
IN THIS STUDY

Order 1. Zysnematales (Saccodermae)

Celles without pores, conjugation tube common; cell wall
a single plece.
Family 1. Zygnemataceas
Family 2. Mesotaenlaceae

Cells straight, mostly twice longer than broad; no
pores; ornamentation offen absent; cell wall a single nonti:’ﬁua
plece; chloroplasts 1-4, a band, an axile rod or a ribbon;
conjugation tube common.
Genera: Mesotaenium, Netrium, Cylindrocystis, Spirotasnis,
Order 2. Desmidiales

Wall with pores mostly; conjugation tube present or
absent; cell wall in two sections with an isthmus, cells
unicellular, filamentous or rarely colonial,
Suborder 1. Closteriinese

Soulpturing on outer wall; pores in outer walls;
omniradial; median girdle present.
Family 1. Conatozygaceas,

Cells cylinderical or filamentous; wall mostly
smooth rarely with granules or minute spines; pores not
clear; median constriction absent.
Genus: Gonatozygon
Femily 2: Peniaceae.

Cells straight with rounded angles; gell in two clear
segments; constriction shallow or absent; pores in walls;
erystals of end vacuoles rarej mono typloc.

Genus: Penium
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Family 3: Closteriaceas
Cells in two clear segments; cells greatly elongated,
in most cases curved, rarely stralght; ends narrow; pores in
walls clear: end vacuoles with crystals; monotypic.
Genus: Closterium

Suborder 2, Desmidiineae
Sculpturing on secondary wall; pores in secondary

walls; pores with a clear pore-apparatus; cells rarely omniradial;
sinus very clear and often deep; median girdle absent,

Single family Desmidiaeae

Genera: Qocardium, Cosmocladium, Bambusina, Hyalo theca,

Desmidium, Spondylosium, Sphaerozosma, Tetmemorus, Docidium,

Pleurctaenium, Triploceras, Staurastrum, Buastrum, Micras-

terias, Cosmarium, Xanthidium, 'Arthrodesmus, Onychonems,
taurodesmus, Streptonems, Plymatodocis.

There are about 42 genera of desmids out of which
28 genera have been included in this study. The: following
genera have not so far collected from the country.

Roya, Ancylonema, Genicularia, Groenbladis,
Ichthyocercus, Actinotgenium, Trivlastrum, Ichthyodontum,
Allorgia, Amscottis, Dysphinotium, Eugstridium, Teilinglg
and Bourrellycdesmus.
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KEf T0 THE GENERA OF DESMIDS
1. Cells aol:l.tary......................_..............2
1. Cells in filamentBicssesssvsvssssseesscsscssnassss20
1. Cells in cOloNYessesscscassesssssscncssccssnncsnsel
2. Median constriction present..cccsssssssssssssseld
2. Median constriction absent...cccecsccvscrssseesd’d
3. Chloroplast parietal.cececcesssccccscssssssscscccséd
3, Ohloroplast axlleecsscscocconnsoscsssnssonssneenssis?
4, Cells several times longer than broade.cecss...Pleurotaenium
4. Cells not several times longer than broad......Xsnthidium
5. Cells with BpinesS.cssssssssssssssscassacsssssscnssd
5. Cells without spines..eseseccsssssccsscsnsssnsnssed
6. Semicells MONOBPINOUB..eecsessescsnssssssnnssssl
6. Semicells multispinouS..sssecssssscscssssssscsad
Te Cell wall amOOthesececscessessssssscsscsssassessssStaurodesmus
Te Cell wall not smoothisssssssssssesssnsessssnnsssss Arthrodesmus
8. Cells with whorls of protuberanceS....ceeecse....Iriploceras
8. Cells otherwise.seeeesssscesssssessssssnsssssssMicrasterias
9« Mngles continued in pProcesseBeiscscssssssssssssesssStaurastrum
9. Angles not continued in processeBS...cssssssscsssesl0
10, Semicells aplces incised..cecccccesscsscescseail
10, Semicells apices not incised..ccsscsssvsssssnasll
11, Semicells with a central protuberance.....ssss...Bastrum
11, Semicells without a central protuberance.........letmemorus
12. Semicell bases with vertical plications,.....Docidium
12. Semicell bases otherwise..eisvsvesccssessnssell
13. Chloroplast substellat@..sssssscessssssnsnsessessCylin stis
13, Chloroplast axile, plate lik@.esesccovecsssccssesld
14, Cells several times longer than broad........Penium
14. Cells not several times longer than broad....Cosmarium



15.
15.

17.
17.

19.
19.
19.

21.
21,

23.
23.

25.
25.

27.
27.

v
Cells mostly curved, strongly attenuated at poles,..Closterium
Cells not curved, not strongly attenuated at poles.,16
16. Chloroplast an axile pPlatessssesccrscsncsnsnsssMesotaenium
16. Chloroplast otherwis€essesscessccccscsssssssscasl?
Chloroplast spirally twistedssessesrnsanenennnsessseSpirotaenia
Chloroplast Otherwise,sesssssssssrssrsssssssscsssenslB
18, Cell wall with minute Bpines...cceveenecsensaesqsGonatogygon
18. Cell wall without minute SPineS....eceececccccsss 9
Cells about twice longer than broadssssesesssssessesQylindrooystis
Cells at least three times longer than broad.sse... .Netrium
Cells several times longer than broadssssssssssseessPenium
20, Cells united by apical PrOCeS8EB.e.c.vvccscecene]
20, Cells not united by apical ProcesseS......eeeeee23
Colls slightly constrictedsissecssssssessescssncssssssSphaorozosma
Cells deeply constricted..veeesssssescccscessssssessl?
22, Sinus ulond....................................m
22. Sinus OPENessesssssnsssenccnnssssrcssnassssassssStreptonemg
Cells more broad than loNE.ecescecssssscscscssensseed
Cells Otherwisesesesssasscesessesesssessscssnscsnseeld
24, Median constriction markedsssssssessssssssssscssPhymatodocis
24, Median constriction otherwisessssscsssssscesssssDesmidium
Cells bmol-uh.apld.................................m
CoLle Othormintscsssssosessvescsnsencsssanssncssasseb
26, Cells deeply constrictedsssscsssnesssascneseses Spondylosium
26, Cells slightly constricted.s.evssssesesnnsnansa Hyalothecs
Cells deeply mstricted.........-...................w
Cells slightly oon-tﬁctod..........................Mﬂn



CHARACTERS OF MICRASTERIAS

1. MICRASTERIAS Agardh ex Ralfs Brit. Desm. p.68. 1848,

Cells usually solitary, rarely in filaments,
frequently of large size and with the length somewhat greater
than the breadth, median constriction always well defined and
usually linear to sublinear, isthmus never broad; mostly
bilaterally symmetrical and greately compressed; semicells
semicircular to hexagonal, with two incisions from periphery
to about half way to centre dividing the semicell into three
lobes, the central or polar lobe and two lateral lobes; or
with four incisions that divide the semicell into one polar
and four lateral lobes; depth of incision variable and shape
linear to cuneate; polar lobe generally with apex expanded and
somewhat emarginate, at times with accessory asymmetrical
processes; lateral lobes rarely entire, usually one, two,
three or four times of secondary lobelets, the ultimate.
lobelets generally with emarginate apices or spines; cell
wall usually smooth, at times with rows of spines near the
incisions or marginal denticulations; entire body of cell
rarely covered with spines; chloroplast a flattened massive
axile plate having the same general contour as the semicell,
with numerous small ridges at right angles to the chloroplast
body, lobe of chloroplast in polar lobe of cell frequently
deeply incised; pyrenoids numerous, from thirty to a undred,
and fairly evenly distributed throughout the chloroplast;
vertical view usually narrowly fusiform-elliptic and lateral

view of semicells narrowly pyramidal_ .
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KEf TO THE TAXA
Cell wall granulat@...cecessssssssssssasssl, Mahabuleshwarensis
Cell wall punctat@ecscscscssesssssssscnsssl
Cell wall amoOthescesssssccssssssassssaccel
2, Cells a little longer than broadessssse3
2. Cells otherwiS@.sssssssssssssscccncsscst
Isthmus 18=20 Am DrO&desesssesssessseressls truncats
Isthmus 22-24 m broadesssessssessessessssle papilliferg
Isthmus 29 Am broadessssscsssssssssessssssll, Totata
4, Sinus linear or narrowly lineaCssesssse?d
4, Sinus 0therwiSe.ceesssssssssssssssssased
Cell 123—135|,hm broadesssssssssssssensceseds 0scitans
Cell 174 Mm broad.ssssesssesessssssssesessdl, radioss
Cell 196!um broafssssossnssasssninsssnsssselles latic
Cell 184230 fam broadisscssccsssssesssssssoli, denticulats var. gngulosg
Cell 247 Mm broadisessesssssnsssssssssscsel, doveri var, gfricang
Cell 450 Am Broadeececessessssesacsssscsssle torreyl
6. Cell 53=76 Hm 1on@eessssesesesssseenssslie pinnatifida
6. Cell 191=230 sim 10ONEessessssssssssssacsall. gpiculata var, br ter
Semicells 3-10bed..ecssevesscnnsnssssnsassoll, decemdentats

Semicells otherwiBSe.sssesssssssssssssscssed

8, Sinus linear or sublinear....ssssssesss?d

8. Sinus otherwisGsssssssssssssssescecssssll

Cell 78=~90 Hm 1lONZesessssssnsssnssssssssssll. follacea

Cell 107=126 pm lONgesesssssssssssssesssssl. crux-melitensis

Cell 127=150 fam lonZesssssssesssnssssssesslls jennerd var, simplex
Cell 114-2{}2@ loNEsesssssessassssssnsasalls thnmguiﬂﬂ
10. Cell 12 times longer than broad.......M. muricata

10. Cell less than 13 times
longer than hrﬂﬂditloi..llii.qnnallnntun rﬂdigtﬂ,



DESCRIPTION OF TUE PLATIS

1. Micrasterias apiculatg (Ehr.) Ralfs, var. bra tera (Iund,)
west & Test, Brit, Diem. vol.2, p.101, nl.46, fig.5. 105.

= M.brachyptera Imnd., Desm. Succ. p. 12, pl. 1, fig.4. 1071,
{Basionym).

M. brachvpiera forms bispinata Turn. liew and rare Desm. D.
E;ﬂ‘.'pf. T, tig. 15. .

= M. apiculata (Ehr.,) Menegh, Subsp. fimbriatg y brachypterg
Hﬂ' L us - DBEIII. P. %ﬂl 1E§§I

: Helierells brachypters Kuntze, Revis. zei. plant, p.898. 1091.
. _ Taylor, 1955, p. 211, pl. 65, Tig.5; Gmamllal&, 1956,
ptﬂ, pl.2, fiz6; Eloranta, 1968, p.62, fiz.1; Forster,, 1968,
p.17, p1l.7, fig.5; Kagprik, 1973, p.120, 0l.2, fig.12; Lenzenweger,
1977, p.336, pl.1, £1g.7.

191=230 jm long; 131=180 pm broad; istimis” 34=37 pm
broad; polar lobe 54-60 m broad; thicimess 72 e

Cells large, polar lobe projecting, relatively
larger and wider, with a distinct consiriction below the
apex; apical margin widely reduced; teral lobes shorter and
generally with fewer lobulations; sinus and incisions
between the lobes widely open, especially the incisions between
the polar lobe and the guperior lateral lobes; generally
with a row of spines bordering each side of the polar lobe and
the sinus; cell wall punctate. (Pl.1, fig.3, phote.3).

_Ioca.l diytrj;bu‘bion: Tangi, Distt. Peshawar, Sarim
¥o.28, Sept.20, 1976. _

Geographical distribution® Burope, U.S.4., Palistan,



2. M. crux-gelitensis (Ehr.,) Hass, ex Ralfs,Brit. Desm. p.73,
pl-ﬁ. ﬂs.a- 1&"&-
- Buastrum crux-melitensis Ehr, B twiok. Lebends. d. Infus,

p.82, 1832, Imﬂmh ¢ _
n
= Cosmarium crux-melitensis Corda/Alm, de Carlsbad, p.243. 1839,
= Miorasterias melitensis Menegh, Synops. Desm. p,216. 1840,

= M, g%ghtmg%u var, ﬁgg{_ﬂug Turn. Some new and rare
3“. Ps sy Dli. ’ rt“ L *

- ﬁﬁﬂﬂlg’ M"tmgu Kuntze, Revis. gen. plant. p.897.

- West & West, vol,.2, 1905, p.116, pl.53, figs. 1=3;
Hirano, 19594,p.271, pl.34, fig.15; Fritsch, 1961, fig,107;
Wygasch, 1963, p.107, fig.3; Férster, 1965, p.132, pl,3, figs.
1, 2; Lenzenweger, 1965, p.448, pl.1, fig.5; Lind, 1967, p.372,
pl.3, fig.2; Zwart, 1969, p.172, fig.115, Forster, 1970, P.303,
pl.12, figs, 1-6; Kasprik, 1973, p.120, rl.2, fig.13; Iuknitskaya,
1974, fig.2; Werner, 1977, p.51, pl.9, figs. 1-6; Tan & Ueda, 1978,
p.61, figs, 1-21,

107-126 am long; 98-118 pm broad; isthmus 16=19 am
broad; polar lobe 35-43 pm broad.

Cells of moderate size, a little longer than broad,
very deeply constricted; sinus open with acute or linear apex;
semlcells 5-lobed, interlobular incisions widely open, those on
each side of the polar lobe much deeper than those between the
superior and inferior lateral lobes; polar lobe subquadrate in its
lower half, upper half dilated, apex widely retuse, angles
produced into short diverging processes with emarginate-biden-
tate apices, lateral lobes divided into two short slightly diver-
ging, elongate- quadrate lobtules, emarginate- bidentate (some-
times tridentate or quadridentate with a median notch at the
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apex; vertical view subrhomboid-elliptical with slightly
produced poles; cell wall emooth. (Pl.1, fig.4. photo. 4).

local dietribution: Akbarpura, Distt. Peshawar.
Sarim No,30, Sept.25, 1976.

Geographical distribution: World wide.
3. M. decemdentata (N&g). A.rnh.f!i't;j:tuh. Infus. p.726. 1861,

Hirano, 1959,p.269, pl.34, fig.17; pl.35, fig.5;
Gronblad, Scott & Croasdale, 1964, p.15, fig.219; Ochial, 1966,
p.123, fig. D: Kanetsuna, 1967, p.80, pl.4. fig.4; Whitford &
Schumacher, 1973, p.70, pl.24, fig.4; Croasdale & Scott, 1976,
p.523, pl.7, fig.11; Claassen, 1977, p.239, figs.16, 17; Hinode,
1977, p.80.

EEP.m long; 52/@: broad; isthmus 15)'“ broad; polar
lobe 49jn.m broad.

Cells small, elliptical, a little longer than broad,

deeply constricted; sinus linear and acute-angled; semicells
semicircular, 3-lobed; incisions between polar lobe and superior
lateral lobes deep, polar lobe wide cuneate, apex convex;
lateral lobes divided into two lobules, interlobular incisions
slightly deep and acute, lobules truncate and emarginate bear-
ing spines; vertical view fusiform; cell wall smooth.
(P1.2, fig.4, photo.16),
Iocal distribution: Warsak, Distt. Peshawar, Sarim
No.202, Jan.5, 1978; Mardan, Sarim No.III, Dec. 12,1976,
Geographical distribution: Japan, China, Europe,
Australia, Pakistan,
4. M. denticulats Brihff -ﬁﬁ: angulosa (Hantzsch) West & West,
. Alg. N Ireland p.30. 1902.
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= M. gngulosa Hantzsch Rabenh. Alg. No.1407. 1862, (Basionym).
= Didymidium (Micrasterias) gngulosum (Hantzsch) Reinsch,
Algenfl. Frank. p.147, pl.8, fig.2. 1867.

= Helierella angulosa Kuntze, Revis, gen. plant. p.898. 1891.

West & West, vol.2, 1905, p.107, pl.50, figs.3, 4;
Gronblad, 19524,p.20; Croasdale, 1956, p.8, pl.2, fig.10; Hirano,
1959, p.275, pl.34, fig.7; Eloranta, 1968, p.62, fig.2; Mix, 1970¢
p.86, pl.5, fig.1; Kasprik, 1373, p.123, pl.1, fig.5; pl.2, fig.14;
Whitford & Schumacher, 1973, p.70, pl.25, fig.4; Pickett-Heaps,
1974, p.16, figs.18, 20; Mix & Kasprik, 1977, p.66. f£ig.4; Werner,
1977, p.51, pl.8, fig.2; pl,25, fig.1.

21u-252}um long: 134—230Pm broad; isthmus 30-33 mm
broad; thickness 54 fm.

Cells angular, often relatively broader near the poles;
lateral lobes di?:l.dad;J primary and secondary incisions,
the four subdivisions being truncate with rounded angles, retuse,

or retuse-emarginate; cell wall distinetly punctate and cell deeply
constricted. (Pl.1, fig.10, photo. 9).

Iocal distribution: Akbarpura, Distt. Peshawar, Sarim

No.30, Sept. 25, 1976.

Geographical distribution: World wide.

5. M. doveri Biswas var. africana Bourrelly, Algues deau douce de la
Republigue de cote d’ Ivoire. Bull de II, F.A.N.23 (2): 283-374.
1961.

Islam, 1970, p.919, pl.8, fig.4; pl.12, fig.3.

395}!:1 long; 247 pm broad; isthmus 20. - jam broad.

Cells large, subcircular, deeply constricted, sinus
narrowly linear; interlobular incisions linear; side view of

semicell elliptic-oblong; cell wall punctate. (P1.2, fig.1, photo, 14).
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Iocal distribution: zuulng:i.nal Gardens Lahore,
Tank No.1, Sarim No.45, Oet.20, 1976,

Geographical distribution: Africa, Bangladesh, Pakistan.
6. M. follacea Bail. ex Ralfs, Brit. Desa. P.210, pl.35, fig.3.

1848,

Smith, 1924, p.54, pl.65, figs.1, 2; Taylor, 1935,
p.213, pl.64, fig.3; Prescott,1954, p.74, fig.110¢; Hirano,
19594, 04279, pl.37, fig.2; Chung, Shin & Lee, 1965, p.59; Islam,
1970, p.919, pl.9, figs,5, 6; pl.12, figs.4, 5; Whitford & Schum=
acher, 1973, p.T70, pl.23, fig.18.

78-90 bm long; BE-BEP broad; isthmus 15-20 am broad;
polar lobe 45-58 mm broad,

Cells of medium size, united in filaments by the
interlocking of the polar lobe, rectangular in outline, very
deeply constricted, sinus sublinear, isthmus very narrow: semicells
5=lobed; polar lobe exserted, basal fourth of the polar lobe
narrow, with erect parallel sides; lateral lobes asymmetrical,
cell wall smooth; vertical view narrowly fusiform, with apices
acuminate and median portion somewhat constricted; chloroplast
completely filling the cell, polar lobe entire, without
conspicuous ridges; pyrenoids 10-15, (P1.1, f£ig.11, photo. 10).

local distribution: Naguman River Distt. Peshawar,
Sarim No,50, Oct.25, 1976; Bannu, Sarim No,108, Dec.10,1976.

Geographical distribution; World wide.

7. %i J%&Eiaiﬂfgggﬂ' simplex West,Alg. N, Wales, p.87,
sy L] (] L]

= M, 1 forma brasilien Borg. Wesm, Brasil, p.32
pi SHE 13, jepantiiemsts '

_ West & West, vol.2, 1905, p.88, pl.43, fig.3; Taylor,
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1935, p.213, pl.64, fig.2; pl.65, fig.4; Tomaszewlicz, 1977,
p.635, pl.1, figs.3,4.

127—150/&11 long; 95-100 pm broad; isthmus 25-34 am
broad; polar lobe 53—’55’}1;1 broad.

Cells with the lateral lobes entire and slightly
retuse, polar lobe narrow and more cuneate; sinus narrowly
linear; cell wall smooth; cell deeply constricted, semicells
5=lobed, interlobular incisions narrow and linear, not very
deep; side view of semicells oblong-elliptic; vertical view
oblong=fueiform, with the sides in the middle subparallel, _
somewhat suddenely attenuted to the poles, (Pl.1, fig.7 phote, 7).

Iocal distribution: Katlang, Distt. Mardan, Sarim No.40,
Oct. 10,1976,

Geographical distribution: Burope, Pakistan, Brazil.

8. M. laticeps Nordst. Vidensk, Medd. f. d. Naturhist, Foren,
Kiobenhawn. p.220, pl.2, fig.14. 1870,

Smith, 1924, p.41, pl.59, fig.3.

140}!1 long: 195}1:: broad at basal lobes: polar lobe
155‘,mn broad: isthmys 26 hm broad.

Cells large, quadrangular, breadth somewhat greater
than the length, very deeply constricted, sinues with apical
portion linear and outer portion acute-angled, isthmus narrow:
semicells 3-lobed, polar lobe transversely fusiform with apex
rounded and lateral angles very acute and slightly bent towards
the base of the semicell; lateral lobes entire, horizentally
disposed, lanceolate amd with d-epla'-biﬂd apices; cell wall
minutely punctate; vertical view fusiform, with poles
acuminate; chloroplast completely filling the semicell, polar
lobe entire, with two conspicuous vertical ridges extending
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from the nucleus to the apex of the cell, with other ridges
following the outline of the cell; pyrenoids 12-15.
(Pl.1, fig.14, photo.13).

Iocal distribution: Kalam Distt, Swat, Sarim
Fo.170, Nov.3, 1978, _

Geographical distribution: U.S.A., Pakistan, Burope.

9. M. mahabuleshwarensis Hobson in Quart. Journ. Micr. Soi.
p.255. 1885,

= t forma mﬂgbulegMEunais Mask. Note Micr.
8Ty Pa2yP .1. ﬂg- - .

= ﬂg%ua%gmw Kuntze, Revis. gen. plant
Pt . 1- g ‘

West & West, vol.,2, 1905, p.121; Hirano,1959%,p.281,
pl.36, fig.12,

+51-220 mam long: 135-190 mm broad; polar lobe 75-100 am
broad; isthmus 19—20;:411 broad.

Cells moderately large, about 1& times longer than
broad, very deeply constricted, sinus open with an acuminate
apex; semicells 3-lobed, incision between lateral lobes and polar
lobe very wide; polar lobe large and outstanding, lower half
subquadrate, upper half dilated, with the angles produced into
diverging sometimes almost horizontal, denticulate processes of
considerable and variable length, with a pair of accessory
denticulate processes disposed asymmetrically, dne at the front
and one at the back near the base of each lateral process, apical
margin straight, slightly convex, or slightly concave, generally
with several large granules or short, acute spines within the
margin; lateral lobes deeply divided into two lobules by a wide
acute-angled incision, each lobule in the form of an attenuated
denticulate process; apices of all the processes tri- or
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quadridenticulate; semicells in the middle above the isthmus
with a emall granulate or denticulate protuberance, with a
row of denticulations within the lateral lobes sometimes with
several scattered series and within the lateral margins of the
polar lobe, these series generally extending to the basal
protuberance; side view of semicell narrowly obléng-ovate, with
a small basal inflation on each side, apex showing the
asymmetrical disposition of the four processes; vertical view
rhomboid-fusiform, poles attenuated and tridentioulate, at
the middle on each side with a emall granulate or denticulate
protuberance, polar lobe showing very clearly the disposition
of the four processes, (Pl,2, fig.3).

Iocal distributionj Khawashki Lake near Nowshera,
Sarim No,200, Jan.2,1978,

Geographical districution: India, Burma, Java,
Africa, Madagascar, U.S.A., Burope, Pakistan,

10, M. muricatg (Bail,) Ralfs,Prit. Deem. p.210, 1848,

Smith, 1924, p.54, pl.64, figs.4-5.

160-198 pm long: 110-130 om broad at the iferior
lateral lobes, EE-‘I.I:IIIS/m broad at the superior lateral lobes,
BB—‘-BE}I::: broad at the apex of the polar lobes; isthmus 22—23}&
broad.

Cells large, length about one and a half times the
breadth, fairly deeply constricted, sinus acute-angled at apex
and then greatly dilated, outer portion with widely open
parallel sides, isthmus relatively broad; semicells 5-lobed,
polar and lateral incisions vwery broad and rectangular, with
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upper portion greatly dilated and with the angles continued

in long slightly tapering cylindrical processes that are

upwardly curved and terminate in three or four minute blunt
conical spines; polar apex convex, central portion with a
conspicuous narrow emargination and the lateral margins with a
second pair of asymmetrically disposed processes that are similar
to those at the polar angles; superior lateral lobes divided by
an incision to form two long horizontally disposed processes that
lie above each other in a front view of the semicell, processes
arising from a conical base; inferior lobes submamillate, with
the apex continued in a long oylindrical horizontally disposed
process, each process of inferior lateral lobe with two similar
but shorter processes, the three lying in the same transverse
plane at right angles to the long axis of the semicell, all
processes of lateral lobes with truncate ends bearing three or four
short blunt teeth; cell wall smoothjvertical view oblong, sides
somewhat tumid and angles continued in long, slightly divergent
processes, middle of each end with another similar process;
chloroplast confined to the cell body but with fine laminate
projections running into the processes, polar lobe entire, with
two conspicuous longitudinal ridges extending from the polar apex
to the nucleus and withL curving ridges at the bases of the

lateral lobes; pyrenoids 12-15, confined to the body of the cell.
(P1.2, fig.2, photo, 15).

Local distribution: Pabbi Distt. Peshawar, Sarim
No.48, Oct.22,1976,

Geographical distribution: U.S.A., Pakistan,Europe.
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11. M. gscitans Ralfs, Brit, Desm. p.76, pl.10, fig.2., 1848.
= = t Ralfs in Jenners Flora Tunbridge Walls, p.198,
Y3 Ahaluma | '

= Wﬁuﬂm" Hass, Brit, Freshw. Alg. p.387, pl.90,

Be %y
= Eﬁtﬂq (Micrasterias) gscitans Nag. Gatt. einz, Alg.
Pe " 34-90
= W n!ﬂt&ﬂ! Dixon in Pmﬁ. m-hl- Hatq Hist, Soo,

= Helierella pscitans Kuntze, Revis. gen. plant. p.899, 1891,

= %uraﬂtarégg quggtgg a typicg Turn, Freshw, Alg. E.
; a, p.88, .

West & West, vol.2, 1905, p.78, pl.41, figs.1-4;
Taylor, 1935, p.214, pl.64, fig.T; pl.68, fig.8; Prescott, 1966,
P.29, pl.8, fig.30; Whitford & Schumacher,1973, p.71, pl.24,
tig.12.

125-140 am long; 123-135 hm broad; polar lobe 91-95 am
broad; isthmus EEJ,U.m broad.,

Cells of medium size, about as long as broad, deeply
costricted, inner half of sinus usually narrowly linear, outer
half open and acutely conical; semicells 3-lobed; polar lobe
wide, fusiform or subfusiform, with acuminate, rabely bifid
poles and a convex apex; incisions below the polar labe deep
and somewhat widely open; lateral lobes horizontal, ovate-trian-
gular, with minutely bifid extremities; slde view of semicell
all:l.ptiu-prranida]’, with a rounded apex; vertical view elliptic-
fusiform, with acuminate poles; cell wall punctate.

(P1.1, fig.8, photo.8).

Iocal distribution:Katlang Distt., Mardan, Sarim

No.40, Oct.10,1976.

Geographical distribution: Burope, U.S.A., Pakistan,India.
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12- !- Mﬁ Br'éb; ax Ralfﬂ,ﬂri‘h. Desm, Pszj Pl'lgf 15480
= %m (Micrasterias) papilliferum Reinsch, Algenfl,
anlk . P. 4-5. 1367-

=  Hellerells papilliferg Kuntze, Revis. gen. plant. p.899. 1891,

Weat & West, vol, 2, 1905, p.91, pl.44, figs. 1,2, T:
Taylor, 1935, p.214, pl.66, fig.4; Hirano, 19592, p.273, pl.35,
fig.10; pl.36, f£i1g.8; pl.37, fig.41; Wygasch, 1963, p.108, figs.6,
7: Croasdale & Grdnblad, 1964, p.172, pl.9, figs.2,3; Lenzenweger,
1965, p.450, pl.1, fig,10: Ochiai, 1966, p.123; Mattern, 1966,
fig.11: Prescott, 1966, p.29, pl.8, fig.44; Lind, 1967, p.373,
pl.5, fig.1; Zwart, 1969, fig.116; Fsrster, 1970, p.303, pl. 16,
fige.4,14; Kies, 1970, p.22, figse. 3-25; Kies,1970a, p.139, figs.1,
T; Lunsmweger,ﬁ?ﬂm,p.d-. pl.3, fig.7; Hinode, 1971, p.111, pl.6,
fig.3; pl.5, fig.5; Kies,1972, p.3, figs. 1-3; Whitford &
Schumacher, 1973, p.71, pl.25, £ig.9; Kasprik, 1973, p.123, pl.3,
fige.22-24; pl.5, figs.44, 45; Kies,1973, p.139, rl.1; Coesel, 1974,
P.365; Parra & Gongzales, 1977, p.21, fig.93; Werner, 1977, p.52,
pl.8, figs.4,5; pl.26, figs.4,5.

118=145 hm long; 108-145}:@ broad; polar lobe 35-—41mn
broad; isthmus 22—24/n.m broad,

Cells of moderate size, usually a little longer than
broad, subelliptic or subcircular, deeply constricted, sinus very
narrowly linear; semicells 5-lobed, with the lobes and lobules
usually almost approximate, interlobular incisions linear; polar
lobe cuneate with concave sides, apex concave with a slight median
notch, each angle slightly produced and furcato-emarginate, with
a palr of small teeth on each side of the median notch; lateral
lobes cuneate, of almost equal breadth, each divided by a
moderately deep incision into two lobules, lobules again divided,
the four ultimate divisions of each lobe being emarginate or
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rarely tridenticulate; side view of semicell elliptic-oblong,
with a tricuspidate apex; vertical view narrowly oblong with
subacute poles; cell wall generally punctate, with a row of
acute granules or denticulations on each side of the ainus
and the interlobular incisions; these granules or emall teeth
are marginal. (Pl.1, fig.2, photo. 2).

Iocal distribution: Rawal Dam Canal, Rawalpindi,
Sarim No,23, Sept.15,1976; Peshawar, Sarim No.58, Oct.28,1976.

Geographical distribution: World wide. _
13, M. pinnatifida (Kg.) Ralfs,Brit., Desm. p.77, pl.10, fig.3.1848,
= Bugstrum pinnatifidum Kg. Phyc. germ. p.134.1845. (Basionym).
- E. bifidum Focke, Phys, Stud. p.45, pl.1, fig.12. 1847,
- E. didymacanthum Nig, Galt. einz. Alg. p.123, pl.6, fig.1.1849.
= ‘Eiti_‘_m%gﬁg pinnatifidum Dixon in Quart. Jour, Micr,

ci. p.83.1859,

= %ﬁiﬂm (Micrasterias) pinnatifidum Reinsch, Algenfl.
+ Ps 41,1867,

- Misrasterias osciisng Ralfs vor. piunatifids Rebemh. Flor,
' P Es Da» . Bq

- m%gﬁatia pinnatifidg Bennet, Freshw. Alg. Eng. Lake Distr,
PsCe . '

West & West, vol.2, 1905, p.B80, pl.41, figs.T7, 11,12;
Smith, 1924, p.41, pl.59, figs. 1, 2; Taylor,1935, p.214, pl.64,
fig.5; Brunel,1938, p.3, fig. 1; Croasdale, 1956, p.10, pl.1,
fig.7; Scott & Prescott, 1958, p.41, £ig.9; Hirano,1959¢,p.268,
pl. 34, fig.9; Lenzenweger,1965, p.452, pl.1, fig.11; Herrmann,
1966, p.35, fig.6; Ochiai, 1966. p.123; Herrmann, 1968, p.363,
fig.3; FPorster,1969, p.40, pl.11, fig.2; Islam1970, p.920, pl.10,
figs. 3~7; Hinode, 1971, p.111, pl.6, fig.d; Whitford & Sclumacher,
1973, p.71, pl.25, fig.1; Kasprik, 1973, p.123, pl.3, fig.25; Sormus
& Biocudo, 1974, p.276, figs.1-28; Lenzenweger, 1974, p.112, pl.2,
fig.2; Islam & Zaman, 1975&,p.51, pl.5, fig.68.
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ﬁ}Tﬁﬁm long; 57-80 am broad; polar lobe 39-57 Mm
broad; isthmus 12—17)1;1 broad; thickness 15—1B/H.n.

Cells small, a little broader than long, deeply
constricted; sinus open, triangular-acuminate with a narrowed
apex; semicells 3-lobed, the interlobular incisions deep and broadly
rounded; lateral lobes horizontally disposed, semifusiform, with
attenuated and minutely bifid apices; polar lobe widely
spreading, extremities marrower than those of the lateral
lobes and minutely bifid, apex convex, straight, or sometimes
very slightly retuse; side view of semicell narrowly ovate-pyra=-
midaly, with a rounded apex; vertical view narrowly rhomboid-lan-
ceolate, with acuminate poles; cell wall minutely punctate,
(P1.1, fig.13, phote.12),

Iocal distribution; Multan, Sarim No.252, March 29.19?&.

Geographical distribution; World wide.

14, M. radiats Hass. West & West,Brit. Desm. vol.2, p.113,
pl.52, figs. 1=9, 1905.
= gigigslitmnil Ralfs in Ann, Mag. Nat. Hist. p.260, pl.6,

- M. radiatg Hass, Brit, Freshw. Hass. p.386, pl.90, fig.2..1845,
= M. MGEEE Rﬂlfl,hit- Desm, p.73, pl.9, fig.2, 1848,
- M. melitensis Menegh, var. gracilior Kg. Spec. Alg. p.170.1849,

- midium (Miorasterias) furgatum O furcatum Reinsch
1t gy e p.1¢4.1as!r. o

= ter x-melitensis (Ehr,) Hass. b, furcatg Rabenh,
lor. Ps E8Ts Jp'Ps . 1868,

= %Ep_u_ggﬁ_ﬁﬁgn Wolle, Bull,. Torr, Bot. Club, p.1, pl.6,

M. Ralfs var, decurtg Turn. New gad rare Desm. p.9

pl. g. 10,1885, ' TR
.
P

furcata Ralfs ‘lra;r. Wolle Ball, Torr. But. Club
ﬂ'E_EIaEi fig. 6 'ﬁ'ﬁw * :
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2 Helierella furcata Kuntze, Revis. gen. plant. p.898. 1891,

= Mi t furcata Ralfs a ica Turn. Freshw, Alg. E.
8y D33y pI.E. !13.5 a. 1893,

Smith, 1924, p.50, pl.63, figs. 1=3; Taylor, 1935,
p.214, pl.65, fig.1; Taft, 1945, p.191, pl.2, £1g.20; Smith,
1950, £ig.237 0; Croasdale, 1956, p.10, pl.2, fig.8; Hirano,
195904 p.272, pl.35, fig.9; Wygasch, 1963, p.108, figs.4, 5;
Prescott, 1966, p.30, pl.10, fig.4; Forster, 1966@,p.10,
pl.3, fig.7; Gronblad, Scott & Croasdale, 1968, p.14, figs.63-65;
Whitford & Schumacher, 1973, p.71, pl.24, fig.8; Plcketi-
Heaps, 1974, p.20, figs.28, 29; Stein, 1975, p.141, £ig.106;
Gaugh, Garvin & Woelkerling, 1976, fig.9.

123-195 Mm long; 113-186 jin broad; isthous 17-30 Mm
broad; polar lobe 65-92/&1 broad; thicikmess 27-30 Aun.

Cells of medium size, usually a little longer than
broad but sometimes broader than long, Very deeply consiricted;
sinus widely open with an acute apex; gemicells 5-lobed,
incisions between the lobes wide and falrly deep; polar lobe
with n’;arallul gides in the lower half, dilated upwards, with
each angle produced into a long diverging process with a deeply
furcate apex; lateral lobes commonly equal, but subject to
great variation, normally divided into two long, narrow,
diverging lobules, similar to the processes of the polar lobe
with deeply furcate apices; sometimes one or both lateral lobes
are simple and undivided; side view of semicell ovate-lanceolate;
vertical view narrowly subrhomboid with produced and acuminate
poles; cell wall smooth. (P1l.1, fig.12, photo, 11).

Local distribution: Pond,C Block Satellite Towm,
Rawalpindi, Sarim No. 44, Oct.16, 1976.

Geographical distribution: World wide.
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15. M. radiosa Ralfs, Brit. Desm. p.72, pl.8, fig.3. 1848.

Smith, 1924, p.45, fig.5. '

1'?2)1.111 long; 174 fim :ota.d; isthmus 21 Am broad.

Cells large, brea.dthfaqual 40 the length, circular in
outline, very deeply constricated, sinus linear, with sides
undulate and apex acute, isthmus very narrow; semicells 5-lobed,
incisions between lobes linear and deep; polar lobe arising
near the isthmus, with lateral margins subparallel and apical
portion somewhat expanded, apical margin deeply emarginate and
with lateral margins deeply bifid, emargination flanked on
either side by a subapical mamillate projection that bears a
single conspicuous erect spine; lateral margins deeply incised,
with inner portion of incision more open and giving the lobe-
lets an undulate appearance; superior lateral lobe usually
somewhat larger than the inferior, superior of lateral lobes
with three series of incisions the depth of each successive
incision a third less than that of the preceding series, ultimate
lobelets deeply emarginate and bifid, inferior lateral lobes
sometimes with only two series of incisions; cell wall punctate;
vartical view fusiform, with central portion slightly elevated
and truncate; lateral view of semicells linear-oblong, with
apex tridenticulate; chloroplast extending to ultimate lobelets,
with apex of portion in polar lobe deeply incised, with two
conspicuous vartical ridges extending from polar apex to the
nucleus and secondary ridges bordering the major incisions;

pyrenoids numerous, 5065, in all parts of the chloroplast.
trlqzl ﬂgiﬁ}i
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local distribution: Pabbi, Distt. Peshawar, Sarim No.
48, Oct.22, 1976.

Geographical distribution: U.S.A., Pakistan,turope.
16, M. rotata (Grev.) Ralfs, Brit. Desm. p.T1, pl.8, fig.1. 1848,
= M, furcata Agardh. in Flora, p.643, 1827.
= Ruastrum rota Ehr. Entwick. Lebends. d. Infus. p.82. 1832,
= Echinella rotata Grev, in Hookers' Brit. Fl. p.398. 1833.
= Cosmarjum etellinum Corda in Alm, de Carlsbad, p.180. 1834.
= Butomia rotats Hary. Man. Brit. Alg. p.187. 1841,

= mﬁyt!?g‘ ﬁh‘t. (Grev.) Ralfs in Ann. Mag. Nat, Hist,
P y» Dl.D, Ees1a 1844,

= m%tgnidium (Micrasterias) rotatum Reinsch, Algenfl. Frank.
Pe M T

-

= Helierella rotata Kuntze, Revis. gen. plant, p.899. 1591,

= W tata var. #tidmﬁ,&tg Benn, Freshw. Alg.
W rey, p.9, pl.2, fig.10. .

West & West, vol.2, 1905, p.102, pl.48, figs. 1-6;
Irenee-Marie, 1951p,p.192, pl.3, figs.2, 3; Piffany & Britton,
1952, p.196, pl.51, f£ig.538; Croasdale, 1956, p.12, pl.2, fig.9;
Waris, 1958, p.11, pl.4, fige.4-T; pl.5, figs.1-3; Hirano, 19594,
p.z'??,.-_ pl.35, fig.1; Wygasch, 1963, p.108, figs,11, 12; Scott,
Gronblad & Croasdale, 1965, p.40, £ig.90; Lengzenweger, 1965,
p.450, pl.1, fig.6; Ochiai, 1966, p.123; Lenzenweger, 1968g,
p.10, fig.1; Weber, 1969, p.462; Forster, 1970, p.304, pl.19,
figs.4, 5; pl.20, figs. 1-4; pl.21, fig.1; Mix, 19700,p.86, p1.5,
£ig.10; Lengenweger, 1970q,p.6, pl.3, fig.6; Whitford & Schumacher,
1973, p.71, pl.25, fig.5; Kasprik, 1973, p.124, pl.1, £1g.2;
pl.3, fig.27; pl.4, fig.28; pl.5, figs.42, 43; Lenzenweger, 13973,
pl,155, pl.1; Parra & Gonzales, 1977, p.21, fig.92; Werner, 1977,
p.52, pl.8, fig.1; pl.25, fig.13.

208-366 ym long; 165-305 bm broad; isthmus 29 Jun broad;
polar lobe 40-80 fm broad.
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Celle large, a little longer than broad, subecircular
in outline, deeply constricted, einus narrowly linear; semicells
5=lobed, interlobular incisions narrowly linear; polar lobe
gradully widening upwards, with concave sides, apex retuse-emarginate,
angles slightly produced and bidentate; lateral lobes unequal
and broadly cuneate each divided into two lobules by a deep
inecieion; superior lateral lobes larger than inferior lobes,
sach lobule subdivided into four equal emarginate or bidentate
parts by three incisions, the median one being the deepest;
lobules of interior lateral bobes divided into two, sometimes
four bidentate, rarely tridentate parts; side view of semicell
ovate-lanceolate, with a broadly truncate apex and an inflated
base; vertical view narrowly elliptic-rhomoboid, with acute poles
and a small inflation in the middle of each side; cell wall
punctate, (Pl.1, fig.9).

Iocal districution: Akbarpura, Distt. Peshawar, Sarim
No.30, Sept.25,1976; Mardan, Sarim No. 36, Oct,4,1976.

Geographical distribution; World wide, _ _
17. M. thomgsigng Arch. Proc. Dubl, Nat, Hist, Soc. p.72, pl.2,

figs. 1-5,1862,

= Liw Breb, forma thomasiang Jacobs. Desm. Danem,
Da 1075 J : : :
- Helierellg thomasiana Kuntze, Revis. gen. plant. p.899. 1891,

West & West, vol.2, 1905, p.110, pl.51, figs. 3-6;
Smith, 1924, p.48, pl.60, fig.5; Gronblad & Kallio, 1954, p.173,
figs. 3,4; Kalllo, 1959, p.16; Hirano, 19594,p.276, ,p1.35, f£ig.8;
Selman, 1966, p.477; Ochial, 1966, p.123; Firster, 1970, p.304,
pl.17, figs. 1-18; Tassigny,1971, fig.2; Selman, 1972, p.148, figs.
2, 3, 5, 6, 8=11; Pickett-Heaps, 1973, p.114, fig.6; Kasprik, 1973,
p.126, pl.1, fig.3; pl.4, figs, 33-36; pl.6, figs.49-53; Pickett-
Heaps & Tippit, 1973e,p. 197, figs. 3-6; Pickett-Heaps, 1974, p.16,



20
figs.21-25; Lehtonen, 1977, p.165, pl.1, fig.C; pl.2, fig. B;
Mix & Kasprik, 1977, p.65, pl.I, figs,1, 2.
174-202 am long; 136~180 fm broad; isthmus 21=23 hm
broad; thickness without projections 34-39 fim; with projections

53=57 Hm,.
Celle large, suborbicular, very deeply constricted,

sinus narrowly: linear; semicells 5-lobed, incisions between
the lobes very narrow and linear; polar lobe narrowly cuneate
with concave sides not projecting, apical margin generally
slightly retuse, with a fairly deep median notoh, angles on
each side of median notch, apiculate, outer angles commonly
emarginate, sometimes only apiculate; lateral lobes fairly
equal and broadly cuneate, with a deep and linear primary
incision dividing each lobe into two egual lobules, each lobule
with a secondary incision not very deep and generally with two
tertiary incisions, four ultimate divisions of each lobule
emarginate or bidentate, sometimes the tertiary dividions are
absent so that each lobule is only subdivided into two parts,
which are then tridentate or quadridentate; with three projec-
tions across the base of the semicells, the middle one conical
and rounded or apiculate, the lateral ones atLenuated and
elongate, curved outwards, and emarginate or bidentate at their
apices; _with a oconical tooth within the base of esach lateral
lobe, all these teeth being directed outwards; side view of
semicell narrowly pyramidal,. with a rounded basal inflation

on each side; apex truncate, lateral margins each with two
outwardly directed acute projections; vertical view fusiform, poles
acute with three projections on each side towards the middle,
the median projection conical and obtuse or apiculate, the
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lateral projections very much curved towards the poles and
generally bidentate, lateral margins towards the poles serrate;
cell wall smooth., (Pl.1. fig.5, photo.5).

Iocal distribution: Nawankali, Distt. Mardan, Sarim
No. 34, Oct, 2, 1976.

Geographical distribution: World wide,

18. M. torreyi Bail, ex Ralfs, Brit. Desm., p.210, pl.35, fig.5. 1848,

Smith, 1924, p.49, pl.62, fig.2; Kallio, 1959, p.6,
figs. 1-4; Kallio, 1960, p.2; Kallio & Heikkila, 1969, p.226,
figs. 1-13; Forster, 1972, p.544, pl.13, fig.1; Lehtonen, 1977,
p.165, figs. la, 2a, 3a, b.

410 Am long; 450 am broad; polar lobe 74 yam broad;
isthmus 27 jam broad.

Cells large, rectangular in outline, length and breadth
about equal, deeply constricted, sinus linear and with outer
portion somewhat open, isthmus very narrow; semicells 5-lobed,
incieions deep, with apices sublinear and outer portion acute=
angled; polar lobe arising near the isthmus, lateral margins of
the pula:r.; lobe subparallel but widely divergent near the apex,
apical margin with a conspicuous median emargination that gives
it a concave appearance, median emargination flanked on either
side by a simple mamillate swelling; cell wall punctate; polar angles
fairly acute and simple, very rarely emarginate; lateral lobes of
unequal size, the superior lateral lobe very deeply incised and one
of the lobelets, usually the one adjacent to the polar lobe, in
turn deeply incised, at times with both lobelets incised; inferior
lateral lobes usually with but a single deep incision; all ultimate
lobelets spatulate and with their apices acuminate, truncate, or
deeply emarginate. (P1,1, fig,6, photo,6),
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Tocal distribution; Wah Stream No.2, Sarim No.37,
Oct. 6, 1976. |
Geographical distribution: U.S.A, Burope, Fakistan.
19. ¥. truncata (Corda) Bréb., ex Ralfs,Brit. Desm. p.75, pl.8,
fig.4. 1848,
= Biastrum rots Ehr, Entwick. Lebends. d. Infus, p.82. 1832.

= smarium trun Corda in Alm. de Carlsbad, p.180, pl.2,
ﬂg.gh 1834 (Basionym).

= G, ag=Cl tum Corda in Alm, de Carlsbad, p.215,
pl.6b, fig.

= H:I.crggtnrigg tﬁ%nﬂtg var., guadrata Buln. in Hedwigia,kp.21,
Plasy B2 . £

= Didymi (Micrasterias) t%ggtum forma b, dentgtum
ﬁ%ﬁlmfln Frank. Ps .

= gcﬁggt%rﬁag truncats var. euastroides De Toni, Syll. Alg.
Pi L] -

= M. tnmcgjl var. tridentata Bennett, Freshw. Alg. Hampe.
and . Peis pl.1, fig.10. 1890.

= Helierells truncata Kuntze, Revis. gen. plant. p.897. 1891.
= Hicr?gtarigg truncata forma punctats West, Alg. W. Ireland,
Ps . .

West & West, vol. 2, 1905, p.B82, pl.42, figs.1-8; pl.45,
figs.5, 6; Smith, 1924, p.43, pl.60, figs. 1-2; El-Nayal, 1935,
p.49, fig.73; Taylor, 1935, p.216, pl.66, fig.5; Taft, 1945, p.191,
pl.2, fig.21; Tiffany & Britton, 1952, p.195, pl.51, fig.539;
Croasdale, 1956, p.12, pl.1, figs.9-11; Scott & Prescott, 1958,
P.42, fig.10; Hiramo, 1959, p.272, pl.36, figs.4, 5; Evans,
1962, p.66, fig.6; Wygasch, 1963, p.107, fig.1; Mattern, 1964,
p+251, fig.15; Marcemnko, 1965, p.542; Lengenweger, 1965, p.448,
pl.1, fig.3; Marcenko, 1966, p.157, fige.25-54; Ochial, 1966,
p.123; Mattern, 1966, fig.15; Eloranta, 1968, p.62, fig.3;
Zwart, 1969, p.172, figs.111, 112; Tyler, 1970, p.220, fig.E;
Férster, 1970, p.305, pl.14, figs. 1-22; pl.15, figs, 1-19;
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Whitford & Schumacher, 1973, p.71, pl.24, fig.5; Tomaszewlcz,
19?3;..!11.’591, figs,1-3; Kusel-Fetzmann, 1973, p.51, pl.9, fig.2;
Parra, 1975, p.35, fig.29; Werner, 1977, p.52, pl.8, fig.6;
pl.25, fig.5.

87-138 am long: 78-129 jm broad; polar lobe 65-97
jpm broad; isthmus 18-20 mm broad; thickness 36-52 am.

Cells small, generally a little longer than broad,
elliptical with widely truncate poles, deeply constricted, sinus
narrowly linear, often slightly open towards the outside;
semicells scarcely S-lobed, incisions below the polar lobe
moderately deep and generally somewhat open, rarely narrowly
linear, incisione between the two lateral lobes slightly open
and not so deep; lateral lobes somewhat variable, typically
bilotulate with each lobule emarginate; polar lobe very widely
cuneate, sometimes almost fusiform, apex convex and usually
flattened or slightly retuse in the middle, lateral angles
acuminate or emarginate; side view of semicell broadly ovate;
vertical view fusiform-elliptic, poles acute, cell wall punctate.
(P1.1, fig.1, photo.1).

Iocal distribution; Rawal Dam Canal, Rawalpindi,
Sarim No.21, 1976.

Geographical distribution: World wide.
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CHARACTERS OF EUASTRUN
2. BUASTRUM I, ex Ralfs, Drit, Desm. p. T78. 1848,

Cells of variable sige, aolitary, lonrer tlan broad,
corpressed, deeply constricted in the middle, sinus generally linear
rarely open; semicells conmonly truncate-pyrauidal, apex with a
median incleion of variable depth, sometimes scareely evident or absent
lateral margins entire, sinuate, or variously lobed, at or near the
centre of the semicells with one or more somewhat henispherical
brotuberances or tumours, variously di sposed; vertical view more
or less ellij-‘tic:al_, with one or more protuberances on each side;
one axile chloroplast in -each semicell; often irregularly hbald and
ridged, with a single pyrenoid in the small gpecies, and a number of
scattered ones in the large species,

KEY T0 THE TaXa
1. Cell wall puncta‘ta.....................2
1. Cell wall i PP L,
1. Cell wall granula.ta...................'.11
1. Cell wall R |-
2., Semicells 2-lnhad...................3
2, Semicells obherwloc, .., vveuu.. erenad
3. Semicells subpyramidal....eeeesn... »+++B, bidentatum
3+ Sendcells elonpate-pyramidal, .. sesssese B sinuosum var, panpense
4. Semicells 3- 0 S
4, Semicells P=AODM iy s s szl
« Cell 33-35 um bmad....................:_E. ansatum var. pyxidatum
Cell 36-42 pm broads...eee.sse.n.... -+++E. pectinatum var, inevolutum
Cell 44-47 pm bi‘caﬂ....................E. pectinatum

Cell 52-80 um hm:;d....................;E.. ventrico sum

e LI | T ]
- -

e |
-

6. Cell 55 pm hruad....................lﬂ. divergeng var. ornatum
G. Cell 65-75 um Proadss.ssisrenianess B humerosunm

'5- E‘Ell T6-1U?F-m hmada-iiiiiiliiiiitlgi ﬂhlﬂﬂ"ﬂ.ﬂi
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| " ! .?'

9.

11,
A1

-' 13‘!
13.

15.
15.

1.
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Cells 1§ times longer than broad.ssecesssBe intermedium

Cells less than 1§ times longer than .- -

bmadiIiillliiil‘iiiilliiilliiiilipa.l-t'

8. Cells 13 times longer than broad......9

8., Cells 1% times longer than broad......10

Cell sides retuse.v.esvieiecsssoscanssssabe insulare
Cell sides CONCAVEssssasssssnssssnssnsseeBs 8legans
10, Semicells subpyramidalic.sececscccessde bingle

10, Semicells truncate-pyramidaliee.s....B. ¥alidum
Polar lobe L A 4 Yerrucosum
Polar lobe otherwise.ssssssesecesssnacesl

12. Cells Bi-mﬂﬁ longiesssesesensasesE gnsatum var, dideltiforme
12, Cells less than 81 pn longececssnessll

Cells about as long as broadsssssscsesss B Spinulosum var, inermius
Cells 1% or more as long as broad,......14
14, Cells 39-50 nm long ssasssscsvcnsesc B turnerii
14, Cells less than 39 om 1onGueeeseeses 5
Semicells mhquadratu...................3. denticulatum
Semicells truncate-pyramidalyg..eeeeeess « 2. dubium
16. Sinus narrowly Hnoar.ssssssssesccssl ampullaceum
16, Sinus widely OPENececsssssvessnsenss B insigne
DESCRIPTION OF THE PLANTS

Bagstrum ampullaceum Ralfs, Brit. Desm. p.83, pl.13, fig.4, 1848,

E. ampullaceum forma scrobiculata Nordst., Norges Deam, p.8. 1873,
Helierellg gmpullacea Kuntge, Revis. gen. plant. p.898., 1891,
West & West, wvol, 2, 1905, p.19, pl.35, figs.8=10; Taylor,

1935, p.200, pl,.52, figs.2, 3; Hirano, 1959a, p.248, pl,32, figi.8;
Groasdale & Grénblad, 1964, p,162, pl.6, fig.6; Fdrster, 1966, p.52,

: ol.

3, fig.10; Vuorisalo, 1969, p.106, fig,14; Whitford & Schumacher,

1973, p.68, pl,22, f£ig.9; Lenzenyeger, 1976, p.66, pl.e1, fig.4.

93-110 pm long; 57-59 ym broad; isthmus 14-17.5 mm broad;

thicimess 34~36 um.
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Cells of medium size, a little more than 1% times longer
than broad, very deeply constricted, sinus narrowly linear and
dilated at the extremity; semicells 3-lobed; polar lobe cuneate and
dilated, with rounded angles, apex convex with a deep and narrow
median incisions; lateral lobes much larger than the polar lobe,
triangular with rounded basal angles, superior margin of the lobes
with a mamillate projection, sometimes reduced to a rounded
elevation; semicells with three protuberances across the base, the
median one being emarginate, and with two across the centre, also
with three cospicuous scrobiculations disposed between the five
protuberances; side view of semicell ﬂlﬂngatﬂ-prramidaif’ basal
angles rectangular and basal part of margins slightly retuse, upper
part of margins somewhat concave, apex rounded; vertical view
pointed-elliptic with four protuberances on each side and a fifth
between and beneath the two central ones; mamillate projection of
lateral lobes widely emarginate; polar lnﬁe rectangular, with subacute
angles and retuse sides, cell wall scrobiculate. (P1l.3, fig.4).

Iocal distribution: Katlang Distt. Mardan, Sarim
No.40, Oct.10,1976.

Geographical distribution: World wide.

2. E. gnsatum Ralfs var, dideltiforme Ducell, in West & West, Brit,
Desgm, vol, 2, p.27. 1905,

Oroasdale, 1955, p.530, pl.11, fig.6; Krieger & Scott,
1957, p.132, pl.1, fig.7; Gronblad, Prowse & Scott, 1958, p.12,
figs. 35-37; Hirano, 1959a,p.245,.p1.31, £ig.8; Wygasch, 1963
p.107, fig.17; Croasdale & Grénblad. 1964, p.162, pl.6, fig.13;
Lenzenweger, 1967, p.179, pl.7, fig.11; Eloranta, 1968, p.61;
Gronblad, Scott & Croasdale, 1968, p.11, £ig.35; Islam, 1970,
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p.916, pl,16, fig,6; Hinode, 1971, p.107, pl.4, fig.17; pl.4
fig.15; Whitford & Schumacher, 1973, p.69, pl.22, fig.4; Hinode, 1977,
p.T8, fig.5a.

E1-1b9‘pm long; 42-53/,::.:: broad; isthmus 11-15’pm broad.

Elongated form with no central scrobicula but with a
marginal thickening at the upper lateral lobe; cell wall granulate;
cells deeply constricted; sinus linear w:ltﬁ a dilated extremity;
semicells pyramidal;. (Pl.2, fig.11).

Iocal distribution: Failsalabad, leg, Skindar Ali, Sarim
No. 140, Pedb,15,1977.

Geographical distribution: World wide.,

3. BE. apsatum Ralfs var, pyxidatum Delp. Desm. subalp. p.103,
pl.6, fig.32, 1873,

West & West, vol.2, 1905, p.29, pl.36, figs,14, 15; Hirano,
19594,,p. 245, pl.31, fig.1; Com, 1967, p.231; Férster, 1970, p.299,
pl.10, figs. 3=5; Hinode,1971, p.108, pl.4, fig.8; Whitford &
Schumacher, 1973, p.69, pl.22, fig.6; Werner, 1977, p.48, pl.6,
fig.4; pl.21, figs. 1, 2, 6.

ss—a«s/m long: 33-35 pm broad; isthmus 12-1#fn broad;
thickness 22-27 m.

Semicells almost 3-lobed owlng to the large development
of the undulation above the basal angles, upper portion of lateral
margins deeply sinuate; polar lobe subguadrate with rounded angles;
sinus narrowly linear with a dilated extremity; cell deeply
constricted; cell wall punctate. (P1l.3, fig.6,photo.23).

Iocal distribution: Akbarpura Distt. Peshawar,
Sarim No,30, Sept.25,1976.

Geographical distribution: World wide.
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4, E. binale (Turp.) Ehr, ex Ralfs,Brit. Deam., p.90, pl.i4.
fig. 8.1848.

= Cosmarium binale (Turp.) Menegh. Synops. Desm. p.221,1840,

= Buastrum binale (Turp.) Ehr, Berlin, Monatsber, p,208,1840,

= Didymidium (Euastrum) binale Reinsch, Algenfl, Frank, p.138,1867.

- Eﬂﬂm M B E!Eim Kirﬂm- ﬂgo Schlgﬂa. p.159-1ﬂ?ﬂ.
= Helierella binalis Kuntsze, Revis. gen. plant. p.B898.1891,

5 &??m bipnale forma a, minuta Turn., Freshw, Alg. E,India,
p" L] . » E'IEU- 1393-

West & West, vol.2,1005, p.51, pl.38, figs.28, 29;
Taylor, 1935, p.200, pl.60, figs.1, 3. 18; Wasylik,1961, p.19,
pl.1, figse.4, 4a, 8, Ba; Croasdale & Grondlad, 1964, p.164, pl.7,
fig.11; Whitford & Schumacher, 1973, p.69, pl.22, fig.21;
Tomaszewlcz, 1973, p.395, pl.3, fig.5; Kusel-Fetzmann, 1977, p. 109,
fig.551.

15-30Pm long; 12, 5-21/11111 broad; isthmus 3-3.5/0,:1
broad; thicimess 9-13/@.

Cells minute, about 1% times longer than broad, deeply
costricted, sinus narrowly linear; semicells subpyramida"_tj, basal
angles broadly rounded, entire, upper part of lateral margins
concave; apex broad and truncate, retuso-emarginate in the middle,
upper angles dilated to form a minute aploculus; side view of
semicell ovate, apex acutely rounded, with a slight protuberance
near the base on each side; vertical view elliptic, poles acute,
with a small rounded protuberance at the middle on each eide; cell
wall amooth. (Pl.2, fig. 7, photo.18). -

Iocal distribution; Ealri Lake, Sind, Sarim
No.277, April 9,1978.

Geographical distribution: World wide,
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5. [E. bidentatum Nag. Gatt. einz. Alg. p.122, pl.7 D, fig.la. 1849,

= elegans (Breb) Kg. var. bidentatum (Nag.) Jacobs. Deam,.
5&“ G, Pas 91,.. 1375

ele (Breb,) Kg, var. speciosum Boldt, Desm. Grénland,
" por P g 0. j3e8.

West & West, vol. 2,1905, p.39, pl.37, figs. 16-19;
Taylor, 1935, p.200, pl,39, fig. 10; pl. 60, fig.13; pl.61, fig.1;
Prescott, 1936, p.142, pl.17, fig.13; Taft, 1945, p.190, pl.2,
rigs.11, 12; Croasdale, 1955, p.530, pli:12, figs.12, 13; Hirano,
19594,P+ 265y . p1.33, figs.1, 12; Kanetsuna, 1960, p.78, fig. 3;
Croasdale & Gronblad, 1964, p.162, pl. 7, figs.1, 2; Frster,
1965, p.128, pl.2, Croasdale, 1965, p.312, pl.2, figs. 4,5;
Prescott, 1966, p.26, pl.3, fig.24; Lenzenweger, 1967, p.179,p1.7,
fig.12; Eloranta, 1968, p.61, fig. 25; Vuorisalo, 1969, p.106,
fig.22; Zwart, 1969, fig.105; Lenzenweger, 1970, p.11, pl.3
fig.2; Forster, 1970, p.300, pl.10, figs. 25, 26; Croasdale, 1973,
P«T7, pl.11, figs. 24-26; Whitford & Schumacher, 1973, p.69, pl.23,
fig.3; Parra, 1975, p.32, fig.56; Werner, 1977. p.48, pl.7,
fig. 3; Hirano, 1977, p.219.

51-61/m long; 32—39/0.11 broad; isthmus 5.3—11‘P.m
broad; thicknessa 21—23/@1.

Cells emall, about 1% times longer than broad, deeply
constricted, sinus narrowly linear with a dilated extremity;
semicells subpyramida}l, with bilobulate sides; lower lobule
subrectangular, sometimes emarginate, and with two or three sharp
granules; upper lobule rounded or rounded-truncate, rarely
emarginate, sometimes with one or two sharp granules; apex convex,
sometimes slightly undulate, with a deep median notch, which
may be somewhat open or closed, with a short, blunt spine at
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each apical angle, and usually with a thickening at the angles
on each side of the apical inciseion; semicells with a granulated
protuberance in the centre above the isthmus, number and
disposition of granules variable, with a large granule below and
on each side of the gpical incision sometimes absent, and with
a few variously-disposed granules within the lateral lobules and the
apex; side view of semicell ovate, with a protuberance usually
emarginate on each side near the base, and a granule on each side
higher up on the lateral margins; apex rounded and tridenticulate;
vertical view elliptic, with a protuberance, emarginate or
trigranulate at the middle on each side, poles with acute
- denticulations; cell wall punctate., (Pl,3, fig.11).

Iocal districution: Waste water channel of Packages Ltd,
Lahore, Sarim No.47, Oet. 12,1976.
— cmfgegruphinal distribution: Burope, Russia, U.S.A., Pakistan,
6. E. denticulgtum (Kirchn.) Gay. Note Conj. du midi de Prance,

p.335. 1884,

= B, bingle b, denticulatum Kirchn. Alg. Schles. p.159. 1878,
= E, gmoenum Gay, Monogr. Ioc. Conj. p.53, pl.1, fig.7. 1884,
= Helierella Kirchneri Kuntze, Revis. gen. plant. p.898, 1891,

West & West, wvol. 2, 1905, p.56, pl.39, figs. 1-4;
Irénée-Marie, 1951p, p. 200, pl.4, fig.5; Croasdale, 1955, p.530,
pl.13, figs.11, 12; Hirano, 19594,p+261, pl.35, fig.3; Croasdale
& OGronblad, 1964, p,166, pl.7, f£ig.20; Prescott, 1966, p.26,
pl.9, fig.17; Ochiai, 1966, p.122; Lind, 1967, p.371, pl.2,
figs. 5,6; Lenzenweger, 1967, p.180, pl.7, fig.15; Eloranta, 1968,
p.62, fig.28; Gronblad, Scott & Croasdale, 1968, p.12, fig.46;
Férster, 1969, p.31, pl.8, figs.11, 12; Wrster, 1970, p.300,
pl.10, fig.21; Hinode, 1971, p.109, pl.5, fig.15; Whitford &
Schumacher, 1973, p.69, pl.22, fig. 17. |
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13—25/@1 long: 11.5-21)m broad; isthmus 3.5—5.5)1111

broad; thickneas T¢5-14J,nn.
Cells small but rather variable in size, about 1% times

as long as broad, very deeply constricted, sinus narrowly linear

with a dilated extremity; semicells subquadrate, almost trapeszoid,

basal angles rounded or subrectangular with a number of granules,
upper part of lateral margins concave, apical part of semicell
protracted, broadly rectangular, upper angles with an acute granule
or short spine, apex truncate with a slight median notch, sometimes
only emarginate-retuse; semicells with a granulated central
protuberance and a number of granules or denticulations within the
basal angles and the apex; side view of semicell ovate, with an
acute gpex, and an emarginate or granulated protuberance at each
slde near the base; vertical view elliptic, poles acute, with an
emarginate or granulate protuberance at the middle on each aide,

( PL.3, fig. 7).

Iocal distribution: Near Adamjee Paper Mills, Nowshera

Distt., Peshawar, Sarim No,308, Jan, 30,1979,

@eographical distribution: World wide,

T« E. divergens Josh., var. grnatum (Borge) Schmidle, Algen
insbesondere solche des Plankton, aus dem Nyassa-See, Engler's
Bot. Jahrb, 32: 56-88, 3 pl.1902,

Gronblad & Croasdale, 1971, p.9, pl.3, fig.34.

54}.!1 long; 55)1:1 broad; isthmus 14;:1:1 broad; polar lobe
21’,|;|m broad.

Cells moderately large, a little longer than broad, deeply
constricted; sinus narrowly linear with a dilated extremity; basal

lobe developed; semicells 5-lobed; cell wall punctate. (P1,2, fig. 12).

Iocal distribution: Near Adamjee Paper Mills Nowshera
Distt. Peshawar. Sarim No,308, Jan., 30,1979.

Geographical distribution: Burope, Africa, Pakistan.
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8. E. dubjum Nig. Gatt, einz. Alg. p.122, pl.7,fig.2. 1849,
= ;- m Rﬂlfﬂ,nrit. Dami Pl-i#, fiE. T' 18‘811
- E. mm Bl‘éh. Liﬂt' DQMl Pi124l Pll“’ ﬂg-d'] 1355!

= ﬁnule s _(Breb.) Kg. var. lobulatum (Breb.) Jacobs, Desm,
em. p.191. 1875,

- binale (Turp.) Ehr. var. rotundata Istvanffi, Diag. praev.
g. now, Hungar., p.236, 1887,

= &, %ggg Iund, var. natgbﬂg West, Alg. Eng. Lake Distr.
De » PL.9, fig.17. .

West & West, vol.2, 1905, p.43, pl.38, figs. 5-8.

26.5-33;@ long; 19-21 pm broad; isthmus 4-6 jpm broad;
thickness 10-12,5 Jam.

Cells very small, 1% times longer than broad, very deeply
constricted, sinus narrowly linear with a slightly dilated extremity;
semicells truncate-pyramidal,. 5-lobed; polar lobe short, oblong-
rectangular, apex truncate with a narrow median incision, apical
angles with a small conical granule; upp&r lateral lobes rounded;
lower lateral lobes very slightly larger than the upper ones, rounded,
obliquely truncate, or sometimes 8lightly emarginate; semicells with
two granules within the apex, one on each side of the notch, with
two faint granules within each basal angle, often with a faint
granule below the apical notch, and with a slight trace of a
smooth central protuberance; side view of semicell ovate-oblong,
apex acutely rounded, very slightly dilated on each side at the base;
vertical view elliptic~oblong, poles acute, and with a very slight
swelling sometimes absent at the middle on each side. (P1.2, fig.14).

local distribution: Sasnamana Ziarat, Baluchistan, leg,
Khial Badshah, Sarim No.130, Jan. 15,1977.

Geographical districution: Burope, Pakistan.
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9, E. elegans (Breb.) Kg. ex Ralfs,Brit. Desm. p.89, 1848.

= H’“”’EE“J‘? elegang Bréb, in Cheval. microscop. et usage,
ar B,Pi . .

= QCosmarium elegans Breb, in Menegh. Synmops. Deam. p.222. 1840.
= [Huastrum elegans (Breb) Kg. Phycol. germ. p.135. 1845,

= E. elegans from declivia Reinsch, Spec. Gen. Alg. p.124,
pl.20, fig.1. 1867,

= W (Baastrum) elegans Reinsch, Algenfl. Frank. p.136.
-
= Ruastrum elegans a. typioum Kirchn, Alg. Schles. p.159. 1886,

= E. declive Roy in Bates’ Flora Leicestershire, p.35. 1886.

= . elegans var, lundellii Istvanffi, Diag. praev., Alg. nov,
m. P-z}b. 1 £ ] >

= Helierella elegans Kuntze, Revis, gen., plant, p.898., 1891,

West & West, vol.2, 1905, p.48, pl.38, figs.16-21;
Taylor, 1935, p.202, pl.63, fig.4; Gronblad, 19524 p.26, pl.1,
fig.4; Croasdale, 1955, p.531, pl.13, figs.5, 6; Scott & Prescott,
1958, p.34, fig.6; Hirano, 19594,p.259, pl.31, £ig.10; Croasdale,
1962, p.21, pl.3; f1g.36; Croasdale & Gronbdlad, 1964, p.166, pl.7,
fig.9; Foreter, 1965, p.130, pl.2, figs.14, 15; Lenzenweger, 1967,
p.180, pl.7, fig.14; Eloranta, 1968, p.62, fig.27; Dubois-Tylski,
1969, p.320, pl.2, fig.14; Férater, 1970, p.301, pl.10, figs,27-29;
Parra, 1975, p.33, fig.65; Werner, 1977, p.49, pl.7, fig.4; pl,22,
fig.9.

29—36.5):.::1 long: 19-22}11:1 broad; isthmus 5.3—?}:111 broad;
thickness 10-14.5)1111.

Cells emall, about 1% times longer than broad, deeply
costricted, sinus narrowly linear; semicells nvata—pyramida’l?.
basal angles subrectangular, retuse-emarginate, above with the
sldes concave, superior angles apiculate, apex strongly convex

or broadly rounded with a deep and narrow median incision;
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semicells with a granulate protuberance in the centre above the
isthmus, the rest of the cell wall generally smooth; side view of
semicell ovate with a truncately rounded apex and an emarginate
protuberance on each side above the base, vertical view elliptie,
with acute poles, and an emarginate protuberance in the middle on
each side. (P1.3, fig,10).

Iocal distribution: Iundkhwar, Distt. Mardan Sarim No,.90,
Dec,3, 1976; Near Adamjee Paper Mills, Nowshera, Distt: Peshawar,
Sarim No.308, Jan.30, 1979,

Geographical distribution: World wide.

10. E. humerosum Ralfs,Brit. Desm. p.82, pl.13, fig.2, 1848,
= E. Humerosum a. genuinum Racib. Nonn. Desm. Polon. p,.93. 1885,
= Helierellg humerosg Kuntze, Revis. gen. plant., p.898, 1891,

West & West, vol, 2, 1905, p.8, pl.34, figs.1, 2; Taylor,
1935, p.203, pl.61, fig.9; Hirano, 1959¢,p.257, pl.32, fig.12;
Mattern, 1964, p.251. fig.11: Dubois-Tylseki, 1969, p.320, pl.2,
fig.12; Whitford & Schumacher, 1973, p.69, pl.22, fig,12; Lenzen-
weger, 1976, p.66, pl.1, fig.7.

11ﬂ-123)m long; EE-TEJp.m broad; isthmus 15.5—22Fm broad;
thickness WPJII.

Cells of moderate size, rather less than twice as 'J_png
as broad, deeply constricted, sinus narrowly linear and dilated at
the apex; semicells 5-lobed, incisions between the lobs widely open,
upper incisions deeper and less widely open than lower incisions;
polar lobe dilated, almost anvil-shaped with rounded angles, apex
convex, straight or even 8lightly retuse with a Tairly deep and
narrow median incision, upper lateral lobe mamillate or narrowly
mamillate, directed upwards and outwards; lower lateral lobes sub-
quadrate, with retuse margins and ruunﬁ-d angles; semicells with
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three protuberances across the base and two smaller ones across
the middle, vertical view elliptic, with three prominent protube-
erances on each side; cell wall punctate. (P1.3, fig.3, photo.22).

Iocal distribution: Near Associated Industries, Nowshera,
Sarim No. 305, Jan. 28,1979.

Geographical distritution: Burope , U,S.A. India, Japan,
Pakistan.
11. E. insigne Hass. ex Ralfs Brit. Desm., p.83, pl.13, fig.6. 1848,
= E. insigne Hass, Brit, Freshw. Alg. p.21, pl.91, fig.2, 1845,

= %1?16.11::: (Buastrum)insigne Reinsch. Algenfl, Franken, p.130,

= mﬁ%m%%lﬁm Wolle in Bull, Torr. Bot. Club, p,18,
p - » 5- L] -

= E. insige b. typicum Raoib. Nonn. Desm. Polon. p.92. 1885,
= Hellerells insigne Euntgze, Revis. gen. plant, p.898, 1891.

= t 8 var. elegans Schmidle,Beitr, Alg. Schwarzwald.
P 105 picbe He.0. jgpisane :

= &, inaiFe var, magmmillosum (Wolle) Turn, Freshw, Alg, E.
IB " - 91 139 L]

West & West, vol,2, 1905, p.31. pl.37, figs.2-5;
Taylor, 1935, p.204, pl.62, fig.5; Croasdale & Gronblad, 1964, p.166,
pl.6, fig.15; Herrmann, 1969, p.153, pl.5, fig.1; pl.7, fig.2;
Hosiaisluoma, 1975, p.12; Caljon, 1975, p.96, pl.1, fig.6.

105-135}1::1 long: 57-?0);,::; broad; isthmus 13-15.5 pm broad;
thickness 32-36 jm.

Cells of medium size, about twice as long as broad, deeply
constricted, sinus widely open, narrowed towards the extremity,
semicells widely deltoid in the basal portion, then narrowed into a
neck, which widens again into an obversely-deltoid apex, basal and
apical angles rounded, frequently with an undulation on the margin

b
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Just above the basal angle, apex truncate with a narrow median
ineclsion; semicells with a large, submamillate, downwardly
directed protuberance within each basal angles, which projects
over the edge of the sinus, side view of the semicells slongate-
pyramidaly, angles at base submamllate, lower part of sides
convex, upper part of sides concave, with a dilated apex, the
angles of which bluntly mamillate and upwardly directed; vertical
view oblong-rectangular, with a concial mamillate protuberance
in the middle of each truncate pole; lateral margins retuse in the
centre; polar lobe in the form of an oblique cross the four
processes of which mamillform; cell wall scrobiculate, scrobicula-
tions larger at all the angles, the surfaces of which become
rough sometimes almost papillate. (PL.3, fig.13. photo. 27).

Iocal distribution: Quetta, Baluchistan » leg. Jan Mohd,
Sarim No. 273, ipril 4, 1978.

Geographical distribution: Barope, U.S. A., Pakistan,
12. E. insulare (Wittr.) Roy. in Scott, Deam. p«177. 1893.

= . binale (Turp.) Ebr, var, insulare Wittr. Gotl, 61, sétv,
Alg, p.%§, pl.4, fig.7. 1872,

= ﬁmggium n (Wittr,) Schmidle, Chlorophy-F1. Torfatiche
rmheim, p.59. 94,

West -&- West, vol,2, 1905, p.68, pl.40, figs.11-13,

1?.5-3u)p.m long; 11.5-22}1::; broad; isthmus 3, 3—6/&: broad;
thickness 9.5-11.5}01.

Cells small, 1% times longer than broad, deeply constricted,
sinus narrowly linear, with a dilated extremity; semicells 3-lobed,
interlobular incisions subrectangular; polar lobe widely rectangular,®
angles rounded, apex truncate and retuse-emarginate in the middla;
lateral lobes short, basal angles subrectangular, sides 8lightly
retuse; side view of semicell ovate, with a slight protuberance on
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each side; vertical view elliptic, with a very slight protuberance
at the middle on each side; cell wall smooth. (Pl.2, fig.B8).
Iocal distribution: Pabbi, Distt. Peshawar, Sarim No,48,
Oct. 22, 1976,
Geographical distribution: Europe ', U.S.A., S5iam,Paklatan,

13. BE. intermedium Cleve, Sverig, Deam. p,484, pl.4, fig.1, 1864.
= E. insigne b, intermedium Rabenh. Flor. Burop. Algar. p.184. 1868,
= %lnggutiu intermedig Benn. Freshw, Alg. Eng. Lake Distr, p.8.

= Helierells intermedia Kuntze, Revis. gen. plant., p.898, 1891,

Weat & West, vol.2, 1905, p.33, pl.37, fig.6.

54—ﬁﬂﬂn long; 31-40 jam broad; breadth of apex 20-26 Jam;
isthmus 9-1G/um broad; thickness 20-25 mm.

Cells small, almost 1% times as long as broad, deeply
conatricted, sinus widely open but narrowed at the extremity;
semicells 3-lobed, with a large open simue between the polar and
lateral lobes; lateral lobes obtusely conical; polar lobe somewhat
anvil-shaped, angles acutely rounded, apex convexo-truncate with
a narrow median incision; semicells with two protuberances across
the middle of the basal half between the two lateral lobes, and with
two very small protuberances on the polar lobe, one on each side of
the median incision; side view of semicell elongate-pyramidal,.
with a protuberance on each side near the base, lateral margins
concave, and with a slight swelling on each side of the apex, which
18 rounded or rounded-truncate; vertical view elliptical, poles
acutely rounded, with two prominent protuberances on each side near
the middle; polar lobe elliptical, with two slight swellings on
each side near the middle; cell wall smooth. (Pl.3, fig.14, photo.28),

Iocal distribution: Bannu, Sarim No.231, Feb. 1, 1978.

Geographical distribution: Europe, U.S.A, Pakistan,
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14. E. oblongum (Grev.) Ralfs,Brit. Desm. p.80, pl.12, figs.a-g.
1848.
= E, pecten Ehr, Entwick. Lebends, d. Infus. p.B82, 1832,
= Echinella oblonga Grev. in Hook. Brit, Flor. p.398. 1833.

= Comariun sinuooun Corda in Alm. de Carlsbad, p.121, pl.2,
E' - B -

= Miorasterias sinuatg Breb. et God, Alg. Falalse, p.55,pl.7.1835.

= Hutmu%allg sinuata Bréb, in Cheval microscop. et usage,
aris, p. . 1839,

= Cosmarium pblongum Breb, in Menegh. Synops. Desm. p.221, 1840,

= Rutomia oblongs Harv, Man. Brit. Alg. p.188. 1841,
PE.IE. HE-4- .
= E, oblongiforme Cramer in Hedwigia,p.64, pl.12, fig.3. 1863.
= %%m (Buastrum) oblongum Reinsch, Algenfl, Frank, p.136.
= %ﬂg‘bﬂm %h%ﬂ:_:% b. oblongiforme (Cram.) Rabenh., Flor. Burop.
£ar. D. . 8.

= E, ghlan% var, trigibbum Schaarschm. Magyar. Desm. p.262,
p1'1, Es s 1&52.

= E. oblongum formae genuinge Racib. Nonn, Desm. Polon. p.93. 1885,
= Helierells pecten Kuntze, Revis. gen. plant. 13.39?. 1891.

West & West, vol.2, 1905, p.12, pl.34, fige.7-9; pl.35,
fig.2; Smith, 1924, p.23, pl.56, fig,3; Taylor, 1935, P.205, pl.61,
fig.7; Prescott, 1936, p.142, pl.16, fig.7; Irénee-Marie, 1951,
p.204, pl.4, fig.6; Tiffany & Britton, 1952, p.181, pl, 55, fig,617;
Hirano, 1959a,p.255, pl.31, fig.II; Wy gasch, 1963, p.107, fig.16;
Croasdale & Gronblad, 1964, p.168, pl.6, fig.1; Lenzenweger, 1967,
p.179, pl.7, fig.9; Lenzenweger, 1968, fig.5; Herrmann, 1969, p.159,
pl.8, fig.2; Zwart, 1969, p.171, fig.101; Mix, 19704, p.86, pl.5,
fig.13; Fdrster, 1970, p.302, pl.11, figs,1-17, Hinode, 1971, p.109,
pl.4, fig,21; Whitford & Schumacher, 1373, p.69, pl.22, fig,15;
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Parra, 1975, p.34, figs.T70,71; Werner,1977, p.50, pl.6,figs.1, 2:
pl.23, figs. 1, 2; Parra & Gonzales,1977, p.21, f£ig.82; Scharf, 1979,
p.35, pl.2, fig.9.

144-205 pm long; T6-10T‘}m broad; isthmus 20-—31)m broad;
thickness 46-65 e

Cells large about twice as long as broad, in general
outline oblong-elliptic, deeply constricted, sinus narrowly linear,
and slightly dilated at the apex; semicells 5=lobed, incisions
between the lobes fairly deep, and generally slightly opem, upper
ones occasionally closed; polar lobe widely cuneate, with rounded
angles, apex convex with a deep and narrow median incision; upper
and lower lateral lobes similar, upper ones slightly smaller than
lower ones, subgquadrate with ratuse margins and rounded angles; semicells
with a protuberance within each of the lateral lobes, with one at
the base immediately above the isthmus, and with two amaller ones
in the centre, often with a large scrobiculation between them;side
view of semicell elongate-pyramidal;. with rectangular basal angles
and a dilated convex apex; lateral lobes rotundo-rhomboid, with
somewhat retuse margins, upper angles of upper lateral lobes rarely
emarginate; vertical view broadly elliptic, poles narrow and
rounded, sides with four protuberances and a fifth one between and
beneath the two central ones; polar lobe oblong-elliptical, with
convex asides, emarginate poles, and rounded angles; cell wall
punctate., (Pl.3, fig.2, photo.21),

Iocal distribution: Quetta, Baluchistan, leg. Jan Mohd,
Sarim No. 272, April 4,1978; Mardan, Sarim No.9 Aug. 10,1376; Peshawar,
Sarim No,42, Oct. 12,1976,

Geographical distribution: World wide,
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15. E. pectingtum Breb. ex Ralfs,Brit. Deam. p.86, pl.14, fig.5. 1848,

= Heterocarpella pectinata Bréb, in Cheval. Microscop. et usage,
Parls, p.g'?i. 1535.

i Cosmarium pectinatum Bréb. in Menegh. Synops. Desm. p.222. 10640,
- g%d*m (Buastrum) pectinatum Reinsch, Algenfl. Frank.
P» - Te
= mg,gtm pectinatum forma typica Boldt, Desmid. Gronland,
pi L Bt
- Helierella pectinata Kuntge, Revis. gen. plant. p.899. 1891.

West & West, vol.2, 1905, p.60, pl.39, figs. 10-12;
Cedercreutz, 1929, p.149; Hirano, 19594,p.235, pl.33, fig.21;
Mattern, 1962, p.244, fig.15; Wygasch, 1963, p.107, fig.18; Mattern,
1964, p.251; Lenzenweger, 1976, p.64, pl.1, fig.2; Lenzenweger, 1978,
pl.2, fig.9. -

69-73 pm long; 44-47[broad; polar lobe 32-35 um broad;
isthmus 11.5-12 pm broad; thickmess 33-36 pm,

Cells of medium size, about 1% as long as broad, deeply
constricted, sinus narrowly linear ganer.;alhr slightly open;
semicells 3-lobed; polar lobe dilated, anvil-shaped, angles rounded,
apex covexo-truncate and slightly retuse in the middle; lateral lobes
subquadrate, deeply retuse at the outer margin, angles acutely
rounded; semicells with three large protuberances across the
broadest part, and with two protuberances whitin the polar lobes,
one on each side; side view of semicell widely inflated below, then
constricted and widening out into a dilated and subtruncate apex;
angles of polar and lateral lobes bilobulate; vertical view elliptic-
oblong, poles bimamillate with three large rounded conical
protuberances on each side; polar lobe elliptic-oblong, poles
bimamillate and with two rounded conical protuberances at each side;
cell wall punctate. (P1l.3, fig.9, photo.25).

Iocal distribution: Mirpur Sokoro, Sind, Sarim No,257,
April 3,1978,
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16. E. pectinatum hih.jxvﬁfim‘mat & West,Freshw.
Alg. Ork. and Shelt. p.15, pl.1, fig.13. 1005.

West & West, vol.2, 1905, p.61, pl.39, figs,13-15;
Taylor, 1935, p.206, pl.7, fig.15; Prescott, 1954, p.75, fig.111
b; Vuorisealo,1969, p.107, fig.21,

51-53)11:1 long; 36-42;11:: broad; polar lobe 24—28}1.:
broad; isthmus 1U-11.5J,u,m broad; thickness 21-26 e

Cells a little smaller than the species; lateral lobes
generally more guadrate, outer margins only slightly retuse; cell
deeply constricted; sinus narrowly linear or slightly open;
semicells 3-lobed; neck of polar lobe broader and shorter, apex
of polar lobe convex and strongly retuse in the middle, apical
angles mnr:?tuﬁadthe species; protuberances of lower part of
semicell and particularly of polar lobe much reduced; cell wall
punctate. (Pl.2, fig.13).

Iocal distribution: Quetta, Baluchistan, leg. Jan Mohd,
Sarim No.270, #April 5,1978.

Geographical distribution: Europe, U.S.A., Pakistan.
17. E. spinuosum Lenorm, var. gangense (Turn,) Krieger in Krypt.

Flor. p.502. 1937.

Hirano, 19594,p.252, pl.38,,fig.2; Scott, Gronblad &
Croasdale, 1965, p.35, fig.48; Hinode, 1971, p.109, pl.5, figs.S8,
9; pl.4, fig.16.

46-59 pm long; 15—30;,::1 broad; isthmus 6-11 pn broad.

Cells small, sinus narrowly linear with a dilated
extremity; deeply constricted; central mucous pores distinct;
semicells elongate-pyramida}4: polar lobe prominent, lateral
lobes bilobulate, lobules rounded; side view of semicell pyramida}, ,
vertical view elliptic; cell wall punctate. (Pl.3, fig.5).

Iocal distribution: Khalrpur Sind, Sarim No.255, April 1,1978,

Geographical distribution: le;upa, Japan, Pakistan,Brazij,
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18, E. spinulosum Delp, var., inermiusg Nordst., in Iund Univ,
Arsskr, p.16, fig.9. 1880,

Hirano, 1959 a,p.240, pl.33, fig.16; Islami1970, p.918,
pl.17, fig.4.

53-70 pm long; 47.6~59 pm broad; isthmus 11-17 am broad.

Cells moderately large, a little longer than broad, deeply
constricted, sinus linear; semicells semicircular, lateral lobes
_convex, polar lobe rectangular; cell apex retuse; cell wall
granulate, (P1.3, fig.12, photo.26),

Iocal distridution: Zoological Gardens Tank No.2, Lahore,
Sarim No.46, Oct. 20,1976.

Geographical distribution: Japan Indlia, Burma, Africa,
Australia, Bangladesh, Pakistan,

19. E. turnerii West, Alg. W. Ireland, p.141, pl.20, fig.18. 1892,

West & West, vol.2, 1905, p.37, pl.37, figs. 9,10,

39-50/”1 long; 23-33/#:1 broad;isthmus T—E-'l;m broad;
thickness 18-2011:11.

Cells small, about 14 times longer than broad, deeply
constricted, sinus narrowly linear with a dilated extremity;
semicells more or less 3-lobed; polar lobe short and very broad,
oblong-rectangular, lateral margins retuse, apical angles with a
short divergent spine, apex truncate, with four undulations and a
narrow median incision; lateral lobes bilobulate, _bnth upper and
lower lobules truncato-emarginate; semicells with a small tumour in
the centre ornamented with a ring of granules; cell wall with a
number of granules within the polar and lateral lobes; side view of
semicell ovate-pyramidal,, apex acute, '-I'd-.th a truncate granulate
protuberance near the base on each side; vertical view elliptic,
poles acutely rounded, with a truncate granulate protuberance at the
middle on each side. (Pl.2, fig.10).
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Iocal districution: Pabbi Distt. Peshawar, Sarim No.48,
Oct. 22,1976,

Geographical distribution: BEurope, Australia, Pakistan,
20, E. yalidum West & West, Some N. Amer. Desm. p.245, pl.14,

fig.32. 1896.

Weat & West, vol.2, 1905, p.75, pl.40, figs.21, 22;
Taylor, 1935, p.209, pl.60, fig.7; Gronblad, 1947, p.24, pl.1i,
figs. 2-3; Scott & Prescott, 1958, p.39, fig.6.

26.5+30 am long; 19—-22/::1: broad; isthmus 4.4-4.5 pm
broad; thickness 10-13,:1!:1.

Cells minute, 1% times longer than broad, very deeply
constricted, sinue narrowly linear with a dilated extremity, semicells
truncate-pyramidal ;. lateral margins retuse, inferior angles
inflated, superior angles rounded and sometimes slightly thickened;
apex broad, truncate-convex, emarginate and thickened in the middle;
semicells with a small papilla within each basal angle, a large
granule in the middle close to the isthmus, and a small scrobiculation
near the centre; side view of semicell ovate, with a granule near
the isthmus on each side; vertical view elliptic, with a small
pailla on either side of each pole; cell wall smooth.

(P1l.2, fig, 9, photo.19).

Iocal distribution: Pabbi, Distt. Peshawar, Sarim No.48,
Qct., 22,1976.

Australia. oSFaphical distribution: Burope, Ceylon, U.S.A., Pakistan,
21, E. ¥Yentricosum Iund, Desm. Suecp. pl.2, fig. 2. 18T1.
= %4%@ (Bréb,) Kg. var, b Ralfs, Brit. Desm. pl.11, fig.3.

= Helierellg ventricosa Kuntze, Revis, gen. plant. p.899, 1891,
West & West, vol.2, 1905, p.4, pl.33, figs. 1-3; Taylor,
1935, p.209, pl.62, fig.9; pl.63, fig.10.
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80-136 m long; 52-80 tam broad; isthmus 13-25;.;1 broad;
thickness 33-48 um.

Cells of medium seize,K 14 times longer than broad,
deeply constricted, sinus narrowly linear; semicells in front
view somewhat semielliptical, strongly dilated at the base,
unequally 3-lobed, the intervening incisions narrow, polar lobes
smaller than lateral lobes, strongly convex with a deep and narrow
ineision, from vertical view oblong-elliptic with deeply emarginate
poles; lateral lobes bilobulate, with a broad median hollow, upper
lobule obtuse and from the side view entire, lower lobule subtrian-
gular with basal a?lglea somewhat rounded, semicells with three tumours
across the base and two across the middle; side view of semicell
somewhat pyramidate, with a protuberance on each side below the
middle, apex dilated, truncate, with rounded angles; vertical view
angular-elliptic showing five undulations on each side; cell wall
punctate. (P1l.3, fig.8, photo.24).

Iocal distribution: Mardan, Sarim No.61, Nov. 1,1976;
Feroz Sons Laboratories, Nowshera, Distt, Peshawar, Sarim No,307.
Jan. 30,1979,

Geographical distribution: Burope, U.S.A., Pakistan.
22, E. yerrucosum Ehr, ex Ralfs,Brit. Desm. p.79, pl.11, fig.2. 1848,

= E. yerrucosum a. typicum Racib. Nonn, Desm. Polon., p.94, 1885,
= E. yerrucosum a. typicum Boldt, Deam. Gronland, p.6, 1888.

= Hellerellg verrucosa Kuntze, Revis, gen. plant. p.899, 1891,
West & West, vol.2, 1905, p.64, pl.40, fig.1; Smith, 1924,
p.27; Taylor, 1935, p.209, pl.63, fig.12; Thompson, 1938, p.41, ply9,
fig.22; Oroasdale, 1955, p.532, pl.11, fig.11; Hirano,1959q,p.242,
pl.33, fig.26; Wggasch,1963, p.108, figs. 13=15; Mattern, 1964,
fig.12; Prescott, 1966, p.28, pl.4, figs.35, 41; Schroevers, 1966,
p.163; Lind, 1967, p.372, pl.3; Zwart, 1969, pP.171, figs. 102-104;
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Hinode, 1971, p.111, pl.5, fig.24; Whitford & Schumacher, 1973,
p.69, pl.23, fig.9; Lenzenweger,1977, P.336, pl.1, fig.5;
Hirano, 1977, p.219.

93*114/;!1 long: T5-92fnm broad; isthmus 19-22 gm broad;
thickness 53-55 jam.

Cells moderately large, subhexagonal, a little longer
than broad, deeply constricted, sinus open for half its length and
then narrowly linear; semicells 3-lobed, interlobular incisions
deep but open; polar lobe widely cuneate, angles rounded and
granulate, apex deeply retuse; lateral lobes wider than polar lobe,
cuneate and bilobulate, lower lateral lobule subconical, rounded,
granulate and horizontally directed, upper lateral lobule submam-
illate, granulate, upwardly and outwardly diverging; semicells with
three large protuberances across the broadest part, the central one
being the largest, each protuberance with large wart like granules
arranged in concentric circles; cell wall granulate, granules
most evident at the angles where they are often sharp and conical;
side view of semicell widely inflated in the lower part owing to
the verrucose central protuberance showing at each side, then
narrowed to form a neck; apical portion dilated, angles rounded,
apex retuse, vertical view elliptic, poles mamillate and
granulate, with three large subverrucose protuberances on each
side, upper and lower lateral lobules entire; polar lobe oblong-
rectangular, with retuse sides and rounded angles,

(P1.3, fig.1, photo,20). ‘
Iocal distribution: Malakand, Sarim No. 302, Jan. 2,1979.

Geographical distribution: Burope, Russia, Africa, U.S5.A.,
Jﬂpmp rﬂkiﬂtm-
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CHARACTERS OF COSMARIUM
3. COSMARIUM Corda ex Ralfs, Brit. Desm, p.91. 1848,

Cells very variable in size, solitary, usually a little longer
than broad, generally somewhat compressed, symmetrical in three planes
at right angles to each other; constricted in the middle often deeply,
but sometimes very slightly; semicells veriable in outline, elliptical,
eircular, semicircular, subquadrate, or truncate-pyramidaly, apex roundec
truncate or subtruncate, without an apical incision; vertical view
elliptiec, subelliptic, or oblong rarely circular; chloroplast usually
axile, usually one in each semicell, with four curved longitudinal
plates, and a large central pyrenoid, or with two large pyrenoids
transversly disposed; in a few species parietal, 4-8 in each semicell,
with one or more pyrenoids in each chloroplast; cell wall smooth,
punctate, scrobiculate, granulate, verrucose, papillate,

EEf T0 THE TAXA

1. Cell wall granulat@.cecccessssssssssssssd
1. Cell wall punnta.ta......................E
1, Cell wall BmoO0theisseesssccssscoseessess 16
1. Cell wall scrobionlate...ssescssscecssss20

2. Constriction shalloW.sesessssssssssseCs pSeudamoenum

2. Constriction Ge€Pecsccsceccsssssssssel
3., Semicells ellipticCessecessesssssssssensed
3. Semicells otherwld@eseessvsessssssssacesed

4, Cell 28 gm broadsesscsssssscssssssssely portianum

4, Cell 31-43 mm broad.cssssssccescesavale commisgurale var, crassum
5. Semicells subrectangular...ssessssssssssCs cOnspersum
5. Semicells pyramidaleetruncat@....csee..+Cs margaritiferum |
5. Semicells oblong-rectangular.seessssses.gs pseudobroomel
5. Semicells subcircular-obo¥ate...sssee+..C. Sphaeroideum
5. Semicells truncate-subsemicircular......C. praemorsum
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5. Senicells ovate-pyramnidal,

cej-l 51-55 j'-l-m- bi'-‘ﬂ'ad- LR I I Y LR R i'_'GI bl':ltf-"tiﬂ
9. Senicells pyramidal-ovale,

BEll ?D-S‘G Im hmaﬂ- W EE R R s R R E RN R B 'Ei tutrm“htﬂ?_ﬂ.}.’iﬂm

6. Constriction shalloWes.essssossessssaCe debarri
6. Constriction deCP.iciecscssesasscsness’
T. Semicells subellintic....vevveerscosssseB
T+ Semlicells otlerWisGseencasessnoniosnsivsd
8. Cell 25-31 Pi broadss..cseeecssensssesCo contractunm
8. Cell 68=77 pm Droadessessssensssessesle Grmatonleurum var, Ly ol
9. Semicells truncate-pyranidal.veeeveseses 0
9. Semicells otherwidGesesicossssssscvsnssell
10. Cell 19-30 pm broadsessessenssnenass 8 roanatun

10. Cell 33=36.5 pn broadeesssssessasssaCe nymannianun

11.0ells a 1ittle lonzer than broad....... + 12
11-':&115 Dther‘.}iueiiil'IIIil!'II-!.F...I.-'Il‘.13

1 2- 3’21?139113 Elﬂf_-.'L’lLL'- S R R R T IE. l'_lp.‘fﬂ var. o ﬂtifn-:“ l:_'LL‘iB

12, Semicells reniloXi...eeseseess. senssale Dhinnaclun lomma pinor

12, Semicells subtranesi oM. eeevess o «C. monodii

12, Semicells mubrectonsularie.eeeses.s. 8, subreinschii var, ocallat

12. Semicells depressede-smmiciranlar,.. « 2. ohanletun
13.Cells about s lonyg a8 bBroaldeeseerersess 14
YackRlle oRReXrwias. i siiamnviii s idie e 1B
14. Semicells subsemicircular...ee., ... «C. lundellii
14, Semicells subhexagonal-elliptic.,.. 8. depraessum var. achondeun

14. Senicells subliexasonalereniform. .. + L. TRCctalare var, hexns

15. Senlcells semiellinptie. i iirinesssnsone +C. pachydermun

15. 3enlicells ny rildal=tronesi forme s e e o By seelioed tung

15.5emicells semioblon=ellintic...veeen.. .C. laeve
15. 5emicells 'l:ru.neate—sumiellip'tiﬂa,l. «vesee B0 paendonyranidatum

15. 3enicells truncate-snbnyramidal........ « . dorsitruncatun

16. Constriction shallow......... ceeensa G raeticum
16. Conatrintion deen....... S i raray RS
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17. Sinua linear or narrowly lineals..ssssessss1B
17, Sinus otherwlis@ecsccsscsescesncnssscssscseeld

18. Semicells u;mfialliptiu..........u-....g. subcucumis

18. Semicells subsemicircularssssesesssssssCs impressulum

18, Semicells subrenifOorMiesessscescsssssssls bicardig

18+ Semicells truncate-pyramidalsisessesssssCe hammeri

18, Semicells depressed-subsemicircular....C. tetr drum
19, Semicells subguadratesssssesssseessssssesssCs guadratum var, willei
19. Semicells alliptia..i...........-,i........g. ontractum var.

8 psSoldeum
19, Semicells ﬂhmgiiltit-nn-;&a--r.uc-u-u&--qgn biocu Yar.
res 2

19‘ Emeaua ﬂnﬂulﬂr'ﬂ'm‘?ﬂ[tﬂa.‘nq...----.---.-.E- nili e 731'-

19. Semicells subpyramidale-semicircular....., C. ralfsii var. montang
20, Chloroplast axilesessecscscosssssecsss 21
20, Chloroplast parietal.i..sscccscssssscse?
21, Isthmus 17,5=20 am broades..ssssssessssssssCe pyranidatum
21. Isthmus H0udS AR DO s s sinssanssrsansasels gonnatum
22, Semicells 0Vat@issescsessscnsnssssscassle gvale
22, Semicells ovate-truncat@s.eescscsssces'sCe Jurgidum
DESCRIPTION OF THE PLANTS

1. Cosmarium bicardia Reinsch in Contr. Alg, Fung. p.83. 1875,

Hirano, 1956, p.104, pl,20, fig.16; Grbnblad, Scott &
. Groasdale, 1964, p.16, pl.4, figs.80, 81.

zs-zgﬂm long; 25}1.! broad; isthmus T/um broad.

Cells small, a little longer than broad, deeply constricted,
sinus linear with a dilated extremity, semicells subreniform, basal
angles obtuse and rounded; lateral view subcircular; vertical view
oblong-elliptic; cell wall smooth. (P1.5, fig.10).

Iocal distribution’ Bahrain, Distt, Swat, Sarim No,188,

- Dee., 15, 1978.
Geographical distribution: Burope, Uganda, Burma, Japan,Pakistan
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2. C. bioculatum Brib.?#r’?ﬂpm—m Schaarschm. in West & West,
Brit. Desm. vol.2, p.166. 1905.

Gronblad, 1956, p.65, pl.1, fig.12; Hirano, 1957, p.101,
fig.22; Croasdale, 1973, p.86, pl.14, figs.2, 3.

14-20 gm long; 17-18 pm broad; isthmus 4-5.5 pm broad;
thickness 5-8 mm.

Cells subquadrate, with rounded angles; deeply constricted;
sinus open; semicells transversly oblong with broadly flattened
aplces; vartical view oblong, sides parallel and poles rounded;
cell wall smooth; chloroplast axile with one pyrenoid. (Pl.6,
£ig.8, photo.43).

Iocal distribution: Madain, Distt. Swat, Sarim No.190,
Dec. 15, 1978. \ ot

Geographical distribution: BEurope, U.S.4, Elleasmere
Island, Japan, Pakistan.

3. C. botrytis Menegh., ex Ralfs,Brit. Desm. p.99, pl.16, fig.1, 1848,
= C. botrytis Menegh. Synops. Desm. p.220. 1840.
= HRuastrum interstitiale Kg. Phycol. &u‘m. p.136. 1845,
= Cosmarium botrytis var. interstitiale Kg. Spec. Alg. p.175. 1849.
= Euastrum (Cosmarium) botrytis Nag. Gatt. einz, Alg. p.119, pl,7a,
rig.3. 1849,

= Didymidium (Cosmarium) botrytis Reinsch, Algenfl. Frank. p.120.
1867.
Ursinells botrytis Kuntze, Revis. gen, plant. p.923. 1891.

West & West, vol.4, 1912, p.1, pl.96, figs.1,2, 5-15;
Smith, 1924, p.33, pl.57, fig.22; Taylor, 1934, p.251, pl.52, fig.6;
El-Kayal, 1935, p.54, fig.85; Prescott, 1936, p.136; Gronblad, 1944,
p.10; Taft, 1945, p.192, pl.2, fig.32; Irénée-Marie, 1951, p.94,
pl.1, fig.4; Tiffany & Britton, 1952, p.191, pl.53, fig.568;
Croasdale, 1956, p.20, pl.17, fig.3; Hoshaw, 1961, P.493; Fritsch, 1961,
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£ig.109; Brandham & Godward, 1964, p.76, figs. 1-4; Mattern, 1964,
p.250; Brandham, 1965, p.405, figs.11-22; Brandhanm, 1965a, p.451;
Brandham & Godward, 1965b, p.428, pl.12, figs.2, 3; Brandham &
Godward, 1965c, p.1382, figs. 1324; Brandham, 19654, p.48, fige,2-4,
7-9: Brandham, ‘1965e, p.479, pl.1, figs.2, 3, 8; pl.2, fig.11;
Brandham, 1967, p.312, fig.1; Brandham, 1967a, p.484, pl.1; Zwart,
1969, figs.88, 89; Foreter, 1970, p.308, pl.23, fig.12; Iott,
Harris & Turner, 1972, p.232, figs.1-3; pl.2, figs.4-9; Ueda, 1972,
p.269; Pickett-Heaps, 1973, p.114, £ig.5; Pickett-Heaps & Tippit,
19'?3;,}11. 197; Whitford & Schumacher, 1973, p.72, pl. 28, fig.14;
Pickett-Heaps, 1974, p.10, figs,14=17; Shah, 1974, p.15, fig.20;
Gayoso, 1976, p.87, fig.18; Parra & Gongales, 1977, p.22, fig.130.

EE-BGFm long; 51-55},@: broad; isthmus 1T—24‘p.m broad;
thickness 33-40 nm.

Cells above medium sigze, about 13-1% times as long as
broad, deeply constricted, sinus narrowly linear with a dilated
extremity; semicells ovate-pyramidal: from a broad flat base,
basal angles rounded, sides convex, apex rather narrowly truncate
or subtruncate, apical angles rounded; side view of semicell
broadly elliptic, vertical view elliptic, cell wall uniformly
granulate, granules somewhat emall and generally without any
definite disposition, sometimes with a slight indication of a
concentric arrangement or even a disposition in decussating oblique
series, about 30-36 vieible at the margin of the semicell;
chloroplast axile, with two pyrenoids in each semicell.

(P1.4, fig.1, photo.29).

Iocal distribution: Shahdara, Lahore, Sarim No.49,

Oect. 20, 1976; Abbottabad, Sarim No.74, Nov. €, 1976; Peshawar
University Campus, Sarim No.97, Dec. T, 13976.
Geographical distribution: World wide.



4, C, commis e Bréb,/ var. crassum Nordst, Desm, Brasil, p.213,
pl.3, fig.19, 1870,

West & West, wvol.3, 1908, p.155, pl.77, figs.15, 16;
Smith, 1924, p.35, pl.57, fig.26; Grénblad, 1945, p.16; Irenee-
Marie, 1951, p.95; Wade, 1957, p.256; Prescott, 1966, p.13, pl.13,
fig.3; Whitford & Schumacher, 1973, p.71, pl.27, fig.2.

25-3?/m long; 31-43),@: broad; isthmus 10-5-13 mm broad;
thickness 22-26.5 um.

Cells about 1% times as broad as long, deeply constricted;
sinus not closed, but not nearly so much widened inwardly as in the
species; semicells eliiptic; lateral lobes of semicells much
stouter; central granules variable, but often reduced in number,
with three large central warts surrounded by one ring of 8 granules.
(Pl.5, fig.1).

Iocal distribution: Islamabad, Sarim No.150, Mareh 11,1977.

Geographical distribution: Brazil, Burope, U.S.A. Canada,
Pakistan.

5. C. connatum Bréb. ex Ralfs,Brit, Desm, p.108, pl.17, fig.10.1848,

= ga_ghinntium meneghinianum Ndg. Gatt. einz. Alg. p.112, pl.6,
Es on .

= Dysphinctum connatum Reinsch, Algenfl. Frank. p.178. 1867.

= Calocylindrus conngtus Kirchn. Alg. Schles. p.143. 1878.

= G%glindrua connatus a. typicum Klebs, Desm. Ostpreuss.
Pe . .

West & West, vol.3, 1908, p.25, pl.27, figs.15, 16;
Taylor, 1934, p.251, pl.69, fig.4; Taft, 1948, p.86; Croasdale,
1956, p.24, pl.9, fig.2; Hirano, 1956, p.88, pl.16, fig.17; pl.17,
£ig.8; Scott & Prescott, 1958, p.44, fig. 13; Gronblad, 1960, p.36,
pl.2, figs.21, 22; Mattern, 1962, p.244, fig.8; Grénblad, Scott

& Croasdale, 1964, p.16, figs. 51, 52; Ochiai, 1966, p,119, fig.B;
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Lind, 1967, p.374, pl.4, fig.5; Kanetsuna, 1967, p.78, pl.4, fig.2;
Gronblad & Croasdale, 1971, p.12, pl.6, rig.83; Hinode, 1971,
p.114, pl.7, fig.9; pl.5, fig.7; Whitford & Schumacher, 1973,
p.72, pl.30, fig.18; Parra, 1975, p.35, fig.121; Werner, 1977,
p.54, pl.10, fig.3; Hirano, 1977, p.80, fig.6; Wasylik, 1961,
p.22, pl.1, fige.17, 17a. _

55-100/:11:: long; 46-74 pm broad; isthmus w-ED}m broad;
thickness 45-56 am.

Cells large, almost 14 times longer than broad,
moderately constricted, sinus widely open with an obtuse apex;
semicells transversely subelliptic with a broad base, apex
commonly very elightly flattened; vertical view subeircular,
slightly compressed; cell wall often somewhat thick, finely
scrobiculate, chloroplast axile, disposed in relation to two large
pyrenoids in each semicell, with numerous, scmewhat irregular, and
often furcate lobes extending outwards until they become flattened
againet the inner surface of the cell wall. (Pl.6, fig,5).

Local distribution: Bannu, Sarim No.231, Feb,1, 1978,

Geographical distribution: World wide,

6. C. conspersum Ralfs,Brit. Desm. p.101, pl. 16, fig.4. 1848,

= £. gnomalum Delp, Desm, subalp. p.29, pl.9, fig.15. 1877,

= L. conspersum a. Rglfsii Racib.Nonn. Deam, Polon. p.75. 1885,
= Ureinella conspersa Kuntze, Revis. gen. plant. p.924., 1891,

West & West, vol.4, 1912, p.13, pl.99, figs.1, 2;
cedercremts}p.ﬁa, Croasdale, 1965, p.317, pl.6, fig.T; Prescott,
1966, p.13, pl.13, fig.12; pl.9, fig.24; Zwart, 1969, p. 167, £ig.76;
Werner, 1977, p.54, pl.10, fig.8.

82-110/q,m long; ES—T?Fm broad; isthmus EG-ET}m broad;
thickness 4()—45/01.51

JRUESE
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Cells large, about 14 times as long as broad, deeply
constricted, sinus narrowly linear with a dilated extremity;
semicells subrectangular, wider at the apex than at the base;
angles slightly rounded, sides almost straight, apex convex, cell
wall uniformly granulate, about 30 granules showing round the margin
of a semicell, granules disposed in about 9 horizontal series and
13=15 vertical series, commonly with slight irregularities; side
view of semicell almost circular; vertical view elliptic; chloropast
axile with two pyrenoids in each semicell., (Pl.4, fig.3).

Iocal distribution: Akbarpura, Distt., Peshawar, Sarim
No.30, Sept. 25, 1376,

Geographical distribution: Europe, Russia, U.S.A.,
Pakistan.
7. C. dontractum Kirchn, Alg, Schles. p.147. 1878,
= C. contractum a. silesiacum Racib. Nonn. Desm. Polon. p.84. 1885,
= Ursinella contractg Kuntgze, Revis, gen. plant. p.924. 1891,

West & West, vol,2, 1905, p.170, pl.61, figs.23-25; Smith,
1924, p.30, pl.57, figs.9-11; Teylor, 1934, p.251, pl.50, fig.50;
Hirano, 1956, p.98, pl,20, fig.2; Gronblad, 1960, p.36, pl,2, figs.
25-28; Croasdale & Grionblad, 1964, p.176, pl.11, fig.15; Eloranta,
1968,p.62, fig.32; FSrster, 1969, p.47, pl.13, fig.7; Hinode, 1971,
p.114, pl.7, fig.14; Thomasson, 1973, p.130, fig.2; Whitford &
Schumacher, 1973, p.72, pl.30, fig.10; Parra, 1975, p.35,fig.83.

34.5—41ﬂm long; 25-31/,@ broad; isthmus '?-B.T)'Lm broad;
thickness 15—19/@1.

Cells rather amall, about 1% times longer than broad,
deeply constricted, sinus narrow towards the apex, rapidly widening
outwards; semlcells subelliptiec, ventral margin alwayes more convex

than the dorsal margin; side view of semicell circular; vertical
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view elliptic, cell wall colourless and finelly punctate, chloro-
plast axile with one central pyrenoid. (Pl.6, fig.10, photo.44).
Local distribution: Madaim , Distt. Swat, Sarim No.190,
Dec. 15, 1978.
Geographical distribution: World wide.

8. C. @‘f;giﬂ Kircehn, var. ellipsoideum (Elfv,) West & West,Alg.
reland p.40,1902,

= l:'-.. '111 Bﬂ‘idm Elﬁs Mtﬁﬂk‘ ﬂﬂﬂkﬂ mm- Pr13:| P1|1| Iigi 10-

= Ursinells ellipsoidea Kuntze, Revis. gen. plant. p.924. 1891.

Taylor, 1934, p.252, pl.50, fig.1; Croasdale, 1956,

p.24, pl.5, fig.19; Hirano, 1957, p.98, pl.20, figs.3, 4; Croasdale
& Grdonblad, 1964, p.176, pl.11, fig.16; Prescott, 1966, p.14,
pl.5, fig.4s.

31-—51ﬂ,m long; 24—42)nm broed; isthmus T—12/qm broad;
thickness 14.5-2‘?/q.m.

Cells shorter, not more than 1%+ times as long a=s broad; sinus gen,
deeply constricted; semicells elliptic, although the apex some-
times slightly flattened in the middle; cell wall usually smooth.
(P1l.4, fig.12).

Iocal distribution: Peshawa:l: University Campus, Sarim
No.315, Feb, 2, 1979.

Geographical distribution: Burope, U.S.A, Japan, Pakistan.
9. C. gymatopleurum Nordst. var. tyrolicum Nordst. Desm., Ital.

p.30, pl.12, fig.5. 1876.

= 0, aubuaht?dua Schmidle, Weit, Beitr. Algenfl., Rheineb. u,
Schwarzw. . P-?S, I'J.E.EE&; 1395-

West & West, vol,3, 1908, p.6, pl.65, figs.11,12.

Bu-mﬁ/nm long; EE—T?/q.m broad; isthmus 22-35/1:51 broad;
thickness ﬂ-ﬁﬂ/nm.
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Slightly larger than the species; deeply constricted;
semicells subelliptic, the whole margin slightly undulate, basal
angles less rounded; apex not trunuaﬁa; cell wall more distinctly
punctate. (P1.6, fig.3).

Tocal distribution: Akbarpura, Peshawar, Sarim No, 30,
Sept. 25, 1976.

Geographical distribution: Burope, Pakistan.
10. C. debamyi’ Arch. in Pritch. Infus. p.735. 1861.

= %’%‘?ﬁyﬂ'm cosmarioides De Bary, Conj. p.75, pl.5, fig.32.

= Cosmarium thwaitesii Ralfs b. majus Rabenh. Flor. BEurop. Alg.
p.”g 1868,

= (. debaryi a. typioum Klebs, Desm, Ostpreuss. p.28, pl.3,
?:LE. . T9. 'L- ’

= %ﬂ‘ d&bE:i "Hnllﬂ. Freshw, uEi U.S. P ET, pliﬁaj
Eelc. .

= Cosmarium debaryi Hansg. Prodr. Algenfl, Bobm, p.246. 1888.
= Pleurotaeniopsis debaryi De Toni, Syll. Alg. p.906, 1889,

West & West, vol. 3, 1908, p.61, pl.70, figs.14~16;
Croasdale, 1956, p.28, pl,9, fig.13; Croasdale, 1965, p.318, pl.4,
figs.6, T; Herrmann, 1968, p.363, fig.4; Croasdale, 1973, p.88,
pl.13, fig. 14,

100-112)@ long: 46—54/:.::1 broad; isthmus 27.5-39 gm
broad; thickness 46-50/qm.

Cells large, about twice as long as broad or rather
more, moderately constricted, sinus open and acute; semicells
subquadrate, sides subparallel, straight, slightly convex or
even faintly retuse, basal angles rectangular but rounded, apical
angles broadly rounded, apex truncate-convex or convex; vertical

view almost circular, very slightly compressed; cell wall
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minutely punctate; chloroplasts parietal and band like, about five
in each semicell, each band with numerous small and rather irregular
lobes pressed against the inner side of the cell wall, and with 2-4
pyrenoids; central part of each semicell occupied by a rather cons-
picuous hyaline vacuole. (Pl.6, ﬂg.‘l)._

Iocal distribution: Tehkal Payan, Peshawar, Sarim No,163,
March 21, 1977.

Geographical distribution: Burope, U.S.A, Russia, Pakistan.
11. C. depressum (N&g.) Imnd., var, achondrum (Boldt,) West & West,

Contr. Freshw. Plankt. Scott. Iochs, p.484. 1905.

= 0. phaseolus men, Pol eV cnaia mrat, sthir. ONlGEGHIY.
p. 103, pl.5, fig. 7. 1885, ionym).

West & West, vol.2, 1905, p.177, pl.62, figs. 3, 4; Smith,
1924, p.30, pl.57, figse.5,6; Taft, 1945, p.192, pl.2, fig.33;

- Croasdale, 1956, p.28, pl.6, fig.5; Hirano, 1956, p.103, pl.19,
fig.32; Scott & Prescott, 1958, p.45, fig.12; Gronblad, 1960, p.37,
pl.3, figs.41, 42; Forster, 1965, p.137, pl.4, figs. 13, 14; Férster,
1969, p.49, pl.15, figs.3, 4; Frster, 1970, p.310, pl.20, fig.5.

3?—51/::111 long; 443-51qu broad; isthmus 12-11’/:11:1 broad;
thickness 22—23—}1&.

Cells as long as broad or nearly so; deeply constricted;
semicells subhexagonal-elliptic, apex broader and more truncate;
cell wall punctate; chloroplast axile, each with one pyrenoid.
(P1.4, fig.15, photo.34).

Iocal distribution: Multan, Sarim No,.252, March 29, 1978,

Geographical distribution: World wide,

12. C. dorsitruncatum (Nordst.) West in Contr. to our knowledge

of the Freshw. Alg. of Madagascar, Trans., Iinn., Soc. Bot.5 (2);
61, pl.7, fig.21. 1895,
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Hirano, 1957, p.111, pl.19, fig.3; pl.21, fig.8.

29.4—35/,111 long; 39-4'?.6/,1.111 broad; isthmus 11-14/451 broad.

Cells of medium size, 1% times broader than long, deeply
constricted; sinus linear with a dilated extremity; semicells
depressed truncate-subpyramidalj: basal angles rounded; vertical
view oblong-rhomboid; cell wall punctate. (P1.6, fig.6, photo.42).

Iocal distribution: Govt. College, Abbottabad, Sarim
No.232, Feb. 8, 1978.

Geographical distribution: Madagascar, U.S.A, Japan,
Pakistan, '
13, 0. galeritum Nordst. Desm. Brasil. p.209, pl.3, fig.26. 1870,
= DUrsinella galerita Kuntze, Revis, gen. plant. p.924. 1891.

West & \Wast, vol.2, 1905, p.194, pl.63, figs,24, 25.

51-56.5)nm long; 42-4E/nm broad; isthmus 15.5-1‘?}”11 broad;
thicimess 2}-24)1:1:1.

Cells of moderate size, 1% times longer than broad,
deeply constricted, sinus narrowly linear with a dilated extremity,
slightly widening outwards; semicells pyramida] —trapesziform,
basal angles well rounded, sides almost straight or slightly convex,
upper angles rounded, apex narrowly truncate, and generally slightly
convex; side view of semicell subecirecular; vertical view elliptie,
cell wall punetate; chloroplasts axile, each with two pyremoids.
(Pl.4, fig.8).

Iocal distribution: Islamabad, Sarim No.150, March 11, 1977.
iy Geographical distribution: Burope, U.S.4, Africa, Pakistan,
14. C. granatum Br&b. ex Ralfs,Brit. Desm. p.96, pl.32, fig.6. 1848.

= Q11§5Tidium (Cosmarium) granatum Reinsch, Algenfl, Frank, p.109.

= Gomg_iium granatum Bréb. a. typicum Elebs,Desm. Ostpreuss,
P . g
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= Puastrum (Cosmarium) granatum Gay. Monogr. Ioc. Conj. p.59. 1884.
= %Qum¥iumz , tum Breb, var. concavum Lagerh. Contrib. alg.
cuad. D. .

= Ursinella. granata Kuntge, Revis. gen. plant. p.924. 1891,

Weat & West, vol.2, 1905, p.186, pl.63, figs.1-3; Smith,
1924, p.31, pl.57, fig.18; Taylor, 1934, p.253, pl.51, fig.1;
Thompson, 1938, p.43, pl.10, fig.2; Croasdale, 1948, p.273; Tiffany
& Britton, 1952, p.186, pl.53, fig.565; Gronblad, 1952,,p.26, pl.1,
fig,10; Grénblad, 1952, p.77; Hirano. 1955, p.39; Croasdale, 1956,
p.34, pl.6, fig.11; Hiramo, 1957, p.129, pl.20, fig.25; Gronblad
& RAFicka, 1959,fig.36; Gronblad, 1960, p.38, pl.3, £ig.63;
Messikommer, 1963, p.52, pl.1, fig.6; Mattern, 1964, p.250, fig.8;
Croasdale & Grénblad, 1964, p.180, pl.11, fig.21; Croasdale, 1965,
p.318, pl.2, figs,21-24; Prescott, 1966, p.15, pl.3, fig.30; pl.8,
figs.46-48; Ochial, 1966, p.120, fig.7; Eloranta, 1968, p.62, fig.41;
Forster, 1969, p.51, pl.14, fig.8; Zwart, 1969, p.168, figs.23-28;
Forster, 1970, p.310, pl.22, fig.15; Grénblad & Oroasdale, 1971,

p. 14, pl:E, figs. T3, T4; Hinode, 1971, p.115, pl.7, fig.13;
Graasdlala, 1973, p.89, pl.12, figs.16-20; Whitford & Schumacher,
1973, p.72, pl.30, fig.1; Islam & Zaman, 19754,p.52, pl.5, figs.64,
65; Wygaard, 1976, p.86, pl.1, fig.c; Gough, Garvin & Woelkerling,
1976, figs., 1, 2; Hirano, 1;??. p.213.

26-—47!“1:1 long; 19-30 um broad; isthmus E—-Eifum broad;
thickness 10.5-17.5 am.

Cells small, about 1% times as long as broad, subrhom-
boid-elliptic, deeply constricted, sinus narrowly linear, slightly
dilated at the apex; semicells truncate-pyramidal, basal angles
rounded-subrectangular, sides at the base subparallel, then converg-
ing towards the apex, commonly straight or slightly convex, rarely
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glightly concave upper angles obtuse, apex narrowly truncate and
straight; side view of semicell elliptlic-ovate; vertical view
elliptic; cell wall finaly punctate; chloroplast axile each with
one pyrenoid., (Pl.4, fig.16, photo.35).

Iocal distribution: Peshawar, Sarim No.68, Nov.3, 1976;
Sasnamana Ziarat, Baluchistan, leg. Khial Badshah, Sarim Neo.129,
Jan, 15, 1977.

Geographical distribution: World wide.

15. C. hammeri Reinsch, Spec. Gen. Alg. p.115, pl,22, fig.1. 1867.

= Di%midium {Gu!marium}s eri a. majus Reinsch, Algenfl, Frank.
10, fig.1. .

= Buastrum hammeri Cohn, Desm, Bong. p.270. 1879,
= Ursinells hammeri Kuntge, Revis. gen. plant. p.924. 1891,

West & West, vol.2, 1905, p.181, pl.62, figs.20, 21;
Cedercreutz, 19414 p.110; Grinblad, 1948, p.l‘?, fig.2; Hirano, 1957,
p.126, pl.22, fig.19; Whitford & Schumacher, 1973, p.72, pl.29,
fig.8; Islam & Zaman, 19754,p0.52, pl.6, figs.71, 72; Lenzenweger,
1974, p.114, pl.2, fig.11;

4-0-50)tm long; 2?-35,-::1 broad; isthmus 11-13}11:: broad;

Cells of moderate size, about 1% times longer than broad,
subhexagonal, deeply constricted, sinue narrowly linear with a
dilated apex, opening outwards; semicells truncate-pyramidal -
basal angles well rounded, upper part of sides suddenly retuse,
upper angles rounded, apex broadly truncate, straight or slightly
retuse; side view of semicell elliptic-ovate; vertical view elliptic;
cell wall smooth; chloroplasts axile with one pyrenoid. (Pl.6, fig.7).

Iocal distribution: Islamabad, Sarim N¥o.150, March 11,1977.

Geographical distribution: Burope, Japan, Ceylon, U.S.A,
Pakistan. .
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16, C. impressulum Elfv, Anteck, Finska Desm. p.13, pl.I, fig.9. 1881.

= %1'. meneghinii Bréb. forma Reinsch, Contrib. Alg. et Fung. pl.12,
E. B

= C., mene ii Bréb. b %gw Wille, Norges Ferskv., Alg.
p-30, pl.1, fig.11. 1880,

= Bugstrum (Cosmarium) impressulum Gay, Monogr. Ioc. Conj. p.61. 1884,

= Cosmarium mene ii Bréb, forma Reinschii Istvanffi, Diag. praev.
s g ﬁ?&m, P.237. 1887. . '

= Ursinells impressuls Kuntze, Revis. gen. plant. p.925. 1891,

= ggﬁgmm crenulatum (Ehr,) Bréb, var, Reinschii Schmidle
eitr, gentl, Schwarzwald, u, Rheineb, p,96, pl.4, fig. "Iﬂ. 1893,

= % aubortu%num Racib. forma minpor Borge, Algolo. Notizen p.4,
ig- Y

= C, meneghinii formae Hirn, Desm., Finland, pl.1, fig.6. 1903.

West & West, vol.3, 1908, p.B6, pl.72, figs. 14-18;
Taylor, 1934, p.255, pl.68, fig. 12; pl.7, fig.11; Thompson, 1938,
p.44, pl.10, fig.3; Croasdale, 1948, p.273; Irense-Marie, 1951,
p.102, pl.I, fig.12; Croasdale, 1956, p.39, pl.10, fig.11; Gronblad,
1956, p.27, fig.86; Hirano, 1957, p.163, pl.25, fig.24; Scott &
Prescott, 1958, p.46, fig.6; Messikommer, 1963, pl.1, fig.9; Brandham,
1965, p.46, fig.1; Prescott, 1966, p.16, pl.4, fig.8; Zwart, 1369,
p.168, figs.42, 43; Ielam, 1970, p.924, pl.14, fig.1; Forster, 1970,
p.311, pl.22, figs.20, 24; Hinode, 1971, p.115, pl.8, fig.8;
Whitford & Schumacher,. 1973, p.72, pl.29, fig.8; Shah, 1974, p.19,
£1g.30; Islam & Zaman, 1975a,p.52, pl.7, figs.106, 107; Soding,
Dorffing & Mix, 1976, p.153; Soding & Mix, 1977, p.16, pl.2, figs.4,
5; Werner, 1977, p.57, pl.12, fig.15; Hirano, 1977, p.213.

Ebaﬁﬁm long; 19-26;:.:1 broad; isthmus 5-9)1!11 broad;
thickness 10-14 e

Cells rather small, about 1% times as long as broad,
deeply constricted, sinus narrowly linear with a slightly dilated
apex; semicells subsemecircular, margin regalarly and markedly
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8-undulate, sometimes almost crenate; crenations two at the apex
and two on each side of the convex sides; side view of semicell
broadly elliptic or elliptic-subeircular; vertical view elliptic;
cell wall smooth; chloroplast axile with a central pyrenoid.
(Pl.6, fig.4).

Iocal distribution: Near Adamjee Paper Mills, Nowshera,
Distt., Peshawar, Sarim No., 308, Jan. 30, 1979,

Geographical distribution: World wide.
17. €. laeve Rabenh, Flor. Burop. Alg. p.161. 1868.

= C, mfg%d&% Bréb., var. simplicissimum Wille, Norges Ferskv.
.ﬂ.lﬂn P LY ] -r 511131- 1330-

= Bugstrum (Cosmarium) laeve Gay, Monogr. Ioc. Conj. p.59. 1884,

= %gggﬁium meneghinii Bréb, var. subhexagonum Hansg. Prodr,
genfl, « P.279. 1888,

= Ursinells laevis Kuntgze, Revis, gen. plant. p.925, 1891,
West & West, vol.3, 1908, p.99, pl.73, figs.9-19; Taylor,
1934, p.255, pl.51, figs.8, 15; El-Nayal, 1935, p.49; Taft, 1945,
p.195, pl.3, fig.2; Irénee-Marie, 1951, p.103, pl.1, fig.13; Hirano,
1957, p.164, pl.25, figs.40, 41, 46; Gronblad, 1960, p.39, pl.3,
figs. 59-61; Messikommer, 1963, pl.1, fig.11; Prescott, 1966, p.16,
pl.5, fig.46; Forster, 1970, p.312, pl.222, figs.11=14; Gronblad
& Oroasdale, 1971, p.15, pl.6, fig.,90; Parra, 1975, p.38, fig.93;
Parra & Gun?alea, 1977, p. 23, fig. 104; Hirano, 1977, p.214.
15-34}1::1 long; 11.5-23f.m broad; isthmus E.B-E.Tjum broad;

thickness 9-1 3/3:1:.

Cells small, about 1% times as long as broad, very deeply
constricted, sinus narrowly linear with a dilated apex; semicells
semioblong-elliptic, with the basal angles slightly rounded or much
rounded; apex narrowly truncate and retuse; side view of semicell

ovate-elliptic; vertical view elliptic; cell wall punctate;



62

chloroplasts axile, one in each semicell, with a central pyrenocid.
(r1.5, fig. 11, photo.41).

Iocal distribution: Naguman River, Distt. Peshawar,
Sarim No,119, Jan. 1, 1977.

Geographical distribution: World wide.
18. C. laeve Rabenh, var, octangularis (Wille) West & Weat, Brit,

Desm. vol.3, p.101, pl.73, fig.20. 1908,

- G.eﬁ_?gg%g Bréb, ruma.sg_%tﬁ?_]_.&m Wille, Ferakv. Alg. Nov.
Senlj. p.43, pl.12, fig.35. .

= C. e Rabenh, var. undulata Schmidle, Alg. Ceb, Oberrheins
5578, 1,28, fig. 5. 1883 8 ' '

21—25/@1 long; 17—19}:.:1 broaq; isthmus E.E-T.ﬁj.m broad.

Cells small, a little longer than broad, deeply constricted,
semicells angular, irregularly B-sided including the broad base; each
lateral margin consisting of three short, straight or very slightly
concave sides; apex retuse; cell wall punctate., (P1,6, fig,14, photo.46).

Iocal distribution: University Town, Peshawar, Sarim
No.242, Feb, 16, 1978,

Geographical distribution: Barope, U.S.A, Ohile, Pakistan.

19. C. Iundellii Delp. Desm. Subalp. p.13, pl.7, fig.62, 1877.
= DUrsinella lundellii Kuntze, Revis. gen. plant. p,925. 1891,

West & Yest, vol.2, 1905, p.138, pl.57, figs.1, 2;
Croasdale, 1965, p.2, pl.1; Chardard, 1966, p.336; Prescott,
1966, p.17, pl.5, fig.43; Chardard, 1970, p.59, pl.1; Chardard &
Heim, 1972, p.1367, ple.1-4; Chardard, 1973, p.59, pls,1-8;
Chardard & Heim, 1974, p.609, pls,1-4; Chardard, 1977, p.241,
figs.1-8,

TB-BE)W long; 59-?9/4:1 broad; isthmus 30-41/;1::: broad;
thickness 42-45 /:m.
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Cells large, subcircular, about as long as broad,
deeply constricted, sinus linear with a dilated apex; semicells
sub-gemicircular, basal angles broadly rounded; side view of
semicell subeircular; vertical view elliptic; poles elightly drawm
out; cell wall punctate generally thickmed in the centre of the
semicells; chloroplasts axile with prominent ridges, and with two
large pyrenoids, (P1.6, £ig.9).

local distribution: Zoological Gardens Lahore, Tank No.2,
Sarim No,46, Oct, 20, 1976; Mardan, Sarim No.48, Nov.15, 1976,

Geographical distrivution: Burope, U,S.A. India, Africa,
Pakistan.
20, C. margaritiferum Menegh., ex Ralfs, p.100, pl.16, fig.2., 1848,

= ?q%m Eﬁgﬂiiﬂ Ehr, Org. der Richt, des klein, Rau.
er ] Pl' - &

= Micras it Breb. in Mem, Soc. Acad, Sci, arts
et bell, letter. de Be, p.55. 1835,

= Coamgrium margaritiferum Menegh. Synops lesm., p.219. 1840
= mﬁ;% (Cosmarium) magaritiferum Reinsch, Algenfl, Frank,
Ps ~ Ta ) '

= Q%M %gmitifnm a. genuinum Kirchn. Alg. Schles
P . . ’

%&g 'n Cooke var, regularius Alg, W. Ireland p.156. 1892,
S (122 St e ey Semiaie

West & West, vol,3, 1908, p.199, pl.83, figs.4-11;
Wygasch, 1963, p.128, fig.19; Lind, 1967, p.375, pl.94, fig.1;
Eloranta, 1968, p.62, fig.42; Forster, 1970, p.312, pl.23, fig.9;
Lengenweger, 1970, p.254, pl.11, fig.9; Werner, 1977, p.42, pl.3,
figs. 4=6; Parra & Gonzales, 1977, p.23, fig.129,
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5ﬂ-59/u.m long; 42—56/nm broad; isthmus 13-16/4.:11 broad;
thickness 25—36/:'111.

Cells of medium size, slightly longer than broad, deeply
constricted, sinus narrowly linear with a dilated extremity; semicells
pyramida}e-truncate, basal and upper angles rounded, sides slightly
convex, apex broad and straight or very slightly convex; cell wall
granulate; side view of semicell circular; vertical view elliptie,
chloroplast axile, with two pyrenoids. (Pl.6, fig.2).

Iocal distribution: Quetta Baluchistan, leg. Jan Mohammad,
Sarim No,.273, April 4, 1978.

Geographical distribution: U.S.A, Chile, Europe, Pakistan,
21. C. moniliforme (Turp.) Ralfs var. subpyriforme West & West,

Brit, Desm. vol,3, p.23, pl.67, ﬁg.ﬁ. 1908,

Mﬁn long; 20}::1 broad; isthmus ?.Tj;.m broad.,

Semicells somewhat angularly obovate, lateral margins in
the lower part slightly flattened, cell wall smooth; vertical view
circular; chloroplast axile, each with a central pyrenoid; cell sines dpem,
deeply constricted. (Pl.4, fig.14).

Iocal distribution: Khairpur Sind, Sarim We,255, Apzil 1, 1978,

Geographical distribution: Burope, Pakistan,

22. C. monodii Bourrelly, Algues d'eau douce du Saudan Francais, Pull
I. F.A.X.19; 1071, pl.10, fig.B88, 1957.

Grénblad & Oroasdale, 1971, p.15, pl.5, fig.65.

114f:|m long; 99)}:: broad; isthmus 34/pm broad,

Cells large, a little longer than broad, deeply constricted,
sinus open; semicells subtrapeziform, containing eeveral strong
spines on the sides and acrobiculations on the median constriction;
cell wall finely punctate; each chloroplast with several pyrenoids.
(P1l.4, fig.6).
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local distribution: Near Adamjee Paper Mills, Nowshera,
Sarim No.308, Jan. 30, 1979.

Geographical distribution: mﬂnmiua, Pakistan.
23, O. nymannignum Grun, Rabenh, Flor. Farop. Alg. p.166, 1868.
= Ursinells nymannignum Kuntze, Revis. gen. plant. p.925. 1891.

West & West, vol,2, 105, p.184, pl.62, figs.26, 27;
Taylor, 1934, p.259, pl.48, fig.13; Hirano, 1957, p.128, pl.20, fig.33;
Ochiai, 1966, p.120.

-1-4-43/;1:!1 long; 33—36.5}1:0 broad; isthmus 7.6.9.6 pm broad.

Cells rather small, elongate-subhexagonal, about 13 times
longer than broad, deeply constricted, sinus narrowly linear with a
dilated extremity; semicells tmaatn—pyranidai,, basal angles
rounded, lower half of sides convex, upper half concave; upper angles
rounded, apex retuse, in the centre with a large and conspicuous
scrobiculation; side view of semicell subcircular; vertical view
subrhomboid-elliptic, at the middle on each side thickened and
showing the large scrobiculation; cell wall distinctly punctate;
chloroplasts Exilu, each with one pyrenoid. (P1.5, fig.6, photo.40).

Ilocal distribution: Naguman River, Distt. Peshawar, Sarim
No,119, Jan.1, 1977.

Geographical distribution: Burope, Ceylon, U.S.A, Japan.

Pakistan.
24. C, gbsoletum (Hantzech) Reinsch,Spec. Gen. Alg. p.142. 1867,
= th:l:' deamus obsgpletus Hantzsch in Rabenh, Alg. No. 1407,

onym) ,
= Digﬁmiﬂimg (Guamarium} obsoletum Reinsch, Algenfl. Frank. p.110.

= Ursinella gbsoletg Kuntze, Revis, gen. plant. p.925. 1891.

a Co Bmarium ustre Turn., Freshw. Alg. E. Indi . 60 1.8
Soomapiug palustre = W FER B
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West & West, vol.2, 1905, p.133, pl.56, figs.1-3; Taft,
1939, p.83; Hirano, 1957, p.109, pl.21, fig.4; Scott & Prescott,
1958, p.47, fig.12; Kemiya, 1961, p.42, pl.2, fige.1-T; pl.4, figs.
1,2; pl.7, fig.1; Ochial, 1966, p.119; Forster, 1969, p.53, pl.15,
fig.6; Grénblad & Croasdale, 1971, p.15, pl.5, fig. 53; Hinode,
1971, p.115. pl.8, f£ig.9; Islam & Zaman, 19754,0.52, pl.7, f1g.92;
Coesel, 1976, p.66, pl.1, fig.11.

34—4-6/;111 long; 42-54}1:1: broad; isthmus 15.5-2E}Ip,m broad;
thickness 20-24}1::.

Cells of medium size, transversly elliptic, a little
broader than long, deeply constricted, ainus narrowly linear with
a dilated apex; semicells depressed-semicircular, basal angles
submamillate and slightly thickened, apex generally slightly flatt-
ened; side view of semicell depressed-globose; vertical view
elliptic, with obtusely conical poles, cell wall punctate sometimes
slightly thickened in the centre of the semicells; chloroploats
axile, each with two pyremoids. (P1l.5, fig.5 photo.39).

Iocal distribution: Zoological Gardens Lahore, Tank No.2,
Sarim No.46, Oct 20, 1976.

Geographical distribution: Burope, U.S.A, Japan, Bangladesh,
Africa, India, Ceylon, Pakistan.

25. C. ovale Ralfs,Brit, Desm., p.98, pl.15, fig.9. 1848,
= C. ovale Hansg, Prodr., Algenfl, BEdhm, p.191, fig.113. 1888.

= ikaurgtg%%iggais (Cosmaridium) gvalis (Ralfs) De Toni, Syll,
£« P. [ .

West & West, vol.3, 1908, p.267, pl.92, fig.1; pl.93,
fig.1; pl.94, fig.1; Prescott, 1936, p.138, pl.15, figs. 16=1T;
Irénée-Marie, 1951, p.106; Gronblad, 1956, p.28, figs.61, 62;
Fritsch, 1961, fig. 108; Whitford & Schumacher, 1973, p.73, pl.27,
fig. 3; Parra, 1975, p.40, fig.112.
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1?&—222/am long; 95-136)1,m broad; isthmus 30—47/nm broad;
thickness ?4-9£ﬂm.

Cells very large 1= - 1% times as long as broad, deeply
constricted, sinus narrowly ?.maag with a slightly dilated extremity;
gsemicells ovate from a broad, flat base, the upper half considerably
more attenuated than the lower half, basal angles rounded, lower
half of sides convex, upper half almost straight, apex rounded btut
always with an indication of being subtruncate, lateral margins
with 19-21 large conical gramiles, and .with a somewhat irregular
series within the margin, often with quite a number of these large
granules within the basal angles, margin of the extreme apex usually
smooth but with one or two series of conical granules within; side
view of semicell ovate from a broadly rounded base apex rounded;
granules forming a broad band extending up the middle from the
{sthmus to the apex; 4-5 visible at the apical margin, disposition
of granules very irregular; vertical view elliptic, cell wall
finely scrobiculate, and distinckly thickened in the centre of
each semicell; chloroplasts parietal, forming 4-6 broad, irregular
bands extending from base to apex of each semicell; Pyrenoids
rather small and numerous, 9-11 in each choloroplast.

(P1.5, fig.2, photo.36).

local distribution: Madaim , Distt. Swat, Sarim No. 190,
Dec. 15, 1978.

Geographical distribution: World wide.

26, C. pachydermum Lund. Desm. Suec. p.39, pl.2, fig.15. 1871.

= %‘i E%zgzdarmum a. typicum Klebs, Desm. Ostpreuss. p.34, pl.3,
g. ' -

= Ursinella pachyderma Kuntze, Revis, gen, plant., p.925. 1891,
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Wwest & West, vol.2, 1905, ».139, pl.57, fig.7; El-Nayal,
1935, p.51; Grénblad, 1943, p.14; Croasdale, 1956, p.44, pl.3,
fig,3; Hirano. 1957, p.112, pl.22, fig.1; Scott & Prescott, 1958,
p.48, fig,19; Mattern, 1964, p.25; Forster, 1965, p.144, pl.3,
fig.16; Ochiai, 1966, p.121; Iind, 1967, p.375, pl.6, fig.5;
Zwart, 1969, p.169, fig.22, Mix, 19704,p.87, pl.5, fig.T; Forster,
1970, p.314, pl.21, fig. 2; Gronblad & Croasdale, 1971, p.16,
pl.5, fig.58; Mix, 1973, p.183, pl.1; fig,1; Whitford & Schumacher,
1973, p.73, pl.30, fig.16; Coesel, 1974, p.364; Werner, 1971,
p.58, pl.10, fig.1.

78-11'?)Lm long; EG-ET/m broad; isthmus Eﬂ-wﬁm broad;
thickness 50—59}101.

Cells large, broadly elliptic, about 1% times as long
as broad, deeply constricted; sinus narrowly linear with a dilated
apex; semicells widely semielliptic; aplces broad; basal angles
broadly rounded, lower part of sides somewhat straight; side
view of semicell subeircular; vertical view elliptic; cell wall
thick and densely punctate; chloroplats axile, each with two
pyrenoids. (P1l.4, fig.4).

local distribution: Akbarpura, Distt, Peshawar, Sarim
No.30, Sept 25, 1976; Abbottabad, Sarim ¥o.43, Oct. 13, 1976.

Geographical distribution: World wide.

27. C. phaseolus Brih.?gﬁl‘agi_rﬁg Boldt, Siber, Chlorophy.
p.102. 1885,

West & West, vol.2, 1905, p.159, pl.60, fig.15; Irenée-
Marie, 1951, p.107; Hirano, 1955, p.39, pl.1, fig.T; Croasdals,
1956, p.104. pl.19, fig.21; Whitford & Schumacher, 1973, p.73;
pl.31, fig.17; Hirano, 1977, p.216.

20.4-21/@1 long; 1E/nm broad; isthmus ﬁ.ﬁ-ﬁﬁm broad;
thickness 11.5-14-4}"11.



69

Cells small, a little longer than broad, deeply
constricted; chloroplast axile with one pyrenoid; semicells
reniform and showing typical median protuberance at the middle on each
side; cell wall punctate. (P1.5, £ig.12).

Iocal distribution: Madain, Distt. Swat, Sarim ¥No.190,
Dec. 15, 1978.

Geographical distribution: Burope, Siberia, Candda,
U.8.A, Japan, Pakistan.
28, C. portianum Arch, in Quart, Jour, Micr, Seci. pe235, pl. 11, 1860.
= C. orbiculatum De Bary, Conj. p.41, pl.6, figs.49, 50. 1858,

= C. qumﬁmgguitifg_rgg Reinsch, Contrib. Alg. et Fungi, p.84,
Pli ] 8- - .

= Ursinella portianag Kuntze, Revis. gen. plant., p.925. 1891.

Gu?%% p%rt%m Arch, var. gﬁt@atinmm Schmidle, Alg,
" . Oberr heins, p.549, pl.28, fig.'. . i

Smith, 1924, p.33, pl.57, fig.24; Taft, 1945, p.198,
pl.3, fig.22; Croasdale, 1956, p.20, pl.3, figs.1, 7; Croasdale
& Grdnblad, 1964, p.194, pl.14, fig.4; Ochiai, 1966, p.121, £ig.26;
Whitford & Schumacher, 1973, p.78, pl.I 28, fig.2; Parra, 1975, p.40,
fig.108; Gough, Gaevin & Woelderling, 1976, fig.4; Werner, 1977,
p.58, pl.13, figs. 13, 14; Eusel-Fetzmann, 1977, p.109, fig, 473;
Parra & Gonzales, 1977, p.24, fig.131.

#D/nm long; Eﬂ/mn broad; isthmus 10/1:5 broad.

Cells amall, 1% times longer than broad, deeply constir-
icted, sinus a semicircular depression with a rounded apex, isthmus
elongate; semicells elliptic and with poles gquite blunt; semicell
outline granulate; vertical view broadly elliptie; lateral view
of semicells circular; cell wall granulate, with conspicuous
granules arranged in vertical series, chloroplasts axile and
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with one pyrenoid. (Pl.5, fig.9).

Local distribution: Multan, Sarim No.252, March 29, 1978,

Geographical distribution: U.S.A, Chile, Europe, Pakistan.
29, C. praemorsum Breéb, Iiste Desm. p.128, pl.1, fig.B8. 1856.
= C, praemorsum a. gallicum Racib, Desm. Nowe, p.89. 1889.
= Ursinella praemorsg Kuntze, Revis. gen. plant. p.925. 1891,

West & West, wvol.3, 1908, p.196, pl.84, figs.1-5;
Croasdale & Grdonblad, 1964, p.183, pl.l‘M, fig.7; Forster, 1970,
p.314, pl.23, fige.7, 8.

4-?-55}11:1 long; 43—51):.m broad: isthmus 14—1&}@ broad;
thickness 23-29 nm.

Cells of medium sigze, slightly longer than broad,deeply con-
stricted; semicells widely truncate-subsemicircular, basal angles
broadly rounded; ﬂidas convex, apex widely truncate or subtruncate,
often very slightly convex; apical angles rounded; cell wall some-
what unevenly granulate, each lateral margin with about 8 granules,
those nearest the apex being larger than those at the basal angles,
apex amooth, with a number of irregularly scattered granules of
somewhat variable size within both lateral margins and apex, in the
cantre of the semicells with a very variable number of large
granules irregularly disposed, and sometimes intermingled with a
few smaller granules, or occasionally with minute intergranular
scrobiculations, generally with a fairly clear area on each side of
the isthmue; side view of semicell subcircular or widely obovate-
circular; vertical view elliptic, granules at the middle on each
8ide rather more prominent than the others: chloroplasts axile, with
two pyrenoids. (Pl.5, fig.8).

local distribution: ¥adaim , Diett. Swat, Sarim No,190,
Dec 15, 1978.

Geographical distribution: Europe, Africa,U.S.A,Pakistan,
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30. C. pseudemoenum Wille, Sydamerik. Algfl, p.18, pl.1, fig.37. 1884.
= . Inornatum Josh, Burmese Desm. p.648, pl.24, figs.26, 2T. 1886.
= Ursinella pseudamoena Kuntze, Revis., plant. p.925. 1891,

= %gghinuti% geud um Schmidle, Beitr., Algenfl, Schwarzwald. u.
eineb. p.92, Dl. 4, g8. 4, S 1893.

West & West, vol.4, 1912, p.31, pl.120, figs.7-9; Cedercreutsz,
1941, p.25; Hirano, 1956, p.93, pl.18, fig.5; Mattern, 1962, p.244,
£ig.10; Mattern, 1964, p.250; Dubois-Tylski, 1969, p.320, pl.1,
fig.17; Werner, 1977, p.58, pl.6, fig.5.

44—59/:@ long; 15—29}“1 broad; isthmus 15—24);,& broad;
thickness 21-25/qm.

Cells somewhat small, about twice as long as broad, almost
eylindrical, only slightly constricted, sinus a small and open notech;
semicells oblong with the sides straight or very slightly convex,
apex broadly rounded or faintly truncate in the middle; cell wall
uniformly granulate, granules small and rather variable in disposition
and not infrequently in decussating oblique series; side view of
semicell oblong with a rounded apex; vertical view subecircular-
elliptic; choroplasts axile, with one pyrenoid in each semlicell,
(1.4, fig.11, photo.33).

local distribution: Akbarpura, Disti, Peshawar, Sarim
No.30, Sept. 25, 1976.

Geographical distribution: Burope, Japan, Burma, Pakistan.
31, C. pseudobroomei Wolle,Bull, Torr. Bot. Club, p.16, pl.44,

fig.36. 1884.
= C. broomei Ralfs,Brit. Desm. pl.33, fig.7. 1848.

West & West, vol,4, 1912, p.22, pl.100, figs.7, 8; pl.103,
fig.7; Thompson, 1938, p.42, pl.9, fig.20; Scott & Prescott, 1958,
p.50, pl.12, fig.23; Lind, 1967, p.376, pl.94, fig.3; Hinode, 1971,
P.117, pl.9, fig.8; Oréndlad & Croasdale, 1971, ».16, pl.8, fig.109;
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Kusel-Fetzmann, 1977, p.109, fig.476.

33—35/;:1 long; 29—36}\1:1 broad; isthmus E—12j1,m broad;
thickness 15-1?.5};1:1.

Cells small, about as long as broad, deeply constricted,
sinus narrowly linear with a dilated extremity; semicells oblong-
rectangular with the angles slightly rounded; sides very slightly
convex; side view of semicells aubﬂiruuiar; vertical view oblong,
with subparallel sides, cell wall granulate; granules small and
solid; chloroplast axile with two pyrenoids in each semicell.
(Pl.5, fig.4, photo, 38).

Iocal distribution: Haleji lake, S8ind, Sarim No.275,
April, 7,1976.

Geographical distribution: World wide.

32. C. pseudopyramidatum Iund. Desm. Suec. p.41, pl.2, fig. 18. 1971,
- %& ﬁ¥rgg;dgtum Bréb. in Ralfs Brit., Desm. p.94, pl.15, fig.4.

= C. pyramidatum Breéb, var. minus Reinsch in Rabenh. Alg. fig.6.

TB .
= Eaﬁtmé?muium) pseudopyramidatum Gay, Monogr. loc. Conj.
P. L] -

= Ursinella pseudopyramidata Kuntze, Revis. gen. plant. p.925. 1891,
West & West, vol.2, 1905, p.201, pl.64, figs. 9-12;
Taylor, 1934, p.261, pl.51, fig.22; Gronblad, 1943, p.14, pl.1,
£1g.17; Croasdale, 1956, p.48, pl.T, fig.T; Hirano, 1957, p.134,
pl,23, figs.5, 8; PFritsch, 1961, fig.108; Croasdale & Grdnblad,
1964, p.184, pl.12, fig.5; Prescott, 1966, p.21, pl.4, f£ig.25;
Ochiai, 1966, p.121; Lind, 1967, p.376, pl.6, fig.6; Eloranta, 1968,
p.62, fig.31; Cronblad, Scott & Croasdale, 1968, p.19, fig.83;
Dubois-Tylski, 1969, p.320, pl.1, fig.21; Forster, 1970, p.315,
pl,21, fig.; Hinode, 1971, p.117, pl.8, figs. 1-3; Hoslaisluoma,
1975, p.12; Parra, 1975, p.40, fig.119; Werner, 1977, p.59, pl.13,
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figs., 10-12; Parra & Gonzales, 1977, p.24, fig.122; Prasad &
Mehrotra, 1977, p.349, fig.23.

43—5U/um long; 25-33):Fm broad; isthmus T-10.5qu broad;
thickness 7-19.5 gm.

Cells of moderate size, about 1§ times as long as broad,
deeply constricted, sinus narrowly linear; semicells truncate-
semielliptical, basal angles rounded, sides convex and converging
to apex which is narrowly truncate, upper angles obtuse; side view
of semicell broadly elliptic; vertical view elliptic,, cell wall
distinctly punctate; chloropeasts axile, each with one pyrenoid.
(Pl.4, fig.9).

Iocal distribution: Nowdhera, Sarim No.20, Sept. 6,1976;
Gandi Garden, Karachi, Sarim No,.251, March 28,1978,

Geographical distribution: World wide.

33. C. pyramidatum Breb. ex Ralfs, Brit, Desm. p.94, pl.15, fig.4. 1848,
= I}im d T{Duumarim) pyramidatum Reinsch, Algenfl, Frank.
Ps * .

= ggguiig qﬁgqidsm b. typicum Klebs, Desm., Ostpreusss.p.31
P 13, E» . . ’ '

= Urginells pyramidatg Kuntze, Revis., gen, plant. p.925. 1891,
West & West, vol.2, 1905, p.199, pl.64, figs, 5-T;
Taylor, 1934, p.264, pl.68, fig,17; pl.50, fige.15, 16; Croasdale,
1956, p.48, pl.7, fig.6; Hirano, 1957, p.135, pl.23, figs, 10=12;
Croasdale, 1965, p.64, fig.115; Prescott, 1966, p.21, pl.4, fig.37;
Ochiai, 1966, p.121; Mattern, 1966, fig.9; Eloranta, 1968, p.63,
fig.34; Dubois-Tylski, 1969, p.320, pl.1, fig,22; Hinode, 1971, p.117,
pl.8, rfig.5; Wnitford & Schumacher, 1973, p.73, pl.30, fig.8; Werner,
1977, p.59, pl.13, figs. 1-9; Parra & Gonzales, 1977, pe.24, fig.122.
53—1&0/3@ long; 42-52)]1:1 broad: isthmue 1?-5-20/qm broad;
thickness 26,5=36 Ame
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Cells large, about 13 times as long as broad, truncate-
elliptic in outline, deeply constricted, siuus very narrow and
dilated towards the apex; semicells truncate-pyramidal,, basal angles
rounded, sides convex and in the upper part converging, upper angles
obtuse, apex narrowly truncate; side view of semicell ellipticsoblong;
cell wall minutely scrobiculate; chloroplasts axile, each with two
pyrenoids. (Pl.4, fig.7 photo.32).

Iocal distribution: Akbarpura Distt. Peshawar, Sarim
No.30, Sept. 25,1976.

Geographical distribution: World wide.

34. C. guadratum Ralfs var, willei West & West,Brit. Deam. vol.3,
P59, pl.87, fig,21, 1908,

- 'E;m%hﬁ'ﬁif ﬁ:&% Wille, Ferskv, Alg, Nov.
T RRUSEEeEe, L) s var, yiliet somidle, Bestr.,

Croasdale, 1956, p.49, pl.9, fig, 12; Hirano, 1957, p.144,
pl.24, fig.23; Forster, 1965, p.147, pl.4, fig.7; Forster, 1970,
P«317, pl.21, figs, 7-11; Croasdale, 1973, p.101, pl.13, fig.13;
Gayoso, 1976, p.91, fig.11; Werner, 1977, p.60, pl, 12, figs. 1=-4;
Parra & Gonzales, 1977, P.24, fig.,116; Watanabe, 1978, p.116, pl.2,
fig.9.

50-T6 pm long; m-#ﬁ/m broad; isthmus 15.8-27;4::1 broad;
thickness 27-136 e

3ides of semicells stralght or slightly convex; apex usually
convex, sinus narrow at the apex but open towardse the exterior; semi-
cells subquadrate, cell deeply constricted; cell wall emooth; chloro-
plast axile., (Pl.4, fig.5, photo.31).

Iocal distribution: Gandi Garden Karachi, Sarim No,251,
March 28, 1978,

Geographical distribution: World wide,
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35, C. raeticum Messik. in Viertel]., Naturf. Ges. Zurich. p.80, fig.49.
1935.
Hirano, 1957, p.138, pl.23, fig.13.
15.3—25}{111 long; 14.5—21/m broad;isthmus 5-—6}.1111 broad.
Cells small, a little longer than broad, slightly constricted,
sinus linear; semicells subpyramidal, margins undulate; apex
truncate, vertical view e]_'lkitie, lateral view subecircular; cell wall
smooth., (P1l.6, fig.11, photo.45).
Iocal distribution: Haleji Lake, Sind, Sarim No.275,
April 7,1978.
Geographical distribution: Burope, Japan, Pakistan,
36. C. ralfsii Brﬁhjfﬁ‘m Racib. Nonn, Deam. Polon. p.70,
pl.10, fig. 4, 1885,
West & West, vol.2, 1905, p.142, pl.58, fig.3; Taylor, 1934,
p.264, pl.41, fig.1.
37-123/@ long; 75-101/.;1: broad; isthmus 20-23 gm broad.
Cells large, subcircular, a little longer than Bdroad,
deeply constricted, einus opening outwards,semicells subpyramidal—
semicircular; basal angles of semicells less rounded and slightly
produced; side view of semicell subcircular; vertical view rhomboid-
elliptic, cell wall smooth, chloroplasts parietal, consisting
of several irregular bands running from base to apex of each
semicell, each band with several pyrenoids., (P1.5, fig.3, photo.37).
Iocal distribution: Kalri Lake, Sind, Sarim No.278,
April 9,1978.
Geographical distribution! Burope, Japan, Pakistan,
37. Q. pectangulare Grun. var. hexagonum (Elfv.) West & West,Brit,
Desm, vol.3, p.56, pl.70, fig. 4. 1908,
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= G. hB UM E]-ho mtﬂﬂk, Fil'lﬂka. DEEH. p|12| P1|1’ fiﬂ'-ﬂ.
788 asionym).

= GO, glfvingii Racib., Nonn, Desm, Polon. p.83. 1885,
= Ursinella elfvingii Kuntze, Revis. gen. plant. p.924. 1891.
Taylor, 1934, p.265, pl.51, fig.17.
23—30/;:1: long; zq—z?ﬁm broad; isthmus T-B):m broad;
thickness 15}¢m. _
Cells small, about as long as broad, deeply constricted;semicells
subhexagonal-reniform; cell wall punctate. (Pl.6,fig.13).
Iocal distribution: Multan, Sarim No,252, March 29,1978,
Geographical distribution! Barope, U.S.A., Pakistan.
38. C. sphaeroideum West, Alg. W. Ireland, p.153, pl.21, fig.8. 1892,
West & West, vol,3, 1908, p.178, pl.82, figs. 2-4.
Gn-ﬁs/gm long; 38-40/111: broad; isthmus 15-—-20)qm broad;
thickness 27-31 pm.

Cells of medium size, about 14 times as long as broad, deeply
constricted; sinus narrow and short, but not completely closed;
semicells subcircular-obovate, with the widest part about two-thirds
the distance from the base, basal part truncately flattened, lower
parts of sides slightly convex and diverging upwards, upper parts
very broadly rounded, apex in the middle truncate. side view of
semicell elliptic; vertical view broadly elliptic; cell wall
granulate, granules large and flattened; chloroplasts axile, with
two pyremoids. (Pl.6, fig,12).

Iocal distribution: Wah stream No.2, Sarim No.37,

Oct. 6,1976.
Geographical distribution: Burope, Pakistan.
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39, C. subcucumis Schmidle, Beitr. Algenfl, Schwarzwld., u. Rheineb,
p.98, p.4, fig.20. 1893.
West & West, vol.2, 1905, p.155, pl.60, figs. 1-3;
Taylor, 1934, p.267, pl.50, fig.11; Taft, 1945, p.199, pl.4,
fig.11; Taft, 1948,p.87; Irende-Marie, 1951, p.118; Croasdale,
1956, p.53, pl.4, fig.1; Grénblad, 1956, p.28, fig.56; Hirano,
1957, p.119, pl.18, fig.13; pl.19, fig.28; Grtnblad, 1960, p.41;
Groasdale & Grénblad, 1964, p.187, pl.10, fig.14; Ochiai, 1966,
p.122; Zwart, 1969, p.169, fig.10; Forster, 1970, p.321, pl.11,
figs.4, 5; Whitford & Schumacher, 1973, p.T74; fig.11; Werner, 1977,
p.61, pl.10, fig.6; Birano, 1977, p.219.
54-T8 pm long; 35—45;111 broad; isthmus 15-19}@ broad;
thickmess 23-26 )nm.
Cells large, broadly elliptic, about 15 to 1§ times as
long as broad, deeply constricted, sinus linear and dilated towards
the extremity, semicells semielliptic, basal angles rounded, apex
convex or somewhat flattened; side view of semicell broadly elliptic;
vertical view elliptic; cell wall smooth; chloroplasts axile, each
with two pyrenoidse, (Pl.4, fig.10).
Iocal distribution: Akbarpura, Distt. Peshawar.
Sarim No. 30, Sept. 25, 1976,
Geogrgphical distribution: World wide.
40. C. subreinschii Schmidle var. ocellatum West & West in Tramns,
Linn, Soc. Bot, p.6, fig. 165. 1902,
Hirano, 1957, p.163, pl.25, fig.39.
21.5/3111 long; 13E/|;m broad, isthmus 4.3}1& broad,
Cells small, a little longer than broad, deeply constricted,
sinus narrow with a slightly dilated extremity; cells
pyramidaY--rectangular, semicells
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subrectangular; apex truncate-convex; each semicell with on#
pyrenoid, cell wall punctate, (P1,5, fig.13).

Iocal distribution: Khawashki Lake near Nowshera, Distt.
Peshawar, Sarim No.200, Jan.2,1979.

Geographical distribution: Japan, Ceylon, Pakistan.

41. C. tetrachondrum Iund, Desm., Suec. p.38, pl.3, fig.2, 1871,
- Ursinella tetr ndra Kuntze, Revis, gen, plant., p,925. 1891,

West & West, vol.2, 1905, p.175, pl.62, fig.1.

20.5/101 long; 23-26. B/Ilm h:‘nsd:. isthmus E-Tﬂm broad;
thickness 10.Tfun.

Cells small, about 1% times as broad as long, deeply
constricted, sinus very narrow and linear; semicells very
depressed-subsemicircular, basal angles rounded, apex truncate-
convex, with a granule just above and near the extremity of each
linear sinusy side view of semicell circular with a basal granule on
each gide; vertical view elliptic; cell wall smooth; chloroplasts
axile with only one pyrenoid. (Pl.4, fig.13).

Iocal distribution: Malmandi Peshawar, Sarim No.316,

Feb. 2,1979.
Geographical distribution: Burope, Russia, Pakistan,
42, C. tetrgophthalmum Bréb. ex Ralfs,Brit., Desm. p.98, pl.17,
fig. 1. 1848
= gf%%i.dium'rfcnﬂmarium} tetraophthalmum Reinsch, Algenfl, Frank.

= Cosmgrium tetraophthalmum forma Iund., Desm Suec. p.27. 1871,

= [+ tatr?ght%%gum Breb, var., lundellii Wittr. Gotl. Ol.
sotv, Alp. p.50. 1872,

= Ursinella tetraophthalma Kuntgze, Revis. gen. plant. p.925. 1891,
Weat & West, wol.3, 1908, p.270, pl.95, figs. 4-T;

Taylor, 1934, p.269, pl.52, fig.11; Prescott, 193&?1‘5116’0—15;:‘1&.1949:

p.275, pl.2, fig.20; Irénée-Marie, 1951, p.121; Gronblad, 1952, p.79;
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Croasdale, 1956, p.57, pl.17, fig.1; Croasdale & Gronblad, 1964,
p.188, pl.15, fig.4; Forster, 1965, p.151, pl.6, fig.16; Croasdale,
1965, p.326, pl.5, fig.21; Ochiai, 1966, p.120; %Zwart, 1969, p.170,
£igs.86-87; Mix, 19704,p.87, pl.5, fig.12; Forster, 1970, p.322,
pl.23, figs. 15, 16; Croasdale, 1973, p.108, pl.17, fig.1; Werner,
1977, p.62, pl.10, fig.2; Hirano, 1977, p.218.

9D-120}4m long; Tﬂ—ﬂﬁ,u.m broad; isthmus 13-—30/,:.\1:1 broad;
thickness 42-51}1“1.

Cells large, about 14 times as long as broad, deeply
constricted, sinus narrowly linear with a dilated extremity;
gemicells pyramidaleovate, basal angles very broadly rounded,
sides slightly convex, extreme apex truncate and the apical angles
rounded; cell wall granulate, with 12-14 large, rather flattened
granules along each lateral margin; extreme apex smooth, granules
within the margin large and more or less scattered with indications
of both oblique and concentric arrangements, with a gradual redu-
ction of granules towards the centre of the semicell, where they
are quite small, and also with a considerable reduction of the
granules within the smooth gpex; side -view of semicell almost
circular; vertical view elliptic and within the poles @trongly
granulate, also granulate within the sides, at the middle of each
side and in the centre destitute of granules; chloroplasts axile,
each with two large pyrenoids. (Pl.5, fig.7).

Iocal distribution: Islamabad, Sarim No.150, March 11,1977.

Geographical distribution: World wide.

43, C. turgidum Breb. ex Ralfs,Brit. Desm. p.110, pl.32, fig.B8. 1848.
= Pleurotaenium turgidum De Bary, Conj. p.75, pl.5, fig. 31. 1858.
= Dysphinctium turgidum Grun. in Verh. d. zool. bot. Ges, Wian,1858.
= Docidium turgidum Wittr. Skandinay. Desm. p.20. 1869,
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= GCalocylindrus turgidus (Bréb.) Kirchn. Alg. Schles. p.142. 1878.
= Cosmarium debaryi c. turgidum klebs, Desm. Ostpreuss. p.28. 1879.
= Cosmaridium turgidum Hansg. Prodr. Algenfl. Bohm. p.245. 1888.
‘= Pleurotseniopsis turgidus (Bréb,) De Toni, Syll. Alg. p.307. 1889.

Jest & West, vol.3, 1908, p.115, pl.75, figs.1-3; Hirano,
1956, p.87, pl.17, fig.15; Kamiya, 1961, p.42, pl.5, fig.3; Fritsch,
1961, fig.107; Kamiya, 1962, p.43, pl.1, Tigs.1-4; ori, 1962, p.9,
fig.8; Werner, 1977, p.62, pl.14, fig.1; pl.29, fig.1,

1E¢-220ﬂm long; BB-‘IC-D/,um broad; isthmus 70—&4}4111 broad.

gells very large, 2-2% times as long as broad, slightly
constricted, sinus a rounded notch; semicells ovate-truncate from
a broad base, lower angles slightly rounded, sides convex and
converging upwards, apex truncately rounded; vertical view circular;
cell wall minutely scrobiculate; chloroplasts parietal, in the form
of somewhat irregular longitudinal bands, 8 in each semicell, with
several pyrenoids in each. (Pl.4, fig.2, photo.30).

Local distribution: Akbarpura, Distt. Peshawar, Sarim
No.30, Sept. 25, 1976.

Geographical distribution; World wide.

CHARACTERS OF CIOSTERIUM
4. CIOSTERIUM Nitzsch ex Ralfs,Brit. Desm. p.159. 1848,

Cells greatly elongated and always,usually markedly,
attenuated;/in st cases curved, rarely gstraight; without a median
constriction; cell wall nulc?f‘laaa or yellow to brown in colour;
smooth or with longitudinal striae that are usually ridges but may
be series of granules; commonly with one or more transverse lines
at middle of cell or at dffferent points along the cell; cells with
a single chloroplast in each semicell that is either entire or with
longitudinal ridges radiating from a comparatively slender central
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axis; generally with a single axile row of pyrenoide, more rarely

with pyrenoids scattered throughout chloroplast; cell apices hyaline

in portion not occupied by chloroplasts and with a conspicuous

vacuole that contains one or more granules that show a constant moé tion,
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5. Pyrenoids 5-7 in number,
cﬁll Wa.ll bmmvnutiiliiiiiotilliivn.i E]:- bailkﬂu-m

5. Pyrenoids 5-7 in number,
cell wall yellowish-brown.....ssssssss Cl. striolatum

5. Pyrenoids 6-7 in number,
cell wall reddish-broWl.essssssssssssns ﬂ. ﬂﬂﬂtﬂtﬂ]ﬂ

5. Pyrenoids 7-11 in number,
0311 wall Gﬂluurlﬂﬂﬂ.””...-----a---- ,G_ll -Ecﬂ‘_Lﬂum

5. Pyrenoids 8-11 in number, cell
wall yﬂlhwiﬁh-hrﬂm- SssasEEER s R BAaS ﬂl acerosum var. Elgﬂggﬁﬂlﬂl

5. Pyrenoids 9-11 in number,
G!ll 'all reﬂﬂiﬂh-bmmiiaini-lllliili E’.];_'._ l-inaﬂtum._

5. Pyrenoids 15-30 in number,
cell wall yellowish-broWn....esessssse Cl. turgidum var. giganteum

6. Cell 5-7 times longer than broad... Cl. incurvum
6. Cell 8-9 times longer than broad... Cl. venus
6. Cell 10 times longer than broad.... Cl. diange var. arougtum

DESCRIPTION OF THE PLANTS
1. Closterium gbruptum W. West,Alg. Eng. Lake Distr. p.719, pl.9,
fig.1. 1892,

West & West, vol.1, 1904, p.158, pl.20, figs.6-10; Taylor,
1934, p.242, pl.66, fig.9; Cedercreutsz & Grénblad, 1936, p.1; Scott,
Grénblad & Croasdale, 1965, p.27, fig.17; Webber, 1967, p.57;
Lengenwegor, 1970, p.256, pl.12, fig.2; Whitford & Schumacher, 1373,
p.65, pl.20, fig.4; Hosiaisluoma, 1975, p.12; RaZicka, 1975, p.197,
figs.1,2; Sarim & Faridi, 1976, p.10, fig.19; Parra & Gonzales, 1977,
p.16, f£ig.48; Rizicka, 1977, p.222, pl.33, figs.20-24.

12T—155‘,a,m long; 12-15.5 am broad; apices E-T/q.m. broad.

Cells small, about 10 times longer than broad, slightly
curved; outer margin about 55° of are, median portion of cells almost
straight, more curved towards the extremities, gradually but slightly

attenuated towards the apices, which are broad and truncate; cell wall
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smooth, colourless or straw coloured; chloroplasts with about
six ridges and containing a central row of 5 pyrenoids; terminal
vacuole with one large moving granule. (P1.7, fig.8,phot0.52).
Tocal distribution: Akbarpura, Distt, Peshawar,
Sarim No,.30, Sept. 25,1976,
Geographical distribution: Burope, U,S.A,, Pakistan,Chile.

2. Cl. acergsum (Schrank) Ehr. ex Ralfs,Brit. Desm. p.164,
Pll 2?; ﬂE- 21 134‘5'

= Vibrio acerosus Schrank, p.47. 1803,
= (l, acerosum a. majus Reinsch, Algenfl., Frank. p.186. 1867 .
= %. acerosum a. typicum Klebs, Desm. Ostpreuss.p.7, pl.1, fig.6.

= Cl. acerosum var. truncatum Gutw. Wahr. d. Prioitat, p.66, 1890.
= Arthrodig gcergsa Kuntze, Revis. gen. plant., p,883. 1891,

West & West, vol.1, 1904, p.146, pl.18, figs.2-5; Smith,
1924, p.10, pl.53, fig.1; Taylor, 1934! p.242, pl.65, fig.20; Thomp=-
son, 1938, p.41, pl.9, fig.1; Taft, 1945, p.186, pl.1, fig.8, Smith,
1950, p.316, fig.226; Hughes, 1951, p.269, figs. la, 1b; Tiffany &
Britton, 1952, p.169, pl.52, f£ig.550; Hirano, 19554,p.51, pl.8,
fig.12; Croasdale, 1955, p.521, pl.7, fig.1; Scott & Prescott, 1958,
p.22, fig.1; Fritech, 1961, fig.109M; Croasdale, 1962, p.18, pl.1,
fig.15; Kies, 1962, p.5; Cromsdale & Gronblad, 1954, p.152, pl.3,
fig.17; Férater, 1964, p.45, pl.1, fig.3, Chardard, 1965, p.2, pl.12;
Croasdale, 1965, p.305, pl.1, fig.27; Chardard, 1966, p.336, pl.15,
Prescott, 1966, p.4, pl.1, figs.1, 2; Iind, 1967, p.395, pl.1, figs.3,
Ja, 4; Yeh & Gibor, 1970, p.47, fig.4; Islam, 1970, p.909, pl.6, figs.
1-3; Chardard & Heim, 1971, p.569, pl.1; Tassigny, 1971, p.408, fig.1;
Rivera, Parra & Gongzales, 1973, p.56, pl.11, fig.5; Chardard, 1973,
p.59, pl.T; Croasdale, 1973, p.74, pl.11, fig.9; Tassigny, 1973,
p.283; Whitford & Schumacher, 1973, p.66, pl.19, fig.3; Watanabe,
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1974, p.219, pl.3, fig.n; Islam & Zaman, 19750,p.50, pl.4, fig.32;
Islam, 1975, p.32, pl.2, figs.15, 16; Ragicka, 1975, p.199; Parra,
1975, p.28, £ig.17; Sarim & Faridi, 1976, p.10, fig.18; Chardard,
1977, p.241, figs.9, 10; Parra & Gonzales, 1977, p.16, fig.45;
Rﬁi’i‘élm, 1977, p.154, pl.18, figs,1-4; Prasad & Mehrotra, 19770,
P50, fig.4.

mlﬁﬁﬂ long; Zﬁ-4ﬂﬁm broad.

Cells large, 8-16 times longer than broad, slightly
curved,narrowly fusiform; outer margin slightly curved, about
10°-20° of arc, innar margin almost straight or slightly convex;
semicells gradua.llr tap"brj.ng to the apices, which are narrow and
rounded-truncate, ofte%- gli‘ghtl}r thickned; cell wall colourless
and smooth, in older individuals becoming yellowish-brown and very
delicately striolate; chloroplasts ridged, with a median series of
7-11 pyrenoids; terminal vacuoles with a number of moving granules.
(P1.8, f£ig.7,photo.59).

Iocal distribution: Azakhel Water lodged pool, Distt.
Peshawar, Sarim No, 156, March, 16, 197T.

Geographical distribution: World wide.

3, Cl._acerosum (Schrank) Ehr, ex Ralfs var, elongatum Bréb., Liste
Desm. p.152. 1856,
= (Ql. pcerosum B Ralfs, Brit, Desm. p.164, pl.27, fig.2. 1848.

= (0l, acerosum var., acerosum Cooke, Brit. Desm, p.21,1886.
= Ql. (Schrank) Ehr, ex Ralfs forma elongatum (Breh)

Kosinskaja, 1960, (vide, Rhgi&ka, 1977).
West & West, vol.1, 1904, p.148, pl.18, fig.1; Taylor,
1934, p.242, pl.65, fig.23; Hughes, 1951, p.270, figs.Z2a, 2b;
Pibvor, 1959, p.513, figs.38, 39; Forster, 1970, p.279, pl.2, fig.19;
Werner, 1977, p.39, pl.2, figs.13-15; Ruzicka, 1977, p.158, pl.18,
fig. 10,
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525-T790 mm long; 29-5G/):;m broad;

Cells large, relatively a little longer, and with the
striclations of the cell wall more diatiﬁct; cell wall of yellowlsh-
brown colour; chloroplast ridged with a median series of about 8-11
pyrenoids. (Pl.7, fig.11). _

Iocal distribution: WMadain, bListt. Swat, Sarim No.190,
Dec. 15, 1978.

Geographical distribution: Burope, U.S.A, Pakistan,Rusia.
4, Cl, aciculare Tuffen West, Rem, Diat. Deem. p.153, pl.7, fig.16.

1860.
= Arthrodig acicularis Kuntze, Revis. gen. plant. p.883. 1891,

"= QClosteri cile Breb, forma gracillim West, Alg, W. Ireland
p".-izz,"p&ui.%, 4 .15. 1892, ’ '

= Cl, subpronum West & West, 1894, (vide, Rizicka, 1977).

West & West, vol.1, 1904, p.174, pl.21, figs.18, 19;
Smith, 1924, p.11; Scott & Prescott, 1958, p.22, pl.1, fig.1;
PSrater, 1969, p.19, pl.2, fig.20; Forster, 1970, p.279, pl.2,
fig.1; Watanabe, 1974, p.26, fig.3; Uherkovich, 1975, p.28; Compere,
1977, p.86, fig.316; Ruzicka, 1977, p.108, pl.8 figs,21, 24; Kusel-
Fetzmann, 1977, p.86, fig.316; Scharf, 1979, p.32, pl.2, figs.1-4,

440-590/m long; S-T/Gm broad.

Cells very narrow and greatly elongated, B5-95 times
longer than broad, almost straight for above half their length,
very gradually attenuated from the middle to the apices, which are
8lightly incurved, acute or acutely rounded and very narrow; cell
wall smooth and colourless; chloroplasts with from 6 to 8 pyrenoids;
terminal vacuoles very long and containing one or two moving granules.
(P1.8, fig.5).
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Iocal distribution: Islamabad, Sarim No.150, March 11,1977,
Geographical distribution: Burope, Japan, U.S.4, Pakistan,
Australia.
5. Cl. attenuatum Ehr. ex Ralfs, Brit, Deam. p. 169, pl.29, fig.5. 1848.

€1, attenuatum Ehre::., Infus. p.94, pl.6, fig.4. 1838.

ﬂ, E!diﬂ‘m Dﬂlp. Desm. Eu'ba.lp. P.1ﬂ4, p1-1?| fig-?. 13??-

Arthrodia attenuatg Kuntze, Revis. gen. plant. p.883. 1891,
West & West, vol.,1, 1904, p.169, pl.22, figs.1-3; Hirano,

1955,, p.40, pl.8, fig.1; Grénblad, Scott & Croasdale, 1968, p.9,
fig,22; Dubois-Tylski, 1969, p.319, pl.2, fig.5; Lenzenweger, 1370,
p.258, pl.12, fig.10; Forster, 1970, p.281, pl.5, fig.3; Ruzicka,
1975, p.200, fig.8; Werner, 1977, p.40, pl.3, fig.9; Rizicka, 1977,
p.193, pl.26, figs.1-8.

432-523/4m long; 35-45/;1.& broad.

Cells large, 11-14 times longer than broad, slightly
curved, outer margin 45° of arc, inner margin not tumid, gradually
attenuated towards each extremity, near the apices rather suddenely
narrowed into an obtuse cone; cell wall striated, from 17-24 striae
vieible across the cell, brown or reddish-brown in colour; chloro-
plast ridged with 7 pyrenoids in a central series; terminal vacuoles
with a large number of moving granules. (P1.7, fig.6, photo.51).

Iocal distribution: Gandi Garden, Karachi, Sarim No.251,
March 28, 1978.

Geographical distribution: World wide.

6. Cl. baillyanum (Bréb,) Bréb, Liste Desm. p.151. 1856.

Grénblad, 1919, p.10, pl.1, fig.19; Prescott, 1941, p.25,
pl.1, figs.3-5; Grindblad, 1948, p.403, fig.2; Hughes, 1951, p.272,
fig.9; Hirano, 19554,p.39, pl.5, fig.5; Croasdale, 1955, p.522,
pl.4, fig.9; Croasdale & Gronblad, 1964, p.154, pl.4, fig.18; Scott,
Gréonblad & Croasdale, 1965, p.27, fig.18; Eloranta, 1968, p.64,
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fig.67; Hinode, 1971, p.103, pl.3, figs.3,4; Risicka, 1975, p.201,
figs.11, 13, 17; Hinode, 1977, p.75, figs.3, 8, 9; Rusicka, 1977,
p.179, pl.23, figs.1=6.

432—736)41:1 long; 42—-48/‘;1:: broad; apex EE,mn broad.

Cells large, 10 times longer than broad, slightly curved,
gradually attenuated at poles; poles wide and truncate-rounded; cell
wall brown and punctate, darker at each apex; each chloroplast with
5-7 pyrenoids, terminal vacuoles with several moving granules,
(P1.8, fig.1).

Iocal distribution: Madain, Distt, Swat, Sarim No.190,
Dec.15, 1978,

Geographical distribution: Burope, Africa, India, U.S. A,
Japan, Pakistan.

7. Cl. gostatum Corda ex Ralfs, Brit, Desm. p.170, pl.29, fig.1. 1848.
- % costatum Corda, in Alm. de Carlsbad, p.185, pl.5, fig.61.

= Cl. doliolatum Bréb., in Cheval microscop. et usage, Paris,

= Cl, turgidulum Kg. Phycol. germ. p.132. 1845.
= (Cl, dilatatum Kg. Phycol. germ. p.132. 1845.
= (Ol. striolatum b, costatum Klebs, Desm. Ostpreuss. p.14, 1879.

= Cl, costatum Corda ex Ralfs, var. subtumidum Racib. 1889.
Tvide, Ruzicka, 1977).

= Arthrodia costata Kuntze, Revis, gen. plant. p.883. 1891,

= . costatum Corda ex Ralfs var, multinucleatum Defland. 1924,
B R e 1977).

= 1. statum Corda ex Ralfs var, dilatatum (West & West)
rieger, 1935, (vide, Rl &éﬁa, 9T7) .



88

West & West, vol.1, 1904, p.120, pl.13, figs.1-3;
cronblad, 1945g,p.55, pl.1, fig.1; faghes, 1951, p.272; Hirano,
19554,P+53, pl.8, fig.5; Croasdale, 1955, p.522, pl.4, fig.13;
Mattern, 1962, fig.13; Mattern, 1964, p.249; Groasdale & Grénblad,
1964, p.154, pl.4, figs.13, 13a; Dubois-Tylski, 1969, p.319, pl.2,
fig.T; Mix,19704,p.79, Pl.3, fig.T; Lenzenweger, 1970, p.257,
pl.12, fig.7; Forster, 1370, p.281, pl.8, figs. 1,2; VWhitford &
Schumacher, 1973, p.66, pl.18, fig.22; Razicka, 1975, p.204,
figs, 25-28; Parra & Gongales, 1977, p.16, figs.66=69; Rﬁiiska, 1977,
p.195, pl.27, figs.1-6.

340-405/&!11 long; 4E-EE/um broad.

Cells of medium size, 6-10 times longer than broad,
slightly curvey,outer margin from 90° to 98° of arc, gradually
attenuated towards the apices which are rounded, truncately
rounded or rounded conical; cell wall reddish-brown, costate, with
6-8 costae visible across the cell; each chloroplast with 6-7
pyrenoids in one axile series; terminal vacuoles with numerous
moving granules. (P1,7, fig.18, photo.57).

Iocal distribution: Tangi, Qharasadda. Sarim No.28,
Sept. 20,1976.

Geographical distribution: World wide,

8. 0Ol, dianae Enr, ex Ralfs var. arcuatum (Bréb,) Rabenh,
Flor. Barop. Alg. p.133. 1868,
= Cl, arcuatum Bréb. ex Ralfe,Brit., Deam. p.219, 1848, (Basionym).

Hest & West, vol.1, 1904, p.131, pl.15, figs.21,22;
Hughes, 1951, p.276, fig.56; Scott & Prescott, 1958, p.23, pl.1,
£1g.4; Croadsdale & Grénblad, 1964, p.154, pl.3, figs.4,5;
Croasdale, 1965, p.305, pl.1, fig.24; Poreter, 1970, p.282,
pl.3, fig.14; Yacubson, 1974, p.109, p1.5, fig.41; Wnitford &
Schumacher, 1973, p.66, pl.20, fig.15; Ruzicka, 1977, p.134.
pl.13, figs.19-21
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129—29ﬂ/am long; 13-25{nm broad; apices E-?ﬂm broad,
About 10 times longer than broad, slightly smaller and
more strongly curved, than the species; outer margin 1402152° of
arc; cell wall of a pale yellow colour, (P1l,8, fig.4, photo.58),
Iocal distribution: Pirbaba, Buner, Sgrim No. 199,
Dee. 30,1978,
Geographical distribution: World wide.
9. (Cl. ehrenbergii Menegh, ex Ralfs,Brit, Deam. p.166, pl,28,
fig.2. 1848,
= Cl. ehrenbergil Menegh, Synops. Desm, p.232. 1840.
=  Arthrodia ehrenbergii Kuntze, Revis, gen, plant, p,B883, 1891,

Closterium ehrenberszii l!m}‘_egh. ex Ralfs var. michallovskoensge
E%TLFI::T{Q’IE. E 'rIﬁa, Rizicka, 1977).

West & West, vol.,1, 1904, p.143, pl.17, figs.1-4;
Taft, 1945, p.186, Hughes, 1951, p.275, fig.17; Tiffany & Britton,
1952, p.172, pl.52, fig.558; Hirano, 19554,p.47, pl.3, fiz.2;
Croasdale, 1955, pP. 523, pl.6, fig.20; Fritsch, 1961, p,351, fig.109

I

E, H; Brandham & Godward, 1965, p.32, pl.12, figs.1-4; Prescott,
1966, p.5, pl.5, figs. 6,7; Lippert, 1967, p.182, figs.2, 24, 30;
Herrmann; 1967, p.363, fig.1; Forster, 1969, p.20, pl.3, fig.9;
Mix, 19704,p.81, pl.2, fig.11; Islam, 1970, p.910, pl.6, fig. 14;
Forster, 1970, p.283, pl.4, fig.12; Mix, 1973, p.189, pl.4, fig.11;
Iippert, 1973, p.172, pl.1, figs. 1-4; Rizicka, 1973, p.291;
Whitford & Schumacher, 1973, p.66, pl.19, fig.1; Stein, 1975,
p.137, fig.92; Parra, 1975, p.29, fig.18; Werner, 1977, p.41, pl.4,
figs. T7-10; Ru¥icka, 1977, p.141, pl.15, figs. 1-3.

332—541/1111 long; 72—13?/11:: broad; apices 12-1ﬂ/n.m broad.
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Cells large, stout, 4-5% times longer than broad,
slightly curved, outer margin 1102120° of arc, inner margin
concave but inflated in the median part, gradully attenuated
towards the apices, which are obtusely rounded; cell wall smooth
and colourless; chloroplasts with eight to ten ridges, and
containing about 16 pyrenoids; terminal vacuole with a cluster
of small moving granules. (P1.7, fig.3, photo.48).

Iocal distribution: Gandi Garden, Karachi, Sarim No.251,
March 28,1978,

Geographical distribution: ﬁurld wide.

10. Cl. gracile Bréb. ex Ralfs,Brit, Desm. p.221. 1848,

= cl, cile Bréb., in Cheval., des microscop. et usage Paris,
1}.2‘?%. 1639

= e Junei Ralfs, forma gracillima-ixvissima Rabenn. Flor.
%mp. Algar, p.12"r. 1868,

=  Ql. gaolle forma tenuigaime Heimerl, Dem. Alp. p.591. 1891,

= Arthrodig gracilis Kuntge, Revis. gen. plant. p.883. 1891,

= Gliateriun limneticum Lemm. Phytoplank. sachsis, Teiche,
De 3y Placy !Igs.;g-zh 1599.

West & West, vol.1, 1904, p.166, pl.21, figs. 8-12;
Smith, 1924, p.10, fig.1; Taylor, 1934, p.244, pl.66, fig.7; Taft,
1945, p.1%c, pl,1, fig.13; Hughes, 1951, p.277, fig.39; Tiffany &
Britton, 1952, p.174, pl.52, fig.556; Hirano, 19554,p.35, pl.6,
figs., 8-10; Croasdale, 1955, p.523, pl.8. fig.4; Razicka, 1962,
p.183, figse.19, 20, 39; Evanas, 1962, p.66; Croasdale & Gronblad,
1964, p.156, pl.3, fig.12; Croasdale, 1965, p.305, pl.1, fig.26;
Buell, 1968, p.449, figs. 1-8; Eloranta, 1968, p.64, fig. 75;
Forster, 1969, p.20, pl.2, figs. 18, 19; Zwart, 1969, fig. 13;

Lenzenweger, 1970, p.253, pl.11, fig.4; Forster, 1970, p.283, pl.2,
figs, 4-6; Gronblad & Croasdale, 1971, p.6, pl.1, fig.B8; Poore &
Marshall, 1972, p.75; Whitford & Schumacher, 1973, p.66, pl.18,
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£ig.12; RiZlcka, 19754, p.293, figs.88, 89; Parra, 1975, p.29, fig.43;
Sarim & Faridi, 1976, p, 18, fig.29; Hinode, 1977, p.75; Parra &
Gonzales, 1977, p.17, figs. 46, 47; Rasicka, 1977, p. 168, pl,21,
figs.1-4.

130-1910*/&:.1 long; 3.4-6/z|m broad; apices 1.2-2.4/»11 broad.

Cells small, slender and linear, about 37-40 times longer
than broad, almost straight for more than half their length, margins
parallel, gradually narrowed and gracefully curved towards the apices,
which are obtuse; cell wall smooth and colourless; chloroplast some-
times sub-undulate, with five to seven pyrenoids, terminal vacuoles
with one to several moving granules, (P1,7, fig.15 and P1l.8, rig, 2,
photo.55),

Iocal distribution: New Bus Stand, Peshawar, Sarim No. 154,
March 13, 1977.

Geographical distribution: World wide.
"1+ Cl. incurvum Bred. Liste Deam. p.150, pl.2, fig.47. 1856,
= Ll. leibleinii Xg. b. minus Rabenh. Flor, Barop. Algar. p.132,1868,
= %%g‘?m €. incurvum Klebs, Desm, Ostpreuss. p.12, pl.1, fig,14.
= %idﬁi’fgi;f Elli;,%g?-var. incurvum (Bréb,) Krieger, 1935,

West & West, vol.1, 1904, p.136, pl.15, figs,28-30;
Gronblad, 1948, p,414; Grénblad, 1955, p.35, fig.3; Croasdale, 1955,
P«523, pl.6, figs.5-8; Cook, 1963, p.9, figs,B8, 18; Forster, 1970,
P»283, pl.2, figs.24-29; Whitford & Schumacher, 1973, p.66, pl.20:
fig.11; Rhzicka, 19754 p.293, £1g.63; Sarim & Faridi, 1976, p.18,
fig.41; Ruzicka, 1977, p,118, pi. 10, figs. 35-42.

52-64 Mm long; 10.5-—14/um broad.

Cells very amall, 5-7 times longer than broad, strongly
curved, outer margin about 180° of arc, inner margin not tumiq,
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strongly attenuated towards the apices, which are acute; cell wall
smooth and colourless; chloroplast with several amall pyrenoids in
one series; terminal vacuoles with several small moving granules.
(P1.7, fig.14).

Iocal distribution: Ali Masjid Bridge, Khyber Agency,
Sarim No.135, Jan. 20, 1977.

Geographical distribution: Europe, Ceylon, U,S.A, Fakistan.
12, £1, intermedium Ralfse,Brit. Desm. p.171, pl.29, fig.3. 1848,

13 striolatum b, elongatum Rabenh, Flor. Burop. Algar. p.125.
8.

]

1égaubdiractum West, Desm, Massachussetts, p.17, pl.3, fig.16.

Arthrodia intermedia Kuntze, Revis. gen. plant. p.884. 1891,

West & West, vol.1, 1904, p.125, pl.14, figs.1-5; El-Nayal,
1935, p.47, fig.68; Hughes, 1951, p.277, figs.31, 32; Tiffany &
Britton, 1952, p.172, pl.52, f£ig.559; Hirano, 19554, p.50, pl.6, fig.6;
Croasdale, 1962, p.19, pl.1, fig.13; Croasdale & Grénblad, 1964,
p.156, pl.4, fig.1; Ochiai, 1966, p.118, fig.11; Eloranta, 1968,
p.64, fig.64; Herrmann, 1969, pl.1, fig.4; Mix, 19704,p.81, pl.3,
fig.4; Lengenweger, 1970, p.257, pl.12, fig.5; Frster, 1970, p.284,
pl.6, figs,17-20; Hinode, 1971, p.103, pl.11, figs.13, 14; Whitford
& Schumacher, 1973, p.66, pl.18, fig.19; Ru¥icka, 19754, p.294; Sarim
& Paridi, 1976, p.19, fig.30; Hinode, 1970, p.75, fig.2; Parra &
Gonzales, 1977, p.17, fig.16; Ruzicka, 1977, p.215, pl.32, figs.1-5.
234-455)&: long; 16'31/luu broad; apices 1{1—11.5)(111 broad.
Cells of medium size, 12-15 times longer than broad, slightly

curved, outer margin from 36° to 45° of arc, inner margin slightly
concave, not tumid but sometimes straight in the median portion,
gradually attenuated towards the apices, which are truncate with
rounded: angles;cell wall palgyellow or yellowish-brown in colour,
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strongly striated, with 8-10 striae visible across the cell; each

chloroplast with 6 pyrenoids; terminal vacuoles with one large

moving granule or a few smaller ones. (Pl.7, fig.15, photo.56).
Iocal distribution: Bannu, Sarim No.231, Feb, 1,1978.
Geographical distribution: World wide,.

13. Cl, lineatum Ehr, ex Ralfa,Brit. Desm . p.1, 30, fig.1. 1848.

* Cl. lineatum Ehr. Infus. p.296, pl.6, fig.8. 1838.

= Arthrodia lineats Kuntze, Revis. gen. plant. p.883. 1891,

= ﬂ%gterigﬁ: gigmg_%g%os-:hmidle, Alg. ans Nyassa-Ses,
P.b5, pl.1, fig. . 3.

West & West, vol.1, 1904, p.181, pl.24, figs. 1+5;
El-Nayal, 1935, fig.69; Croasdale, 1955, p.524, pl.8,
fig.12; PFritech, 1961, p.352, fig.111 C; Hirano, 1955g,p.40,
pl.60, figs.14, 15; Fdrster, 1970, p.285. pl.5, fig.; Lenzenweger,
1970, p.254, pl.11, fig. 9; Mix, 1970¢,p.81, pl.3, fig.2;
Whitford & Schumacher, 1973, p.16, pl.18, fig.20; Parra, 1975,
.30, fig.32; Werner, 1977, p.42, pl.3, fig.4; Riicka, 1977,
p. 184, pl.24, figs. 1-3; Kusel-Fetamann, 1977, p.89, fig.346;
Prasad & Mehrotra, 1977g,p.50, fig.34;

415-76D/b.m long; 1'?-35/1:!:!1 broad; apices '?-1G/I.un broad.

Cells large, long and narrow, 16-24 times longer
than broad, slightly curved, median portion. of the cell fairly
straight and cylindrical, inner margin faintly and widely tumid,
and gradually attenuated towards the gpices, which are brod and
truncately rounded, cell wall striated, stria& rather variable,
from 10 to 20 visible across the cell cell wall reddish-brown in
colour; chloroplasts with about six ridges and a median row of
nine to eleven pyrancids; terminal vacuoles with a close cluster

of several moving granules, (P1l.7, fig.7).
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Local distribution: Saldu Sharif Swat, Sarim No.164,
March 23,1977.

Geographical distribution: World wide.
14. Cl. littorale Gay. Monogr. Ioec. Conj. p.75, pl.2, fig,17. 1884,
= Arthrodia littoralis Kuntze, Revis. gen. plant, p,883, 1891.

West & West, vol. 1, 1904, p.155, pl.19, fig, 14:
Tiffany & Britton, 1952, p.173, pl.51, fig.544: Hirano, 19554,
p.36, pl.5, figs.17, 18; Herrmann, 1968, p.358, fig.2; Whitford
& Schumacher, 1973, p.66, pl.19, fig.5; Parra, 1975, p.30, fig.42:
Rificka, 1975¢,p.298, figs. 90-94; Ichimura, & Watanabe, 1976,
p.123; Werner, 1977, p.42, pl,2, fig.11; Razicka, 1977, p.150,
pl.17, figs. 1-9; Hirano, 1977, p.212; Ichimura & Watanabe, 1978,
pP.1; Ichimura & Watanabe, 1978a, p.11.

150-220/m long; 17.5—22.5)1111 broad.

Cells of medium size, about 10 times longer than broad;

slightly curved, outer margin 35240° of are, inner margin a
little concave, and slightly but widely tumid in the middle,
gradually attenuated to the apices,which are obtusely rounded:
cell wall smooth and colourless; chloroplast with 8 ridges and a
central 'series .of 5 pyrenoids; terminal vacnolés with a number of
moving granules. (P1,7, fig.2).

Iocal distribution: Govt. College Abbottabad, Sarim
No.232, Feb. 8,1978,

Geographical distribution: World wide.
15. £l. lunula (¥01l,) Nitzsch ex Ralfs,Brit, Desm. p.163, pl.27,

fig. 1. 1848,

=  Vibris lunuls Mill, p.142, 1784.

= 5%& lunulgT;. typicum Klebs, Deam. Ostpreuss. p.6, pl.i,
- - ™

= throdia lunula Kuntze, Revis. gen. plant. p.883. 1891,

= l. lunuls (Mill,) Nitzsch ex Ralfs forma minus West & West
%gu'q'- {vidﬂ" R&ﬁ%k&, 19’??). d
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= Cl., lunula (Mull,) Nitzsch ex Ralfs var. minus (Weat & Weat)
Krieger 1935. (vide Rhzicka, 1977).

West & West, vol,}, 1904, p.150, pl.18, figs.1-9; Hughes,
1951, p.282, fig.3; Tiffany & Britton, 1952, p.52, fig.561; Prescott,
1954, p.65, fig.90; Hirano, 19554, p.38, pl.9, figs.6, 7; Croasdale,
1955, p.525, pl.7, fig.4; Herrmann, 1966, p.32; figs.3, 4; Prescott,
1966, p.6, pl.2, figs.9,10; Mix, 19704 p.81. pl.3, fig.1; Lenzenweger,
1970, p.258, pl.13, fig.2; Wrster, 1970, p.286, pl.5, fig.1;
Croasdale, 1973, p.74, pl.11, fig.10; Whitford & Schumacher, 1973,
p.66, pl.9, fig.13; RiFicka, 1975 p.299; Hinode, 1977, p.76, fig.3;
R&Zicka, 1977, p.145, pl.16, figs., 1-3.

4?3-65::-/:;:13 long; Tﬁ-115/u,m broad; apices 19-—23/:;m broad.

Cells large, stout, 6-7 times longer than broad, almost
straight, outer margin 40°- 45° of arc, inner margin generally
straight, and very slightly tumid in the median part, gradually
and gently narrowed to the apices which are slightly recurved and
obtusely rounded; cell wall amooth and colourless; chloroplasts
with about 10 to 12 ridges and numerous scattered pyrenoids;
terminal vacuoles with a large cluster of moving granules.
(P1.7, fig.1, photo.47).

Iocal distribution: Bannu, Sarim No.231, Feb. 1, 1978.

Geographical distribution: World wide.
16. Cl. moniliferum (Bory) Ehr, ex, Ralfs,Brit. Desm. p.166, pl.28,

fig.3. 1848,

= Cl. moniliferum (Bory) Ehr. Infus. p.91, pl.5, fig.14. 1838,
= C}. moniliferum a.genuinum Kirchn. Alg. Schles. p,.141, 1878,

= %_{1. mgnilifam a. typicum Klebs, Deam, Ostpreuss, p.9, pl.1,
B . .

= %. leibleinii Kg. var. curtum West, Desm. Mass. p.17, pl.2,
E-E- 1EE§I

Arthrodia monilifera Kuntze, Revis. gen. plant. p.883. 1891.
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Cl, malinvernianiforme Grdnb.. 1920 (vide, RiZicka, 1977).
Cl._moniliferum (Bory) Ehr, ex Ralfs var, malinvernianiforme
{3n0oT Tostnakasar 1960 (vide, Tatiien, 1o7ry cmaianifore
West & West, vol.1, 1904, p.142, pl.16, figs.15, 16;

Smith, 1924,p.9, pl.52, fig.1; Taylor, 1934, p.244, pl.66, fig.15;
El-Nayal, 1935, p.45, fig.63; Thompson, 1938, p.40, pl,9, fig.12;

Tiffany, 1945, p.188, pl.1, fig.16; Smith, 1950 p.317; Hughes, 1951,
p.282, fig.8; Tiffany & Britton, 1952, p.172, pl.52, fig.549; Mattern,
1954, p.250; Hirano, 1955, p.37; Hirano, 19554, p.46,pl.3, fig.6;
Croasdale, 1955, p.525, pl.6, fig.21; Tibor, 1959, p.513, fig.43;
Fritech, 1961, fig.107a; Wessikommer, 1963, p.51, pl.1, fig.2; Cook,
1963, p.500; Croasdale & Gronblad, 1964, p.157, pl.3, fig.1; Brandhanm,
1965, p.483, pl.2, fig.12; Croasdale, 1965, p.305, pl.1, fig.22:

‘ Prescott, 1966, p.7, pl.2, figs.6, 7; Mattern, 1966, p.214, fig.T;
Lippert, 1967, p.182, figs.1, 3-23; Zwart, 1969, p,167, figs.2-5;
Mix, 19704, p.83, pl.2, fig.9; Islam, 1970, p.910, pl.20, fig.3;
Forster, 1970, p.286, pl,4, figs3-6; Hinode, 1971, p. 105, pl.2, fig.5;
Dubois-Tylski, 1972, p.183, pl.1; Mix, 1973, p.185, pl.2, fig.5;
Dubois-Tylski, 1973, p.91; Dubois-Tylski, Jacques & Lacoste, 1973,
p.111; Dubois-Tyleki, 1973c, p.41, pl.1; Lippert, 1973, p.172;
Whitford & Schumacher, 1373, p.67, pl.20, fig.10; Duboie-Tylaki &
Abadie, 1974, p.181, pl.1; Watanabe, 1974, p.222, pl.3, fig.d; Howard
& Cowle, 1975, p.33; Ielam & Zaman, 19754,p.50, pl.4, figs.36, 37,

39; Rigzltka, 1975g p.300; Parra, 1975, p.30, fig.21; Howard & Cowle,
1976, p.188; Howard & Cowle, 1976a, p.ﬁ.mi Sarim &  PFaridi, 1976,
p.22, fig.43; Dubois-Tylski, 1977, p.27 d; Werner, 1977, p.43, pl.4,
figs.11, 13; pl.17, fig.2; Parra & Gonzales, 1977, p.18, figs.25,

27; Rhzicka, 1977, p137, pl.14, figs.3-6; Hirano, 1977, p.212;
Dubois~Tylski, 1978, p.211, pl.l.
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222—3?‘3}1::1 long; 33-513/;5;1 broad; apices B-11ﬂm broad.

Cells of medium size, stout, 6-8 times longer than broad
slightly curved, outer margin 100°- 110° of arc, inner margin with
a distinct inflation in the middle, uniformly narrowed to the
apices, which are obtusely rounded, cell wall smooth and colourless;
. chloroplasts with distinct ridges, about 6 in number and with a
single series of 6 p;rranq%ﬁa; terminal vacuoles with numerous moving
granules, (P1.7, fig.4, photo.49).

Local distribution: Gujrat, Punjab, Sarim Wo,285, Feb. 1, 1978,

Geographical distribution: World wide,

17. C1, moniliferum (Bory) Ehr, ex Ralfs var. concavum Klebs,
in Krieger Krypt. Flor. p.13, pl.1, fig.201. 1935,

Hughes, 1951, p.283, fig.19; Hirano, 1955, p.47, pl.3,
fig.7; Croasdale, 1955, p.525, pl.6, fig.22; Prescott, 1966, p.7,
pl.2, figs.2, 3, FWrster, 1969, p.22, pl.2, fig,30; Férster, 1970,
P.287, pl.4, figs, 10, 11; Werner, 1977, p.43, pl.4, fig.12; pl.17,
fig.3; Parra & Gonzales, 1977, p.18, £ig.28; Risicka, 1977, p.140,
pl.14, figs.7-9.

Eﬂﬁ-zﬁﬂm long; 4-1.4—55/11::1 broad,

Cells of medium size, curved more than the species; cell
wall colourless without a median girdle, smooth; terminal vacuoles
conspicuous; Chloroplast with a med:l,an series of 7 pyrenoids,
(P1.7, fig.5, photo.50),

Iocal distribution: Gandi Garden Karachi, Sarim No,251,
March 28, 1978. _

Geographical distribution: World wide,
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18, Cl, rostratum Ehr, ex Ralfs,Brit. Desm., p.175, pl. 30, fig.3.1848.
= Cl, rostratum Fhr., Patwick, Lebends. d. Infus. p.67. 1832,
= Cl. acus Nitzsch in Kg. Syn. Diat. p.595, pl.18, fig.81. 1834,
= (Cl, candatum Corda in Alm, d. Carlsbad. p.190, pl.5, fig.66.1835.
= (1, rostratum a., typicum Klebs, Desm, Ostpreuss. p.18. 1879.
= Arthrodia rostrats Kuntze, Revis. gen, plant. p.884. 1891.

West & West, vol.1, 1904, p.188, pl.26, figs.1-5; Hirano,
19554, p. 42, pl.6, figs.2, 3; Croasdale, 1955, p.526, pl.9, figs.
4, 5; Mattern, 1964, p.250; Croasdale & Grénblad, 1964, p.158, pl.4,
fig.19; Croasdale, 1965, p.305, pl.1, fig.3; Ochiai, 1966, p.119;
Croasdale, Scott & Grdnblad, 1968, p.10, fig.21; Zwart, 1969, p.167,
figs.9, 10; Lengzenweger, 1970, p.254, pl.11, fig.10; Forster, 1970,
p.291, pl.6, figs.,4-8; Dubois-Tylski, 1973, p.3, pl.1, figs.1-9;
Croasdale, 1973, p.75, pl.11, fig.16; Whitford & Schumacher, 1973,
pv67, pl.20, fig.3; Watanabe, 1974, p.222, pl.3, fig.m, Stein, 1975,
p.137, fig.93; Ruzicka, 1977, p.209, pl.31, figs.1-6.

246-530)1m long; 19—-30'):m broad;apices 3.4-5 am broad.

Cells of medium sige, 12-18 times longer than broad,
slightly curved, median part of cell fusiform-lanceolate, inner
margin more convex than outer margin, extremities prolonged into
long, colourless processes which are slightly incurved, apex obtuse
and slightly dilated; cell wall straw coloured, finely striated,
| 25-27 striae visible across the cell; chlorplasts with four or five
pyrenoids; terminal vacuoles large, situated within the base of
the apical processes and containing from 12 to 15 moving granules,
(P1.8, fig.6).

Local distribution: Irum Cold Storage, Peshawar, Sarim No.154,
March 13, 1977.

Geographical distribution: World wide.
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19, Cl. setaceum Ehr, ex Ralfs,Brit. Desm. p.176, pl.30, fig.4. 1848,
= (l. rostratum Ehr. c. setaceum Klebs, Desm. Osipreuss, p.18.1879.
= Arthrodia setacea Kuntze, Revis, gen. plant. p.884. 1891.

West & West, vol.1, 1904, p.190, pl.26, figs.9-13; Taylor,
1934, p.245, pl.66, fig.11; Hughes, 1951, p.285, fig.48; Tinode,
1955, p.40, pl.6, figs.1, T7; Croasdale, 1955, p.526, pl.9, fig.6;
Ochiai, 1966, p.119; Lind, 1967, p.370, pl.1, fig.1; Grénblad,
Scott & Croasdale, 1968, p.10, fig.19;Forster, 1969, p.24, pl.4,
£igs.13-15; Lenzenweger, 1970, p.256, pl.1, fig.12; Férster, 1970,
p.292, pl,6, figs.11, 12; Hinode, 1971, p.105, pl.3, figs.11, 12;
Whitford & Schumacher, 1973, p.67, pl.20, fig.21; Forster, 1974,
p.151, pl.4, figs.2, 3; Ruzicka, 1977, p.205, pl.30, figs.1-3.

227-450 pm long; 7.5-12.5 am broad; apices 0.'?-1.5);11!1 broad.

Cells small, very slender, almost straight, 25-36 times
longer than broad, median portion of cell small, fusiform-lanceolate,
both margine equally convex, extremities prolonged into slender,
setaceous, colourless processes, which are slightly incurved and
obtuse at the apices; each apical process is about three-eights the
length of the cell; cell wall colourless or pale straw-coloured,
finely striated, about 13 fine striations visible across the cell;
chloroplasts with two pyrenoids; terminal vacuoles within the base
of the apical processes, with three or four moving granules.
(Pl1,7, fig.10, photo.53).

Local distribution: Rawal Dam Canal, Rawalpindi, Sarim
No.23, Sept. 15, 1976.

Geographical distribution: Burope, Japan, U.S,A, Pakistan.
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20. Cl. strigosum Breb. Iiste Desm. p.153, pl.2, fig.43. 1856.
= (1, strigosum a. Yyplcum Klebs, Desm. Osipreuss, p.8. 1879.
- %

= Cl,_peracerosum Gay, 1884 (vide, Ruzicka, 1977).

Arthrodia strigosa Kuntze, Revis. gen. plant. p.884. 1891,

West & West, vol.1, 1904, p.165, pl.21, figs.6,7; El-Nayal,
1935, p.45, fig.64; Grémblad, 1943, p.13, pl.1, fig.2; Croasdale,
1948, p.273; Tiffany & Britton, 1952, p.174, pl.51, fig.545; Hirano,
1955, p.37, ple4, fig.9; Ruzicka, 1962, p.186, fig.36; Hirano, 1966,
p.57; Ichimura, 1971, p.208, fig.1; Yacubson, 1974, p.109, pl.5,
fig.43; Ichimura & Watanabe, 1976, p.123; Rugzicka, 1976, p.8, figs.
141, 146; Razicka, 1977, p.173, pl.21, £igs.18-36; Ichimura &
Watanabe, 1978, p.1.

254-358 ym long; 14-18.5 pm broad.

cells of moderate size, 16=20 times longer than broad,
slightly curved, median portion of cell straight, towards the extremi-
ties incurved, gradually attenuated to the apices which are somewhat
incurved and subacute; cell wall smooth and colourless; chloroplasts
with a central row of 8 pyrenoids; terminal vacuoles with several
moving granules. (P1.7, £ig.17).

local distribution: Cadet College Hasanabdal, Sarim No.227,
Feb. 2, 1978.

Geographical distribution: World wide.
21. Cl. striolatum Ehr, ex Ralfs, Brit, Desm. p.170, pl.29, £ig.29.1848,
= (©l, stroilatum Ehr. Bntwick. Lebends, d. Infus. p.68. 1832.
= 0l, striolatum var. tumidum Rabenh, Flor. Europ. Algar. p.126.1868.

= Cl. strialatum a typicum Klebs, Desm. Ostpreuss. p. 14, pl.2,
,E-B‘ ™ .

= (1, striolatum var. orthono tum Roy, Freshw, Alg., Babridge Lake
and cin. P 36. 1 .

=  Arthrodia atriolata Kuntze, Revis. gen. plant. p.884. 1891.
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West & West, vol.1, 1904, p.122, pl.13, figs.T-16; Prescott,
1941, p.26, pl.1, figs.16-18; Croasdale, 1948, p.273; Hughes, 1951,
p.286, figs.35, 36; Tiffany & Britton, 1952, p.170, pl.51, £1g.546;
Hirano, 19554, p.50, pl.7, figs.10-12; Croasdale, 1955, p.526, pl.4,
fig.14; Wygasch, 1957, p.3; Fritsch, 1961, fig.109; Croasdale, 1962,
.19, pl.1, fig.9; Mattern, 1964, p.250; Oroasdale & Gronblad, 1964,
p.158, pl.4, figs.5, 6; Ochiai, 1966, p.119; Lind, 1967, p.273;
Eloranta, 1968, p.250; Herrmann, 1969, p-148, pl.1, fig.2; pl.6,
£ig.5; pl.7, fig.6; pl.9, fig.1; Mix, 19706, p+83, ple3, £ig.3;
RSreter, 1970, p.292, pl.6, fig.21; pl,7, figs.1-6; Hinode, 1371,

p. 107, pl.2, figs,.10-12; Whitford & Selumacher, 1973, p.67, pl. 18,
£ig.23; Watanabe,. 1974, p.222, pl.3 fig.1; Ri#icka, 1976, p.10;
Sarim & Faridi, 1976, p.25, fig.23; Hinode, 1977, p.T76, £fig.2;
Parra & Gonzales, 1977, p.19, fig.61; Rhsicka, 1977, P+15, pl.32,
figs.7-13.

235-4?5}1:11 long; 22-53)“1 broad;epices ﬂD—!#/uﬂ.hma,ﬂ_

Cells of medium sigze, 8-12 times longer than broad, slightly
curved, outer margin from 39% %o 69° of arc, inner margin concave,
never tumid, but sometimes gtraight in the middla, gradually
attenuated to the apices, which are broad and truncate with rounded
angles; cell wall yellowish-brown in colour, striated, with 14-21
striae visible across the cell; each chloroplast with about 6 ridges
and an exile row of 5-7 pyrenoids; terminal vacuoles with many
moving granules. (PL1.7, £ig.9).

local distribution: Waste water channel of Packages Ltd.
Lahore, Sarim No.14, Oct, 21, 1976.

Geo graphical distribution: World wide.
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22, C¢1, tumidum Johnson, Rare Desm., p.291, pl.239, pl.4, 1895,
= Cl. cornu Ehr, var, B Rgqlfs, Brit. Desm. p.176, pl.30, fig.6. 1848,
= (Ol. cornu b, forma tumida Rabenh. Flor., Burop. Algar, p.137.1868.
= Cl, cornu Wille, Ferskv. Alg. Nov. Semlj. p.59, pl.14, fig.80.1879.

West & West, vol.1, 1904, p.156, pl.19, fig.15.

59-139};:( long; 7.7-18 jm broad; apices 2. 5-5.5 fim broad.

Cells rather small, 8-9 times longer ‘than broad, slightly
curved; outer margin 28258° of arc; inner margin of the cell broadly
tumid in the middle, faintly convave towards the extremities, gradually
attenuated towards the apices, which are truncately rounded and of
somewhat variable width; cell wall smooth and colourless; chloroplast
with four or six ridges; and 1-3 pyrenoids; terminal vacuoles with
only one moving granule. (P1.7, fig.12).

Iocal distribution: Sasnamana (Ziarat) Baluchistan, leg.
Ehial Badshah, Sarim No.130, Jan. 15, 1977,

Geographical distribution: Barope, Siam, U.S.4, Labrador,
Pakistan.
23, Cl. turgidum Ehr, ex Ralfs var. giganteunm (Nordst.) De Toni, Syll.

Alg. p.828. 1889.

= . turgidum Ehr, ex Ralfs subsp. giganteun Nordst, 1860.
Gi ik 8, 197D).

- B gl me o T SRR OO

West & West, vol.1, 1904, p.171; Whitford & Schumacher, 1973,
pe6T, pla19, £ig.17; RhZicka, 1977, p.168, pl.19, fig.15.

600-900 Hm long; 55—10())11:: broad.

Cells large, slightly curved, outer margin about 40° of arc,
gradually attenuated towards the extremities; cell wall yellowish-
brown in colour; chloroplasts with about 15-30 pyrenoids; terminal

vacuoles with many moving granules. (P1.8, fig.3).
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local distribution: Pabbi, Distt. Peshawar, Sarim lNo.48,
Oct.22, 1976; Nathiagali, Sarim No.203, March 20, 1977.
Geographical distribution: Braszil, Burope, U.S.A, Pakistan,
24, Cl, venus Kg. ex Ralfs, Brit. Desm. p.220, pl.36, fig.12. 1848,
= (1, venus Kg. Phyc. germ. p.130. 1845,
= %&QME. ¥enus Klebs, Desm, Ostpreuss. p.12, pl.1, fig.14.

= Arthrodia yvenus Kuntze, Revis, gen. plant. p.884. 1891,

= g%atmun %@13% West & West, New and Int. Freshw. Alg.
p‘ 1] P '3] 1El » .

= 1, venus Kg. ex Ralfs var., verrucosum (Roll) Erieger, 1935
ide RRdifka, 1977). S

West & West, vol.1, 1904, p.137, pl.15, figs.15-20; Smith,
1924, p.9, pl.52, fig.9; Taylor, 1934, p.264, pl,66, fig.2; Prescott,
1941, p.26, £ig.10; Taft, 1945, p.188, pl.2, fig.6; Hughes, 1951,
p.287, fig.13; Grénblad, 1952, p.77; Tiffany & Hritton, 1952, p.137,
pl.58, fig.542; Croasdale, 1955, p.527; Cook, 1963, p.9, figs.7, 17;
Croasdale & Groénblad, 1964, p.159, pl.2, figs.18-20; Prescott, 1966,
p.8, pl.1, fig.13; Mix, 1970a, p.83, pl.3, fig.8; Lenzenweger, 1970,
p.258, pl.13, fig.14; Hinode, 1971, P.107, pl.1, fig.33; Croasdale,
1973, p.75, pl.11, figs.3, 4; Whitford & Schumacher, 1973, p.67, pl.20,
fig.18; Sarim & Faridi, 1976, p.27, fig.38; Razicka, 1976, p.14;
Werner, 1977, p.45, pl.2, fig.9; Einode, 1977, p.76; Parra & Gonzales,
1977, p.19, £ig.38; Ruzicka, 1977, p.119, pl.11, figs.1-7; Hirano,
1977, p.212; Prasad & Mehrotra, 1977a, p.52, fig.Z20.

51-51):un long; 7—10.5)&1 broad.

Celle small, 8=9 times longer than broad, strongly curved,
outer margin 150°=160° of arc, inner margin not tumid, gradually
attenuated to the apices, which are acute or acutely rounded; cell
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wall smooth, colourless, or more rarely yellowish-brown;
chloroplasts ridged, with two pyrenoclds, rarely only one:
terminal vacuoles large, with a number of moving granules.
(P1.7, fig.13, photo.54).

Iocal distribution: Kund Attock, Sarim No.131,
Jan. 16, 1977.

Geographical distribution: World wide,

CHARACTERS OF PLEUROTAENIUM
5. PLEOROTARIIUM N&ag, Gatt. einz. Alg. p.104. 1849,

Cells usually quite large, length several times the
breadth, median constriction well defined but not deep, cells soplitary,
always straight; semicells never compressed, commonly cylindrical
and somewhat attenuated towards the poles, very rarely ovate; poles
always truncate, usually with angles more or less rounded and,
except in rare cases, with a ring of mamillate to conical tubercules;
bases of cemicells inflated, at times with lateral margins above
the inflations undulate; cell wall: rarely smooth, commonly punctate
or minutely scrobiculate, sometimes granulose or papillate; never
with vertical plications on swollen bases of semicells; walls at
times of uneven thickness, the thinner portions producing a somewhat
definite pattern; chloroplasts usually numeroua and parietal, in
the form of etraight to undulate bands that extend the length of
the semicell and contain numerous pyrenoids; rerely axile and with
longitudinal plates and an axile row of pyrenoids; parietal
chloroplasts at times fragmenting into small rhomboidal masses each
containing a single pyrencid.




105
EEY TO THE TAXA
1. Cell wall scrobiculate...ccesanse

N:.'
3

coronatum

1. Cell wall punctat@eceecssccasces
1. Cell wall smoOthisesssesseanansee
2., Cell with rings of nodules...
2, Cells otherwis€..cosssaccsssne

1. Semicells tumidescescscsnsncsens

e
E‘ 3
a

3. Semicells otherwleg..vecesnsreas

4. Apices of cell truncate,
14.5—22‘pm broadeecescesessss El, ehrenbergii

4, Apices of cell rounded-
tmﬂata, 16-32fm brﬂ&ﬂ---.-

3

1, trabecula:

4, Apices of cell truncate,
2 -Egﬁm hruaﬂiuliloiiiillill

Hd

1. subcoronulatum

5. Cell 50-115ﬂm 10NEseseessssssss Pl, minutum var. submultitaeniatum
5. Cell 145—-179}1&1 lONEisssssesssse

5. ﬂﬂll 21 1-32& "m hng. A EEEEEEERE Ll. triﬂ.ﬂ!tﬂlutﬂ

= e

« minutum

DESCRIPTION OF THE PLANTS

1. Pleurotaenium coronatum (Bréb.) Rabenh. Flor, Barop. Algar.
?-143-‘ 18534

= Docidium natum Bréb, in Ralfs Brit. Desm., p.217, pl.35, fig.6,
’IEE%. [Ea&omi.

= lel?tg%\m nodulosum var. coronatum (Bréb,) Boldt in Bih. till
- B‘ - - HEII.EI- M- 13[ pt w Ea-

West & West, vol.1, 1904, p.199, pl.27, figs.16-18; pl.28,

fig.4.
430-591):1@ long; breadth at base of semicells 33-‘?0/_,0.:11;

breadth at apex of semicells 37-53 /nm.

Cells large, 9-12 timee longer than broad; gemicells very
slightly and gradually attenuated from base to apex, with a prominent
basal inflation and several smaller undulations immediately above 1%,
upper half of lateral margins straight; apices truncate, with a
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peripheral ring of 10-12 large, conical or flattened tubercileas,
5-6 visible across the apex; cell wall scrobiculate. (P1.8, fig.10).

local distribution: Pabbi, Distt. Peshawar, Sarim No.48,
Oct. 22, 1976.

Geographical distribution: Burope, Africa, U.S.A, Pakistan.
2. Pl, ehrenbergii (Bréb.) De Bary, Conj. p.75. 1858,
= Docidium ehrenbergii Br@b. in Dict. univ. hist. nat. p.93. 1844,

= D. ehrenber Bréb. ex Ralfs, Brit. Desm, p.157, pl.26, fig.4.
1848, (Basionym).

= Penium (Docidium) ehrenbergii Kg. Spec. Alg., 168. 1849.

Docidium ehrembergzii var. tumidum Turn, Freshw. Alg. E. India
P31, pL -ﬁ“ﬂ_ﬁ‘f. g.4. 1893. — ’

= luu t um ehrenb Bréb.) De Bary var, granulatum (Ralfs)
West & ‘na . 1%3 ( Eﬁa, R&ﬁiﬁ.\:a, 1977).

= Pl. ehrenbergii (Bréb.) De Bary var. constrictum (Playf.)
Krieger vide, Rtgdcka, 1977).

= ehrenberzii (Bréb) De forma granulatum (Ralfs)
ﬁﬁ vide, Rﬁaicka.. 1977) .

West & W&Bt, vol.1, 1904, Pi2ﬂ5p Pliagl fiEH-9-11: p1-30,

fig.1,

24-0-450/0.:;: long; breadth at base of gsemicells 1E-35‘pm,
at middle of semicells 15-261.:1,&, at apices 14.5-22 mm.

cells of medium size, rather narrow and subeylindrical,
15-20 times longer than broad; aamicalia somewhat variable in form,
not at all or sometimes slightly attenuated from base to apex, with
a distinct though samll basal inflation and one undulation sometimes
two immediately above it; apices truncate, bordéred by a ring of
conical or rounded tubercles, 7-10 in number, 4 or 5 visible across
the apex; cell wall punctate. (P1.8, £ig.15).

local distribution: Akbarpura, Distt. Peshawar. Sarim No. 30,
Sept. 25, 1976.

Geographical distribution: Europe, China, India, U.S.A,
Pakistan, Russa.
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3. Pl. minutum (Ralfs) Delp., Gronb. Act. Soc., Faun., Flor. Femn. pl.25,
ﬂg-#- 1924-

= Ralfs, Brit. Desm. p.158, pl.26, fig.5. 1B848.
ﬁ%ﬁ.%s.m N P s P » fig.5

= Penjum minutum (Ralfs) Cleve 1864 (vide, Ruzicka, 1977).
= P. minutum (Ralfs) Cleve forma maius Iund. 1871. (vide, RiizicKa, 1977).
= P. minutum (Ralfs) Cleve forma minus Racib. 1885 (vide, Razicka, 1977).

= Pluu t mium ntum (Ralfs) Delp. var. maius (Iund,) Gronbdb. 1924.
v e, %5’775

= Pl minutum {Ralfa} Delp. var. minus (Raeib.) Krieger 1937(vide
RO ¥1Zka, 1977 :

= %lgmigg'tum g‘talrs] Delp, forma maius (Imnd.) Kosinskaja 1960
e,

1977).
= Pl.m u Ralfs) ]}alp. forma minus (Racib.) Kosinskaja 1960
%Eﬁsa 1977).

Taylor, 1934, p.246, pl.64, fig.11; Irenee-llarie, 1952,
p.13; COroasdale, 1955, p.528, pl.10, fig.10; Hirano, 1956, p.60,
pl. 10, figs.7, 9; Scoti, Grénblad & Croasdale, 1965, p.30, fig.27;
Férater, 1969, p.26, pl.5, fig.7; Islam, 1970, p.913, pl.4, fige.5, 6;
Hinode, 1971, p.108, pl.3, fig.15; Whitford & Schumacher, 1973, p.68,
pl.21, fig.T; Ratnaaahapathar; & Kumano, 1974, p.24; Hosiaisluoma, 1375,
p.12; Ra¥itka, 1977, p.256, pl.36, figs.1-8.

145-179 am long; 14—15/@1 broad.

Cells small, cylindrical, about 8-12 times longer than
broad, deeply constricted; gradually attenuated towards the apices
which are truncate; cell wall smooth; chloroplasts axile with 3-7
pyrenoids and several irregular longitudinal ridges. (P1.8, fig.14,
photo.62).

Iocal distribution: Nawankali, Distt. Mardan, Sarim No.159,
March 19, 1977.

Geographical distribution: Barope, Japan, U.S.4A, Malaysia,

Pakistan, Canaaa, Brazil, Bangladesh , RUssitu.
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4, P1. minutum (Ralfs) Delp. var. submultitaeniatum Rﬁiiéka,Dia Desm.
Mitteleuropas 1, p.260, pl.36, fig.14. 1977.

- Pl. minutum (Ralfs) Delp. var. submultitaeniatum Ruzicka,1976
Tvide, ROZ1cka, 1977). . kel

30-115,;3:11 long; 10—12.5}1111 broad; apices 5-T/qm broad.

Cells small, subcylindrical, with bases inflated; semicells
a little broader in the middle than at the bases; cell wall
smooth; chloroplast peripheral, band like. (P1.8, fig.13, photo.61).

Iocal distribution: University Town Peshawar, Sarim No.242,
Feb. 16, 1978.

Geographical distribution: Europe, Pakistan.

5 ﬂ. M (Bail.) Iund, Desm,. 3Suec. P.Bﬂ. 1871.
= (Qlosterium nodosum Bail, , 1846 (vide, RiZicka, 1977).

= Docidium nodosum Bail,. in Ralfs Brit. Desm. p.218, pl.35,
fig.8. 1848, (Basionym).

= D. nodosum var, hibernicum Cooke, Brit. Desm. p.13, 1886,
= Docidiopsis nodosa Racib, Desm. Nowe, p.107, pl.7, fig.22. 1889,
= D. nodosum a. typica Turn, Freshw. Alg. E.India, p.35. 1893.

West & West, vol,1, 1904, p.214, pl.31, figs, 3-6; Smith,
1950, fig.229; Ireénee-Marie, 1952, p.14; Prescott, 1954, p.T1, fig.
102b; Hirano, 1956, p.70, pl.12, figs.8, 9; Gerrath, 1969, p.113,
figs.1, 5-8; Hinode, 1971, p.108, pl.4, figs. 7-10; Whitford &
Schumacher, 1973, p.68, pl.21, fig.19; Hinode, 1977, p.T18, fig.4;
Rh7icka, 1977, p.285, pl.44, figs. 1-5.

280-520 gm long: 40-80 pm broad:apices 24-50 am broad.

Cells large, 64-8 times longer than broad; semicells
with nodulose margins caused by four riqgs of prominent nodules,
one basal ring, and three other equidistant rings, 6=8 nodules in
each ring, gradually tapering from base to apex; apices dilated,
convexo-truncate, with a peripheral ring of 6-8 conical teeth,
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which do not project beyond the extreme apex; cell wall
punctate, (P1.8, fig.8, photo.60).

local distribution: Stream Govt. College, Kohat,
Sarim No.160, March 20,1977.

Geographical distribution: Europe, India, Japan, U.S.A.,
Canada, Pakistan.

6. Pl. subcoronulatum (Turn.,) West & West, in Trans. Linn. Soc. Bot.
p.5, fig.44. 1895. '

smith, 1924, p.14; Hirano, 1956, p.68, pl.14, figs.1-3.

40'?—453/}m long; 29—31/11:1 *brn_a.d. at base of semicells,
25-23/4111 broad at apices.

Cells fairly large, length about 12 times the breadth,
united to form filaments, median constriction deep; semicells cylin-
drical, with bases inflated and lateral margins slightly undulate
in the lower third of the semicell, lateral margins very slightly
attenuated towards the apices; apices dilated, truncate, with
rounded angles and a transverse ring of elliptic tubercles, about
10 visible in front view of cell; cell wall punctate, (1.8, fig.16).

Iocal distribution: Islamabad, Sarim No.150, March 11,1977,

Geographical distribution: Japan, U.S.A., Pakistan.

7. Pl. irabecula (Ehr.) ex Nig., Gatt., einz. Alg. p.104, pl.6,
fig.A. 1849.

= Closterium trabecula Ehr, Beitr. Zur Kenntniss der Organis.
der Infus. p.62, 1830,

= Docidium trabecula Reinsch, Algenfl, Frank. p.183, 1867.

West & West, vol.1, 1904, p.209, pl.30, figs.11=13.

390-664/.\.m long; breadth of apices 15-32/qm; breadth at
base of semicells zﬁ-ﬁﬁm.
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Cells large, subcylindrical, 11-15 times longer than
broad; semicells with one basal inflation, rarely with a second
slight undulation above it, almost cylindrical, gradually attenuated
towards the apices, lateral margins almost straight, generally
faintly convex; apices rounded-truncate, destitute of tuberales;
cell wall punctate. (P1.8, fig.11).

Iocal distribution: Khawashki Lake Near Nowshera,

Distt, Peshawar, Sarim No.200, Jan. 2,1978; Mardan, Sarim No.60,
Nov. 1,1976.

Geographical distribution: Burope, Japan, Russia, U.S.A.,
Siam, Pakistan,

8. Pl. tridentulum (Wolle) W. West, Alg. W. Ireland, p.120. 1892,

wﬂlle in Bull, Torr. Bot. Club, p.14. 1352.
- W&H OMM. ’ y @

= D. M Roy in Scott. I‘Ia.tura.liﬂt, P 39. 1353-
= %ﬁm tridentulum Eichl, & Racib., 1893. (vide, West & West,

= Pluurgtgic_:im sceptrum West & West, Some N. American Deam,.
P' | | P L ] Ei - a ™

West & West, vol.,1, 1904, p.208, pl.30, figs.5,6.

211-32&/:,1:1 long; breadth at base of semicells 12.5-16 jum;
breadth at apex 5.5-5.3/401-

Cells rather small, narrow, about 20 times longer than
broad; semicells gradually attenuated from base to apex, with a
slight basal inflation, lateral margins straight; apices truncate,
with four short spines or teeth; cell wall smooth. (Pl1.8,fig.12).

Iocal distribution: Cherat, Distt. Peshawar, Sarim No.240,
Feb. 15,1978.

Geographical distribution: Barope, U.S.4., Pakistan,
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g- 2_1- t‘mcém (Hréb.) Ha‘g- Gatt- Biﬂz. :I'ng- P’t 104- 1349!

= clna;&rimggtﬂgcatum Bréb, in Cheval. microscop., et usage, Paris,
Plii - IH -

= Docidium truncatum Bréb, in Ralfs Brit. Desm. p.156, pl.26, fig.2,

1848, (Basionym).

= Pl taenium truncatum (Bréb,) Ndg. var. granulatum West & West
‘IEE% i?iﬂa, u}ﬁxHEEa, 1977).

= Pl, truncatum (Bréb.) Ndg. forma granulatum (West & West
Kosin a 1960 (vide, Rgﬁiéka, 1535'?]. )

West & West, vol.1, 1904, p.203, pl.29, figs.3, 4;
Smith, 1924, p..16, pl.55, figs.1, 2; Smith, 1950, p.319, fig.229c¢c;
Irénée-Marie, 1952, p.15; Tiffany & Britton, 1952, p.180, pl.55,
£1g.605; Croasdale, 1955, p.529, pl.9, fig.8; Hirano, 1956, p.66,
pl.12, figs.10, 11; Vuorisalo, 1957, p.133; Croasdale, 1965, p.312;
Zwart, 1969, p.173, fig.131; Mix, 19704,p.85, pl.4, fig.3; Islam,
1970, p.914, pl.5, fig.14; Forster, 1370, p.298, pl.9, figs.7, 8;
Parra, 1975, p.32, f£ig.53; Werner, 1977, p.47, pl.5, fig.9; pl.19,
fig.5; RuZicka, 1977, p.282, pl.43, figs.1-3.

350-560}nm long; 54—1‘5/n.m broad;apices Eg-w/qm broad;

Cells large, 6-8 times longer than broad, semicells
tumid, generally a little broader in the middle than at the base,
gradually and considerably attenuated from the middle to the apex,
with a slight but distinct basal inflation; apices truncate or
convexo-truncate, with a ring of 13-15 small, depressed, apical
tubercles, 7-8 visible across the apex; cell wall punctate.
( P1,8, fig.9).

local distribution: Akbarpura, Distt. Peshawar, Sarim
No. 30, Sept.25, 197é.

Geographical distribution: World wide.
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CHARACTERS OF STAURASTRUM
6. STAURASTRUM Meyen ex Ralfs,Brit. Desm. p.119. 1848.

Cells variable in aizam the length (without processes,
spines or other appendages) generally somewhat greater than the breadth,
median constriction usually deep though at times scarcely discerniblegy
sinus generally acute-angled and isthmus narrow; semicells cylindrical,
ellipsoidal, triangular, campanulate, cyathiform, hexagonal or varlously
shaped; with the cell wall smooth or punctate, without ocrnamentation
or bearing granules, mucros, denticulations, simple to emarginate
verrucae, spines, or combinations of these ornamentations; angles of
a majority of the species continued in processes of variable length,
though usually long, that in turn almost always have some sort of
ornamentation and usually terminate in a truncate end with short
divergent spines, at times with bifurcate ends that resemble spines;
processes ordinarily arising in one whorl though sometimes in two
transverse series of whorls; vertical view at times with a bilateral
symmetry though commonly with a radial afmmatry; radially symmetrical
species with triungulaﬁ forms predominating though the 4-8 angled or
radiate species not uncommon and with the number of angles as high
as eleven in one whorl; chloroplast generally with a simple axile
mass containing one pyrenoid and with deeply incised lobes of variable
size running to each angle of the cell, at times, especially in the
larger species, with several pyrenoids in each lobe and with various
irregularities; in very rare instances with parietal chloroplasts;
cells, particularly the plankton species, at times enclosed in a

spherical gelatinous envelope.
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EEfY T0 THE TAXA
Cell constriction deepPeiseessesese?
Cell constriction slight........b
2. Sinus open or acute-angled...3
2. Sinus subrectangular.........St. connatum
Semicells subelliptical.sc.cecssséd
Semicells otherwise..ceeavecnees?
4, Cell sides straight..........St. polytrichum
4, Cell sides concaVe...ssssseseSt. erasum
4, Cell sides CONVEXusssssesesssSt. tumidum
Semicells cuneat@..seeesssesesseSt. dugcense
Semicells ellipticaliicsesssssssSt. setigerum
Semicells subrhomboid-elliptic..St. punctulatum

Semicells subpyramidal e
tmﬂateqtt-il-o--v--vt-t--qlli E- rautum

6., Vertical view of cell

e T T g R ————
6. Vertical view otherwise..... 8
Semicells cup-shapediecssseesses St. gg' acile
Semicells elongated-cyathiform. St. elongatum
Semicells subcuneate....eee...s St. manfeld®il
8., SiNUS OPENessssesssssnnsnsss St. margaritaceum var. subcontortum

8. Sinus a semicircular
ﬁﬂprﬂﬂﬂﬂn----------q--u---- S

ot

. leptoclgdum var. ainuagtum

DESCRIPTION OF THE PLANTS

I

1. Staurastrum connatum (Iund.) Roy & Eiss. Jap. Deam. p.237. 1886.

St. dejectum var. connatum Iund, Desm. Suec. p.60, pl.3, fig. 28,
TE'H—'EEF. onym) .

St. hexacanthum Gay, Monogr. Ioc. Conj. p.67, pl.2, fig.9. 1884,
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West,. West & Carter, vol.5, 1923, p.15, pl.130, figs.6-8,

21-29.5 jpm long without spines; 20-22.5 pm broad; isthmus
E.E-B.Eﬁm broad; spines B—13/nm long.

Cells small, about as long as broad, or up to 1% times
longer than broad, excluding the spines; deeply constricted, sinus
subrectangular, often acute at the apex cpening broadly; semicells
obversely subsemicircular, ventral margin very atrongly convex,
dorsal margin nearly straight, or even slightly concave, upper
angles of semicells somewhat acutely rounded, with a long erect spine
projecting from each; vertical view triangular, lateral margins
slightly concave, angles broadly rounded, spines very small,

(P1.9, fig.11,photo.71).
| local distribution: Warsak canal, Sarim No.286, Dec,16,1378.

Geographical distribution: Burope, China, Japan, U.S.d,,
Pakistan,

2. t._ duacenge West & West,Brit. Freshw. Phytoplankt., p.220. 1909.

= 8§t. psm%gut_:g,;ﬁi ssp. duacense West, Alg. W. Ireland, p.184,
pl.24, fig.1, 1892,

= St. bicorne Borge, Sverig. Chlor.2, p.24, fig.15. 1895,

West, West .& -Carter, vol.5, 1923, p.116, pl.148, fig.1;
Gronbdblad, 19484 p.424; Hirano, 1959, p.367, pl.67, fig.15.

32-3E/um long; breadth, including processes, 55-6'?/0.'.&;
breadth of isthmus 9-11/nm: thickness 1Elp.m.

Cells of medium size, nearly twice as broad as long,
including the processes; deeply constricted, sinus acute; semicells
cuneate, broadening towards the apex, not inflated at the base, but
sometimes with a minute granule on each lateral margin near the sinus;
apex broad and straight, with a row of emarginate verrucae; angles
produced to form long, horizontal processes, bifid at their extremity;
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dorsal margin of processes verrucose, verrucae reduced to simple
denticulations towards the tips; ventral margin of processes similarly
ornamented; vertical view oval, the poles produced toc form long
processes tipped with a spine, margins smooth, with a series of
emarginate verrucae just within; chloroplast axile with a central
pyrenoid and 5 or 6 ridges. (P1.9, fig.3, photo.65).

local distribution: Wah Mughal Gardens, Sarim No.204,

Jan. 7, 1978.

- Geographical distribution: Europe, Pakistan, Japan.
3, St. elongatum Barker, in Quart. Jour. Micr. Sci. vol.9, p.424.1869.
= 5t. terebrans Nordst, Norges Desm. p.34, pl.1, fig.16. 1873.

West, West & Carter, vol.5, 1923, p.156, pl.151, figs.2-5;
Heimans, 1969, fig.2; Hosialsluoma, 1975, p.11, figs.1-4.

E-ﬂ-?'i’jnm long; 42-48{,um broad with processes; breadth at
base of semicell 1#—15‘ﬂm; isthous anm broad.

Cells large, about & times longer than broad, excluding the
processes; slightly constricted, sinus acute and open; semicells
elongated cyathiform considerably gwollen at the base, where there
are 3 or 4 close decussating rows of granules; apex convex, somewhat
truncate in the middle, with two emarginate verrucae, and two others
just beneath; sides concave; upper angles produced to form short
processes, parallel or slightly divergent, tipped with 3 minute
spines, and with two or three series of acule denticulations;
vertical view triangular, sides concave with 2 median emarginate
- verrucae, and 2 others just within the nurgin; angles produced
to form short processes. (P1.9, f£ig.10, photo.70).

Iocal distribution: Fatehpur, Distt. Swat, Sarim No.287,
Dec. 17, 1978.

Geographical distribution: Burope, U.S.4A, Pakistan.
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4.

L}

t. erasum Bréb, Liste Desm. p.143, pl.1, fig.28. 1856,

téabreh;sﬂnii :ar.iaardin tum Schmidle, Lappmark Susswasseralgen,
. ) p' LI s la .

West, West & Carter, vol.5, 1923, p.71, pl.137, figs.9-11;
Grénblad, 1956, p.31, pl.11, figs. 134, 135; Hirano, 1959, p.325,
pl.11, fig.10; Croasdale, 1962, p.38, pl.7, fig.131; Croasdale &
Grénblad, 1964, p.202, pl.19, fig.5; Croasdale, 1965, p.330, pl.8,
fig.T.

w

g

30-42,;:.1:1 long without spines; 30-42 pam broad without spines;
isthmus 10-11 am Dbroad.

Cells small, about as long as broad, deeply constricted,
sinus acute, widening rapidly outwards; semicells subelliptical,
ventral margin much more convex than thé dorsal, which is subtruncate,
angles broadly rounded and slightly retuse; cell wall thickly covered
with short spines arranged in concentric circles round the angles,
where they are longest, and becoming very much reduced towards the
centre of the faces; vertical view triangular, sides concave, centre
of apex nearly or quite smooth. (Pl.9, fig.12).

Iocal distribution: Mangopir, Karachi, Sarim No.274,

April 5, 1978.

Geographical distribution: Burope, U.S.A, Japan, Pakistan.
5., St. gracile Ralfs, Brit. Desm. p.136, pl.22, 1848,
= §St. gracile Ralfs, in Ann. Mag. Nat. Hist. p.155, pl.11, f£ig.3.1845.
= Phycastrum gracile Kg. Spec. Alg. p.181, 1849.
= ﬁ%'dium'?sstaurutm) gracile Reinsch, Algenfl. Frank.

West, West & Carter, vol.5, 1923, p.96, pl.144, fige.3=T;
Smith, 1924, p.38, fig.9; Taylor, 1935, p.191, pl.39, fig.13;
Irénée-Marie, 19514, p.319; Tiffany & Britton, 1952, p.199, pl.55,
fig.613; Grénblad, 1952, p.79; Tibor, 1956, p.203, fig.23; Thomasson,
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1957, p.256; Hirano, 1959, p.361, pl.64, fig,30; pl.65, fig.4;
Lind, 1967, p.378, pl.7, figs.6, 6a; Zwart, 1969, p.173, figs.156,
157; Pickett-Heaps, 1973, p.114, fig.1; Hickel, 1973, p.840; Pickett-
Heaps, 1974, p.4, figs,8, 9; Parra, 1975, p.46, f£ig.159; Parra &
Gongales, 1977, p.29, figs. 208-210; Uherkovich, 1978, p.17, pl.5,
fig.17.

ET-EG/qm long; 44-1 10/;:11 broad with processes; isthmus
5.5-13/4:!1 broad.,

Cells variable, usually of small or medium sige, 2-2% times
longer than broad, excluding the processes; slightly constricted,
usually an acute notch; semicells variable in form, more or less
cup-shaped; lower ‘angles broadly rounded, lateral margins nearly
vertical or slightly diverging, rarely slightly concave, semicells
usually broadening slightly towards the apex, upper angles produced
to form long slender processes of variable length, each tipped with
three or four minute spines, and provided with several concentric
series of denticulations; processes usually horizontal, sometimes

slightly converging; vertical view usually triangular; sides
straight or rarely slightly concave, angles produced fto form long

processes, lateral margins often with a geries of minute granulations,
sometimes paired, just within the margin; chloroplast axile, with
a central pyrenoid in each semicell. (P1.9, fig.15, photo. 72).

Iocal distribution: Waate water channel of Packages Ltd.
Lahore, Sarim No.47, Oct. 21,1976.

Geographical distribution: Burope, Canada, Africa, Ceylon,
India, Japan, U.S.A., Pakistan, Chlle.
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St. hirsutum (Ehr.) Bréb. ex Ralfs, Brit. Desm. p.127, pl.22,
fig.3, 1848,

Xanthidium hirsutum Ehr, Org. kl. Raum. p.318, 1834.
Euastrum hirsutum Kg. Phyc. Germ. p.137. 1845.
%ﬁgﬁm muricatum Ralfs, in Ann. Mag. Nat, Hist. pl.11. fig. 1a.

Phycastrum gpiculosum Kg. Spec. Alg. p.182. 1849.
Etma!tm EE!icﬂm Nordst, Desm, Bornh, De 203‘ Plnﬁn fig- 19. 1888.

., n;la% forma minor Wittr., & Nordst. Alg. exsic. No.1474
??16.5, est & Weat, 1923). £

West, West & Carter, 1923, vol.5, p.65, pl.138, figs.4-6.
34—44/1!11 long without spines; 31-35/um broad without spines;

isthmus 10-13 am broad; spines 1.5-2 pn long.

Cells small, up to 13 times longer than broad, deeply

constricted, sinus narrow nearly linear for some distance, then

opening more widely; semicells subpyramida]—truncate, usually

widest near the base, angles broadly rounded; cell wall covered with

delicate hair-like spines arranged in concentric series round the

angles; vertical view triangular, sides nearly straight, rarely very

slightly convex or concave, angles obtusely rounded, centre of agpex

smooth; chloroplast axile, with a central pyremoid in each semicell,
(P1,9, fig.4. photo.66).

local distribution? Akbarpura Distt. Peshawar, Sarim No.30,

Sept. 25,1976.

Geographical distribution: Burope U.S.A., Pakistan,

7. St. leptocladum Nordst. var. sinuatum Woll. Bull., Torr., Bot. Club,

p.10, fig.20, 1883,
smith, 1924, p.104, pl.78, figs.12-14; Whitford & Schumacher,

1973, p.77, pl.33, fig.6.
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ﬁﬁ-ﬁﬂznm long with processes; 25-2§/qm long without

processes; breadth with processes EG-Q}}um; without processes 12-15
s isthmus T-EPm broad; thickness 10 am.

Cells with the body much narrower and with the bases
of the semicells not inflated, without ornamentation except for
an apical notch; slightly constricted and sinus a semicircular
depression; vertical view of semicell elliptic; processes arising
at the same point and not lying in the same plane. (P1.9, fig.6, photo.
68).

Iocal distribution: Naguman River Distt, Peshawar,

Sarim No.50, Oct. 25,1976.

Geographical distribution: U.S.A., Pakistan,

8. St. manfelatii Delp. Sp. Desm. subalp. p.160, pl.13, figs.6-19.1877.

West, West & Carter, vol,5, 1923, p.114, pl.148, fig.2;
Cedercreutz & Gronblad, 1936, p.6, fig.16; Irende-larie, 1951,,p.324;
Hirano, 1959, p.368, pl.68, fig.1; Grénblad, 1960, p.48, pl.12,
figs. 238, 239; Pritech, 1961, fig. 108; Zwart, 1969, p.173, figs.154,
155; Thomasson & Tyler, 1971, pl.5, figs. £, g2 &; pl.6, fig. b;
Grgnblad & Croasdale, 1971, p.21, pl.9, fig.125; Pickett-Heaps, 1973,
r.114, figs.3,4; Pickett-Heaps, 1974, p.4, figs. 11=13; Islap &

Zaman, 19754,p.53, pl.7, fig.111; Gough, Garvin & Woelkerling. 1976.
fig.7; Parra & Gonzales, 1977, p.29, figs. 216, 217,

42-57 pm long; 55-101}nm broad including processes; isthmus
9-13 broad.

Cells of medium size, about 1% times broader than long,
including the processes; slightly constricted; semicells subcuneate,
broadening towarde the apex, which is slightly convex and provided
with a row of emarginate or irregular verrucae; upper angles produced

to form tapering processes tipped with three minute spines, and
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covered with several series of denticulations which are sometimes
continued over the body of the semicell itself, processes slightly
converging or nearly horizontal; vertical view usually triangular,
sides straight or very slightly convex, angles produced to fom
provesses with slightly undulating margins, with a series of
emarginate verrucae just within each lateral margin. (P1.9, fig.13).
Iocal distribution: Cherat, Sarim No.240, Feb. 14,1976.
graphical distribution? Burope, India, China, Pakistan,

Canada, Japan, Chlle.
9, St. margaritaceum (Ehr,) :ﬂ,,q‘;. var. subeontortum West & West,

Alg. S. Bgland, p.496, pl.17, fig.15. 1897.

Weat, West & Carter, vol.5, 1*;-)23, p.134, pl.150, fig.12.

Eﬁ_pm long:; EE-ZTfnm broad; isthmus Bf.m broad.

Cells about as long as broad, cell slightly constricted;
sinus open; semicells subspherical; processes truncate and all
curved in one direction, (P1.9, fig.8).

Iocal distribution: Sasnamana Ziarat, Baluchistan, leg.
Ehial Badshah, Sarim No.130, Jan. 15,1977.

Geographical distribution® Burope, FPakistan.

10, St. polytrichum (Perty) Rabenh, Flor. Burop. Alg. p.214, 1868.

- !é?i%atrum olytrichum Perty, Kleinst., Lebensf. p.210, pl.16,
E- 4& ‘TEEI%- {BﬂaiuM}.

= Staurastrum pringsheimii Reinsch, Spec. Gen. Alg. p.22, pl.5,
-2

= §{ Erinfag%im;% var, duplo-major Turn. New Rare Desm., p.939,
P |1 ¥’ e L] 555-
= t, teliferum var. convexum Benn. Alg. BEngl. Lake Distr. p.11,
pl.2, Iig.21. 1886,
WEBt' West & ﬂﬂ.‘."tﬂr, ‘l"01¢5. 1923, P¢53| Pl-"}ﬁ, 118..8*10;
Hirano, 1959, p.324, pl.61, fig.23; Croasdale, 1948, p.10; Croasdale,
1962, p.39, pl.7, fig.130; Lenzenweger, 1966, p.505, pl.3, fig.18;
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Lenzenweger, 1976, p.69, pl.2, fig.6; Werner, 1977, p.65, pl.14,
fig.5; pl.30, fig.1.

¢3—6T/nm long without spines; 54—-50_;1::1 with spines; breadth
without spines 41-48 );m; with spines 50-70 um; isthmus 15-22}“ broad;
spines 5—11/u.m long.

Cells of medium size, about 1% times longer than broad,
deeply constricted, sinus acute and sometimes falrly open; semicells
subelliptical, cell wall covered with fairly long acute spines,
arranged in obscure circles round the angles and sometimes visible
ag longitudinal rows on the faces; vertical view triangular, sides
stralght, angles somewhat obtusely rounded, spines becoming shorter
towards the centre of the apex, which is quite smooth.

(P1.9, fig.5, photo.67). ,
local distribution: Akbarpura, Distt. Peshawar, Sarim No.
30, Sept. 25, 1976, -

Geographical distribution: Europe, Russia, U.S.A, Japan,

Pakistan.
11, St. punctulatum Bréb. ex Ralfs,Brit. Desm. p.133, pl.22,
fig.1. 1848
= %Tsstmaatm) punctulatum Reinsch, Algenfl. Frank.
= S1.',;J;u':;a;.ﬂ*:-1:‘1:.:&‘I unctulatum forma contorta Schmidle, Beitr. alp.
. P62, .

West & West, vol.4, 1912, p.179, pl.127, figs.B-11; 13, 14;
Paylor, 1935, p.197, pl.35, f£ig.8; Irénce-lMarie, 1951g,p.329; Tiffany
& Britton, 1952, p.198, pl.54, fig.603; Hirano, 1955, p.41; Hirano,
1959, p.299, pl.38, fig.13; Mattern, 1964, p.252; Lenzenweger, 1966,
p.502, pl.3, fig.5; Iind, 1967, p.380, pl.7, fig.12; Forster, 1970,
p.340, pl.26, £ig.25; Whitford & Schumacher, 1973, p.78, pl.36,
£ig.17; Parra, 1975, p.48, fig.140; Werner, 1977, p.65, pl.15, fig.5;
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Parra & Gonzales, 1977, p.30, fig.180; Hirano, 1977, p.220;

Yatanabe, 1978, p.119, pl.4, fig.Jd.

26-—40.5/451 long; 23-3&5/4::1 broad; isthmus 8-16 am broad.

Cells small, a little longer than broad, deeply constricted,
often twisted at the isthmus, sinus open and acute-angled, semicells
subrhomboid-elliptiec, dorsal and ventral margins about equally
convex, angles somewhat actually rounded; vertical view triangular,
gside view slightly retuse in the middle; angles of one semicell
often partly or entirely alternating with those of the other; cell
wall uniformly granulate with flattened granules, which are in
regular series around the angles. (P1l.9, fig.9, photo.69),

local distribution: Malmandi, Peshawar, Sarim No.316,
¥eb, 2, 1979.

Geographical "distribution: World wide,

12. St. setigerum Cleve Sverig, Desm. p.490, pl.4. 1864,
-  St. royanum Acch. in Quart. Jour. Micr. Soi. vol.17, p.103.1877.

West, West & Carter, vol.5, 1923, p.52, pl.136, figs.13,14.

Et}-‘iﬁln,m long without spines; 42—45};!11 broad without spines;
iathmus 14.5-1T/nm broad; spines 15-20/:1111 long.

Cells of medium sige, a little longer than broad, deeply
constricted, sinus acute and open; semicells elliptical, ventral
margin more convex than the dorsal, angles ebtusely rounded and
provided with 2-5 usually 3 long stout spines arranged in a vertical
row, or sometimes in a circle; surface of cell provided with a
number of Eng but more delicate spines than those at the angles,
arranged in distant obscure circles round the angles; vertical view
triangular, sides nearly stralght, angles rather acutely rounded;
chloroplast axile, with a central pyrenoid in each semicell.

(P1.9, fig.7).
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Iocal distribution: Quetta Baluchistan, leg. Jan Mohd,
Sarim No.270, April 4, 1978.
Geographical distribution: Burope, U.S.A, Africa, Pakistan.
13. St. tumidum Breb. ex Ralfs, Brit. Desm. p.126, pl.21, fig.6.1848,
= Binatella tumida Breb. Alg. Falaise, p.269. 1835.
= Phycastrum tumidum Kg. Spec.Alg. p.179. 1849.

= Pleurenterium tumidum (Breb.) Wille in Ingler & Prantl, Nat.
Pflanzenfam. p.11. 1890.

= Tempere gm't (Breb.) Bougon in Le Microg. preparateur,
p.bt. 1 .

West & West, vol.4, 1912, p.142, pl.122, figs.1=5.
112-134 um long; 9U—12T/1m broad;isthmus 44—5-3/um broad.
Cells very large, a little longer than broad, deeply
constricted, sinus open and acute-angled with a 8lightly rounded
apex; semicells very broadly subelliptic, apex generally a little
flattened and sometimes faintly concave in the middle, lateral
angles with a small button-like thickening, which is sometimes
replaced by a small, solid mamilla; vertical view triangular,
rarely quadrangular, with strongly convex sides, and a small
projecting mamilla at each angle; cell wall punctate; chloroplasts
forming 4-6 parietal cushions in each semicell., (P1.9, fig.14).
Iocal distribution: Sialkot, Sarim No.265, April 1, 1978.
Geographical distritution: Burope, U.S.A, Pakistan.

CHARACTERS OF TRIPIOCERAS

Te W Bail., Microscop. Obeserv. P. 37. 1851.
Cells 1uge,]1&néth several times the breadth, median

constriction well defined but shallow; semicells cylindrical,
always straight, somewhat attenuated from bases to poles, never
compressed, with lateral margins strongly undulate; undulations

caused by transverse whorls of mamillate protuberances that
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terminate in a single spine or broadly emarginate verrucae;
poles flattened and with two long, upturned, divergent, obliquely
disposed processes with truncate ends that bear 2-3 short sharp
spines (front view of polar processes giving the cell apices a
deeply incised appearance) ; apex with a protuberance midway
between bases of processes that bears ﬁnu or two erect splnes;
cell wall, except for verrucae smooth; chloroplasts axile, with
longitudinal plates that extend from semicell base to apex;
pyrenoids in an axile row.
1. Triploceras gracile Bail. Microscop. Observ. p.38, pl.1, fig.10.
1851,
= T, gracile Bail. forma kowdense Roll. 1923 (vide, Rf %1 cka, 1977) .
Smith, 1924, p.19, pl.55, figs.5, 6; Taylor, 1935,
p.248, pl.67, figs.3, 4; Smith, 1950, p.321, fig.231; Irénee-larie,
1952, p.24; Prescott, 1954, p.70, fig.100; Grénblad, 1956, p.24,
fig.19; Hirano, 1956, p.72, pl.15, figs.3, 4; Schumacher, 1960,
0.63; Wasylfk, 1961, p.18, pl.1, fig.3; Islam, 1970, p.915, pl.2,
fig.3; pl.5, fig.9; Whitford & Schumacher, 1973, p.68, pl.17,
fig.38; Gough, Garvin & Woelkerling, 1976, fig.11; Lenzenweger,
1977, p.336, pl.1, fig.2; RaZicka, 1977, p.288, pl.44, figs.3-13;
Lenzenweger, 1978, p.1, fig.1.
365-55UFm long, 27.5=31. ﬁﬁm broad at basal whorl with
?Effﬂﬂaﬂ, 18-25/mm broad at apical whorl with varruuae. 10-12.5
fun broad just above apical whorl,
Cells large, length 12-20 times the breadth; median
constriction fairly well defined; semicells ¢ylindrical, somewhat
- attenuated at poles, without line of lateral margins strongly
andulate, undulate outline caused by tranasverse whorls of mamillate

protuberances that terminate in acute, horigontally disposed,
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spinate verrucae in inferior portion of semicell and upwardly
disposed spinate verrucae in superior portion, semicell apices
flattened and with two fairly long, divergent, obliquely disposed,
truncate processes terminating in two or three short spines; apex
also with a single, rarely two mamillate protuberance arising midway
between the bases of the polar processes and terminating in an acute
erect spine; vertical view of pole elliptic, with poles terminating
in spines and each lateral margin with a single, alternately disposed,
truncate process; cell wall without pores; chloroplast axile with
6-8 straight delicate longitudinal ridges extending from semicell
base to apex; pyrenoids fairly numerous and forming an axile row.
(P1.9, fig.1, photo.63).

Iocal distribution: Naguman River, Distt. Peshawar,
Sarim No.50, Oct.25, 1976.

Geographical distribution: World wide.

CHARACTERS OF DOCIDIUM
8, DOCIDIUM Breb, in Ralfs Brit. Desm. p.155. 1848,

Cells solitary, relatively small, straight, length
several times the breadth, cylindrical; median constriction shallow,
sinus always widely open, isthmus breadth practically the same as
the breadth of the cell; semicells with straight or undulate sides
and with truncate apices that are without ornamentation, inflated
bases of semicells always with short vertical plications that
frequently have a granule at the base of each plication; cell wall
smooth, finely punctate, or with delicate vertical striae; chloroplasts
axile and with irregular longitudinal ridges; with 6-8 pyrenoids

arranged in an axile series.
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1. Docidium undulatum Bail. Microscop. Observ. p.36, pl.1, fig.2.1851,

= Pleurgtaenium undulatum Rabenh, Flor. Europ. Alg. p.104. 1868,
= Docidium dilatatum Iund., Desam, Suec. p.88, pl.5, fig.12. 1871.

= D, dilatatum (Cleve) Iund, var. subundulatum W, West 1892,
Tvide, REETBka, 1977). s

= D. undulatum Ball, var. bisannicum Ducell. 1919 (vide,RuzZicka,1977).

West & West, vol.1, 1904, p.194, pl.27, figs.T-10; Smith,
1924, p.18, pl.55, fig.4; Prescott, 1954, p.71, fig.101; Hirano, 1956,
p.58, pl.10, fig.14; Heimans, 1969, p.54; Forster, 1969, p.28, pl.6,
f£ig,23; Whitford & Schumacher, 1973, p.67, pl.17, fig.39; RkzZicka,
1977, p.248, pl.35, figs.8-19,

Eﬂﬁfﬁm long; 15/nm broad at basal inflation, 12.5ﬂm at apex.

Length about 15 times the breadth, cells very slightly
constricted, sinus widely open; semicells with sides strongly undulate,
(6=8 undulations between isthmus and apex)and apex narrowly obversely
trapezoidal, angles of apex rounded and top flattened; basal plica-
tions ending in a small granule on the end towards the isthmus, about
gix visible in front view of semicell; cell wall smooth; chloroplast
with an axile row of about eight pyrenoids. (r1,9, fig.2, photo.64).

Iocal distribution: Zoologlcal Gardens Lahore, Tank No.1,
Sarim ¥o.45, Oct. 20, 1976.

Geographical distribution: Europe, U.S.A, Japan, Pakistan.

CHARACTERS OF XANTHIDIUM
9., XANTHIDIUM Ehr. ex Ra.lfs,m::it. Desm. p.111. 1848,

Cells of variahle:rgzghgh génerally of medium size; length
frequently somewhat greater than the breadth, median constriction
deep and sinus linear to acute-angled; semicells almost universally
compressed, very rarely radially symmetrical, of variable shape,
though usually polygonal and with apex flattened but not incised;
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lateral margins with angles that bear simple, rarely furcate,
spines; spines asymmetrically disposed with reference to the vertical
plane; vertical view elliptic; lateral view of semicells circular to
polygonal; cell wall smooth to punctate, with a thickened protuberant
area in the middle of the cell face that frequently is scrobiculate;
chloroplasts generally parietal; pyrenoids usually single in each
chloroplast.

KEf T0 THE TAXA
1. Cell with spines 115—185}@1 longsessss X. armatum
1. Cell with spines 2?.5—38Pm longeesess X. smithii
1. Cell 54-11#}11 longeeeeaccncssssensnce 2

2., Semicells subelliptic-hexagonal,
cell with spines 54114 pm long.... X. antilopasgum

2. Semicells trapeziform-subsemi-
eircular, cell with spines
ED-TT’RE hngiliilfl-lliil‘tll'IlII. Ll oria..tm

2., Semicells angular-reniform
cell with spines 65-74 nm iong..... X. fasciculatum

2. Semicells subcircular, cell with
spines 65—T4an 1ONZessssssssssssss Xo cristatum var, leiodermum

2. Semicells subsemicirculer, cell
with !pinﬂn T9-101ﬁm longsessscsee Xy M

DESCRIPTION OF THE PLANTS
1. Xanthidium antilopaeum (Bréb,) Kg. Spec. Alg. p.177 .1849.

- at all tilopaea Bréb. in Cheval, Desm. microscop. et.
usagea, Parilis, w-

= %t?g? culatum Ehr. a., Ralfs in Ann. Mag. Nat. Hist,
Ds L] P '1 ] g*l E""El

= X. polygonum Hass. Brit. Freshw. Alg. p.360, pl.89, fig.4. 1845,

= L%ﬂ var. hirsutum Gay, Monogr. Ioc. Conj. Montpellier,
Pelle .



128

= lci s%inulﬁsum Benn, Freshw. Alg. BEngl. Lake Distr. p.10, pl.2,
f ,gi L] -

%i %E%%Eﬁﬂ var, ornatum Andersse. Sverig. Chlor. p.13, pl.1,
.0

= X, asciculatum var. ornatum Schmidle, Beitr. Algenfl.
Schwarmﬁﬁ. 1. Rheineb, p.94, pl.4, fig.6. 1893.

= ;.ﬁﬁtihggm var. fasciculoides Liitkem., Desm, Attersees,
P- - L]

= X. antilopaeum var. Schmidlei Borge in Iuova Notarisia, p.25.1895.

West & West, vol.4, 1912, p.63, pl.108, figse.7-18; Smith,
1924, p.57, pl.65, figs.5, 6; Taylor, 1934, p.275, pl.57, fig.8;
Prescott, 1934, p.139, pl.16, fig.6; Irenée-karie, 1949, p.314,

p.4, fig.46; Grénblad, 1952¢, p. 26, pl.1, fig.21; Croasdale, 1957,
p.120, pl.I, fig.1; Scott & Prescott, 1958, p.55; Gronblad &
Rugicka, 19594, p.223, fig.38; Fritsch, 1961, fig.110; Brendham, 1965,
p.46, fig.6; Croasdale, 1965, p.328, pl.6, fig.12; Prescott, 1966,
p.24, pl.II, fig.4; Lenzenweger, 1967, p.173, pl.6, fig.1; Zwart,
1969, fig.133; Islam, 1970, p.928, pl.7, fig.3; Forster, 1970, p.325,
p.25._ﬂg.9; whitford & Schumacher, 1973, p.75, pl.32, f1g.10;
Lenzenweger, 1974, p.114, pl.2, fig.14; Parra, 1975, p.42, fig.122;
Parra & Gonzales, 1977, p.25, fig.134; Hirano, 1977, p.219;
Tenzenweger, 1978, p.3, pl.2, fig.T.

Length without spines 42-76 ym; with spines 54-114 pu;
breadth without spines 42-72 s with spines 57-108 nm; breadth of
isthmus 14,5-26 pa; thickness 21-37 pm.

Cells of medium size, about as long as broad (without
spines), deeply constricted, sinus somewhat variable in depth
(according to form of basal half of semicell), shortly linear with
a slightly dilated extremity, semicells subelliptic-hexagonal, all
the angles very slightly rounded, sides and apex usually straight,
sach of the four exposed angles with a pair of simple, straight
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or slightly curved, fairly long spines, central area of moderate
size, generally round, more rarely elliptiec, thickened and variously
scrobiculated; side view of semicell circular or subelrcular, with
a 8light thickening at each side, and a pair of diverging spines
on the apical margin; vertical view elliptic with a slight thickening,
often somewhat protuberant at the middle on each side, and a with a
pair of slightly divergent spines on each polar margin; cell wall
finely punctate; chloroplasts genarally.parieta.l. four in each
semicell, each with one or more rarely with two, pyrenocids; some-
times irregular, and not infrequently wholly axile.
(P1.10, fig.1,phote.73).

Ilocal distributién: Iundkhwar, Distt. Mardan, Sarim
No.319, TFeb.,5, 1979.

Geographical distribution: World wide,
2, X. armatun (Br®b,) Rabenh, ex Ralfs,Brit. Desm. p.112, pl.18,

figs. a-e, 1848,

= Cosmarium armatum Br’aﬁ. in Menegh. Synops. Desm. p.218. 1840.

= Puastrum armatrum Kg. Phyc. germ. p.137.1845.

El . .

= ﬁmﬁlﬁw bigorrianum Perty in Mitt, d. nat. Ges. Bern. p.174.

= ﬁm%thim bigorrianum Perty, Kleinst. Lebensf. p.200, pl. 16,
E. "

-

= Digﬁgig;um (Xanthidium) armatum Reinsch, Algenfl, Frank. p.129.
= %%thidim bigorrianum (Perty) Rabenh, Flor. Burop. Alg. p.222.
1 .

%. B;a.r. wolleanum Turn., New and Rare Desm. p.938, pl.15,
ig. 18, .

= Schizacanthum armatum (Breb.) Wille in BEngler & Prantl, Nat.
EfIaﬂsm%me p.11, fig.7E. 1890.

= X. E% var, supernumerarium Schmidle, Beitr. alp. Alg. p.348
pl.15, fig.B. 1895. g g P '
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West & West, vol.4, 1912, p.51, pl.104, figs. 1-5;
Smith, 1924, p.56, fig.6; Taylor, 1934, p.275, pl.57, fig.13;
Gronblad, 19484 p.417; Fritsch, 1961, fig.107; Croasdale &
Gronblad, 1964, p.189, pl.15, fig.13; Ochiai, 1966, p.125, fig.22;
Lenzenweger, 1967, p.176, pl.7, fig.1; Eloranta, 1968, p.61, fig.5;
Hinode, 1971, p.119, pl.9, fig.16; Hosiaisluoma, 1973, p.12;
Whitford & Schumacher, 1973, p.75, pl. 30, fig.9.

Length with spines 116-185 pm; breadth with spines
78=127 pm; breadth of isthmus 3&-43)”111: thickness 63-88 Jam.

Cells large, from 13 to 1% times as long as broad,
deeply constricted, sinus open and acute-angled, somewhat acuminate
at the extremity, semicells octangular, lower margins slightly
concave but not infrequently straight, apex straight or alightly
convex, with the two lateral angles and the apical angle on each
side with short, stout, solid, water-like spines, which are 2-4,
commonly 3, furcate at the apex with a gimilar stout furcate spine
within each lateral angle and with a pair just within the apex,
all of which are subject to variation, in the centre of the
semicell with a ring of simple or emarginate teeth representing
the serrated edge of a large central wart; side view of semicell
ovate-rectangular, near the base on each side with a large truncate
toothed wart, apical angle with 2-3 furcate spines, and with two
similar furcate spines at the truncate apical margin; vertical
view elliptic-oblong with subtruncate poles, with a large truncate
toothed wart at the middle on each side, and with 2-3 furcate
spines at equal intervals along sach pu;l.ar margin; cell wall
punctate; chloroplasts sometimés distinctly parietaly - . semicell,
each with several pyremoids., (P1l.10, fig.5, photo.75).
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Iocal distribution: Peshawar, Sarim No.63, Nov. 21,1976;
Bannu, Sarim No.231, Feb.1, 1978;

Geographical distribution: Barope, Japan, U.S.A, India,
Pakistan,

3. X. brebissonii Ralfs,Brit, Desm. p.112, pl.19, fig.2. 1848,
= M w B‘l‘.‘ab. M—E. F&lﬂise’ oSBl Pliai 1835-

= Holacanthum brehisﬂunii Hig-.zl Kr{ g. in I-‘lur. Deutschl.,
Tsterr u., Schweisz, 28, fig.6. 1906,

West & West, vol.4, 1912, p.77, pl.11, figs.1,3, Fritsch,
1961, fig.108H,

Length without spines 61-80 pai with spines 79-101 pm;
breadth without spines 62-76 Jam; with spines 80-104 Jam; breadth
of isthmus 18-27 pm; thickness 36-50 ).\m:

Celle of medium sige, about as long as broad (without
spines), deeply constricted, sinus almost closed at the apex but
opening outwards, semicells subsemicircular, base slightly convex
and apex a little flattened in the middle, with 8 or 10 pair of
stout marginal spines, central area strongly protuberant and
truncate, with a circle of 12-13 prominent granules; side view
of semicell subcircular with a truncate granulated protuberance at
the middle on each side and two or three spines at the apical margin;
vertical view elliptic, with 2 or 3 spines at each pole, and a
truncate granulated protuberance at the middle on each side,
(p1.10, fig.3).

local distribution: Sardheri, Distt, Peshawar, Sarim
No,31, Sept. 26, 1976.

Geographical distribution: Burope, Pakistan.
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4, X. cristatum Bréb., ex Ralfs,Brit. Desm, p.115, pl.19, fig.3.1848.
= M%midim (Xanthidium) cristatum (Br&b.) Reinsch, Algenfl. Frank.
D . T ' §

= Xanthidium cristatum var. reniforme Cooke, Brit. Desm. p.133.1887,

= ﬁ?cﬂthum eristatun (Bréb.) Wille in Engler & Prantl, Nat.
anzenfam., p.11, g.TD. 1890.

Wwest & West, vol.4, 1912, p.70, pl.111, figs.8,9; Smith,
1924, p.59, pl.66, figs.2,3; Taylor, 1334, p.275, pl.57, fig.2;
Irénde-Marie, 1957, p.126; Gronblad, 1360, p.44, p.7, fig.144;
Wygasch, 1963, p.107, fig.21; Lenzenweger, 1967, p.174, pl.6, fig.5;
Lengenweger, 1977, pl.1, fig.12.

Length without spines 44-55 jm; with spines 60-77 pm;
breadth without spines 34.5-—45}:@; ﬂt@ spines 48—65}:@; breadth
of isthmus 13-15.5 gm; thickness 25=32.9 .

cells of medium size, a little longer than broad (without
spines), deeply constricted, ginus rather variable, sometimes narrowly -
linear with a dilated extremity and sometimes slightly open; semi-
cells trapezifom—suhsaninircular, with a broad, subreniform, flat,
or somewhat convex base, and with a basal lateral and apical angile
on each side, apex truncate and generally straight and basal angles
with a single slightly convergent spine, lateral and apical angles
each with a pair of divergent spines, spines all simple and straight,
central area differentiated into a small thickened protuberance,
generally with a slight vertical elongation; side view of pemicells
ecircular, with a more or less flattened protuberance at the middle
on each side, and with a pair of divergent spines at the apical
margin; vertical view elliptic, with a small protuberance at the
middle on each side, and three slightly divergent spines at each
pole; cell wall punctate. (p1.10, fig.2).
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Iocal distribution: University Campus, Peshawar, Sarim
¥No.55, Oct. 27, 1976,

Geographical distribution: Burope, India, Canada, U.S.A,
Pakistan.

e Rolfs
5. X. cristatum Bréb./var. leiodermum (Roy & Biss.) Turn. Freshw.
ﬂﬂ. E, Indiﬂ.l Plgg; P1-12. fig+33l 1893'

. leiodermum Roy & Biss, Jap. Desm. p.240, pl,268, fig.11.1886,
Basionym) .

% X. glabrum Lagerh. Krit, Bemerk. Deam. p.539. 1887.

West & West, vol.4, 1912, p.72, pl.110, fig.11.

45—54)411: long without spines; with spines 65-T4 Jpm; 36-39
jam broad without spines, with spines 53-55 B breadth of isthmus
11=13 F,m: thiclness 25-30 ﬂm.

Central area not protuberant, slightly thickened and
sometimes of a yellow colour; semicells subcircular; cell wall
smooth., (Pl.10, fig.4, photo.74).

Iocal distribution: Pabbi, Distt. Peshawar, Sarim No.48,
Oct.22, 1976,

Geographical distribution: Barope, India, Japan, U.S.A,
Pakistan.

6. X .. fasciculatum Ehr., ex Ralfse,Brit. Desm. p.114, pl.19, fig.4.
1848.
= X. fasciculatum Ehr, Infus., p.147, pl.10, fig.24b. 1838,

= X. fasciculatum var. po num Ralfs in Ann. Mag. Nat. Hist.
Do » PL1.12, fig.3e. 1845,

= Eugstrum fasciomulatum Kg., Phyc. german. p.137. 1845.
= Diﬁmigium (Xanthidium) fasciculatum Reinsch, Algenfl, Frank.
P- L] T'l

= zg%thi-iium fasciculatum var. grnatum Nordst., Deam, Grdnland,
P y PLaly g. 10, 1885,

= Hul%gtlnm fasciculatum Franze in Oesterr. Bot. Zeitschr.p.384.
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West & West, vol.4, 1912, p.75, pl.111, figs.6-8.

44—55}1111 long without spines, with spines 65-74 pm;
44—59}n broad without spines, with spines 62—?2)1:11: breadth of °
isthmus 12—21/:)&; thickness 31-40 fm.

Cells of medium sigze, about as long as broad (without
spines), deeply constricted, sinus linear, sometimes with a
dilated extremity; semicells angular-reniform, margin with six
equidistant pairs of simple and often rather short spines, apex
subtruncate, central area rather small, and slightly protuberant,
with a ring of 7-10 granules around a central group of 2 or 3
rarely smooth; side view of semicell subecircular, with a slight
protuberance at the middle on each side, and a pair of divergent
spines at the apical margin; vertical view elliptic, with a slight
protuberance at the middle on each side, and a palr of divergent
spines at each pole. (P1.10, fig.6).

local distribution: Multan, Sarim No.252, Karch 29,1978.

Geographical distribution: Burope, India, Africa, U.S.4,
Pakistan,
7. X. smithii Arch. Proc. Dubl. Nat. Hist. Sec. p.51, pl.1, fig.10.

1860.

=2 gft}%;gdaumu% gﬁ:_%%mis Ehr., var. major Roy & Bies. Scott Desm.
Péecy & L] .

West & West, vol.4, 1912, p.61, pl.108, figs.1-4; pl.111,
fig.10; Vuorisalo, 1969, p.108, fig.24; Parra & Gonzales, 1977,
p.25, fig.136; Lenzenweger, 1978, p.3, pl.2, fig.6.

Length without spines 21-30 Pm;with spines 27.5-35;,!3
long; without spines 19-25);1::: broad; breadth of isthmue E-11ﬂm;
thickness 12-16 Pm
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Cells amall, deeply constricted, sinus open and acute-
angled with a rounded apex; semicells rectangular-trapeziform, basal
and apical angles rounded, sides and apex Vvery slightly concave or
almost straight, each angle with a pair of simple straight and
fairly long spines, with a small thickened area in the centre of
the semicell; side view of semicell circular, with a small protu-
berance at the middle on each side, and with a pair of diverging,
spines of the apex; vertical view elliptic-rhomboid, with a small
rounded protuberance at the middle on each side, and with a pair of
diverging spines at each pole. (P1.10, fig.7, photo.76).

Iocal distribution: Akbdrpura, Sarim No.30, Sept. 25, 1976..

Geographical distribution: Europe, Chile, FPakistan,

CHARACTERS OF ARTHRODESMUS
10. ARTHRODESMUS Ehr. ex Ralfs,Brit. Desm. p.117; 1848,

Cells solitary, generally small, with the length usually
equal to the breadth, usually compressed and bilaterally
symmetrical in front view, rarely trj.angula; in vertical view and
with a radial symmetry, median constriction pronounced and with
sinus widely open to linear; semicells in front view generally
triangular, rarely elliptic, subtrapezlform or subrectangular,
with simple straight or curved spines at the angies, spines lying
in the same plans; vertical view usually elliptic and with spines
at the poles, rarely triangular; lateral view of semicells
subeircular; cell wall of uniform thickness and without
orfmentation on body of semicells; cells sometimes embedded in
a wide gelatinous sheath with blunt radial strands of denser
mucilage; chloroplasts axi)e, with one Ip:,rranﬂid.
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KEY TO THE TAXA
1. Semicells subrectangulaTs.sssessssssseess A bulnheimii
1. Semicells otherwis@eeseeesesssoscssssnsns 2
2, ADEX CONCAVEBisusssssnssssssssssssaansss 3
2, Apex otherwiSe...eesesssnssscscsensses 4
3. Semicells elliptic - lunate...ieevesncess A bifidus
3, Semicells trapeziform - rectangular...... A. octocornis

'4.. smiﬂﬁllﬂ triaﬂgular...i @ @ E & & § S S EESES Ll trigﬁlaris

4- smlicﬂ‘l-lﬂ mhtriangular. TRy .ﬂa trian aris Iarl
subtr laris

DESCRIPTION OF THE PLANTS

1. Arthrodesmus bifidus Bréb, Liste Desm. p.135, pl.1, fig.19. 1856.

West & West, vol.4, 1912, p.113, pl.117, figs.11-13.

_ 10-14)11:1 long including the minutely spinate angles;
11-15.5ﬁm broad; breadth of isthmus: 3-5.6 pm; thickness 5-6.5 am.

Cells minute, about as long as broad, deeply constricted,
sinus open, subrectangular, with a minute acuminate extremity;
semicells elliptic-lunate with the angles upwardly divergent, apex
slightly concave, each lateral angle widely emarginate-bifid;
vertical view narrowly elliptiec, with a minute spine at each
rounded pole; cell wall smooth; chloroplasts axile, one in each
semicell, with a central pyrenoid, (P1l.10, Pig.8).

Iocal distribution: Sasnamana Ziarat, Baluchistan, leg.
Ehial Badshah, Sarim No.129, Jan. 15,1977.

Geographical ;;iatrimtionz Burope, Japan, U.S.A., Pakistan.
2. A. bulnheimii Racib, Desm, Nowe, p.95, pl.16, fig.17. 1889,
= ). incus Bulnh, Hedwigla, p.51, pl.9, fig.3, 1861,

West & West, vol.4, 1912, p.105, pl.116, figs.1, 2;
Smith, 1924, p.127, pl.84, figs.7, 8; Irénde-Marie, 1952, p.17;
Vuorisalo, 1969, p.108, fig.23; Gough, Garvin & Woelkerling, 1976,
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fig,10; Lengzenweger, 1977, pl.2, fig.1.

Length without spines 32—42}11:1; breadth without spines

30-40 pm; length of spines 18-27 ﬂ.m; breadth of isthmus 7.5-9.6 pm;
thickness 16-2{1)3!1.

Cells of medium size or sometimes less a little longer

than. broad, (without spines), deeply constricted, sinus narrowly

linear with a slightly dilated apex; semicells transversely

subrectangular, sometimes very slightly widened from base to apex,

sides and apex slightly convex, angles slightly rounded, each apical

angle with a long stout, divergent spine; cell wall smooth, punctate,

or more rarely with a few irregular-scattered scrobiculations;

vertical view elliptic with a stout spine at each pole.
tPlo10, figigg pl'lﬂtﬂ."r'?)¢

Iocal distribution: Mullazai, Distt. Peshawar, Sarim No.161,

March 21,1977.

Geographical distribution: Europe, Canada, U.S.A., Pakistan.

3. A. octocornis Ehr, ex Arch, in Pritch.Infus. p.736. 1861.

A. octocornis Ehr, Infus. p.152, 1838.

Micrasterias octocornis Menegh, Synops. Desm. p.216, 1840,

_sf{_gg_%% gctocorne Ralfs in Aan. Mag. Nat. Hist. p.159, pl.12,
e Ja .

Buastrum octocorne Kg. Phyc. germ. p.134, 1845,
Xanthidium octocorne (Ehr.,) Ralfs,Brit. Desm. p. 116, pl.20, fig.
2ay .

m?atmaﬁctgngm Perty in Mitt, d. naturforsch, Ges. in Bern,
Ds * .

%ﬁt&um (Xenthidium) octocorne Reinsch, Algenfl. Frank. p.127.

Xanthidium octocorne forma. minor Jacobs. Deam. Danem. p.211. 1876.

Artrodesmus lapczynskii Gutw, Noann. Alg. Nov. p«57, pl.T, fig.680.

West & West, vol.4, 1912, pdg), pl.117, figs.6-10; Smith,
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1924, p.13%4, pl.86, figs.B8-12; Taylor, 1934, p.273, pl.56, fig.B8;
Smith, 1950, fig.240; Irénée-Marie, 1952, p.18; Croasdale, 1957, p.122,
pl.1, figs.11,12; Croasdale & Grdnblad, 1964, p.190, pl.16, fig.14;
Lenzenweger, 1967, p.178, pl.7, fig.4; Eloranta, 1968, p.61, fig.18;
Gronblad, Scott & Croasdale, 1968, p.22, fig.112; Parra, 1973,
p.13, pl.13, fig.31; Whitford & Schumacher, 1973, p.75, pl.31,
fig.32; Lengzenweger, 1974, p.106, pl.1, fig.3; Parra & Gonzales, 1977,
p.28, fig.137; Uherkovich, 1978, p.16, pl.5, fig.2.
Length without spines 1?-27/um; with spines 30-42 um;
breadth without spines 14+3r-19/nm: with spines 28—35.5’;4111; breudth
of isthmus 4. E-T.E/um; thickness 6,5-9 fame
Cells small, about 1% times longer than broad
(without spines), deeply constricted, sinus a wide, almost
semicircular excavation; semicells transversly tragpeziform-
rectangular, sides and apex concave, angles slightly rounded and
each with one fairly long atraigh‘nfs;;ﬁ;tical view elliptic, with
one stralght spine showing at each rounded pole. (P1.10, fig.11, photo.78).
Iocal distribution: Quetta Baluchistan, leg. Jan Mohd,
Sarim No.273, April 4,1978.
Geographical distribution?® World wide.
4. A, triangularis Lagerh. Bidr. Amerik, Desm. Fl. p.244, pl.27,
fig.22, 1885.
= JA. incus forma rotundata Racib. Deam. Nowe, p.96, pl,6, fig,16.1889,
= A, incus var, trigngularis Lager, in Nuove Notarisia, p.182. 1893.
Vest & West, wol.4, 1912, p.97, pl.114, figs,11=13, 17;
Smith, 1924, p.133, pl.86, fig.1; Mattern, 1962, fig.16; Mattern, 1964,
P.249; Lenzenweger, 1967, p.178, pl.7, fig.5; Lenzenweger, 1970, p.264,
pl.T, fig.T7; Poore & Marshall, 1972, p.T5.
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Length without spines 23-30 ,F“‘; breadth without spines
19-25 A length of spines 12,5-25 pm; breadth of isthmus 5-7 ym;
thickness T7.8-9 Hm.

Cells rather amall, a little iongnr than broad (without
the spines), deeply constricted, sinus a wide (often almost
semicircular) excavation, isthmus generally elongated and shortly
cylindrical; semicells obversely triangular, apex elevated and convex,
retuse in the median part, sides slightly convex, each lateral angle
slightly rounded and with a long horizontally-placed spine; vertical
view elliptic, each pole with a long spine; one axile chloroplast
in each semicell containing a single pyrenoid. (P1,10, fig.10).

Iocal distribution: Warsak Road Peshawar, Sarim No, 151,
March 12, 1977.

Geographical distribution: Burope, Burma, U.S.A, Pakistan.

5. A. trisngularis Lagerh. var, gsubtrianglaris (Borge) West & Vest,
Freshw., Alg. Orkneys and Shatlands, p.24, pl.2, fig. 36, 1905,

A. incus var, subtringularis Borge, Algologiska Notiser, p.212,
pl.3, fig.4. 1897. (Basionym).

= A4, tri laris var. hebridarum West & Weat, Scott, Freshw.
plankﬁ?n, p.EEE. 1903.

= A, granulgtus Larsen, Ferskv. Vest-Gronb, p.324, pl.7, fig.7.1907.

West & West, vol.4, 1912, p.100, pl.115, figs.1-3; Smith,
1924, p.134, pl.86, figs.5-7; Taylor, 1934, p.274, pl.56, fig.1;
smith, 1950, p.328, fig.240.

30-42 pn long; 23-32 gm broad without spines, with spines
?5-&4.5}@; breadth of isthmus E--B.E.)um.

Cell slightly larger, semicells subtriangular, lower
margins of semicells indented just above the isthmus; apex much
elevated, convex, but retuse in the middle; cell wall commonly
possessing a number of irregularly scattered scrobliculations,
(rl.10, fig.12, photo.79).
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Iocal distribution: Mansihra, leg., Qayum, Sarim No, 139,
Jan. 25, 1977.

Geographical distribution: Burope, U,S.A., Pakistan,

CHARACTERS OF STAURODESMUS
11. STAURODESMUS Teiling, in Staurodesmus genus novum, Bot, Not.
1948, (vide, Teiling, 1967).

“ells solitary, divided into two semicells by a median
einus, constriction generally deep, showing 2 or 3 apical or several
prolonged angles, with one developed spine, sometimes reduced to
a papllla, very rarely with a second aﬁine above the first; cell
wall smooth, always without verrucae; chloroplast axile, generally
with a central pyrenoid, more rarely with 2 or several pyrenoids.

EEY T0 THE TAXA
1. Length of the cell less than Zﬂpm............m. extensus
1. Length of the cell more than 20 Plesssesannns’s
2. Length of the cell 25=30 PleesscscccsannsseStd, dickiel
2. Length of the cell 36=40 AMecescosesnnaseaisStd, convergens
2. Length of the cell 69=83 AMuevescsencsaasa s Std, cornutus
DESCRIPTION OF THE PLANTS

1. Staurodesmus convergens (Ehr,) Teiling, in Stanrodesmus genus
novum, Bot. Not. p.57. 1948,

o throdesmu nvergens Ehr. pl.10, fig.11. 1838,
ﬁrﬁﬁ"mﬁnm 19561. g P e

Gronblad, 1948a, p.417, figs.23-26; Irénée-Marie, 1952,
P.17; Croasdale, 1957, p.124, pl.3, fig.44; Grénblad, Prowse &
Scott, 1958, p.37; Wygasch, 1963, p.107, £ig.20; Teiling, 1967,
P.587, pl.24, fig.12; pl.25, fig.1; Lind, 1968, p.484; Hinode, 1971,
p. 121, pl.9, fig.11; Gayoso, 1975, p.326, pl.1, fig,1; Parra, 1975,
P+43, fig.123; Compere, 1977, p.142.
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36=-40 o long; 3#-40;:::1 broad; breadth of isthmus 12ﬂm:
thickness 24ﬁm.

Semicell fusiform with the ends elongated, often stout,
slightly down-curved spine, the contour of the apex and the spines
forming part of a circle arch, sinue acute.(P1,10, fig.13, photo{80).

Iocal distribution: Peshawar, Sarim No.64, Nov. 2, 1976;
Swabi, Distt. Mardan, Sarim No,288, Teb.3,1978.

‘Geographical distribution: World wide.

2., Std. cornutus (Wolle) Teiling, Arkiv f£8r Botanik Stockholm,
p.576, pl.21, fig.1. 1967.

= Stﬁi:ggtm cornutum Wolle, pl.57, fig.3. 1887. (vide, Teiling

Forster, 1969, p.66, pl.31, figs. 11, 12.

69—53);:: long; 50—-56@1 broad; isthmus E-Qﬂm broad.

Semicell in front view broad elliptic, in end view
triangular with rounded angles and straight or convex sides; the
angles with a spine of moderate size, more or less curved downwards,
sinus wide, acute. (P1.10, fig,16).

Iocal distribution: Wah Stream No,3 under Bridge, Sarim

No.274, April 10, 1978,

Geographical distribution: Burope, Pakistan.

3. Std. dickiei (Ralfs) Iillier, Ueber Folgen kult., Wasser. uber
Hakr. und Plank, in seicten Seen des sud, Olig. geb. Acta
Limnologica, p.264. 1950,

= Staurastrum dickiei Ralfs in Brit., Desm. pl.21, fig.3, 1848,

Teiling, 1967, p.598, pl.29, figs.2, 3; pl.30, figs.12,13;

Hinode, 1971, p.123, pl.10, fig.4; Gayoso 1975, p.327, pl.2,figs.

1-4; Parra, 1975, p.43, figs. 126, 127; Parra & Gongales, 1977,
POEGF ﬂgSQ TET' 152.
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25-30)@1 long; breadth with spines 30-4(]);111; breadth of
isthmas 10—12)mn.

Semicell in front view oval, often with slightly attenuated
end (corers) bearing a spine of moderate size, curved downwards, in
end view with rounded corners and slightly concave sides; sinus
acute; chloroplast mono-or tricentriec. (P1,10, fig.15).

Iocal distribution: Tarujabba, Distt. Peshawar, Sarim
No.280, April 11, 1978,

Geographical distribution: Europe, Chile, U.S.A, Japan,
Pakiastan. '

4, Std, extensus (Borge) Teiling, in Staurodesmus genus novum, Bot. Not.
p.67, fig.11. 1948,
= Arthrodesmus incus Ralfs, Brit. Desm. p.20, fig.4. 1848.

Croasdale & Gronblad, 1964, p.192, pl.17, fig.1; Teiling,
1967, p.514, pl.5, figs.17, 18; pl.31, fig.19; Dubols-Tylski, 1969,
p.320, pl.2, fig.18; Forster, 1969, p.69, pl.29, fig.14; Forster,
1970, p.327, pl.25, figs. 23-27; Hinode, 1971, p.123, pl.9, fig.9;
Coesel & Hoogendi jk, 1975, p.125, pl.1, fig.c; Parra, 1975, p.43,
fig.124; Parrs & Gonzales, 1977, p.26, figs.140, 141,

17-19 pm long with spine; 1?—19}1111 broad with spine;
breadth of isthmus E-B/t;m.

Semicell subrectangular with sharply contracted basal
part, forming a long incurved isthmus with rounded sinus; apex
slightly concave or straight, spines of moderate length, divergent.
(P1.10, fig.14, photo.81),

local distribution: Sasnamana Ziarat Baluchiatan, leg.
Khial Badshah, 3arim No.129, Jan. 16, 1977.

Geographical distribution: Burope, U.S5.A, Japan, Fakistan,
Chile.



143

CHARACTERS OF TETMEMORUS
12, TEMMIMORUS Ralfs, Brit. Desm. p. 145, 1848,

Cells usually fairly large, length 2-8 times the breadth,sol
median constriction slight to fairly deep tut always well defined,
sinus always open; semicells stralght, cylindrical to subfusiform,
with poles somewhat compressed and having a very conspicuous vertical
incision, generally linear and with a slightly inflated apex; cell
wall smooth, punctate, or minutely scrobiculate; chloroplasts axile
and with 8=10 vertical radiating plates that are simple or bifurcate
at the point where they reach the cell wall; pyrenoids fairly numerous

spherical to bacillar and arranged in a linear series along the
central axis,

KEY 10 THE TAXA

1. Cell wall aoruhiculatﬂ......................2. brebissonii
1- Cell wall p'l-lnl:tatﬂ-"n-.-...-.4.--”-..---.2- m

DESCRIPTION OF THE PLANTS

1. Tetmemorus brebissoni (Menegh.) Ralfs, Brit, Deem, P. 145, pl.24,
fig.1. 1848,

= QClosterium brebissonii Menegh. Synops. Deam, p,236, 1840. (Basionym).

= Tamg%g Eahis?niﬁ (Menegh.) Ralfs, in Ann. M « Nat, Hist,
DPe » PL.0, Eels 44, ’ % ® °
= Penium (Tetmemorus) brebissonii Kg. Sp. Alg. p.167. 1849,

= tm enioides Benn, Freshw, Eng. Lake Distr o1
FT3stgrs penioides 5% g « Bl

West & West, vol.1, 1904, p.216, pl,32, figs.1,2; smith,
1924, p.20, pl.55, fig.10; Taylor, 1935, P.210, pl.53, figs.16, 173
Smith, 1950, P.321, fig.232; Ir'i:na'i—llarin, 1952, p.24; Hirano,
1956, p.74, pl.13, fig.8; Scott & Preascott, 1958, p.28, fig,20;
Croasdale & Grénblad, 1964, p.160, pl.s, fig.9; Forster, 1970,
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p.298, pl.10, fig.1; Lengzenweger, 1967, p.180, pl.B, fig.6; Hinode,
1971, p.108, pl.4, fig,14; Ochiai, 1973, p.105; Whitford & Schumacher,
1973, p.68, pl.17, fig.33; Stein, 1975, p.142, fig.80.

155-220 Jm long; 30-41 pm broad; breadth of isthmus
22—32}1m.

Cells subeylindrical, 4-6, commonly 5 times longer than
broad, with a conspicuous median constriction; semicells slightly
attenuated from base to apex; apex very broadly rounded with
a deep median incision; cell wall scrobiculate; chloroplasts with
a single median series of 4 or 5 pyrenoids; cells in side view
fusiferm; semicells attenuated, (P1,11, fig.1, photo.82),

Iocal distribution: Bannu, Sarim No.15, Sept. 1,1976;
Swat, Sarim No.51, Oct. 26,1976; Marden Sarim No.88, Nov. 8,1976;
Bara, Distt. Peshawar, Sarim No,131, Jan, 16,1977.

Geographical distribution: World wide,
2s Iw . laevis (Kg.) Ralfs, Brit., Desm, P, 146, pl.24, fig.3, 1848,
= Closterium laeve Kg. Phyc. germ. p.132, 1845,
= Penium (Tetmemorus) lgeve Gay, Monogr. Ioe, Conj. p.T71. 1884,

West & VWest, vol.1, 1904, p.222, pl,32, figs. 11=16;
Taylor, 1935, p.210, pl,39, fig.11; pl.63, fig.14; Scott, 1941,
p.27, pl.2, figs.1,2; Grdnblad, 1947g p.175, fig.2; Croasdale, 1955,
P.529, pl.10, fig.13; Prescott, 1954, p.69, fig.99; irano, 1956,
P.74, pl.14, fig.7; Croasdale & Gronblad, 1964, p.160, pl.5, fig.12;
Gronblad & Croasdale, 1965, p.31, fig.39; Ochiai, 1966, p.125;
Lenzenweger, 1967, p.181, pl.8, fig.5; Herrmann, 1969, p.151,
pl.4, fig.2; Fdrster, 1969, p.29, pl.5, figs. 20-23; Mix, 1970,
p.85, pl.4, fig.7; Férster, 1970, p.299, pl.9, figs,13-15; Hinode,
1971, p.108, pl.4, fig.16; Ratnasabapathy, 1972, p.104, pl4; Whitford
& Schumacher, 1973, p.68, pl,22, fig.2; Coesel, 1974, p.362, figs.1-3;
Parra & Gonzales, 1977, p.20, fig.78.
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57-5-123)11' long; 20-31.5;;!: broad; breadth of isthmus
15-—2?/@.

Cellssmall, 33-4%, commonly 4 times longer than broad,
with a slight median constriction; semicells very gradually
attenuated %o the apices; apex fairly broad and rounded, with
a deep median incision; cell wall punctate; chloroplasts with a
median series of 3 to 5 pyremoids; semicells in side view more
attenuated than in front view, specially near the apex,

(P1.11, fig.2, photo.83).

Iocal distribution: Akbarpura Distt. Peshawar, Sarim
No, 30, Sept. 25,1976, :

Geographical distribution® World wide.

CHARACTERS OF CYLINDROCYSTIS
13. CYLINDROCYSTIS Menegh, ex Ralfs, Brit. Desm, p.153. 1848,

Cells cylindrical, solitary, about twice longer than
broad, often embedded in mucilage, unconstricted or with a slight
median constriction, apices generally rounded; with one axile,
substellate chloroplast in each semicell; pyrenoids large, one in
the c:éntra of each chloroplast.

EEY T0 THE TAXA
1. Cells 15—1Et_nm broad.sesessessscsnsensass Co brebissonii
1. Cells m-dﬂ!nm BEOAdeseavonassssscnsssine C. americang
DESCRIPTION OF THE PLANTS
1. Gylindrocystis americang West & ¥est, on some Desmids of the
United States, p.281, pl.18, figs.6,6. 1898,
Whifford & Schumacher, 1973, P«65, pl.17, fig.14.
20—50/3111 long: Eﬂ-wﬂm broad.
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Cells moderately large, subcylindrical, slightly
constricted in the middle, gradually dilated towards the apices;
apex truncately rounded; cell wall thickened slightly at the apex,
otherwise smooth; chloroplast stellate., (P1.11, fig.3).

Iocal distribution: Nowshera Textile Mills, Sarim No.304,
Jan, 26, 1979.

Geographical distribution: U.S.A, Pakistan,
2. C. brebissonii Menegh. in West & West, Brit, Desm. vol.1, p.85,

pl.4, fig.23. 1904,

= L. brebissonii Menegh. Monogr. Nostoch. .89, pl.12, Tig. 131843,
= Palmogloea brebissonii Kg. Tab. Phyec, P.19, pl.24, fig.4., 1847,
= Penium brebissonii Ralfs, Brit. Desm. p.153, pl.26, f£ig.6., 1848,

Taylor, 1934, p.240, pl.65, figs.6, T; Prescott, 1941,
P.24, pl.2, fig.14; Smith, 1950, p.307, fig.214; Irénee-liarie, 1952,
Pe 313 Praamtt, 1954, p.T1, fig.103; Hirano, 1955g,p.17, pl.1, fig.10;
Grna.sjala, 1955, p.519, pl.3, fig.10; Gronblad, 1959, p.58, figs.1-15;
Fritsch, 1961, p.313, fig.96; Mattern, 1964, p.251, fig.4: Croasdale
& Gronblad, 1964, p.148, pl.1, figs.8-11; Croasdale, 1965, P. 305,
P.1, fig.8; Scott, Grénblad & Croasdale, 1965, p.26, fig.1; Ochial,
1966, p.122, fig.9; Eloranta, 1968, p.60, fig,17; Gronblad, Scott
& Croasdale, 1968, p.8, figs.1,2; Frster, 1969, p.15, pl.1, figs,2,
33 Mix, 1970g,p.77, pl.2, fig.5; pl.,11, fig.15; Lenzenweger, 19704,
P.5, pl.1, fig,5; Forster, 1970, p.275, pl.1, figs.10-15; Hinode, 1971,
p. 100, pl.1, figs.2,3; Mix, 1972, p.201, fig.1; Gerrath, 1973, p.103,
pl.1, figs.1, 2; Croasdale, 1973, p.69, pl.10, figs,13, 15; Whitford
& Schumacher, 1973, P.65, pl.17, fig,16; Stein, 1975, p.135, fig.81;
Parra, 1975, p.26, fig,1; Werner, 1977, p.37, p.37, pl.1, figs.1-4;
Hinode, 1977, p.74, figs.1, 5, 6; Parra & Gonzales, 1377, p.14, fig.1;
Hirano, 1977, p.211.
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43—55};51 long; 15—1.8};51 broad.

Cells cylindrical, unconstricted, about 2-3 times longer
than broad, apex rounded; chloroplasts usually with few large radia-
ting prolongations and often diffinultlof observation.

(Pl.11, fig.4, photo.84),

local distribution: Muszaffarabad, Azad Kashmir, leg.
Manzoor, Sarim No.233, Nov.2, 1976,

Geographical distribution: World wide,

CHARACTERS OF NETRIUM
14, NETRIUM N3g. Gatt. einz. Alg. p.107. 1849,

Cells generally large, length at least three times the
breadth, neither constricted in the median portion nor compressed;solits
cell shape cylindrical o naviculoid, with lateral margins gradually
attenuated to truncate apices, or parallel and then sharply
convergent in the apical region; cell wall always smooth and without
pores; chloroplasts axile, usually one in each half-cell, with 6-12
longitudinal, radliating plates that have strongly notched edges;
pyrenoids always axile, usually a single long rod, but at times with
the rod fragmenting to form an axile row of spherical to irregularly
shaped pyrenoids; cell division at no definte point,

KEY TO THE TAXA

1. Cells elliptic-oblong, chloroplasts with
6 hﬂgim&inﬂl Plateﬂinjcnllnllnll'-l-.-lnliii'.-lt E—' disituﬂ

1. Cells cylindrical, chloroplast with
E hﬂgimdinﬂ.l plateanllnoaiv-liit-iliccuiidc H- intﬂrﬂlEm

DESCRIPTION OF THE PLANTS
1. Betrium digitus (Ehr,) Itzigs. & Rothe, in Rabenh, Alg. No.508, 1856,
= Closteritum digitus Ehr, Entwick. Lebends. d. Infus p,68, 1832,
= Cl. lamellosum Bréb. Alg, Falaise, p.59, pl.8. 1835,
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= Penium digitus Bréb. in Ralfs Brit. Desm. p.150, pl.25, fig.3.1848,
= P. lamellosum Kg. Sp. Alg. p«168. 1849,
= %. digitus forma curta Anderss, Sverig, Chlor. p.19, pl.1, fig.14.
890,
= P. %?L‘hlﬂ forma recta Turn., Freshw. Alg, E.India, p.18, pl.1,
?j.ga - 1 93-
= P. navigium Tirn, Freshw. Alg. E, India, p.17, pl.1, fig.9. 1893,

= P. digitus var. montanum Lemm. Algenfl, Riesengeb, p.120, fig.15.
896,

West & Vest, vol.1, 1204, p.64, pl.6, figs.14-16; Smith,
1324, p.6, pl.52, fig.5; Taylor, 1934, p.240, pl.65, figs. 3,4;
Thompson, 1938, p.40, pl.9, fig.9; Smith, 1950, p.308, figs.215, 219;
Irénée-Marie, 1952, p.30; Tiffany & Britton, 1952, p.166, pl.51, fig.
334; Prescott, 1954, p.73, fig.108; Hirano, 19554, e 18, pl.1, fiz.7;
Croasdale, 1955, p.519, pl.3, fig.17; Kamiya, 1961, p.41, pl.3,
figs.1-3; Fritsch, 1961, p.313, fig.121; Kamiya, 1962, p.44, pl.s,
figs. 1-3; Mori, 1962, p.8, fig.9; Mattern, 1962, pP.244, fig.T;
Biebel, 1964, p.697, figs.1, 2, 5-12; lattern, 1964, p.251; Croasdale
& Grénbdlad, 1964, p.148, pl.1, fig.20; Biebel & Reid, 1965,p.134;
Croasdale & Grénblad, 1965, p.26, figs.2-4; Warcenko, 1966, p.157,
figs.7-24; Prescott, 1966, p.2; Ochiai, 1966, p.123; Eloranta, 1968,
p.61, fig,6; Herrmann, 1969, p.7, fig.1; Vuorisalo, 1969, p.104,
fig.2; Zwart, 1969, p.172, figs.120, 121; Wix, 19704, p.77, pl.2,
figs.1,2; Marcenko, 1970, p.33, figs. 1-4; Lenzenweger, 19704, p.5,
pl.3, fig.1; Islam, 1970, p.908, pl.1, fig.9; pl.19, fig.2; Hinode,
1971, p.100, pl.1, fig.5; Mix, 1972, p.20, p.20, pl.201, figs.3, 5, 6;
Ratnasabapathy, 1972, p.103, pl.3, fig.c; Mix, 1973, p.189, pl.4,
fig.9; Whitford & Schumacher, 1973, p.65, pl.17, fig.23; Parra, 1975,
p.26, fig.3; Hosiaisluoma, 1976, p.107, figs.1-4; Kattner, Iorch &
Weber, 1977, p.33; Werner, 1977, p.37, pl.1, figs.T7-12; pl.17, fig.10:
Hinode, 1977, p.74, figs. 1, 10; Farra & Gonzales, 1377, p.14, fig.3;
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Nakano, 1977, p.46, pl.1, figs.1, 2.

130-—33?ﬁm long; 40-82/1;1111 broad; breadth near apex 18-40 Jam,

Cells of variable sigze, generally large, 3-4 times longer
than broad, not constriatad elliptic-oblong, gradually attenuated,
from the middle towards the apex which are rounded truncate, chloro-
plasts ‘axile with about 6 longitudinal plates, deeply notched at the
free margins,cell wall smooth. (P1.11, fig.6, photo.86).

local distribution: Swat, Sarim No.56 Oct. 27, 19763
Takhtbhai, Distt. Mardan, Sarim No.157, March 17, 1977; Baragali,
Sarim No.370, Oct. 4, 1979,

Geographical distribution: World wiﬁa.
2. N. interruptum (Bréb,) Iiitkem. Zellmembr. Desm. p.407. 1902,
= _ri_éuifg_m_ interruptum Breb, in Ralfs Brit. Desm. p. 151, pl.25, fig.4.

Gg.%steri (Netrium) mterru Reinur.:h Algenfl, Frank, p.185.

West & West, vol.1, 1904, p.68, pl.7, figs.1,2; Irénse-
Marie, 1952, p.30; Hirano, 19554, P« 21, pl.2, fig.1; Croasdale, 1962,
p.16, pl.1, fig,3; Grénblad & Croasdale, 1965, p.27, fig.6; Eloranta,
1968, p.61, fig,16; Vuorisalo, 1969, p.104; Mix, 1970, pl.2, fig.7;
Mix, 1973, p.185, pl.2, fig.3; Whitford & Schumacher, 1973, p.65,
pl.17, fig.18; Parra, 1975, p.26, fig.5; Parra & Gonzales, 1977,
P.14, fig.10.

220-32(]}1::1 long; 3T_54Pm broad.

Cells large, 4-6 times longer than broad, not constricted,
cylindrical, near each extremity hemﬁing suddenely conical, apex
obtusely rounded; chloroplasts 4, 2 in each semicell, median ones
cylindrical, apical ones conical, each chloroplast with about 8
longitudinal plates, free margins of plates entire; apical vacuole
conspleous and containing a solitary moving granule,
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(P1.11, fig.9, photo.88).

Iocal ﬂiatributinn: Rajar, Charsadda, Distt. Peshawar,
Sarim No,.192, Dec. 17, 1978.

Geographical distribution: Burope, Russia, U.S.A, Japan,
Paklistan, Canada, chlle.

CHARACTERS OF MESOTAENIUM
15, MESOTARNIUM Nig., Gatt, einz, Alg. p.108. 1849,

Cells cylindrical or subcylindrical, usually straight, solitar
often slightly curved, not constricted, apices rounded or subtruncate;
with a solitary chloroplast, more rarely with two chloroplasts, which
is axile, flattened, and plate-like; pyrenocids one or several;
nucleus frequently excentriec.

1. Mesotaenium caldariorum (Legerh.) Hansg. Prodr. Algenfl, Bohm.
p.174. 1888,

= M. md%chirianﬁ%n Néag., var. caldariorum Lagerh. Algol, Bidr,
P » L -(Bﬂﬂi'ﬂm}-

West & West, vol.1, 1904, p.53, pl.4, figs.15-17;
Chardard, 1964, p.77, figs. 1-9; Mix, 1972, p.203, fig.2; Ratnasa-
bapathy, 1972, p.103; Scharf, 1977, p.31, figs. 9,10.

27-40 B long; 10,5-:11.5};1:1 broad.

Cells cylindrical or subeylindrical, 2%-4 times longer
than broad, somewhat suddenely attenuated near the apices which
are rounded; chloroplast axile, sometimes a little irregular and
bent, often with one pyrenoid. (Pl.11, fig.7, photo.87).

Iocal distribution: Kbhat Pass Spring, Sarim No. 158,
March 18,1977,

Geographical distribution: BEurope, Malaysia, Pakistan,
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CHARACTERS OF BAMBUSINA
16. BAMBUSINA (Kg.) Kg. Sp. Alg. p.188. 1849, Hom Cons.

= Gymno zy ga Ehr, Ber, K. Akad., Wiss, Berlin, p.212, 1840.
= (Gymnozyga Ehr. Ber. Monatsb. p.212. 1841.

= Gymnozyga (Ehr.,) Kg. Spec. Alg. p.188, 1849,

Cells united to form long filaments; filaments rarely
twisted, frequently enclosed by a gelatinous sheath; cells barrel-
shaped, not compressed, length about twice the breadth, median
constriction slight, at times a =small groove running around the
cell; apices flattened and without protuberances; cell wall smooth
or with vertical striae near the poles and at the isthmus; chloro-
plasts axile and with radiating vertical laminae; pyrencids single
and central.

1. Bambusing brebissonii (Kg.) Kg. Spee. Alg. p.188. 1849. Non cons.
= Gymnozyga moniliformis Ehr. in Berlin Monatsb. p.212,1841.

= Demidiun4bcrrar1 Ralfs in mn. Mag. Nat. Hist. p.375, pl.8,
g- - -

= Dambusing brebissonii Kg. Phyc., germ. p.140.1845.

= Digmsnogrium borreri Ralfs in Ann. llag. Nat. Hist. p.10, pl.3,
E- - -

= Bambusina borreri Delp. Sp. Desm, subalp. p.54, pl.2, fig.1877.

= 0 gbrehiuaonii Wille in IEngler., Nat., Pflanzenfam. p.15,
P - - ﬁ.

West, West & Carter, vol.5, 1923, p.255, pl.165, figs.8,9;
Smith, 1924, p.46, pl.87, fig.11; Taylor, 1935, p.220, pl.34, fig.16;
Wnitford, 1943, p.153; Gronblad, 1945, p.35, figs. 343, 348; Smith,
1950, p.336, fig.247; Irénce-Marie, 1952, p.29; Prescott, 1954,
p.30, fig.136; Croasdale, 1957, p.153, pl.10, fig.156; Scott %
Prescott, 1958, p.69, Hirano, 1960, p.393, pl.54, fiz.G;: Kamiya,
1961, p.43, pl.5, figs.4, 5; Fritsch, 1961, fig.114 D; Croasdale
& Gronblad, 1964, p.208, pl.21, figs.19, 20; Lenzenweger, 1965,
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p.453, pl.2, fig.7; Freter, 1965, p.158, pl.9, figs.28, 29; Ochiai,
1966, p.123; Eloranta, 1968, p.61, fig.9; Forster, 1969, 2.100,
pl.53, figs,16-18; Dubois-Tylski, 1969, p.320. pl.1, fig.25; Islam,
1970, p.934, pl.3, figs.9, 10; Frster, 1970, p.344, pl.29, fig.21;
Hinode, 1971, p.127, pl.10, fig.23; Gerrath, 1973, p.108, pl.3,
£ig.6; pl.4, figs.7-10; Whitford & Schumacher, 1973, p.79, pl.38,
fig.I1; Parra, 1975, p.50, fig.172; Stein, 1975, p.135, fig.99;
Croasdale, & Scott, 1976, p.553, fig.9; Parra & Gonzales, 1977,
p.31, fig.232; Scharf, 19794,p.45, figs.1-4.

25-30}1111 long; 1?..5—22.5}1111 broad.

Filaments twisting, formed of rather barrel-shaped cells;
semicells with a small basal inflation, and an extremely slight
median constriction; lateral margins straight except for the broad
rim at the base, apex broad and truncate; cell wall often showing
very delicate longitudinal striations; vertical view circular,
sometimes with two opposite mamillae; chloroplasts axile, one in
each semicell, each having a central pyrenoid and about 6 radiating
plates, (P1.11, fig.10).

Iocal distribution: Peshawar, Sarim No.67, Nov. 3, 1976;
Marﬂ;h, Sarim No.89, Nov. 8, 1976; Saidu Sharif, Distt, Swat, Sarim
No.164, March 23, 1977; Malakand, Sarim No.399, Dec. 15, 1979.

Geographical distribution: World wide.

CHARACTERS OF DESMIDIUM
17. DESMIDIUM Agardh ex Ralfs, Brit.Desm. p.60. 1848,

Cells united to form long filaments; filaments usually
spirally twisted and enclosed in a broad tough gelatinous envelop;
median constriction generally shallow and poorly defined; cells
not marked compressed, usually with a radial symmetry; breadth
mostly about twice the length; aanineils trapezoidal in front
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view and with the apices plane or depressed in the median portion
and forming an elliptic open space between adjacent cells; lateral
view identical with the front view or subrectangular to octagonal;
vertical view triangular, guadrangular or broadly elliptic; cell
wall not ornamented; chloroplasts axile, with one or more pyrenoids,

KEY TO THE TAXA
1. lMedian constriction reduced to a_faint undulation... D. baileyi
1. Hedian constriction otherwis€isseecvesissirinrsnnnes 2
2. Cells about 1% times broader than long.....ssseses. D. coarctatum
2. Cells about 2% times broader than long..s..eees.. D. swartzii

DESCRIPTION OF THE PLANTS
1. Desmidium baileyi (Ralfs.) Hordst. Iund. Univ, Arsskr. p.16.1880,

Smith, 1924, p.145, pl.88, figs.5-7; Taylor, 1935, p.219,
pl.29, fig.1; smith, 1950, p.335, fig.246; Irenée-llarie, 1952,
p.28; Prescott, 1954, p.90, fig.138b; Croasdale, 1957, p.153, pl.10,
figs. 149, 150; Scott & Prescott, 1958, p.69; lHirano, 1960, p.397,
pl.53, fig.4; Prescott, 1966, p.42, pl.11, fig.17; Lind, 1967,
p.382, pl.11, figs.6, €Ga; Islam, 1970, p.933, pl.1, figs.8, 8a;
Poore & Marshall, 1972, p.75; Mix, 1973, p.187, pl.3, fig.8;
Whitford & Schumacher, 1973, p.79, pl.37, fig.9; Islam & Zaman, 1975g
r.54, pl.8, fig.120; Parra, 1975, p.51, fig.178.

20-26 mm long; 21-27-5ﬂm broad.

Cells united to form filments that are straight (not
spirally twisted) and devoid of a gelatinous sheath; cells fairly
small, with the length and breadth about equal, median constriction
reduced to a faint undulation; cell outline rectangular, with the
lateral margins parallel and apices with a broad deep semielliptic
depression that gives the appearance of short erect truncate

projections at eilther lateral margin of the semicells apices;
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adjacent cells of filaments almost completely separated by elliptical
to subrectangular openings; vertical view triangular, with slightly
convex sides and rounded angles; cell wall smooth.
(P1.11, fig.18, photo.94).

Iocal distribution: Pabbi, Distt. Peshawar, Sarim No.48,
Oct. 22, 1976,

Geographical distribution: World wide.

2. D. coarctatum Nordst. Freshw, Alg, N. Zealand, p.25, pl.2, fig.3.
1888,
= Desmidium (Didy&riu.m} coarctatum Nordst. Bot. Notiser, p.155.1887,

West, West & Carter, vol.5, 1923, p.252, pl.165, figs.1,2;
Taylor, 1935, p.219; Grénblad, 1957, p.50, pl.36, figs.4, 5; Hirano,
1960, p. 395, pl.53, fig.60; Islam, 1970, p.934, pl.3, fig.8; Hinode,
1971, p.127, pl.10, fig.20; pl.5, fig.22; Lenzenweger, 1974, p.116,
pl.3, fig.9. |

25-—34}151 long; 34-*35}1;:: broad; breadth of isthmus 33 ym;
breadth of apex 12-14)“:1; thickness 24—25}1&1.

Filaments flattened, twisted, cells in front view
elliptical, about 12 times broader than long, with a slight median
constriction, sinus linear, basal angles of semicell actually
rounded, lateral margins slightly undulate; apex of semicell about
% its diameter; lateral view of cells quadrangular, with the finest
indicatlion of a median constriction; vertical view narrowly elliptical
with prominent rounded mamillae at the opposite poles; cell wall
with longitudinal rows of minute puntae; chloroplasts axile, one
in each semicell, each with a central pyrenoid, (¥1l,11, fig.11,
photo,.89).
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local distribution: Zoolopgical Gardens Lahore, Sarim
No.45, Oct. 20, 1976,

Geographical distribution: World wide.

3. D. swartzii Agardh. ex Ralfs,Brit. Desm. p.61, pl.4, figs.a-e.1048.
= Diatoma swartzii Agardh, Disp. Alg. p.38. 1812.
= Desmidium swartzii Agardh, Syst. Alg. p.9. 1824.

West, Weat & Carter, vol,5, 1923, p.246, pl.163, figs.
5-8; Smith, 1924, p.144, pl,88, figs. 1,2; Taylor, 1935, p.220,
pl.34, fig.12; Prescott, 1941, p.27, pl.2, fig.B8; Taft, 1945,
p.204, pl.5, fig.21; Irenee-Marie, 1952, p.29, fig.5; Tiffany &
Britton, 1952, p.205, pl.56, fig.628; Croasdale, 1957, p.153, pl.10,
fig.‘JIEE; Scott & Prescott, 1958, p.70, figs.21, 13; Hirano, 1960,
p.396, pl.53, fig.5; Kamiya, 1961, p.43, pl.8, fig.4; Fritsch, 1961,
fig.114 B; Hattern, 1964, fig.,16; Lenzenweger, 1965, p.252, pl.2,
£ig.2; Mattern, 1966, p.215, fig.15; Kanetsuna, 1967, p.81, pl.4,
figs.5, 9; Zwart, 1969, p.171, pl.110; Kix, 19704, p.89, pl.4,
fig.6; Mix, 1973, p.189, pl.4, fig.14; Whitford & Schumacher, 1273,
p.79, pl.37, fig.12; Stein, 1975, p.139, fig.79; Parra, 1975, p.52,
fig.176; Werner, 1977, p.66, pl.16, fig.3; pl.30, fig.5; Watanabe,
1978, p.120, pl.4, fig.h.

12-20 pm long; 3?-50}»1:1 broad; breadth of isthmus 30-42.5
j.lm; breadth of apices 30-41 .

Filaments triangular, twisted, usually destitute of a
conspicuous gelatinous sheath; cells large, about 2% times broader
than long; constriction moderately deep, sinus linear towards its
apex, opening more widely; semicells narrowly oblong, lateral margins
usually somewhat obliquely truncate, with the upper angle of the
truncate margin conspicuously protruded towards the apex of the
semicell, the lower angle more rounded; apex of semicell broadly
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truncate, with a short connecting processes at each angle of the
cell; middle of apex very slightly concave; spaces between the
cells not visible, or recognised only with difficulty; vertical
view triangular, angles actually rounded, sides slightly concave;
chloroplasts axile, one in each semicell, with two massive lobes
radlating from the centre into each angle of the semicell, and a
large pyrenoid opposite each face. (Pl.11, fig.12, photo.90).

Iocal distribution: Nathiagali, Sarim No.73, Nov.5, 1976;
Peshawar, Sarim No.77, Nov, 7, 1976; Bannu, Sarim No.95, Dec. 5,1976;
Abbottabad, Sarim Wo.104, Dec. 8, 1976; Church Memorial Tank Mardan,
Sarim No.242, Feb. 17, 1978,

Geographical distribution: World wide.

CHARACTERS OF PENIUM
18. PENIUM Bréb. ex Ralfs, Brit. Desm. p.148, 1848,

Cells of variable length, length usually several times
the breadth,mally straight, with median portion somewhat
constricted or without a median constriction; sinus, when present,
only a slight depression; cells not compressed, shape generally
cylindrical, at times fusiform to subelliptic, frequently somewhat
attenuated at poles, apices usually truncate and with rounded
angles; point of cell division definite; cell wall colourless %o
brownish, smooth to punctate or granulate, at times with the
granules arranged in definite longitudinal series; cholorplasts
axile, with longitudinal radiating plates that extend to the cell
wall; pyrenoids generally in an axile row at centze of chloroplasts,

KEY TO THE TAXA

1. Chloroplast with about 10 '
long itudinal plates,........ P. margaritaceum

1. Chloroplast with about 6
longitudinal plates.......c.. P. cucurbitinum var. subpolymorphum
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DESCRIPTION OF THE PLANTS
1. Penium cucurbitinum Biss, var. subpolymorphum Nordst. Freshw.

Alg, N,Zeal. p.T71, pl.7, fig.20. 1888,
West & West, vol.1, 1904, pl.9, figs.19,20.

T1-86‘Fm long; 32*5-3B}mm. hrgaﬁ; isthmus 32-35 pm broad.
Cells of medium sigze,2}) times longer than broad, more
attenuated towards the apices than the species; aplices subtruncately-
prounded; cell wall densely and minutely.punctate; chloroplasts with
sbout 6 longitudinal ridges and one large pyrenoid. (Pl.11, fig.16).
Iocal distribution: Gandi Garden Karachi, Sarim No.231,
Mtarch 28,1978,
Geographical distribution: New Zealand, Europe, Fakistan.
2. P. margaritaceum (Ehr.) Bréb, ex Ralfs,Brit. Desm. p.143,
pl.25, fig.1, 1848,
= (Qlosterium magaritaceum Ehr. Infus. p.95, pl.6, fig.13, 1838.
= GOylindrocystis margaritacea Reinsch, Algenfl. Frank. p.198, 1867,
= Penium pandurans De Not, Desm. Ital. p.70, pl.8, fig.80, 1867.

= B. mar%aritgceum (Ehr,) ex Bréb, var, irregularies West & Wesi
‘Tgﬂ ALY Ej &a, 1‘97?)"

West & West, vol.1, 1904, p.83, pl.8, figs,32-35;
Smith, 1924, p.7, pl.52, fig.6; Swith, 1950, p.318, fig.228; Irénée-
Marie, 1952, p.22; Tiffany & Britton, 1952, p.176, pl.1, fig.540;
Prescott, 1954, p.72, fig.104; Hirano, 1955g4,p.26, pl.2, fig.5;
Croasdale, 1962, p.18, pl.1, fig.4; Croasdale, 1964, p.77, figs.10-20;
Croasdale, 1965, p.305, pl.1, fig.13; Prescotd, 1966, p.4, pl.4,
fig.10; Lind, 1967, p.365, pl.1, figs.1,2; Gronblad, Scott &
Croasdale, 1968, p.9, fig.7; Gerrath, 1969, p.113, figs.2, 12, 14;
Lenzenweger, 1970, p.262, pl.12, fig.17; pl.29, fig.14; Islam, 1970,
p.909, pl.19, figs.3-9; Hinode, 1971, p.101, pl.1, fig.15; Croasdale,
1973, p.70, pl.10, fig.26; Whitford & Schumacher, 1973, p.65,pl.17,
fig.28; Werner, 1977, p.39, pl.2, fig.2; Parra & Gonzales, 1977,
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p.15, fig,18; Rhicka, 1977, p.61, pl.4, figs.1-5.
i T3-1'?0).un long; 12.5-26 pu broad; breadth of apex
T.5-18 M.

Cells large, 6-12 times longer than broad, cylindrical
or subfusiform, with a distinct median constriction, apices
truncately rounded; cell wall reddish-brown in colour and with
longitudinal rows of granules; chloroplast with about 10 longi-
tudinal plates (or ridges) and often showing a slight median
interruption. (P1.11, fig.15, photo.92).

local distribution: Matta, Distt. Swat, Sarim Ho. 100,
Dec. 7, 1976; Mardan, Sarim Mo.105, Dec. 8, 1976; Nathiagali,
Sarim No.146, Marech T, 1977.

Geographical distribution: World wide.

CHARACTERS OF SPHAEROZOSMA
19, SPHAEROZOSMA Corda ex Ralfs, Brit. Desm. p.65. 1848,

Cells usually small and with the breadth generally
somewhat greater than the length; united %o form permanent filaments
by short apical processes that lie on opposite sides of the apices
of the semicells and interlock with corresponding processes from
adjacent cells; processes frequently simple granules, never over-
lapping the adjacent cells; cells compressed, generally moderately
constricted and with an open sinus; semicells elliptic to oblong,
lateral margins smooth or gramulate, never with spines; vertical
view usually elliptic and lateral view of pemicells subspherical:
cell wall smooth, punctate, or with granules arranged in a definite
pattern; chloroplasts axile and with one pyrenoid.
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KEf TO THE TAXA
1. Semicells oblong or subreniform........Sph., vertebratum

2, Semicells ovValisessesssassssnsssssssaseSph. excavatum

DESCRIPTION OF THE PLANTS
1, Sphaerozosma excavatum Ralfs, Brit. Desm. p.67, pl.6, fig.2. 1848,

= 5 Ezsf_xcava‘:sum Ralfs, in Ann., Mag. Nat. His. vol.16, p.15, pl.3,

" = Isthmosira excavata Kg. Sp. Alg. p.189. 1849,

West, West & Carter, vol.5, 1923, p.211, pl.160, figs.1-3;
smith, 1924, p.138, pl,86, figs.17, 18; Smith, 1950, p.331, fig.242;
Prescott, 1954, p.89, fig.134; Croasdale, 1957, p.151, pl.10, fig.133;
Hirano, 1960, p.398, pl.53, fig.22; Ochiai, 1966, p.124, fig.E4;
Grénblad, Scott & Croasdale, 1968, p.26, fig.152; Kirk, Postek &
Cox, 1976, p.6,

7.5-12 pm long; 7-14 pm broad; breadth of isthmus 3.5-6.5
pm; thickness 5-7 pm.

Cells very small, usually only slightly longer than broad,
but sometimes as much as twice as long as broad, constriction
moderately deep, sinus widely excavated, obtuse; semicells broadly
oval, isthmus slightly elongated, lateral view of cell oblong-
elliptic, sides slightly concave; vertical view oblong with rounded
ends and four minute attaching processes on the long margins; cell
wall usually smooth, sometimes with horizontal rows of minute
granules; chloroplast axile, one in each semicell with a central
pyrenoid. (P1l.11, fig.20, photo.95).

Local distribution: Multan, Sarim Ho.252, X¥arch 29, 1978.

Geographical distribution: Burope, Japan, Africa, U.S. A,
India, Pakistan.
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2. 3ph, vertebratum (Breb.) Ralfs, Brit. Desm. p.65, pl.6, fig.1.1848.
Desmidium vertebratum Breb, Alg. Falaise, p.269, pl.2. 1835.

= Isthmia vertebrata Menegh, Synops. Desm. p.205. 1840.
= Desmidium compressum Ralfs in Amn, Mag. Nat, Hist., vol.9, p.253,1842

Isthmosira vertebrats Kg. Phyc. germ. p.141. 1845,

Sphaerozosma unidentata Ralfs in Ann, Mag. Nat, Hist, vol.16,
pe 14, .

West, West & Carter, vol.5, 1923, p.209, pl.159, figs.9,
10; Fritsch, 1961, p.358, fig.114; Compere, 1970, p.128, fig.622.

19 pm long; 21—24;:,1:1 broad; breadth of isthmus 9-10‘;4:::;
thickness 12 um.

Cells small, about as long as broad, or sometimes a little
broader, constriction fairly deep, sinus narrow, linear, obtuse at
the apex; semicells nearly oblong or subreniform, slightly narrower
at the apex; lower margin nearly straight, upper angles very rounded,
apex flattened; lateral view of cell oblong, slightly constricted
in the middle, semicells short and oval; apical processes median;
cell wall smooth; chloroplasts axile, with a central pyrenoid in
each semicell., (P1l.11, fig.19).

local distribution: Katlang, Distt. Mardan, Sarim No.40,
Oet,10, 1976.

Geographical distribution: Burope, U.S5.A, Pakistan.

CHARACTERS OF SPONDYIOSIUM
20, SPOMDYIOSIUM Breb. in Kg. Sp. Alg. p.189. 1849,
Cells usually of moaerate size, ratio between length
and breadth variable; united to form permanent filaments; cells
moderately to deeply constricted, sinus linear to somewhat open,
with an acute to rounded apex; semnicells usually compressed, rarely

radially symmetrical, elliptic to oblong or triangular, apices
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flattened, at times with a truncate elevation or with a slight
concavity, never with apical processes; cell wall smooth or punctate,
very rarely with granules arranged in a definite pattern; chloroplasts
axile and usually with but a single pyrenoid; filaments with or with-

out a gelatinous envelope.

KEY TO THE TAXA

1. Sinus open and obtuse, semicells
subelliptical.icesissseanensnsionscansenas Sp. secedens

1. 3inus linear, semlcells truncate-
P}rramidaa;"---ii-iiiIInlli.ltlnlnll!llnl'll'ifiil‘._‘;E'l !ulche:lrlm
DESCRIPTION OT THE PLANTS
1. Spondylosium pulchellum Arch, in Pritch. Infus. p.724, pl.3,
fig. 10,1861,

haerozosma pulchellum Arch, Suppl. Cat., Desm. p.253, pl.21,
%Eg.? 1858.

Sph. secedens var. pulchellum Hansg. Prodr. Alg. Bohm. p.170.1888.

‘West, West & Carter, vol.5, 1923, p.227, pl.161, figs.1-3;
Cedercreutz, 1941, p.28; Hirano, 1960, p.389, pl.53, fig.25;
Lengzenweger, 1965, p.453, pl.2, fig.6; Tomaszewicz, 1973, p.298,
pl.5, fig.15; Tomaszewicz, 1974, p.406, pl.5, fig.19.

12—-15;1::1 long; 10-11 Jm broad; breadth of gpex Eﬁm;
© breadth of isthmus 4.5-6 gm.

Cells very small, about as long as broad, sometimes longer
than broad, constriction fairly duep,lainua linear; semicells
truncate-pyramidalj, inflatted at the base, apex broad and flat,
upper angles sharp, almost rectangular; lower angles broadly rounded;
sides concave; semicells in side view subecircular; in end view
elliptical; filaments often long, not twisted, frequently found
attached by a short thick gelatinous stalk to other aguatic plants
(Pl.11, fig.21, photo.96).
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Local distribution: Narsak Canal, Peshawar, Sarim No, 206,
Dec. 16, 1978.
Geographical distribution: Burope, U.S5.4, Japan, Faklstan,.
2. Sp. secedens (De Bary) Arch. in Pritch. Infus. p.T719. 1861.

= %Egéemguamg secedens De Bary, Conj. p.76, pl.4, figs,35-37.1858.
asionym).

Sph. excavatum var. secedens Rabenh. Krypt.-fl. Sachs., p.178.1863.
= 18_511E pygmaeum Hauptfl. Zellm. u., Hullgallerte Desm. pl.2, fig.24.

West, West & Carter, vol.5, I1923, P.225, pl,161, figs.8=11;
Iré'nge-ﬂarie, 1952, p.27; Leher, 1958, p.80.

5.5—12):1:1 long; 7.5=10 pn broad; thickness 5-6 M
breadth of isthmus 3.5-6 .

Cells small, about as long as broad, but sometimes
slightly longer or shorter, constriction moderately deep, sinus open
and obtuse; semicells subelliptical; lateral angles rounded, ventral
margin slightly convax, dorsal margin primarily strongly convex but
with a conspicuous deep concavity in the middle; cells attached
together by the projecting parts of the zpices to form fragile
filaments, which 'x"aadihr break; filaments destitute of a mucous
sheath; cell wall smooth. (Pl.11, fig.22, photo.97).

Iocal distribution: Fatehpur, Distt, Swat, Sarim No,287,
Dec. 17, 1978.

| Geographical distribution: Burope, Canada, Pakistan.

CHARACTERS OF HY AIOTHECA
21. EYAIOTHECA Ehr. ex Ralfs,Brit., Desm. p.51. 1848,
Cells united to form long filaments; Tilaments not
twisted,: . generally enclosed by a copious gelatinous envelope
that at times is radially fibrillar; cells usually somewhat longer
than broad, cylindrical to discoidal, median constriction very slight;
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ends of cells plane and without projzciions, polar an les ugually
roundod; vertical view cirenlar; cell wall withou® ornamentation
aside from %ransverse ridges or in rare cases transverse rows of
sranules just beneath the apices of the geniesllg; c¢hilovoplauts
axile and with several ventlcal lobes that extend to the cell
walls; pyrenoids single and eantral; cells without . girdle-llie
thickening at ihe noint of division.
KEY TO THE TAXA
13 Celle broader than JoNZisesessaneseccccces H. dissiliiens
1. Cells about as long o8 DXoadesesescssccces H. mucosa
DESCRIPTION OF TIE PLIITS
1., Hyalothecg dissilieng (Smith) Bréb, ex Ralfs, Drit, Deam.
p.51, pl.1, fiz.1, 1848,
= Conforva dissiliens Swith, Engl, Bot. Vol.35, pl. 2464, 18012,

= gﬁﬂl‘ﬂiﬂium muco sSum Br‘éhn J'ng- Fﬂlﬂiﬂa, PIEE, Pl- Ei 19351

= Glu&nnriumadiﬂsili&na Hass. Brit. Freshw, Alg. p.346, pl.03,
EIE! 31- 1 L]

= Hyalotheca mucosa Kg. Sp. Alz, p.187. 1849,

West, West & Carter, vol.5, 1923, p.229, 1,161, figs,16-
Smith, 1924, p. 142, pl.087, firs.B, 9; Taylor, 1935, P.221;
Prescott, 1941, p.27, pl.2, Ligs.’-T; amith, 1950, n.333, fig.244;
Ipénde=llarie, 1952, p.27; Prescott, 1954, p.90, Pie. 1373
Croasdale, 1957, ».152, 1l.10, Lig. 1465 TUirwo, 1960, n.391, pl.53,
figs. 12, 13; Gronblad, 1260, p.51, pl.9, fizs. 185, 186; Kamiya,
1961, p.43, pl.4, figs.1, 2; Fritedy, 1961, fig. 107 D; Tult, 1964,
p.46, fig.9; Lattern, 1964, p.251, iz 1T; Croasdale & Godnblad,
1964, p.207, pl.21, figs.12, 13; Lenzenwegsr, 1963, ».453, rl.2,
£ip.0; M8reter, 1965, p.158, »l.9, figs.24, 25, 27; Ochiai, 1966,
p.132; Eloranta, 1968, p.61, fig.17; Prescott, 1309, p.117,
fig,120; Férster, 1969, p.99, vl.51, figs. 3-5; Idx, 1970, p.99,
pl.4, fig.5; Parra & Gonzales, 1970, n.31, fig.231; Roreter, 1370,
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P+ 344, pl.29, figs.13-16; Hinode, 1971, P.127, pl.10, fig.21;
Ratnasabapathy, 1972, p.105, pl.4 D; Croasdale, 1973, p. 117,
pl.18, fig.12; Whitford & Schumacher, 1973, p.79, pl.38, fig.T;
Stein, 1975, p.139, fig.100; Parra, 1975, p.50, fig.169; Werner,
1977, p.66, pl.16, fig.2; Hinode, 1977, p.89; Watanabe, 1978,
p.119, pl.4, fig.1.

10—33}1111 long; 10-39@ broad.

Cells of medium size, about 11 times broader than long, slightly

constricted,, consisting of a very slipht conecavity in the middle
of the lateral margins; cells united by their apices to form long
slimy filaments, constricted at the Joints; apex of semicells
broadly truncate, about as broad as the isthmus, lateral margins
slightly convex; vertical view circular sometimes with two opposi te
papillae, or three, eguidistant; chloroplasts axile, one in each
semicell, with a central pyrecnoid and a number of radiating ridges,
star-like in the vertical view; filaments usually enveloped in a
conapicuous gelatinous sheath often as broad as the filaments
itself, (P1.11, fig.23, photo.98).

Iocal distribution: Shahlimar Bagh, Lahore, Sarim No.49,
Qct. 22,1976; Mardan, Sarim No,88, Nov. 8,1976; Peshawar, Sarim No,.91,
Dec, 4, 1976.

Geographical distribution: World wide.
2, H. mucosy (Mert) Ehr., ex Ralfs, Brit. Desm. p.53, pl.1, fig.2. 1848,
= Conferva mucosa Mert, in Dillwyn Brit, Confervaepp.46, pl.B. 1809,

= 3utinnc¥glua v%i%bilis Corda in Alm, de Carlsbad, p.198,
P Ll , gi Ll -

= Hyalotheca mucosa (Mert.) Ehr. in Berlin Monatsb. p.212, 1840.

= Cloeoprium mucosum Ralfs in Ann, Mag. Nat.Hist. wvol, 16, p.11, pl.3,
EaDo 5e

= Hyalotheeg ralfsii XKg. Sp. Alg. p.187. 1849.
= Mixotaenium armillare Delp, Sp. Desm, subalp. p.50, pl.1, figs.13.
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Yest, ‘fest & Carter, vol.5, 1923, p.235, pl.162, figs.1-4;
Smith, 1924, p.142, pl.87, fig.10; Prescott, 1941, p.28, pl.2,
fig.4; Taft, 1945, p.204, pl.5 glg.20; Smith, 1950, p.333, Tig.2444;
Irénée-llarie, 1952, p.28; Tiffany & Britton, 1952, p.204, pl.56,
figz.630; Croasdale, 1957, p.152, pl.10, fig.142; Scoit & Prescott,
1958, p.69; Hirano, 1960, p.391, pl.53, figs. 18, 19; Fritsch, 1961,
fig.109D; Croasdale & Grénblad, 1964, p.207, pl.21, fig.16; Forster,
1969, p.99, pl.51, figs.11-15; Lenzenweger, 1970g, p.4, pl.1, fig.4;
Whitford & Schumacher, 1973, p.79, pl.38, fig.11.

16-22 um long; 16-22 pm droad.

Cells of medium sige, quadrangular, about as long as
broad, cylindrical, usually without the faintest indication of a
constriction in the normal resting cell, very slightly or not
conspicuously constricted at the joints, each semicell with two
parallel rings of tiny granules just beneath its apex; vertical
view circular, chloroplasts axile one in each semicell, each with
a central pyrenoid and several radiating ridiges; filaments enclosed
in a very massive gelatinous aheath.-uaually of greater thickness.
(P1.11, fig.24, photo.99).

Iocal distribution: Warsak Road, Peshawar, Sarim No.41,
Oct, 11, 1976.

Geographical distribution: World wide,

CHARACTERS OF COSMOCLADIUM
22, COSMOCLADIUM Bréb. Iiste Deam. p.133. 1856,

Cells united by bands of gelatinous material to form
spherical to ellipsoidal, sessile or free-floating colonies;
colonies enclosed by hyaline, homogeneous gelatinous emevelopes;
cells small, length somewhat greater than the breadth, median

constriction usually deep and sinus linear; semicells usually
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compressed and front view elliptic; vertical view elliptic and
lateral view of semicells subeircular; cell wall smooth, without
ornamentation aside from pores; chloroplasts axile, with one
pyrenoid.
1. Cosmocladium constrictum Arch, in Quart, Jour., Micr. Sci.
p.415. 1875, '

= Dictyosphaerium sp. Arch, in Quart. Jour. Miecr. Sei. p.127.1865.

West, West & Carter, vol.5, 1923, p.198, pl,158, figs,1-3;
Hirano, 1960, p.387, pl.53, fig.9; Gerrath, 1970, p.213; Whitford
& Schumacher, 1973, p.75, pl.36, figz.20.

16-—20};:11 long; 10-12 ym broad; breadth of isthmus E.S-Qﬂm.

Cells very small, rather more than 1. times longer than
broad, subecylindrical, constriction extremely slizht, semicells
subpyramidaly, narrowing slightly towards the apex, with gently
_,}u;-unded outlines; end view circular; chloroplast axile, only one
in each cell, with a central pyrenoid (occasionally 2 are present)
and four radiating parietal lobes; cells united by means of gelati-
nous filaments to form branched colonies of an irrejular shape; cell
not only at the ends of the strands but arranged distantly at
intervals along them. (P1,11, fig.25, photo.100).

Iocal distribution: New Bus Stand Feshawar, Sarim No,.323,
Feb. 10, 1979.

Geographical distribution: Europe, U.S.A, Japan, Pakistan,
Canada.

CHARACTERS OF SPIROTAEVIA
23. SPIROTARNIA Bréb. ex RalI!,Brit. Deam. p,.178. 1848,
~ Cells of variable sige, straight, length at least five
times the breadth, neither constricted nor compressed; cells solitary,
usually cylindrical and with parallel sides, more rarely with sides
attenuated or fusiform; poles commonly broadly rounded, infrequently
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subacute; cell wall amooth and without pores; chloroplast

a fairly broad, parietal, spirally twlsted ribbon extending

from pole to pole; or axile ahnd with longitudinal blades that

are spirally twisted; in either case with several pyrenocids;

cell wall with no fixed point at which division takes place.

1. Spirotaenig obscura Ral(s,Brit. D2am. p.179, pl.34, fig.2. 1848,

Weat & West, vol.1, 1904, p.44, pl.3, figs.T-12;
Croasdale, 1955, p.519, pl.3, fig.9; Hirano, 1955, p.14, pl.2,
fig.3; Gronblad & RiZicka, 19594 p.209, figs.32-34; Fritsch, 1961,
pP.311, fig.96; Whitford & Schumacher, 1973, p.64, pl.17, £iz.9;
Stein, 1975, p.135, fig.91.

50-210 Jam long; 15-30 ym broad.

Cells of medium sigze, 3}-8 times longer than broad,
cylindrical or fusiform, attenuated towards each pole, apices
rounded; chloroplast, axile, not quite reaching the poles, with
3-8 ridges spirally twisted to the left, rarely almost straight ridges
thickened at the free margin; pyrenocids several, (Pl,11, fiz.7).

Local distribution: Baragali, Sarim No.148, ¥arch 9,1977.

Geographical distribution: Europe, U.S.A., Canada,

Japan, Pakistan,
CHARACTERS OF OOCARDIUM |
24, OOCARDIUM Nag. Gatt. eingz. Alg. p.T74, 1849,

Cells small, depressed, considerably broader than
long, very slightly constriected, unequally flattened on the two
sides, so that the cells are only a:rmmétrioal in 2 planes at
right angles; cell wall smooth; chlofoplasts axile with a central
pyrenoid in each semicell; celle embedded in the ultimate ends of
a radiating and branched a:}rstam of gelationous strands, the latter
being encrusted with lime, aggregated in colonies,
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1. Qocardium stratum Vig. Gatt., einz. Alg. p.75, pl.3. 1849,

Vest, West & Carter, vol.5, 1923, p.204, pl.159, figs. 1-8;
Smith, 1950, p.325, fig.236; Prescott, 1954, p.99, fig.155;

Golubic & Marcenko, 1958, p.177, fig.1; Fritsch, 1961, fig.114;
Rieth, 1970, p.51, fig.3; Pfiester, 1976, p.134, figs.1, 2.

13-20},l.m long; 18—24Pm broad; thickness 1?}3111.

Colonies small, hemispherical or longer column-like
sructures, gregarious, bright, green; cells emgll, about 1% times
broader than long in the front view, depressed, very slightly
constricted, unequally depressed on the two sides so that the
cell is longer on the one side than the other; lateral view oblong-
elliptie, slightly longer than broad with the faintest indication of
a constriction; vertical view oblong-elliptic, chloroplasts axile,
one in each semicell, cocentrated in the front view towards the
broader side of the cell, with a central pyrenoid in each
chloroplast; cells embedded in the ultimate ends of branched
gelationous strings, eéch strand of which is sorrounded by a
hollow cylinder of lime, from the apex of which the cell just
protrudes; cell inserted in the tube so that the broader end of the
cell, containing the greater part of the chloroplast is directed
towards the periphery, and the narrow end within the tube, with
the constriction in a vertical direction. (P1,2, fig.6, photo.17).

local distribution: Mangopir Karachi, Sarim No.27,
April 8,1978,

Geographical distribution: Europe, U.S,A., Pakistan,

CHARACTERS OF GONATO ZY GON
25. GONATOZYGON De Bary, in Hedwigia p.105, 1856,

Cells eylindrical,] length many times the breadth, without

a trace of a median constriction; sides of cells parallel, except

near apices where they may be either slightly dilated or convergent;
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apices truncate, with angles only slightly rounded, at times
subcapitate; cell wall smooth, finely granulate, or clothed with
minute spicules or spines; chloroplasts axile ribbon-like strands
extending from pole to pole or from each pole to middle of cell;
pyrenolds fairly numerous and at regular intervals along the
chloroplast; cell division at any point in the cell wall, the cells
frequently remaining attached at apices and forming temporary colonics
of variable length; colonies readily separating into component cells
on being disturbed and always separating prior to conjugation.

1. Gonatozygon aculeatum Hastings, Am. Ho. Micr, Jour, p,13. 1892,

Smith, 1924, p.5, pl.52, fig.3; Taylor, 1934, p.240,
pl.47, fig.14; Gronblad, 1945, p.1, pl.1, fig.1; Smith, 1950,
p.307, fig.217TA; Prescott, 1954, p.73, fig.107; HirTano, 1955,
p.23, pl.1, fig.4; Scott & Prescott, 1958, p.22, pl.3, fig.13;
Forster, 1969, p.16, pl.1, figs. 30-32; Rh¥idka, 1970, p.205, pl.11,
fig.2; MNix, 1972, p.207, figs.13-15; Whitford & Schumacher, 1973,
p.43, pl.7, fig.9; Parra, 1975, p.27, fig. T7; Kusel-Fetzmann, 1977.
p.79, fig.288; Parra & Gonzales, 1977, p.15, figs,15-17.

211-212}1m_lung; 12.5!1[411 broad; apices 15-22 um broad;
spines 5-—9.5)4111 long.

Cells fairly long, cylindrical, length 15-20 times the
breadth (without spines); apices emmewhat dilated and truneate,
apical angles very slightly rounded; cell wall densely clothed
with small, sharp, erect spines; truncate ends without spines;
chloroplasts with 6-9 pyreneids.(Pl.11, fig.14, photo.91),

Iocal distribution: Bara Peshawar, Sarim No.131,

Jan. 16,1977,
Geographical distribution: World wide.
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CHARACTERS OF ONYCHONIMA &
26. ONYCHONEMA Wall., in Desmidiaceae of lower Bengal Ann. Mag.
Nat., Hist, Ser. 3,5, p.194. 1860,

Cells generally small, breadth usually somewaht graater
than the length; united to form permanent filaments by two apical
processes that lie on opposite sides of the apex and overlap
adjacent cells of the filament; cells conpreased, deeply constricted
and generally with a closed sinus; semicells elliptic, with a
smooth or serrate outline, lateral angles amooth or with a single
long convergent spine; cell wall smooth or with tranasverse rows
or granules or pores, at times finely punctate; vertical view
fusiform-elliptic, with the apical processes of the front view
alternately arranged and the poles rounded or bearing a single
straight spine; lateral view of semicells usually circular;
chloroplasts axile and with one pyranuid; colonies generally
enclosed in a fairly broad gelationous sheath.

1. Onychonemg laeve Nordst., Desm. Drasil P.206, pl.3, fig.34. 1870.

= thidiastrum paradoxum Delp, Sp., Desm. subalp. p.80, pl, 3,
Ee27 .

Weat, West & Carter, vol.5, 1923, p.218, pl.160, fig.15,
16; Smith, 1924, p.136; Hirano, 1960, p.402, pl.54, fig.8: Lind, 1967,
p.382, pl.99, fig.7; Kirk, Postek & Cox, 1976, p.5, fig.1.

16-17 pum long; breadth without spines ED.S—EE;mm;
inecluding spines 25-46}pn; breadth of isthmus G)pn.

Cells large: , slightly broader than long, deeply
constricted, sinus narrow for part of its length, dilated at the
apex and opening widely; semicells oblong or subreniform, attenuated
towards the lateral angles and ending in a long stout converging
spine; apical prosses rather shorter than the spines; vertical view
elliptic, filaments usually embedded in a mucous investuent,

(P1.11, f£ig.5, photo.85),
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Iocal distribution: Nowshera Taxtile Mills, Sarim
¥o.304, Jan. 26, 1979.
ﬂ-elmgraphical distribution: Burope, Japan, India, U.S.A,
Pakistan, brazil.

CHARACTERS OF PHYMATODOCIS
27. PHYMATODOCILS Nordst. in Alg. Brasil, 1977 (vide, West & West, 1904).
Cells in filaments, more broader than long, united
directly, without processes; median constriction marked; cells
angular or with radiate arms in vertical view; semicells
asymmetrical.
1. Phymatodocis nordstedtiana Wolle forma minor Borgessen, in
E. Warming, Sym. Fl. Brasiliae. Vid. Medd. nathist. Foren.
p.930. 1890,
Scott & Gronblad, 1957, p.52, pl.37, fig.13; Whitford
& Semmacher, 1273, p.79, pl.37, fig.17.
20-50 JE long; 55—55}1:11 broad; isthmus 2‘5-35)151 broad,
Cells guadrangular in front view and adhering in
filaments, which may be very slightly twisted; cells broader than
long, with flattened apex and open sinus. (P1.11, fig.13).
Iocal distribution: Takhtbhai, Mardan, Sarim No.157,
March 17, 1977.

Geographical distribution: U.S.A, Burope, Pakistan, Brazil.

CHARACTERS OF STREPTONEMA

28. STREPTONIMA Wall. in Desmidiaceae of lower Bengal inn. lMag.
Nat., Hist, Ser. 3, 5. 1860 (vide,Scott & Prescott, 1958).
Cells small, or of medium size, often deeply constricted,

abial Prscosses
with an open sinus, cells united?qbn form long filaments, sometimes

twisted.
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1. Streptonema trilobatum Wall. .in Desmidiaceae of lower Bengal
Ann. Mag. Nat., Hist. Ser. 3, 5, p.196, pl.9, figs.1-6.1860,

Scott & Prescott, 1958, p.70, fig.21; Hirose, Sugiyama
& Kumano, 1960, p.106, figs.G-1; Islam, 1970, p.932, pl.3, figs.
1-5; pl.21, fig.2; Pl.22, fig.2.

Length without polar projection zaﬂm: 55 am broad;
isthmus Eﬂﬁm broad.

Cells small, more broader than long, deeply constricted,
sinus open; semicells elliptic, lateral view of semicells
subspherical, with apex truncate and flattened; chloroplast axile.
(P1.11, fig.17, photo.93).

Iocal distribution: Pabbi, Distt. Peshawar, Sarim
No.48, Oct. 22, 1976.

Geographical distribution: Japan, U,S.A, Australia,
Bangladesh, Pakistan, India.
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CONTHNTS -~ PLATE NO. 1
—_— e

Text page Fig. No.

22 1. Micrasterias truncats x195

13 2. M. papillifera xI95

3 3. M. apiculata var, brachyptera xI50
- 4. M. crux-melitensis x 250

19 5. M. thomasiang x195

21 6. M. torreyi x100

7 7. M. jenneri var. simplex x 300

12 8. M. oscitans x 250

18 9. M. rotata x 195

5 10. M. denticulata var, angulosa x I50
7 11. M. foliacea x 300

15 12, M. radiata x 150

14 13. M. pinnatifida x 250

8 14, M. laticeps x 150
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CONTENTS - PLATE WO, 2.

Text Page Fig. No.
6 1. Micrasterias doveri var. africana x125
10 2, M. muricata x I50
3. M. mahgbuleshwarensis x250

4. M., decemdentats x 525

17 5. M. radiosg x 200

168 6. QDocardium stratum x 600

28 7. BPuastrum binale x 550

36 8, B. insulare x625

43 9, E. validum x 350

42 10. E. turnerii =x 525

26 11. E. ansatum var, dideltiforme -x450
31 12, E. divergens var. ornatumx 425

41 13, E. pectinatum var. inevolutum x 375
32. 14, E. dubium xI000
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PLATE - No. 2.
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CONTENTS - PLATE NO, 3.

Text Page Fig. No.

44 ' 1. Buastrum verrucosum x 550

38 2. E. oblongum x 275

34 3. E. humerosum x 375

25 4., E, ampullaceum x 350

41 5. E. sinuosum var. gangense X 375
47 6. E. ansatum var, pyxidatum x 525
30 7. E. denticulatum x 1425

43 8. E. ventricosum x 300

40 9. E. pectinatum x 350

33 10. E. elegans x TOO

29 11, E. bidentatum x 575

42 12, E. spinulosum var. inermius x 425
435 13. E. insigne x 425

37 14, E., intermedium x 500
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CONTENTS — PLATE KO. 4,

Text Page Fig, Wo.

49 1. Cosmarium botrytis x 450

79 2. C. turgidum x 275

52 3. C. conspersum x 300

67 4. C. pachydermum x 400

74 5. C. guadratum var, willei x 250

64 6. C. monodii x 300 "

73 7. C. pyramidatum x 350

57 8. C. galeritum x 500

72 9. C. pseudopyramidatum x 375

77 10, C. subcucumis x 350

71 11. C. pseudamoenum x 350

>4 12. C. contractum var. ellipsoideum x 600
78 13. C. tetrachondrum x I50

64 14, C. moniliforme var., subpyriforme x 550
56 15. C. depressum var. achondrum x 900

57 16. C. granatum x 650
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CONTENTS - PLATE NO. 5.

Text page Fig. No,
ai 1. Cosmarium commissurale var, crassum x 650
66 2. C. ovale x 350
i 3. C. ralfesii var. montana X 425
74 4., C. pseudobroomei x 550
%] 5. C. obsoletum x 625
b5 6. C. nymannianum X 400
78 7. . tetragphthalmum =x 400
70 8. C. praemorsum Xx 3L0
&9 9, C. portianum x 350
48 10. C. bicardia x 325
b1 11. C. laeve x 750
68 12. C. phaseolus forma minor x1225
77 13, Q. subreinschii var. ocellatum x100
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ext Page
55
63
54
6o
51
56
59
49
62
53
75
76
75
b2

Fig. No.

12.
13.
14,

Co
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CONTINTS — PLATE NO. 6,

smarium debaryi x 425

.
g.
.

-

Ia la
-

Ia I la la la @1 @: E}

margaritiferum x 650

cymatopleurum var. Lyrolicum x 350

impressulum x 500
connatum x 425

dorsitruncatum x 375

hammeri x 650

bloculatum var, depressum

lundellii =x 500

contractum x €00

raeticum x 750

sphaeroideum x 425

x 550

rectanpulare var, hexagorfim x 525

laeve var, octangularis

x825
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PLATE - No. 6.
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CONTENTS —= PLATE NO. 7.

Text Page FMig. No.
94 1. Closterium lunulz x 100
94 2, Cl. littorale x 250
89 3. Cl. ehrenbergii x ICO
95 4, Cl, moniliferum x 150
97 5. Cl. moniliferum var. concavum Xx I50
86 6. Cl. attenuatum x 1000
93 7. Cl, lineatum x 100 |
81 8. Cl. abruptum x 300
100 9. Cl, striolatum x 150
99 10, Cl. setaceum x 225
84 11. €1, acerosum var, glongatum x 130
102 12. €1, tumidum x350
103 13. Cl. venus x 375
91 14, Cl, incurvum x 150
90 15. Cl. gracile x 500
92 16. Cl, intermedivwm x 175
100 17. Cl, strigosum x 250

2 |

87 18, costatum x 100
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Textr Page

86
Q0
102
88

85
98

83
108
111
105
109
110
108
107
106
109

Fig. I'Iﬂ -

1.
2.
3.
4,
5.

6.
Ts

8.

9.
10,
11.
12.
13.
14.
15.
16.
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CONTRETS - PLATE NO. 8,

Closterium baillyanum x 150

Cl,

BI2 2 12 I2 |

graecile x 750
turgidum var., giganteum x 150

dianage var. arcuatum x 195
aciculare x 325

rostratum x 10265
acerosum x 125

Pleurotgenium nodosum x 150

|

truncatum x 175

coronatum x 150

trabecula x 225

tridentulum x 275

minutum var, submultitaeniatum
minutum %350

ehrenbergii x 100
subcoronulatum x 450

x 550
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CONTENTS - PLATE NO, 9,

Text Page Fig. No.
124 1. Iriploceras gracile x 150
126 2, Docidium undulatum x 200
14 3. Staurastrum dugcense x 500
118 4. St. hirsutum x 500
120 5. St. polytrichum x 450
118 6. St. leptocladum var, sinuatum x 225
122 7. St. setigerum x 45C
120 8. St. margaritaceum var, subcontortum x 225
121 9. St. punctulatum x 575
115 10. St. elongatum x 425
13 11. St. connatum x 525
116 12, St. erasum x 475
19 13. St. manfeldtii x 300
123 14, St. tumidum x 250

116 15. St. gracile x225
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Text Page

127
132
131
133
129
133
1349
136
136
138
137
139
140
142
141
141

FiE- H'ﬂ L]

11.
12.
13.
14,
15.
16,
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CONTENTS = PLATE NO. 10.

Xanthidium antilopaeum x 525
« Cristatum x 450

< b=

. brebissonii x 350

I

+ cristatum var, leiodermum x 500

. armatum x 275

» fasciculatum x 400
« S8mithii x 800

Arthrodesmus bifidus .x 525

A. bulnheimii x 650

A triangularig x 725

A. octocornis x 875

A friangularis var, subtriangularis
Staurodesmus convergens x 900

extensus x 2000

l=

I4 I

a
=3
-3

141
I I
j=¥

-

dickei x 1000

Iy
cr
=5
.

cornutus x 650

, .'

x 400
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CONTENTS - PLATE NO. 11,

Text Page Fig. No.

143 1. Tetmemorus brebissonii x 250
144 2. I. laevis x 400

145 3. Cylindrocystis americana x 350
146 4, C. brebissonii x 700

170 5. Onychonema laeve x 400

147 6. Netrium digitus x 195

ib7 T. Spirotaenia obscura x 225

150 8. Mesotaenium caldariorum x500
149 9. Netrium interruptum x 250

151 10. Bambusing brebissonii x 550
154 11. Desmidium coarctatum x 475

155 12. D. swartzii x 350

171 13. Phymatodocis nordstedtiana forma minor x 200
169 14. Gonatogzygon aculegtum x 250
197 15, Penium margaritaceum x 375

197 16. P, cucurbitinum var. subpolymorphum x 275
172 17. Streptonema trilobatum x 275
153 18. Desmidium baileyi x 250

160 19. Sphaerozosma vertebratum x 400
139 20. Sph. excavatum x 900

161 B1. Spondylesium pulchellum x I000
162 22. Sp. secedens x 875

163 23. Hyalotheca dissiliens x 625
16 24. H. mucosa x 575

166 25. Coamocladium conatrictum x 725
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Photo. No.
1. Micrasterias truncata x 4v%

2. M. papillifera xgo

3. M. apiculatg var, brachyptera x 5.
4. M. crux-melitensis x {o

5. M. thomasiana x &,

6. M, torreyi X 4 So
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Photo. Wo.
7. KEicrasterias jenneri var, simplex x4 ¢

8. W. oscitans X 50

9. K. denticulata var. anpgulosax So
10. M. fcligcea;.‘f;'u

11. M. radiata x

12. H. Einnatifidgﬁ e
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13. Micrasterias laticens x So
14. K. doveri var, africana » ¢,
15. M. muricata y ¢o

16. M. decnmdantgtg A Go
17. Oocardium stratumx y(o

18. Buastrum binale x ¢
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Pheto. No.
19. Euastrum validum X 5

20, E. verrucosumx §v

21, E- ﬂhlﬂﬂﬂg;#ﬁ{-

22, E. humerosum A y¢

¢3. E. ansatum var. pyxidatum x L
24, E. ventricosum x ¢
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Photo. No.

25. Mmastrum pectinatum x Se

26. E. spinulosum var. inermius x ¢,
- '-_‘d"

E?i .J_-::. iIlEliEE'E K‘ Lfr‘"

28. E. intermedium ¢ y¢s
L et

29. Cosmarium botrytis x 3

301 E- 'bul‘ﬂldum .x ‘Trﬂ
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Thoto. No,

31. Cosmarium quadratum var, willeix$e
32. C. pyramidatum x ¢,
33. C. pseudamoenumy Ceo

34. C. depressum var, achondrum % ¢,

35. E- g;a.tlatumxfg
360 E- ovale ){L’S‘ﬂ.
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Phﬂtﬂ - 1'0 .

37. Cosmarium ralfasii var. montana x & e

38. C. pseudobroomei - $o

39. C. obsoletumy Se

40. C. nymamnianum ¢ ¢,
41. C. laeve x ¢,

42. C. dorsitruncatumx ¢,
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Photo, No.
43. Cosmarium biloculatum wvar, depressum x 5o
44. C. contractum x ¢
45. C. raeticumy So

46. 0. laeve var, octangularis x o

47. Closterium lunula I
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49,

51.
52.
53.
54.
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Closterium moniliferumx Se
Cl. moniliferum var. Lonecavum x ¢,
L1, attenuatum x ¢,

Ll. abruptum yc,
Cl, setaceum £ e

C_J-- venus ).f Hg‘d
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Photo, Wo.

55. Closterivm gracilax (&
56. C1. intermediumx ¢

57. Cl. costatumy ¢,

58. Cl. dignae var. arcuatum x ¢,
59. Cl. acerosum X o

60. Pleurotaenium nodosum % §o
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Photo, Yo,
61. Pleurotaenium minutum var. submultitaeniatumx4ss

62. P1. minutum x 4,

63. Iriploceras graciley ¢,
64. Docidium undulatum % §o

65. Staurastrum duacense x ¢,
66. St. hirsutum % S
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Photo. No.
67. Staurastrum polytrichumx So
68. St. leptocladum var. sinuatum x §
69. 3%. punctulatum x ¢,
T0. St. elongatum x ¢,
71. 5t. connatum x ¢,
72. S%. gracile x ¢,
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Photo. No.
73. Xanthidium antilopaeumx 4§~

T4. X, cristatum var, leiodermum x Ly%

75. X. armatum %
Ta. xn EIII-ithiig.gu

77, Arthrodesmus bulnheimii #¢.
78. A.octocornis e
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I"mtﬂ. Hﬂ';

T9. throdesmus trianmlaria var.,
51 r:[@ﬂ ariasy se

80, Staurodesmus convergens « 4G,

81. 3td. extensus x je
82, Tetmemorus brebissoniix 4%
83, . laevis AU

84, Crlindroeystis brebi ssonii ¥ y4p
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85. Onychonems laeve x 45

86, Netrium di g tua x Se

87. Mesotaenium caldariorum % Yie
88. Netrium interruptum X 5o

89, Desmidium coarctatum x yS.
90. D. swartszifi AT
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Fhoto. No.

91. Gonatowzygon aculeatumx -

92, Penium margaritaceum x 4o
93. Streptonema trilobatum x o
94. Desmidium baileyi x4¢. .

95. Sphaerogzosma excavabtum xy¢o

96. Spondylosium pulechellum %y,







Photo. No.

97. Bpondylosium secedens x 4{»
98. Hyvalotheca dissiliensxyugo,
99. H. mucosax(,

100. Cosmocladium constrictum x4y
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GIOSSARY
Acuminate: MNarrowing to a point.
Apiculate: BEnding in a short, sharp point.
Apiculus: A short point at the end of a spore,

Asymmetrical: Said of an organ or organism which has the two
sides of a central plane unalike.

Attenuate: Narrowed.

Axile chloroplast: A chloroplast lying along the axis of the cell.
Bacillar: Rodmshaped.

Bifid: PForked; having a fissure near the centre,

Bilateral symmetry: Can be halved in only one plane, so that the
halves are mirror images of each other.

Campanulate: Bell-shaped.

Concave: Hollowed out, like a saucer.

Constricted: Narrowed suddenly.

Convex: Rounded.

Costate: Ribbed.

Crenate: Edged with rounded teeth that point forward.

Cuneate: Wedge-shaped,

Cuspidate: Having a rigid point.

Cyathiform: Like a conical, narrow cup. It is sometimes stalked.
Deltoid: Triangular,

Decussate: Said of leaves, when they are opposite, but each pair
is at right angle to the ones above and below it.

Dilated: Expanded and flattened.

Discoid: Sald of an algal thallus which is one cell thick and
closely applied to the substratum,

Elliptical: Narrow, and tapering at each end.

Furcate: Divided into two branches which diverge; forked.
Fusiform: Elongated, and tapering towards each end.
Girdle: A transverse groove,

Globose: Nearly spherical.
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Gregarious: Growing close together, but not matted.

Isthmus: The narrow connecting zone between the semicells of the
Desmidiaceae.

Lanceolate: Flattened, two or three times as long as broad, widest
in the middle and tapering to a pointed apex,

Iinear: Having parallel edges, and at least 4-5 times as long as
broad.

Lunate: Quarter.moon-Shaped, With one side concave,

Mamillate: Having a rounded outgrowth, ending in a papilla, or péint.
Mucrof: A short sharp point formed by the continuation of the midrib,
Navicular: Shaped like a boat.

Nodulose: Bearing local thickenings, especially of an elongated
plant member .

Oblong: Elliptical, blunt at each end, having nearly perallel sides,
and two to four times as long as broad.

Obtuse: Rounded or blunt, or being greater than a right angle,
Orbicular: Flat, with a circular, or almost circular outline,

Oval: Flat, rounded at each end, with curved sides, and about twice
as long as broad, being widest in the middle.

Papilla A minute blunt hair or a small rounded process.

Parietal: Lying.along or close to the wall,

Plicate: Folded like a fan.

Punctate: Dotted, or marked with small hollows.

Radial symmetry: If an organ or organism can be split down any
iﬁ:ﬂrmﬁl?%ﬂrﬁﬁf?a two identical halves,

Reniform: Kidney-shaped, either solid or flat.

Retuse: Having a bluntly rounded apex with a central notoh.

Rhomboid: Having sides of equal length, but not a sqq“re, and being
attached by one of the acute angles.

Rotund: Approximately circular,

Scrobiculate: Having the surface dotted all over with small, rounded
depressions,

Serrate: Said of a toothed margin, when the teeth are pointed, and
project forwards,

Setaceous: Shaped like a bristle,
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Sinuate: Having the margin divided into wide irregular teeth or

lobes, which are separated by shallow notches,
Sinus: A depression or notch in a margin between two lobes.

Striate: Marked with parallel, longitudinal lines, furrows,
or streaks of colour,

Trapeziform: Of unsymmetrical four-sided shape.
Truncate: Blunt-ended, as if cut off abruptly.

Tubercle: A rounded pmﬁheranca.

Tumid: Swollen; inflated.

Undulate: Wavy.

Verruca: A granular or wart=like outgrowth on a thallus.

ridges,

Verrucose: Sald of a surface covered with wart=like upgrowths.

Wart: A small blunt-tipped rounded upgrowth,
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