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ABSTRACT
STUDIES ON SOME SOIL ALGAE OF NORTH WEST FRONTIER PROVINCE
(PAK ISTAN) ‘

*

by
Ghazala Anjum

The present study, first of 1its ‘mturo in this
region, dealt with the taxonomy and diatribution of soil
algal flora of North West Frontier Province of Pakistan.
Soil was sampled from O=l", le2", 2«3", 3-4", 45" and .
5=-6" depth from various localities and habitats of the '
province and stored separately. : ‘

Algae were cultured in 1N BBEM, 3N BEM, Knop's Solu-
tion and Soil Extract using 9 cm petri dishes and 125 ml
capacity Erlenmeyer flasks under 16 hour light period at
room temperature till maturity. Mature specimens were
identified and described taxonomically. All diagrams, made
from Camera lucida, are original, Microphotographs were

taken whenever necessary.

A total of 245 species distributed among 74 genera

and belonging to Cyanophyceae, Chlorophyceae, Xanthophyceae

and Buglenophyceae were recorded. Cyanophyceae with 1456
species; followed by 93 species of Chlorophyceae were the
most common classes while Xanthophyceae having 5 specles
and Buglenophyceae with only one species was the least

represented,
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Oscillatoria (23 spp.), Ehormidium (20 spp.),
Nostoc (14 spp.), Anabasena (13 spp.), Lyngbva (13 spp.),
Chroococcus (7 spp.)s Microcvstis (5 spp.), Spirulina
(5 spp.), Aphanothece ( 4 spp.), Calothrix (4 spp.),
Aphanocapsa (3 spp.), Merismopedia (3 spp.), Schizothrix
(3 spp.)y Scytonema (3 spp.), Iolvpothrix (3 spp.)y Aulosira
(2 spp.)y Cylindrospermum (2 spp.)s Gloesotrichis (2 spp.),
Microcoleus (2 spp.)s Nodularia (2 sppe)s Blectonema (2 spp.),
Symploca (2 spp.)s Chlorogloes (1 sp.)s Coelosphaerium (1 sp.),
Gloeothece (1 sp.)s Hydrogoleum (1 sp.), Microchaete (1 sp.),
Bdvularia (1 sp.), Stighosiphon (1 sp.), and Synechocogcus
(1 spe)y in all contributing 146 species among 31 genera

representing Cyanophycese.

Among Chlorophyceae, 38 genera with 93 speciles
belonged to Chlorogoccum (19 spp.)y Ietracvstis (6 spp.),
Chlorosgrcinopsis (5 spp.)y Bracteacoccus (4 spp.), Charscium
(4 spp.)y Chlamvdomonas (4 spp.), Oogvstis (4 spp.),
Scenedesmus (4 spp.), Cosmarium (3 spp.)y Ietraédron
(3 spp.)y Chlorohormidium (2 spp.), GGhadophora (2 sppe),
Sregosphaera (2 spp.), Gloeocystis (2 spp.), Qedogonium
(2 spp+)y Palmella (2 spp.)y Spongiochloris (2 spp.)s
Stigeoclonium (2 spp.)y Ulothrix (2 spp.)y Chlorella (1 sp.),
Closterium (1 sp.), Coslastrum (1 sp.), Crucigepia (1 sp.),
Rictvococcus (1 sp.), Mesotsenium (1 sp.), Micrespora
(1 sp.)y Neochloris (1 sp.), Balmellococcus (1 sp.),
Eapdorins (lspp.), Ehvsoliaum (1 sp.), Elanktosphaeria (1 sp.),
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Erotococcus (1 sp.), Chlorotetraddron (1 sp.), Quadriguls
(1 sp.), Raddosphaers (1 sp.)y Bhizoclonium (1 sp.), Rova
(1 sp.)y and Spondvlosium (1 spe.)y were studied. sore

Iripopema (2 spp.), Gloeobotrys (1 sp.), Heterococcus
(1 sp.)y and Monallantus (1 sp.), were representatives of
Xanthophyceae ., BEuglenophyceae was represented by Euglens
Rroxima var. mipims only.

The number and kind of various species decreased
with the increasing depth of soil., Ninety-eight species
were recorded in the top most first inch of soll and they
gradually decreased to 3§ at a depth of 6 inches., Some of
the species having wide range of tolerance, were recorded

at all the depths.

Species of Heterococcus, Lyngbva, Oscillatoria,
Phormidium and Ulothrix were found to be efficient soil

binders. Cyanophycean species binding the soll were more
than the others,

Forty-seven species belonging to 11 genmers ADabaens.,
édulosira, Calotbrix, Cvlindrospermum, Gloeotrichias,
Microchaete, Nodularis, Nostoc, Rlwvularis, Scvtopems and
Tolypothrix were recorded as possible nitrogen-fixers.

Forty-six species were recorded for the first time
from Pakistan,
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ANTRODUCTION
FPHYSIOGRAPHY
North West Frontier Province (Pakistan) 1is
located in the North~West part of the country, It extends
from latitude 31°4' to 3708' North and from longitude
69°16* to 74°7' East, an area of 39, 283 sq. miles

(Kureshi, 1977). F

The evolution of Physiography of N,W.F.P,
closely follow the geological history of Indo-Pakistan
sub=continent, and most of the geological events have

been found recorded in the lithology of various rocks.

The rocks exposed are highly indurated and
structurally deformed sedimentary and metamorphic rocks
ranging from the Pre-~cambrian to the Pliestocene ages.

The Pre-cambrian sequence is found in Attock slats of
Hazaray Nowshera and Eastern areas of Kohat rangesind
in the gquatzits of Bara valley (Wadia, 1931; Hayden, 1968).

Kohat has coal bearing beds of Socene age in
Laki series while limestone of Cherat Mountains and sand-
stone of Hazara are known all over the world as examples

of Jurrassic and Cretececus age, respectively.

The Pliestocene period exposes itself extensively
in the form of fluviatiley lacustriney glacial and
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eolian deposits of unconsolidated material and is found
in various parts of the N,W,F.,P,

Physiographic personality of N.W.F.P, .:lhlibitl
few salient characteristics which are as followss:-

i. The Province 1is bounded by high rugged
mountain ranges in the northern, western and southern

ATeas.

1i, These mountain ranges possess enclosed
basins in between them (Peshawar, Bannu and Mansehra
Basins) while plains are outskirted in the east which

meet with the Indus river( plains of Kohat, D.I.JKhan
and Baripul').

111, These basins and plains are drained by
permanently flowing rivers which during Pliestocene
pericd have brought variety of material from these moun-
tain rangesand have filled in and built these basins and
plainsto the present level,

iv. The foothills are ribbond with vast aprons
of coarse materiazl known as pledmont alluvial fans, These
fens colasce into the basins and plains, This is particu-
larly true in case of western dry mountains Ihm gradient
of slopes change rapidly and hill torrents spilling out
on to flat plains produce this feature.




The north and north western area of the province
i1s encircled by high lefty mountains of Hindu Kush (Tireh
Mir, 25,000') and Swat Himalayas (PFalak Sar, 23,000'),
some of which sre intensely glaclated and branech off to-
the south, descending up to Suleman mountains which make
up the southern limit of the province, To the south of
Malakand hills, lies the Poaha-ar basin girdled by Khyber
and Cherat mountains in the west and oouth‘rumtivol.,.
Peshawar basin is drained by Kabul, Swat and Panj-Kora

rivers.

Further west, at the southern extremity of the
Hindu Kush, are the Sufaid Koh which emerges from south
of Kabul river in Afghanistan and extends in east-west
direction into the western parts of the province. South
of Sufaid Koh, is the Bannu basin, encircled by low
rugged hills and drained by Kurram river opens out towards
Indus river in the east.

Between Sufaid Koh and the Suleman mountains,
are found the Wazir hills comprising North and South
Waziristan, After emerging from these hills, the Gomal
river enters into the plains of Dera Ismail Khan, After
draining through it, joins Indus river in the east (Ahmed ,
1969). ' | |

The remaining part of N.W.F.P, is in the east



of Indus riwerrwhich is flanked by the ranges of Hazara
mountains, streches further south-east intc the Murree
hills, This area consists valleys of Kunhar, Siran and
Dor, Mansehra basin and skirts out Haripur plains in the

south-west,

CLIMATE
Three basic factors underline the climatic
characteristics of N W, F.P,:
1, Latitude
2+ Location
3« Relier

Latitude:~ Being located several hundred miles away
from the Arabian Sea, continentality 1s charzeterized

with extremes of temperature and with high anmual and diur-

nal ranges of temperature,

g u:::-oot .::gdoct ::;:.Annnal
Peshawar 91,3% 51,1°F 40,27
Resalpur 92.2°F  49.4°F 42.8°F
Haripur  92.9°F  53.4°F 39.5°F

Location:= Located between latitude 31° 4' to 37° 8¢
north, the N.W.F.P. comes under world wide belt of Sube
tropical continental type of climate, Due to shifting of
wind belt during summer and winter, the whole province
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comes under the influence of south-west summer monsoon
and winter disturbances alternately. Therefore, during
summer, rain bearing south-west monsoon winds bring
reinfall to eastern parts and mountain slopes facing
these winds, and as they approach towards west, become
dry. Therefore, as a general rule during gn-oi'. the rain
fall decreases, f:lratlj, from east to west, and secondly,
from plains to the mountains,

Summer rain
Examplei= 1, Terbela (Bast) 12.14"

Peshawar (West) 597"
2. Haripur (Plain) 17 .,40"
Dunga Gali(8000') 45,.,0"

During winter, the N.W.F.P. comes under the
direct control of storms of western disturbances which
move toward south and eastern directions, Therefore, in
winter and spring, rainfall decreases from west to east
and from north to south,

During winter many areas (Peshawar, Saldu sharif
and Drosh) receive more rainfall then in summer, thus
give a climatic: .. characteristics of Mediterranci- .
region, High mountains of Chitral, Swat and Hazara receive

plenty of snowfall during winter season.

Reliefs- Because N W.,F.P., is characterised with contra-
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sting relief, ranging from level plains to high mountsins,
Therefore, variety of relief is encountered with corres-
ponding regional differences and local variations in the
distribution of almost all the climatic elements.

For a better understanding of the regional
distribution of climatic conditions in N W, F.P,, 1t is
better to study, regional varietions of climate on the
basis of factors such as climatic elements and relief

ete. found on the earth surface and not on the basis of
administrative units.

The type of study followed here 1s based on
Dr, K.,8.Ahmed's elimatic regions of Pakistan, 1951, N.W,
F.P, 1s classified as a broad region of Subecontinental
Tropical type of climate with two sub types:

l, Sub=Tropical Continental Lowland
2+ Sub=Tropical Continental Highland
Sub-Tropical Continental Lowland is further
divided into: 7
a) Semi arid montane north west

b) Sub-montane west-part of Derajat

Sub-Tropical Continental Highland divided into:
a) Hazara-Kohistan
b) Chitral-Swat.




¢) Kohat-Waziristan

Sub-Tropical Continental Lowland
i. Semi arid montane, north west |
This region includes Peshawar and Bamm buihs
which are bounded on three sides by mountains, The mean
annuel rainfall is between 10" and 12" in Bannu basin
and between 12" to 15" is Peshawar basin, Western aist-
urbances become effective and the share of winter and

spring rains inereases.

Examplei=- July « August Nov.-April Total
Banmm 3 ol" 4,82" 11,11
Peshawar 3.29. 8.15’ 13 .56-

Thunderstorms are very important feature of
this region, Peshawar is the most thundry part of
Pekistan,

Due to continentality, summers are hot and
winters cold. Mean winter minimum of Peshawar and Bannu
is about 40°F, Temperature below freezing are freguent,
The mezan maximum temperature for June is 106.1°!' for
Bannu and 105.8°F for Peshawar.

i1, Sub-montane westeparts of Derajat
This region ineludes plains of D.,IKhan and 1is
dominated by the climatic conditions of western mountain-



ous region, The rainfall within this region 1s no index

of itc hydrological resources, It: water supply depends
mostly upon the rainfall of the bare hills to it: west,
Due to torrential rainfall, the torrents are suddenly in
high spade, spreading in water sheet and dopéoi;m cOarse
alluvium miles across in the form of alluvial fans. These
fans have been cut deep ny these torrents into v.rioﬁ

strips or blocks,

In D, I Khan, the mean maximum temperature for
June, the hottest month, is about 108°r, while daﬂyr
temperature occasionally exceeds 112°F, Summer rainfall
is 5.93". July isthe wettest month with 2.29", it, too
has spring maxima,.

on ntal
a) Hazara-Kohistan
This region includes parts of Murree hills,
Hazara-Xohistan and the adjacent plains, Due to some
variety of relief, there is regional variatiom in rain-
fall and temperature., Rainfall, both from the monsoons
and western disturbances 1is higher:

Example: Summer Winter-Spring Total
Haripur 18,.2" 17 .40" 26 42"
Kakul (5000') 30,1" 180" 48,1"
Dunga Galil

(8000*) 45" 25" 7o
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Except plains, the summers are cool and winters
cold, having snowfall on the mountains,

b) Chitral-Swat :
This region too has regional vafiatlon of
climatic elements, which is mainly due to its far-off
location and rolaining under rain shadow of the outer

Himalayas., Therefore, rainfall decreases from south to

north.

Example: Summer rain Winter Rain Total
Saidu Sharif 11" 24" s
Drosh 573" 12.27" 18"

This region receives more rainfall during
winter. This is because of its exposure to the develop-

ment of storms of western disturbances.

¢) Kohate-Waziristan
Under the influence of western disturbances
the spring and late summer rainfall maxima are prominent,

Example: Mareh-May July-Sept. Total
Parachinar 10,68" 933" 30.25"
Kohat 6.58- 12.00' 2‘.30.

In both these places March and August are the

rainiest months.
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SOIL ALGAR

Algae are universally distributed on or under
the soil surface. They recuire little moisture, nutrients
and light for growth. Such growth of algae at the surface
as well as at varying depths, together with other micro-
organismsy has a profound influence on the biology of
soils, Algae are so abundant in some soils that a gram
of well fertilized soil may contain as many as 1,000,000
individuals (Russell, 1952).

So0il algae are important for their enormous
number, survival in the subsoill darkness, retention of
vitality under prclonged drought periods, and as oiérn;o
of energy (Waksmann, 1952); as eolonizers of unfavourable
substrats and poineers of succession on denuded areas
controlling soil erosion (Treub, 1888; Stokes, 1940-1941;
Osborne, 1950; Russoll; 1952); for fixing nitrogen and
symbiotic relationship with bacteria (Kassowitsch, 1894;
Allison & Morris, 1930; Fritsch & De, 1938),

Edaphic algae, primarily members of Cyanophyta,
Chlorophyta, Buglenophyta, Chrysophyta, and Rhodophyta,
may be unicellular, ecolonial or filamentous (Alexander,
1961; Bold, 1970).

So1l algae were first studied in the late 18th
century, without separating theam from other Cryptogams.
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The works of Bsmarch (1911), Fritsech & Salisbury (1915),

Bristol (1920), Bristol-Roach (1926) and Peterson (1935)
reported some soil algal flora along with some aguatic
specles, However, MacEntee ¢t al. (1972) indicated that
edaphic flora is distinet from aguatic. Genera like
Tetrecvstis, Chlorosarcinopsis, Chlorocoseus Botrydium

and Protosiphon sre parely encountered in aguatic habitats
while they are among the most widely distributed species
of the soil algno}

Fritseh & Salisbury (1915) found species of
Gloeocystis, Cystococcus, Irochiscia and Dactylococcus as
the first algae growing on a burned heath in England,

Peterson (1935) reviewed the work of Graibner,
on the heaths of Germany; Warming, on the biology of
marshes; Fritdch, on the terr-strial algae of troples
and Treub, on the bluesgreen immigrants to Krakatu (vide,
Tiffany, 1951).

Some species of Cyanophyceae may form a comp-
lete layer over large eroded areas, This layer may be
replaced by higher perrenial plants, thus forming an
initial stage in succession, This algal stabilized
surface layer, binding the soil intc a nonerosible
layer, besides resisting the force of rainfall, improves
infiltration of water (Booth, 1941; Jabeen, 1978),
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decreases runoff (Elwell et al., 1939), produces humus -’ '
after death (Aleksandrova, 1951) thus increasing the |
soil fertility (Allison & Morris, 1930; Lowe & Moyse,

1934; Waksman, 1952; Shields ot al.s 1957)% |

The soil algal flora is affected both by the
chemistry and physical nature of the substrate, Moisture,
depth in soil, substrate, light, temperature, pH and

nutrition have profound effects on the growth and dist-
ribution of soil algae.

SUBSTRATE

Terrestrial algae includes all those forms
which live either between the soil particles or which
inhabitat the surface or subsurface objects. Substrates
may be of following two types.

1. Pnysical type of substrates i

Growth of algae on the rock is influenced by ‘
the hardness of the substrate and insolation,both of
which affect water supply. Blue-green algse are more
abundant than greens on rocks (Fritsch, 1936), The algal
growth on forest and grassland soil is sometimes more
abundant than in arable soil (Tiffany, 1951).

2. Chemical type of substrates et
The abundant growth, kind of algae and its ?
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distribution in cultivated and uncultivated soils depends
upon the mineral status, available moisture and the type
of soil (Bristol«Roach, 1926; Gistle, 1932, 1933; Peter-
son, 1935; Pratt, 1941; Tiffany, 1951; Miller & Fogg,
1957; Tehan, 1959). Addition of commerciasl fertilizers
to organically rich soil commonly leads to luxurious
growth of green algae (Lund, 1947), Algae are nutrient
specific. Blue=green algae are abundant, in calcium
rich soils (Allen, 1956). However, Sodium and Cobalt are
also reguired by some blue=greens (Allen & Arnon, 1955;
Allen, 1956; Kratz & Myens, 1955).

MOISTURE

An optimum moisture in the subsurface strata
is more important for enhancing algal growth than moisture
on the surface (Stokes, 1940), The optimum range of
moisture for scil algae is around 40=60 percent of the
soil & moisture-holding capacity (Stokes, 1940), Moisture
primarily influences the distribution of drought suscep-
tible species, particularly Chlorophyceae., Drought susce-
ptibility varies widely with physiologic properties of
protoplast and the presence of enclosing sheath (Allen,
1956), Most of the Cyanophyceae are particularly protected
against desiccation by gelatinous sheaths (Peterson, 1935;
Drouet, 1951; Smith, 1951). Sheath retains water during
drought and absorbs moisture readily when supplied with




water (Schroder, 1886; Fritsch, 1922; Petersen, 1935).
Sheath-less Ogcillatoria, often show resistance (Sechroder,
1886; Glade, 1913-1914) because of the grandiations which

collect gradually into large masses (Plerey, 1917).
Nitzehis pales can withstand prolonged drought periods
(BristOI’ 1919).

VIABILITY

During the period of quick desiccation, number
of algal cell is reduced (Peterson, 1935). Some species
viz: Anabaens laxa, 4. 9scillaroides var. terrestris,
Cylindrospergpum licheniforme, Chlorococcum humicols,
Haplosiphon flexuosug, Nitzschis palea, Nodularia
harvevana, Nostoc gommune, N. muscorum, N. passerdanum,
Phormidium tenue, Flectonems battersii, Stichococcus
bacillaris and Trochisciz asperg retained viability even
after 87 years and resumed normal growth upon reculturing
(Bristol, 1919), However, some Bacillariophyceae and
Xanthophyceae are highly susceptible to severe and pro-
longed drought periods (Bristol, 1927).

SEASONAL VARIATION

Soil algae vary seasonally, particularly surface
forms multiplying rapidly under favourable conditions
(Bristol, 1926), but die during unfavourable periocds
(Peterson, 1935; Stokes, 1940). The diatom flora may vary



17
seasonally with shade on woodland and other soils (Lund,
1945).,

Bristol-Roach (1927), working on the England s¢
soils, observednumber of algal cells at the surface that
varied seasonally from 105«500 per gram during the warmer

months to 91 per gram in November, according to counts by
a dilution technigues.

Lund (1947) examining weed free garden nbli
over a period of 5 years, observed no seasonal succession

in the algal species,

SOIL pH

Algae are influenced by pH of the soil or water
in which they grow (Gollerbach, 1936; Shelhorn, 1936;
John, 1942; Lund, 1945, 1947), It is difficult to assess
the influence of acidity of the soil on algal growth
although the domin'nt species are quite different on
acidic and alkaline soils (Tiffany, 1951, 1958),
Cyanophyceae generally prefer neutral or alkaline soils
while Chlorophyceae may be present at any pH,

Though a fair tolerence of pH is characteristic
of most algae; populations are greatest in moderately
acidie or moderately alkaline habitats (Coyle, 19333
Blinks, 19513 Durrell, 1959).
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Coyle (1935) working on Ohio soils, observed 1 -
that diatoms, Chlorogoccum humicola and some specles of
Ulothrix constitute the algal flora of acidic soils,
with blue-greens appearing rarely.

Lund (1947) observed algae growing in soil with

pH 3.,7=4,8 in UK, The characteristic. algae were the

Chlorophyceae, Zygogonium ericetorum, Mesotaenium yiolas-
geng on high acidic soil; with some species of Gloeogcystis,

Hormidium, Dactvlococcus, Cylindrocystis and Pragiola on
less acidic soils. The only Cyanophyceae observed in
these Bngland-base~deficient soils was FPhormidiug sp.

Bacillariophyceae and Cyanophyceae are more
abundant in alkaline environments. Chrysophyceae occur

on various soil types and are favoured by enrichment
(Iﬂm’ 19‘7).

DEPTH 1IN SOIL

The horizontal distribution of algae in homo-
gemeous soil 1s uniform, However, its vertical distri-
bution varies with the depth. The algal growth is prima-
rily confined to the uppermost 6 inches of the soil due
to its ability to withstand full sunlight and sudden
changes in light intensity (Delarge, 1937; von Denffer,
1949). However, diatoms and some blue=greens have been
collected at the depths of 4«10 feet-(Tiffany, 1959;
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Bold, 1970). Xanthophyceae are more abundant a few

cent imeters below the surface (Fritsch, 19363 John,
1942; Flint, 1958), It appears that Xanthophyceae ecan
live in dark far better than green algae probably because
of their food reserve and cell wall, The subsurface algae
are carried down by cultivation, animals, water seepage
and self motility (Peterson, 1935; Durrell, 1959).

TEMPERATURE

The survival of soil algae under high tempera-
ture depends upon the climatic conditions of the area.
The growth of most algae declines above 30C° in tropical
and arid climates, However, this range extends up to 50 C°
under temperate eond.itions (Smith, 1944; Geiger, 1950;
Clendenuing gt al., 1956; Miller & Fogg, 1957). The
response of algae against temperature depends upon the
algal species and climatic conditions of the area., Lund
(1947) and Shtina (1959), observed reduced density in
cold weather. However, diatoms survived at -80°.192 c°
(Chapman, 1975). Some blue-green algae when wet, .
are capable of surwiving - between 60°-100 C° but on
drying, 110 C° seems fatal to all soil algae (Glade,
1914; Booth, 1946),

FERTILITY
Blue=green algae may be the most important
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nitrogen-fixing agents in many agricultural seoils (Allison
& Morris, 1930), Certain investigators assumed that soil
algae providing nitrogen live in symbiotic association
with nitrogen=fixing bacteria) (Kossowitsch, 1894),
Nitrogen fixation by pure cultures of blueegreen algae
was first determined for Nostoc punctiforme and gnabaens
¥ariabilis (Drewes, 1928). Similarly, Nogtoc muscorum,

N. paludogum, Cylindiospermum licheniforme, C. meius, C.
gorakhporense, Aulosira fertilissims, Iolypothrix tenuis,
Calothrix brevissima, Anabaenopsis sp., Mastigocladug
daminosus, Chlorogloes fritschii, Scytonema sp., and
Coccochloris paricting fix nitrogen (S8ingh, 1942; Pogg
1937, 1951; Watanabe, 1949, 1951; Willians & Burris, 19¥2;
Fogg & Wolf, 1954; Cameron & Fuller, 1960; Fay & Fogg,
1962). Nostog muscorum csn fix nitrogen as much as 18 mg.
per 100 cc. of medium in 85 days (Allison g% al., 1937).
Allen (1956), observed in culture solution that Anabsens
gylindrica fixesthe gaseous nitrogen in an organic form
equivlant to 480 pounds per acre per month, Watanabe (1949)
and Watanabe gt al. (1951), reported the increase in rice
erop from 15 - 25 £ by Calothrix brevissims and Tolypathrix
tenuls. Protococcus yiridis prevent loss of soil ammonia
and leaching-out of nitrates by converting them into
organie nitrogen (Waksman, 1952), Nitrogenous compounds

are constantly supplied to soil by surface growth of algae
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REVIEW OF LITERATURE ON SOIL ALGAE

Much work has been done on soil algae in
England (Bristol, 1919, 1920, 1926, 1927a,b; .Pritsda.
1907, 1915, 1922, 1923, 1935, 1936, 1938, 1942, 1945,
1949; John, 1942; Lund, 1945, 1947), Canada (Lowe, 1934),
Denmark (Peterson, 1932, 1935), Africa (Esmarch, _191;),
1914), Germany (Feher, 1936a,b, 1939), Scandinavia (Gis-
tle, 1932), Brazil (Drouet, 1937), Congc (Duvigneand,
1950), Algeria (Behre, 1953), India (De, 1936, 1950a,b;
8ingh, 1940, 1942, 1961; Mitra, 1951; Gonzalves, 1960),
Jaban (Watanabe, 1949, 1951, 1952); New South Wales
(Moewus, 1953), Australia (Moewus, 1953; Tchan, 1953),
Cuba (A;i_' & Bold, 1958), Jamaica (Herndon, 1958), Russia
(Bolyshev, 1952; Slobodchikov & Stroikina, 1953; Shtina,
1957, 1961) and America (Bold, 1942).

Starr (1955) working on Chlorococcales reported
some new geners of soil algae, Later on, in Texas, Bold
and his students contributed much to this fileld., Deason
and Bold (1960) working on the soil algae of Texas

reported new species of Chlamvdomonas, Chlorococcum,
Beochloris, Spongiococcum, Chlorohormidium, Pleursstrum
and two new genera, !lindsashilelctlt and Pseudobuml-
lleriopsis. The algal flora of arid soils from Sandi
Arabis, U.S.A., and Israel was worked out by Chantanachat
and Bold (1962), Bischoff and Bold (1963), working on
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the soil algae of Enchanted Rocks and related algal

species, reported 10 species belonging to 7 genera.

Brown and Bold (1964) added new species of soil
algae to Tetracystis and Chlorogoccum. Smith and Bold
(1966), investigated species of Eremosphaersz and Oocystis.
Groover and Bold (1969) studied the taxcnomy of Qloro-
sarcinales and some other edaphic algae. Kantz and Bold
(1969) examined the morphology and taxonomy of Nostoe and
Angsbaeng. Baker and Bold (1970) deseribed taxonomy of
Sehizothrix, Microcoleus, Porphyrisiphon and Oseillatoris.
Arehibald and Bold (1970) explored some new species of
Chlorococcales from boggy soils of Texas. Archibald and
Bold (1975) reported 7 genera of blue green and 16 of
green algae while examining 19 soil samples from 10
Coastal islands of Galapagos. Archibald (1972) worked on
the relationships of Costa Rica and Samandreas Islands
soils with 26 genera of algae. MacEntee and Bold (1974),
studying soil from Pike County Pennsylyaia, recorded 29
green and blue-green genera of algae.

In Pakistan, Khan (1957) cultured 86 species
from rice fields of Kashmir using Beyerinck®'s, Bristol's,
Detmer's, Knop's and Uspenski's culture media. Among them
37 species belonged to Chlorophyceae, 35 to Cyanophyceae,
12 to Bacillariophyceae and 2 to Euglenophyceae., The blue



green algae appeared first in Detmer's and Bristol's

media and green algae in Uspenski's solution, Chlamydo-

monas, Chlorogcoccum, Chlorells, Euglens, Phormidium,

Oscillatoris, Chroococeus and Lynghys were the most common |
specles, He observed that green algae prefered low |
concentration solution while blue=greens flourished well

in high concentration solution, probably due to the

presence of mucilage.

Al1 and Sandhu (1972) working on the saline
soils of {“c Punjab, reported 106 species of blue green
algae distributed among 27 genera, with differential
response to salinity, Among them nine genera with 29
species were capable of fixing nitrogen, The preference

of varicus species varied from less saline to highly
saline soils,

"Al1 gt al. (1978) recorded 103 species belong-
ing to 21 genera, including 32 nitrogen fixing species of
blue~green algae from different rice fields of the
Punjab. Nogtog, Ansbaens, Nodularia, Aulosira,
Iolvpothrix, Forties, Calothrix, Rivularig, Glo_ctrichis
and Phormidium were the non-heterocyst .: common genersa.

Apsbeens fertilissims and Aulosirs sp. Wwere common among
the heterocystous types.

Shah (1977) isclated 47 species belonging to



29 genera from rice fields of Peshawar, Fourteen genera
with 29 specles and 15 genera with 18 species were classi-
fied as Cyanophyceae and Chlorophyta respectively. Among
Cyanophyceae, the reported genera were Chroococcus,
Aphanocapss, Merismopedia, Microcystis, Coelosphaerium,
Oscillatoria, Phormidium, Lyngbya, Hydrocoleum, Anabaens,
Nostog, Iolvpothrix, Microchaete, Gloeotrichis. Among
Chlorophvta, Chlamvdomonas, Gloeocystis, Ulothrix,
Microspora, Protococcus, Coleochaete, Cladophors,
Rhizoclonium, Oedogonium, Chlorococecup,Tetracystias,

Eremosphaera, Mesotaenium, Closterium and Charg were
noted.

Fifteen geners with 19 species, mainly Cyanophs
yceae, were reported from dry soils of Peshawar by
Shahwar (1977). Species of Microcystis, Entophysalis,
Ogegillatoris, Phorpidiuvm, Lyngbys, Cylindrospermum,
Nostoc and Ansbasens were blue-green, Chlorophycean
members were Palmellococons, Gloeocystis, Protococcus,
Chlorosarcinopsig, Chlorococcum and Eracteacoccus.
Glogobotrys was the only Chrysophyta found in her
cultures.

Species of Migrocystis, Ogcillstoria, Fporsidium,

Lyngbya, Cylindrospermum, Nostoc, Ansbaena of blue-green
and Pandoring, Palpells, Stigeocloniup of green algae




were cultured by Shams (1977) from wheat fields soil
of Peshawar.,

Thirty two soil-«binding algae belonging to
Phormidium (12 sppe), Oscillatoria (10 spp.), Lyngbya
(4 spp.), Anabaena (3 spp.), Heterococcus (1 sp.), and
Chlorehormidium (1 spe.), were reported from Peshawar by .
Jabeen (1978).

Tobacco field of Peshawar valley had 1l species
of Cyanophyceae and 3 of Chlorophyceae (Marwat et al.,
1979). The blue-greens were Chroogoccus, Microcystis,
Oscillatoris, Fhormidium, Lyngbys, Anabaens, Nostoc, and
Microchaete. Chlamydomonas, Coleochaete and Oedogonium

were commonest among Chlorophyceae.

Akhtar (1980), reported 92 species of 32 genera
from sugare-cane fields of Mardan district. Ninteen genera
with 74 species of Cyanophyceae were: Anabsena, Aphano-
cepsey Chroogoccus, Camptvionemopsis, Dermocarpa,
Pichothrix, Lypgbva, Migrocoleus, Microcystis, Nodulsria,
Hostog, Oscillstoris, Fhormidium, Pl ectonema, Schizo-
thrix, Spiruling, Stichosiphon, Symplocg and Tolypothrix.
Thirteen genera with 17 species of Chlorophyceae viz:
Characium, Chleorecoccum, Chlorochormidium, Chlorellidio-
psis, Cladophora, Oocystis, Pandorina, Frotococcus,
gusdrigula, Roys, Scenedesmus, Sphaerells and Tetraedron.
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Heterococcus, a single genus, with one species belonged
to Xanthophyceae, This work was done in the collaboration
with the present author.

Soil algae, an important part of soil ecosystem,
did not receive the due attention, in Pakistan; though
some work has been done on the edaphic algae (Khan, 1957;
Ali & Sandhu, 1972; Ali et al,, 1978; Marwat gt gl., 1979)
but many aspects remain unsolved due to its sporadie
nature.

Terrestrial algae, besides inecreasing soil
fertility are important as colonizers, soil bindersthus
preventing erosion and improving the substrate for sub-
sequent species (Treub, 1888; Alison & Morris, 19303
Pritsch & De, 1938; Stokes, 1940-1941; Osborne, 1950;
Russell, 1952).

Keeping in mind the aforementioned evidences
regarding the importance of soil algae, the present
exploratory study was, therefore, conducted to investi-
gate the algal flora of various soils taken from forests,
hills, plains, dry lands, garden soil, moist lands and
cultivated fields from different areas of the N.W.F.P,
The present study would help in finding the possible
interrelationship between algae and soil of this region,
providing a guide line for the future investigators in
this field,
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MATERIALS AND METHODS

Soils were separately sampled at O-l, le2, 23,
i, 4=5 and 5-6" depths from different localities of
N.W.F.P, and were placed in separate labelled plastie 1
begs. Sealed bags with minute holes containing soil were |
stored in laboratory at room temperature., Five grams of
each soil type was placed in a sterilized 125 ml capacity
Erlenmeyer flask, containing 50 ml of sterile nutrient
solution. It was cultured under 16 hour photoperiod.
After two weeks, until sufficient algal growth appeared
in the culture medium, the plants were identified and
observed constantly., Original diagrams were made by
Camera lucida. Microphotographs were also taken whenever |
necessary, Samples are stored in the Herbarium, Department
of Botany, University of Peshawar. The habitats and
geographical distribution of the recorded species are
based on the personal observation and literature consuldted.

For culturing the algae, 1N BEM (Bischoff &
Bold, 1963), 3K BEM (Brown & Bold, 1964), Knop's solution
(Bold, 1942) and 8o0il extract (Faridi, 1971) were used.

1, BOLD*S BASAL MEDIUM-1N B [*) B 1

Ten ml of each of the following 6 macroelement
stock solutions and 1 ml each of the following 4 miero-
element stock solutions were added to 936 ml deionized



distilled water to get BBEM, The major element stock
solutions were made by dissolving the specifiec amount
of salt in 400 ml deionized water,

Il'0300¢.o-o.ooooo-ooo-c- 10,0 g
C.Cl2oo.ooooooooooooooooc 1,0 g
I‘8°‘0782000000ooooooo.oo 3.0 g
Kzﬂpo‘.-.-..o...--o..o.oo 3.0 g
KH Po‘.oooo-ooocooooccooo 7.0 g

2
NaClocococcsossscsoscnnssse 1.0 E

The micrcelement solutions were made as

follows:=

I. EDTA Stock Solution:

Fifty g EDTA (Bthylenediaminetetracetic acid)
and 31 g KOH were diluted to a final volume of 1 liter
in a volumetric flask with ddw,

II, Pe Stock Sclutions

Ferous sulphate (1080‘.7520) weighing 4,98 gram
was diluted to a final volume of 1 liter with acidified
water. The water was acidified by adding 1 ml of Conec,
H 80, to 99 ml of ddw.

III, Boron Stock Solution:

Borie acid (33803) weighing 11.42 gm was diluted

to 1 liter with deionized water.
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IV, Misc. Stock Sclution:
The following elements, were diluted to a final
volume of 1 liter with ddw.

Zn80,.7H,00000cncrnsccaneees 8,82 g
lnCl.‘Ezoooooooooo..o...o-o. l.44 g
1003.....................-.. 0.71 g
CuS0, 50 0ussecenscrssncanes 157 g
Co(l03).6320................ 0.49 ¢

2. 3N BEM (Brown & Bold, 1964)
1N BEM was modified to 3N BBM by using 30,0 g
of NaNOB instead of 10,0 g&

3. KNOP'S SOLUTION (Bold, 1942)
Two stock solutions, required for Knop's medium

were prepared by adding following materials to 500 ml
of ddw,

Knop's solution A:

Ca(l03)2.........-......... 4,0 g

Knop's solution B:

Kn03..-....-...........--.. 1,0 e

Knapo‘ooooono0-.000.-...... 1.0 4
.830‘0752000ooonoo-oooo-..o 1.0 E

Solutions A and B mixed in egual parts gave a
0.7 % solution by weight-volume., This 0,7 £ solution was
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then again diluted by half with ddw to yield a 0,35 %

solution for culture.

4, SOIL EXTRACT (Faridi. 1971) ,

Fertile garden soil, mixed with distilled water
in the ratio of 1 g to 10 cc, was boiled for 2 hours and
filtered after cooling, Few drops of fresh spinach and !
carrot juices were mixed with the soil extract. tho‘ |
addition of a few dropi of spindch and carrot juices
enhances the rate of algal growth.




ONOMIC ION PLANT

Key to the classes

1, Vegetative cells without mucleus, pigments

leattorod.........u.-.u......u

l. Vegetative cells with nucleus,
pifments in chromatophores..sssee
2« Chromatophores yellow=greeN..s«s.
2« Chromatophores grass=gre@Nesssss
3+ Cells with starchescccesscsccssee
3¢ Cells with paramyluMesescsscssses

CYANOPHYCEAER

Cyanophyceae

2
Xanthophyceae
3
Chlorophyceae
Euglenophyceae

Key to the genera of Cyanophyceae

1. Cells unicellular or colonial.....
l., Cells united in filaments or
pseudofllanentsccescccoscscovscsce
2. Cells with endosporesScecssccess
2« Cells without endospores.cesses
3¢ Colls without stalKk.csecessesscses
3. Cells attached by means of a
mucilaginous stalK.ceeecsscccccnces
4, Colony of a definiteshapeescesse
4, Colony ahaﬂhaca................
5. Colony flat, cells arranged in
transverseand vertical rowsS...ceee

Se Colony rounded , hoRklOWeeessocsssne

2

11

32



6. Colony of hundreds of cells..
6. Colony smallereecccccssesscsses
7+ Cells remote from one another...
7. Cells close to one anotheressess
8. Cells without evident sheaths.
8. Cells with evident sheathS.eee
9. Cells eylindricalecccccrsccsscns

3

Gloeothece

9. Cells sphaeriecal or hemispheriecal. 10

10, Sheaths ¢0/curlesSSescesscscss
10, Sheaths variously colcured..s
11, Pseuvdofilamentous, cells
arranged in 2 or more rowS.ecese
11, Cells united in true trichomes.
12, Trichomes with heterocysti...
12, Trichomes without heterocysts
13, Trichomes without a sheath.ee.e
13, Trichomes with a sheatheccecese
14, Trichomes straight, curved
or in regular spiralS.ccccces
14, Trichomes in regular spirals.
15. Trichomes falsly branched......
15, Trichomes unbranched cceeccecccecs
16 .0ne trichome within a sheath,
16 Jore than one trichome
‘within a sheathicsecscscccnns

Chroocoggus
Gloeocapsa

Chlorogloes
12

21
13
14
15

19




17. Sheath watery, confluent with
one anothersssessscscsscsssonsse
17. Sheath firm, not confluent with
one anothelecesesssccerecnssense

18, FPilaments growing in erect
CuftSccevsesscssccvenscncncnne

18, Filaments interwoven in an
extended stratum.cececscscenee
19, Sheath firBesiesvscvssccccscencs
19, Sheath wateryesecsecccsssnsnnns

20, Many trichomes within a

sheathecsesssssssssssssassnne

20, Few trichomes within a sheath.

21, Filaments unbranched.cscesccccee
21, Filaments falsly branchedeeesee
22, Heterocysts at only one and

of a trichom@csssececnssscnes

22¢ Otherwiseeccesssessssscssnnes

23, Length of cells less than

breadthessesssscssccssssscscnce
23, Length of cells egual to or

greater than breadthesecesccecs

24, Trichomes solitary or inter®

wined in an amorphous masS...

24, Trichomes much twisted into

Hydrocoleum
22

23

24

25



a mass of definite form with a
firm gelatinous envelop@.s.ess
25. Sheaths of trichomes firm and
NArTOWsssesssssesesnscscssssnane
25. Sheaths of trichomes watery and
broadecsecsevresscscescscssesscnse
26, False branching abundant...e..
26, False branching spars@.ceesecss
27« False branching usually arising
8inglycecccscsccnccccesssccscsee
27« False branching usually arising
in pnir-...........ﬂe,..........
28, Akinetes rarec.cceccsccccccscse
28, Akinetes absent.c.cecccsccccse
28, Akinetes COMMON.ccecccsscsssss
29+ Akinetes single, next to the
basal heterocyst.ceesecccccccccse
29. Akinetes single or in series,
next to the basal heterocyst or

away from 1too..oooooooooo.‘ooo-o
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Tolypothrix

Microchaete

CHROOCOCCUS Naeg.

Gatt. einzell, m.ﬂ. 45, 1849-

Cells rarely solitary, mostly in groups of 2«4
individuals, sometimes 8-16, in a gelatinous matrix; cells




spherical, saubspherical or hemisphericzl; individual cell
sheath distinet, firm, generally lamellated, sometimes
homogeneous, persistently or irregularly broken; repro-
duction by cell division in three directions; fragmen-

tation of colonies; nannocytes sometimes present.

Key to the speciles
1. Gedds with sheath 15-50 pm in ;
diameterecesscssssssessscsencse Co turgidus (6)
1, Cells with sheath 6-15 pm in :
diametercscecscecesscsccsssesces S minutus (5)
l. Cells with sheath less than

6 um in di“.t.rcoouo..ooooo-oo 2

C

2. Colony mostly of 16=32 cells. %;r{1=gg§i!ih! (3)

2. Colony of fewer cellS..eseses 3
3. Colonial mucilage yellow or
Pale=Orange.ecsesssssssscnssess Seo yarius (7)
3« Colonial mucilage hyaline.ceeees 4
4, Colony tabularesececsessesess GCeo dispersus (2)
4, Colony not tabular.cecescccsss 5
5« Colony with cells almost of the
same size, 3«4 pm in diameter.. C. minor (4)
5« Colony with cells of markedly
different size, 2.,5-7 pam in
diametersssssssscsessssenssssss Qo gohasrens (1)
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1. Chroococcus gohasrens (Breb.) Naeg., Gatt, einzell,
Algeny 456, 1849,
Drouet & Dally, p. 78. 1956 (=Anacystis
thermalis (Menegh,) Dr. & Daily); Desikachary,
pe 111, pl, 26, figs. 3,9. 1959.

Thallus gelatinous, slimy, blue or darkegreen;
cells solitary or 28 together, spherical, or hemisphe-
.ricalj cells without sheath 2=5 (=7) mm broad, with
sheath 2,5-7 nm in diameter; cells sheath thin, colour-
less, unlamellated (pl.l, fiz.6, photo, 1),

Anjum 123, June 8, 19780

Habitat: Aquatic (Biswas, 1929); epiphytic (Skuja, 1949);
terrestrial.,

Local distributions Dry land, Dera Ismail Khan,

Soil depths 6 ineh. ..

Geographical distribution: Bangiadesh, Burma, Burope,
Mhy North America,
Pakistan,

2. Chroogoccus dispersus (Keissler) Lemm., Ark, f.
Bot., 21102, 1904,
Prescott, p.447, pl.,100, fig.7. 1951; Drounet

& Daily, p.83. 1956 (=Anacystis thermslis f.
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pajor (Lagerh.) Dr. & Daily); Desikachary,
Pol“’ 1959’ Huber- Pestalozzi, p.148, ti}.32.
1962,

Colony 4«16 celled, mucilaginous, free=-
floating, tabular, with rounded margins, either solitary
or aggregated, light or brilliant blueegreen; cells
without sheath 3=-4 pnm in diameter, with sheath 5-6 nm
broad; individual envelopes often totally gelatinized,
unlamellated, hyaline (pl.l, fig.5).

Anjum 28, April 26, 1977: April 30, 1977.

Habitats Aquatic (Prescott, 1951); terrestrial,

Local distributions: Dry land, Dera Ismail Khan.

Soil depths 5, 6 inches.

Geographical distribution: Europe, India, North America,

Pakistan.

Qnm.emsm limneticus var. subsalsus Leam.,
Forschungsber. f. biol, stat. in Ploen, 8184,

1901.

Prescott, p.449, pl,100, rig.10, 1951; Drouet
& Daily, p.B3. 1956 ( = Anacystis thermalis f.
major (Lagerh.,) Dr. & Daily); Desikachary,
Pel07. 1959; Huber = Pestalozzi, p.l48, fig.33.
1962,

Colony 16=32 celled, free-swimming, tabular,
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blue~green; cells spherical or ellipsoid, without sheath
3.5«=4,5 pm in diameter, with sheath 4,5-5 pm broad, more
or less closely arranged; colonial mucilage round or
nearly quadrangular, broad (pl.l, fig.3, photo, 2).
Anjum, 106, March 15, 1978; Anjum 1064, Aug. 12, 1978,
Habitat: Aquatic (Prescott, 1951); terrestrial,

Local distribution: Dry land, Dera Ismail Khan; Maize
field, Mardan,
Soil depths 3r ', 41t . inches.
Geographical distribution: Burope, India, North America,
Pakistan,

4, Chroococcus minor (Kg.) Naeg., Gatt., einzell, Algen,
47, pl.l,A, fig.4,. 1849,
Prescott, p.449, pl,100, fig.l2, 1951; Drouet
& Daily, p.162. 1956; Desikachary, p.105, pl.24,
fig.l. 1959.

Thallus dirty blue~green or olive-green,slimy,
gelatinous; cells spherical; sheath hyaline, very delicate;
cells single or in pairs, seldom 4 or 8, 3«4 ypm in
diameter (pl.l, fig.4).

Anjum 27, April 21, 1977; Anjum 27A, Aug. 23, 1978;
Anjum 27B, Oct, 5, 1978.
Habitats Agquatic (Skuja, 1949; Prescott, 1951);

tetrestrial (Prescott, 1951).



Local distribution: Dry lands, Dera Ismail Khan,

So1il depths 4, S and ¢ inches.

Geographical distribution: Burma, Burope, India, North
America, Pakistan,

5« Chroogogcug minutus (Kg.) Naeg., Gatt, oinsoli. Algen,
a6, 1849, ‘
Prescott, p.449, pl.,100, fig.9y 1951; Drouet &
Daily, p.15. 1956 ( = Coccochloris stagnina
Sprengel); Desikachary, p.1l03, pl.24, fig.4 &
pl.26, rigs. 4, 15, 19593 Huber=-Pestalozzi,
P.147, fig.30, 1962,

Cells spherical, or oblong, single or in groups
of 2=4; cells without sheath 4-10 pm in diameter, with .
sheath 6-~15 nm broad, light blue-green; sheath unlamell-
ated, hyaline (pl.l, fig.2).
Anjum 126, June 20, 1978,
Habitat: Aguatic (Crow, 1923; Skuja, 1949; Prescott,
1951); endophytic (Banerji, 1936); epiphytiec
(Bruhl & Biswas, 1922; Skuja, 1949); terrestrial
(Reoy C.B., 1937; Singh, R.N., 1939; Freay,
1942; Mitra, 1951).
Local distribution:s Rice field Methra, Distriet Peshawar.
Soil depth: 4 inchg .
Geographical distributions Burma, Burope, India, North
America, Pakistan,
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6. Chroocogcus turgidus (Kg.), Naeg., Gatt, einzell,
Algen, 46, 1849, ) "
Prescott, p.450, pl.,100, fig. 19, 1951;
Tiffany & Britton, p.332, pl.91, fig.1l048,
1952; Desikachary, p.l02, pl.26, fig.6, 1959;
Huber~Pestalozzi, p.l47, fig.25. 1962,

Cells aphoricn]. or ollipso:l&ai, :ingle, or in
groups of 2-4, very seldom many, blue-green, olive-green,
or yellowish, without sheath 8-32 um in diameter, with she
shoatﬁfﬁ:? ;rim:::ﬂfﬁ:tly lamellated (pl.18, f£1g.199, photo,3).
Anjum 182, Dec. 20, 1978.

Habitat: Aquatic (Prescott, 1951; Huber-Pestalozzi,

1962); epiphytic (vide, Desikachary, 1959);

terrestrial,

Local distribution: Rice fleld Methra, District Peshawar,
Soil depth: 1 inch,
Geographical distribution: Burma, India, Europe, North

America, Pakistan, Siri Lanka.

7. Chroococcus yarius A.Br. in Rabenhorst, Alg. Bur.,
246, 248, 2452, 2459, 1863-78,
Prescott, p.451, pl.100, fig.5. 1951; Drouet
& Daily, p.48. 1956 ( = jpnacystis montana
(Lightfoot) Dr. & Daily); Desikachary, p.107,
pl.24, fig.5. 1959.
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Thallus gelatinous, dirty olive-green, or |
brownish; cells globular, single or 2«4 together, seldom |
more, in small or large groups, irregularly arranged;
cells without sheath 2«4 pm broad, with sheath 4«8 dm
in diameter, cell contents pale=blue or olive-green, |
seldom yellowish or golden yellow; sheath apparently
thicky indistinctly lamellated, colourless, yellowish or
pale orange yellow (pl,l, fig.l).
Anjum 125, June 15, 1978,
Habitat: Aquatice (Proacott. 1951); epiphytic (Ghose,
1927; Skuja, 1949); terrestrial (Rao, C.B.,
1937; Prescott, 1951),
Local distribution: Rice field Methra, District Peshawar.
Soil depths 2 inech:
Geographical distribution: Burma, China, Europe, India,
North America, Pakistan,

MICROCYSTIS Kg.
Tab. Phycologicae, 1:7. 1846,

= Microcystis Kg., Linnaea 8:372. 1833,

= Anpcystis Menegh., Consp. Algol, Bugan.,
6. 1836, |

= Polycystis Kg., Tab, Phycologicno. 1s7. 1846,
= Clathrocystis Henfrey, Mier. Journ." 53. 1856,

Colonies spherical, ellipsoidal, irregularly
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overlapping, or net«like, free~floating, often with
attached daughter colonies; colonial mucilage homogenous,
colourless, often diffluent; individuval envelopes absent;
cells sphericsl or ellipsoidal, in large numbers, mostly
very densely arranged, gas-vacuoles often procont; cell
division in all directions, generally transverse in

elongate cells,

Key to the species
1, Colonies 20 times longer than brocd..!,nggn%%ﬁllgz‘)
l. Otherwis@.ceccssesscosavassassnnnnnes 2
2. Colonies clathrat@csssssssssscssces Menoruginogsa (1)
2. Colonies not clathrat@ececcasscsee 3
3. Cells without gasevacuoleS...sssssss N.pulvern (5)
3. Cells with gasevacuoOleS.ccccescesces 4
4, Colonial mucilage distinct.ceeeess M.marginats (3)

4, Colonial mucilage indistinet....se M.flos=aguse (2)

l. Microgystis aeruginoss Kg., Tab. Phycologicae, 118,
rig. 1, 1846,
Tilden, p.54, fig.lA, 2B, 1937; Tiffeny &
Britton, p.336, pl.9l, fig. 1052; Drouet &
Daily, p.36. 1956 ( = Anscystis cygneg Dr. &
Daily); Desikachary, p.93s pl.l7, figs. 1,2,
6 & pl.18, £ig.10. 1959; Huber-Pestaloszi,
p.132, fig.4. 1962.
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= Clathrocystis aeruginosa (Kg.) Henfrey, J.
Roy, mier, Soc: 53, pl.4, figs. 28-36. 1856,

Young colonies roundid or sligh;ly longer than
broad, solid, on maturation becoming clathrate, with
distinct hyaline lnéilago; coilsraphorical. 3=7 nl-in -
diameter, generally with gasevacuoles (pl.l, tig.?,.
photo, 4,5). '

Anjum 9, June 5y 1977; Anjum 9i, Jan. 5, 19773 Anjum 9B,
Feb. 19, 1978; Anjum 9C, Feb. 20, 1978,
Habitets Aquatic (Crow, 1923a,b; Biswas, 1926, 1927,

1929, 1942; Ghose, 1927a; Bharadwaja, 19353

Dixit, 1936; Randhawa, 1936; Rao, C.B., 1938a;

Ganapathi, 1940a,b; Parukutky, 1940; Rao, C.S.,

1940; Gongzalves & Joshi, 19433 Skuja, 1949;

Prescott, 1951; Huber«Pestalozzi, 1962); epiphytic

(Euber-Pestalozzi, 1962); terrestrial,
Local distributions Dry lands, Dera Ismail Khan,
So0il depths 1,2,3 and 4 inches.
Gecgraphical distributions Burma, Europe, India, North
America, Pakistan,

2. Microcystis flos-aguse (Wittr,) Kichner in Engler and
Prantl, Naturlichen, Pflanzen fam., I(la): 56,

rig.49(N), 1898,
Tilden, 9.5@. figs. 253’ 254, 1937; Drouet &
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Daily, p.36. 1956 (= Anacystis gyanes Dr. &
Daily); Desikachary, p.94, pl.l?, fig.ll & pl.
18, fig. 11, 1959; Fritsch, p.815, figs 311,C.D.
1959; Huber=Pestalozzi, p.l35, fig.5. 1962,
= Microcystis seruginogs f. flos-aguae (Wittr.)
Elenkin, Monogr. Algar. Cyano, Pars. spec.,
13103, 1938.

Colonies ellipsoidal, roughly spherical, or

somewhat elongate, often squarish in optical section,

not clathrate, with indistinct colonial mucilage; cells

3=7 pm in diameter, spherical, with gas~vacuoles, nannoc-

ytes present (pl.ly, fig.8).

Anjum 35, June 1, 1977,

Habitat: Aquatic (Crow, 1923a,b; Biswas, 1926, 1942;
Skvortzow, 1928; Bharadwaja, 1935; Banerji,
1936; Dixity 1936; Raoy C.B.y 1938a,b§ Ganapathi,
1940a4b; Racy, C.S., 1940; Fremy, 1942; Skuja,
19483 Prescott, 1951); terrestrial,

Loecal distribution: Dry land, Dera Ismail Khan,

Soil depths: 2 inch.

Geographicel distributions Burma, Europe, India, North

America, Pakistan, Russia.

3. Microeystis marginats (Menegh.) Kg., Tab., Phycolo-
310‘.’ 1'6' 91'8. 18‘5-490 :



Drouet & Daily, p.46, 1956 ( = Anacystis
montana f. pontana Dr. & Daily); Desikachary
P87, plal7, figs.3=5. 1959; Huber-Pestalozzi,
P.132, fig.3. 1962,
= Anacystis marginata Menegh., Consp. Algol,
A Bugan., 324, 1837.
= Microcystis seruginosa f. marginata (Menegh.)
Elenkin, Monogr. Algar, Cyano,., pars., spec.,
18106. 1938,

Colcnies spherical or irregularly flattened,
more or less lenticular, generally simple; margins of
colonial mucilage very distinet, refractive, sometimes
stratified; cells spherical, 3«6 nm in diameter, closely
arranged, with gesevacuoles (pl.l, fig.®, photo,6),
Anjum 93, Jan, 28, 1978,

Habitat: Aquatic (Crow, 1923a,b§ Banerji, 1936; Ganapathi,

19403 Biswas, 1942); epiphytic (Bruhl & Biswas,

1923)3; terrestrial,

Local distributions Dry hill, Kohat,

Soil depth: 3 ineh,

Geographical distribution: Burma, Burope, India, North
America, Pakistan,

4, Microgystis psendofilamentosa Crow, Tax. gen.

Microcystis, New Phytol,, 22364, pl,l, fig.e.f.
1923.
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Desikachary, p.94, pl.18, frig.9 & pl.20,
fig.l. 1959. ,
= Microcystis seruginosa f. pseudofilamentosa
(Crow) Elenkin, Monogr. Algar. Cyano., pars.
specey 13105, 1938,
= Anacystis gyanea (Kg,) Drouet & Daily. Rev,
Coccoid Myxophyceae, 12337, 1956,

Colonies longy narrowy consist of a series of
parietal, smaller colonies, constricted at intervals,
sometimes considerably widéned at places, broken or
reticulate; margins of colonial mucilage indistinct;
colonies varying greatly in size, sometimes twenty times
as long as broad; cells 3«7 mum diameter, spherical with
gasevacuoles (pl.18, fig. 202).

Anjum 183, Dec, 26, 1978.
Habitats Agquatie (Crowy, 1923a,b; Banerji, 1936);
terrestrial,
Local distribution: Sugarecane field, Mardan,
Soil depths 2 ineh.
Geographical distribution: Burope, India, North America,
Pakistan, Sri Lanka,

5« Microcystis pulverea (Wood) Forti, in De Toni,
Sylloge Algarum, 5392, 1907.
Desikacharys p«%6. 1959; Huber-Pestaloszzi,



p.136, 1962,

= Microecystis pulverea (Wood) Elenkin, Monogr.
Algar. pars. spec., 1:117, 1938.

= Anacystis montana (Kg.) Dr. & Daily, f. minor
Dr. & Daily, Butler Univ, Bot, Studies,
103221. 19523 Rev, Coccoid Myxophyceae,
66, 1956,

Colonies rounded, or ellipsoidal, often aggre-~
gated; colonial mucilage distinect; cells spherial, closely
arranged, 2«3 nm in diameter, blue-green, or olive~green,
without gasevacuoles (pl.l, rig.10, photo, 7).

Anjum 74, Nov, 12, 1977.
Habitat: Aquatic (Crow, 1923a,b; Skuja, 1949; Prescott,

1951; Huber-Pestalozzi, 1962); epiphytic (Skuja,

1949); terrestrial (Parukutty, 1940; Huber=-

Pestalozzi, 1962),

Local distributions Dry land, Dera Ismail Khan,

Sodlrdepth: 5 inech,

Geographical distributions Burma, Burope, India, Nerth
America, Pskistan,

COELOSPHAERTUM Naeg.
Gatt, einzell, Algen, 54, 1849,
Colonies free-swimming, hollow, somewhat
irregular or spherical, with or without individusl
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envelope around cells; colonial mucilage homogeneous,

or heterogeneous, hyaline; colonies dividing by bresking

down through the middle; cells spherical or hemispherical.

Single species was recorded for the genus,

1. Qgglggghjg;;n. dobium Grumow, in Rabenhorst, Fl, Bur,
Algar, 2155, 1856,
Prescott, p.470, pl,108, fig.l. 1951; Drouet
& Daily, p.37. 1956 ( = Anacystis cysnea (Kg.)
Dr. & Daily); Desikachary, p.l47, pl.28, figs.
10«11, 14-~15. 1959; Fritsch, p.817, rig.312,C,
DyHyJd o 19593 Huber-Pestalozzi, p.l155, fig.47.
1962,

Colony spherical or sometimes irregular-shaped,
either solitary or aggregate in a common gelatinous
envelope, free-floating; colonial mucilage firm, unlame-
llated, upto 8 um thick; cells spherical, closely
arranged, 5«7 pm broady bluee-green, gasevacuoles present
(plely figell),

Anjum 130, July 12, 1978,
Habitats Aguatic (Crow, 1923a,b; Prescott, 1951; Huber-
Pestalozzi, 1962); terrestrial.
Local distribution: Rice field Methra, District Peshawar.
Soil depths 6 inch,
Geographical distributions Burope, India, North America,
Fakistan,.
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CHLOROGLORA Wille
Algol, Notizen, I-VI, Nyt Mag. Naturvid., 38:5. 1900,

Thallus hemispheriecal, or flat, irregularly lobed,

colonial mucilage hyaline, thin, unlamellated, cells
spherical, or ellipsoidal, with or without individual
envelopes, in straight, erect or radial rows, rows
sometimes indistinet; cell division may be in three
planes but generally in a style determined direction;

spores and nonnocytes present. Represented by one species.

1. Chlorogloeas microcystoides Geitler, Neue Cyano, Gruppe
Chamaesiphon,, Arch, Protistenk,., 515359, fig.
u.1925.
Desikachary, p.163, pl.19, fig.8, 1959; Fritseh,
p.819, fig. 313, G=K. 1959.

Thallus lobed, thin, gelatinous, expanded, dull
green to brownj colonial mucilage hyaline or yellowish;
cells spheriecal, or ellipsoid, mostly densely arranged,
polygonal in erect and radial rows, generally without
a distinet individual sheath; cells 2«3.8 pm in diameter,
blue=green to oliveegreen, or yellow; nannocytes l1l.,5=2 pm
broady, found in somewhat broad cells by repeated division
(pl.l, fig.l2).

Anjum 98, Feb. 9, 1978,
Hebitat: Epiphyte (Biswas, 1936; Skuja, 1949);

terrestrial,
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Loeal distribution: Dry land, Dera Ismail Khan,
Soil depth: 6 inch,

Geographical distributions Burma, Burope, India, Pakistan,

GLOEOCAPSH Kg.
Phyc. generalis, 174, 1843,

Spherical cells 2-8, in colonies, seldom many
with lamellated envelopes; colonies single or many to-
gether forming an expanded mass; individual sheaths
lamellated or unlamellated; cell division regularly
in three directions; cells in large colonies often with
secondary colonies, arranged irregularlyj nannocytes
occasionally seen, resembling Aphapnocapsa =~ stage;
spores with firm thick walls often formed in & number

of species, Only one species was recorded for the gebus.

1, Gloeocapsa crepidinuym Thuret, in Bornet and Thuret,
Notes Algologiques 131, pl.l, figs, 1l=3, 1876,
Desikachary, p.ll7, pl.27, figs. 4=5, 1959.

Thallus gelatinous, olivaceous, when driid be=
come blackish, soft; cells in groups of 2«4, rarely more;
colonies spherical or oval, 12«24 pm in diameter, closely
arranged in the peripheral regions and loosely arranged
in the middle; cells without sheath 4-5 um in diameter;
with a thin unlamellated, yellowish to brownish sheath
in the pog':phcrd.’ regions and colourless a diffluent
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inside; nannocytes 2,5-3.5 num in diameter (pl.8, frig.%4,
photo, 9).

Anjum 90, Jan, 16, 1978, -

Habitats Terrestrial,

Local distributions Dry land, Dera Ismail Khan,
Soil depths 4 inech,

Geographical distributions Burope, India, Pakistan,

GLOEOTHECE Naeg.
Gatt, einzell, llgon,' 57 « 1849,

Cells cylindrical or ellipsoidal, straight
or bent, not attenuated towards the apices, ht;!rudly
rounded, in small colonies or forming an expanded
thallus; cell division at right angles to the longitu-
dinal axis, sometimes the daughter cells divide in all
the three directions; sheath and colony structure similar
with the Gloeogapsaj nannocytes present, Represented by

one specles.

1. Gloeothege rupestrig (Lyngb.) Bornet, Alg. de Schousb.,
Mem., Soc. Sci, Nat, Math, de Cherbourg, 28:177.
1892,
Desikachary, P.127, pl.25, fig.4. 1959.

Cells ellipsoidal to cylindrical, without sheath
4.5.,5 um broad, 1.5-3 times as long as broad, with sheath
8«12 um broad, contents blue-green, 2-4 rarely 8 in oval

730




to subspherical colonies; sheath colourless or brownish

at the peripheries, lamellated or unlamellated diffluent

inside the colonies (pl.18, f£ig.201),

Anjum 184, Dec. 30y 1978; Anjum 184A, Jan, 2, 1978,

Habitats Subaerial (Parukutty, 1940; Fremy, 1942);
terrestrial,

Local distribution: Sugare-cane fields, Mardan,

Soil depths: 1, 3 inches.

Geographical distribution: Europe, India, Pakistan,

APHANOTHECE Naeg.
Neue Denkschr, Schweiz, Naturf, Ges. 10(7):59,
1849, Nom. Cons.
= Coccochloris C. Sprengel, Fl, Hal, Maut,
1:14, 1807,
= Aphanothece Naeg., Gatt. einzell, Algen,
59. 1849,

Thallus amorphous, expanded; colonial mucilage
hyaline, h:logom; cells ellipsoid to eylindrie,
straight or slightly bent, sometimes with individual
lamellated, gelatinized envelopes; cell division
transverse; nannocytes present.

Key to the species

l. Cells 1.2 nm broadceessscscsess A m (4)
l., Cells broadereccsssssscssssesscss 2¢
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2¢ Thallus firl, globular......-... A nhm ‘2)
2+ Thallus amorphous, expanded.... 3
3. Cells 2-306 um brm.-oo.-oo-oo. A m (1)

3e Cells 4.5 am broad...........-.. ‘o w (3)

1. iaphanothece gastagnel (Breb.) Rabenh. Fl, Bur. Alges

2‘6". 1865. 105y §45- 55 6. 13513 Prouet w Dm-l\'v )-Jl-l‘”‘:

Prescott, p.%67,,( = Cogcochloris elagbens Dr.
& Daily); Desikachary, p.140, pl,21, rig.8,
1959; Huber-Pestalozzi, p.l43. 1962,

Thellus gelatinous, amorphous, slimy, blue=-
green or brownishj; colonial mucilage diffluent, colourless,
or yellowish; cells ellipsoid, ovate, or subeylindric,
densely arranged, 2-3.6 um in dismeter, 4-8 mm long.
blue~green to olive-green, finally granular (pl.2, fig.l5).
Anjum 50, Aug. 15, 1977.
Habitats Aquatic (Fremy, 1942; Gonzalves & Joshi, 1943;
Skuja, 1949; Prescott, 1951; Huber-Pestalozzi,
' 1962); epiphytic (Ghose, 1927¢); terrestrial.
Local distributions Wheat field, Peshawar.
Soil depths 6 inch.
Geographical distributions Burma, Burope, India, !ldrth
America, Pakistan,

2. Aphanothece gelatinosa (Henn.) Lemm., Des Phytoplan-
kton des Menam, Hedwigia, 48:126-139,.1910,
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Prescott, p.467, pl.104, rig.8, 1951; Drouet
& Daily, p.69, £1g.98, 1956 ( = Anacystis
montans f. gelatinoga Dr. & Daily).

Colony sphexried, biue-green to brown, gelati-
nous; cells ovate, &uly spherical, 3.8-4 um in diameter,
4,4-5 um long, cogl;agtly arranged, blue-green (pl.2,
riglb). £ _

Anjum 55, Sep. 10, 1977.

Habitats Aquatie (Prescott, 1951); terrestrial,

Loecal distributions Dry land, Peshawar,

So1il depths 6 1ineh.

Geographical distributions Burope, India, North America,
Pakistan, ‘

3. Aphanothece microscopica Naeg., Gatt., einzell, Algen,
59, pl.I,H, 1849,
Prescott, p.467, pl.,104, figs.9,10, 1951; Drouet
% Daily, p.18, 1956 ( = Cogecochloris stagnina
Sprengel); Desikachary, p.l42, pl.22, figs.4,5,
9. 1959; Huber-Pestalozzi, p.143, fig.21, 1962,

Young thallus spherical, old amorphous, small,
gelatinous, upto 2 em. in diameter; cells oblong=-
eylindrie, 4,5 um broad, l$-2 times as long as broad,
sometimes with distinct individual hyaline sheath; cell

contents blue-green, finely granular, (pl.2, fig.l3, photo,8)

b




Anjum 54, Sep. 6, 1977.

Habitats Aguatic (Rao, C.B., 1936, 1938b; Fremy, 1942;
Prescott, 1951; Huber-Pestalozzi, 1962);
terpestrial (Rao, C.B., 1938a).

Local distributions Dry land, Peshawar,

Soil depths 2 inech, i

Geographical distributions Burope, India, lor_th_Augricu,

Pakistan,

4, Aphanothece s.xicols Naeg., Gatt, einzell, Algen,
59. 1849, :
Prescott, p.468, pl,104, fig.l. 1951; Drouet
& Daily, pe.31l. 1956 ( = Coccochlorig penioeystis
Dr. & Daily); Desikachary, p.138, pl.22,
fig.ll. 1959.

Thallus mucilaginous, colourless, or yellowish;
cells cylindrical, with rounded ends, 1—2.{‘ in diameter,
2=2,5 um longy loosely arranged, solitary or in pairs,
seldom many in a homogeneous, amorphous, colourless .
mucilage; cell contents pale blue-green (pl.2, fig.l4).
Anjum 177, Dec. 9, 1978.

Habitat: Agquatic (Prescott, 1951); terrestrial (Rao,

C.B., 1936).

Loecal distributions Dry land, Kohat.
Soil depths 2 inch, '

Geographical distributiont Burope, India, North America,
Pakistan.




APHANCCAPSA Naeg.
Gatt, einzell, Algen, 52. 1849,

Colonies free~floating, amorphous, gelatinous,
often a few centimeter in diameter; colonial mucilage
homogeneous, colourless oar yellowish, cellsaften with
a thin more or less gelatinized individual sheath; cells
loosely arranged, mostly in pairs as a result of roe’nt
divisicn; cell division in two directions; cell contents

homogeneous or finely granular, pale gray=-green to bright

blve~green; nannocytes present, ‘

Key to the species.
le Colls 4«8 aam Droadeccccccscssssee 2
l. Cells 2.5=4 jum broadecesccssessses Ae montana (3)
2. Cells with thick sheath........ A. banaresensis (1)
3. Cells without sheathesessesesee A« littoralis (2)

1., Apbdnocapss banaresensis Bharadwaja, Myxophyceae of
the United Provinces, Proc, Indian Acad, Sci.,
By 23196, rig. 1B, 1935, Desikachary, p.l33,
ple.22, fig. 8. 1959.

Thallus soft, spherical, hollow, irregularly
hyaline or cream coloured; cells oval or almost _
spherical, 4-6,2 ym in diameter; sheath thick, unlame-
llated, hyaline, élo0sely adpressed to the cells, upto
1 pm thick (pl,18, rig.200).

|




Anjum 185, Dec, 30, 1978,

Hagbitat: Aquatiec (Bharadwaja, 1937); terrestrial,
Local distributions Sugar-cane field, Mardan.
Soil dep*hs 1 inch,

Geographical distribution: India, Pakistan,

2. Aphanocapsa littoralis Hansg., Beitr. Zur Kenntnis der
Meeresalg, und Bact. Fl,, Sitzb, K, Boehm, Gas.
Wiss., Math, Nat, Cl., 229, 1892,
Drouet & Daily, p.1l03, fig.248, 1956 ( = Ento-
physalls deusts Dr. & Daily); Desikachary,
p.131, pl.2Y, fig.l. 1959.

Thallus gelatinous, smorphous, blus-green or
yellowish; cells spherical, or subspherical, 4-6 .m in
diameter, single or in pairs, densely or loosely ngéroéitod
(pl.2, rig.l7, photo, 10).

Anjum 127, June 22, 1978,

Habitat: Aquatic (Karsten, 1907; Iyengar & Desikachary,
1944; Parukutty, 1940; Venkataraman, 1957);
terrestrial.,

Local distributions Rice fleld Methra, District Peshawar.

Soil depth: 3 inch,

Geographical distributions Burope, India, North Anerici,

Pakistan, o

3. Aphanocapss montang Gramer in Wartmann and Béhonk,

Schweiz, Krypto no, 134, 1562. :
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Drouet & Daily, p.45, 1956 ( = Anacystis

montana f. pontanag Dr. & Daily); Desikachary,

p.135, pl.20, rig.8, 1959.

Thallus amorphous, gelatinous, colourless or
yellow-green, blue-green or oclive coloured; cells
spherical, 2,54 um in diameter, light blue~green or
yellowish, single or in pairs, -ucnago h;alino,
dirrluent (pl.2, fig.18).

Anjum 128, June 30, 1978,
Habitats Bpiphytic (Banerji, 1936; Randhawa, 1936);
terrestrial,
Local distributions Rice field Methra, District Peshawar.
Soil depths 5 ineh. '
Geographical distributions Austria, India, North America,
Pakistan, Switzerland,

MER ISMOPEDIA Meyen
N. Syst. & Pflanzen-Physologie, 3:440, 1839; in
wiegmann, Arch. f. Naturgesch., 2:67, 1839,
= Agmenellum Bréb., Mem. Soc, Acad, Scil.,
Art, & Belles, Lettres Falaise, 1839,
Coleny plate like, gquadrangular, becoming
distorted in age; cells ovate or spherical, in division
hemispherical, 4«16 or more, arranged in a homogeneous,
hyaline, mucilage; cells arranged loosely or émntly
in rows both transversely and longitudinall_.fg cell

contents blue-green, rarely olivaceous or roddlsh, rarely
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with pseudovacnoles; individual cell sheath indistinct,
usually confluent with the colonial mucilage; multipli-
cation by the Zivision in two directions perpendicular
to the plane of colony.

Key to the species

l, Cells loosely arranged cecesccscess M. punctata (2)
l, Cells cORMpPACLecossos soive o oo soine 2

2« Cells le3«3 i broadececccescscne l. m (3)
2« Cells 3-6 aam broadecessscccsssee l. m (1)

1. Merismopedia glauca (Ehrenbeg) Naeg., Gatt. einzell,
Algen, 55, pl.1D, fig.l, 1849,
Prescott, p.459, pl,101, figs. 2-4. 195]1;
Tiffany & Britton, p.334, pl.91, fig.1l042, 1952;

- Drouet & Daily, p.86., 1956 ( = Agmenellum

quadruplicatum Breb.); Desikachary, p.l55,
ple29y fig.5. 1959; Huber-Pestalozzi, p.l60,
fig.59. 1962,

Quadrangular colonies of mostly 16-64, rarely
more cells; cells ovate, spherical or hemispherical,
closely arranged, 3=6 um broad, cell contents bright
blue-green to pale blue-green, homogeneous (pl.2, rig.1l9).
Anjum 129, July 7. 1978; Anjum 1294, June 12, 1979,
Habitat: Aguatic (Beck & Zah bruehver, 1897; Turner,

1892; West & West, 1907; Crow, 1923; Banerji,

1936; Ganapathi, 1940; Skuja, 1949; Prescott,

1951; Huber-Pestalozzi, 1962); terrestrial,
Local distributions Rice fleld Methra, District Peshawar.
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Soil depths 1,2 inches.
Geographical distributions Burma, Europe, India, North
America, Pakistan,
2. Merismopedis punctata Meyen. in Wiegmann, Archiv, 2:67.
1839, . : e
Prescott, p.459, p2.102, £ig.10., 1951; Drouet

& Dally, p.86. 1956 ( = Agmenellum guadruplicalbum
Breb.); Desikachary, pel55, ple.23, f£ig.5 & pl.29,
. fig.6. 1959; Huber~Pestalozzi, pl.160, fig.58.
1962,

Rectangular colony of 4-16-.64-128 ovate, or
spherical cells; colonies about 60 um broad; cells loosely
arranged, sometimes in compact groups of 4-8 individuals,
groups widely separated within a broad gelatinous envelope;
cells 2,5=3.5 um bro.ﬁ; cell contents homogeneous, pale
blue-green (pl.2, fig.20).

Anjum 42, July 8, 1977; Anjum 424, Sep. 25, 1977; Anjum 42B,

Sep. 26, 19773 Anjum 42C, Sep. 30, 1977.

Habitats Aguatic (Crow, 1923; Ganapathi, 1940; Rao, C.S.,
1940; Singh, V.P.y 1941; Prescott, 1951; Huber-
Pestalozzi, 1962); terrestrial,

Local distributions Wheat fields, Peshawar,

Scil depths 1,2, 3 and 4 inches, : :

Geographical distributions Burope, India, North m}icu,

Pakistan,

3. Berismopedis tenulssimg Lemm,., Beitr. Kennt. Plankto-
nalg., II, Bot, Centralbl, 76, 154, 1898,
Prescott, p.459y pl.100, £ig.l7. 1951; Drouet
& Daily, p.86. 1956 (= Agmenellum guadruplicakum
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Bréb.); Desikachary, p.l54, ple29, fig.7 & pl.30,
rfigs.8~9, 1959; Huber-Pestalozzi, p.160, fig.57.
1962,

Colonies rectangular, 16-100 celled; cells
closely packed within a wide gelatinous envelope;
individual sheaths sometimes distinet; cells ovate or
spherical, 1,3«2 (=3) um broad; cell contents pale blue-
green or gray=green, homogeneous (pl.2, fig.21, photo 11),
In the present study, however, cells were 2«3 um broad.
Anjum 85, Jans 1s°1978, | e
Habitats Aquatic (Crow, 1923; Skvortzow, 1928; Rao, C.S.,

1940; Prescott, 1951; Huber-Pestalozzi, 1962);
terrestrial,
Local distributions Dry land, Dera Ismail Khan.
Soil depths 6 inch,
Geographical distributions Burope, India, North America,
Pakistan.,

STICHOSIPHON Geitler
Kryptogamenflora, 143411, 1932,

Sporangia when young ellipsoid or pyriform,
attached by means of a mucilaginous foot, sometimes
growing elongate, contents divid@ng transversely to form
a row of endospores; fully grown sporangia elongate,
ceylindricel or clubeshaped with 4-12 or sometimes more
endospores lying in & row, liberated by the gelaillsation
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of the apex of the sporangisl wall, Represented by a
single species in N W.F.P.

l. $tichosiphon sgnsibaricus (Hieron,) Dr. & Daily,
Butler Unlf. Studies, 10:223, 1952, |
Desikachary, p.176, pl.32, figs. 9=13 & pl.33,
rigs. 8-10. 1959. "
= Chamgesiphon gansibaricus Hieron. in Engler,
Pflanzenwelt Oestafr., C:8, 1895,

= Chemaesiphon filamentosa Ghose, Syst. Ecot,
Account of blue=green Algae from Lahore &
8imlay J. Linn, Soc. (Land,) Bot., 46, 337,
pl.31l, rig.l., 1924,

= C. willel Gardner, Myxo. Pusrto Rico, Nem,
N.Y. Bot. Gdn., 73134, pl.7, fig.62. 1927,

= Stichosivhon filamentosus (Ghose) Geitler,

Kryptogamenflora, 412, fig.240, 1932,

8. indicus Rao, C.B. Orth, mut, De Toni, J.

Rao, C.B. A new species of Stichosiphon (8.

indica sp. nov.), Proc, Indian Acad, Sei. B.,

231535, figs. 1-10. 1935.

= 8. indica var. tenuis Gupta, A.B, A contribu-

tion to the algal flora of Khajiar, Chamba
state, Himachal Pradesh, Proec, nat, Acad, 8Seci.,
India, 20(3)3109, rigs. le3, 1950,

Plant microscopic, blue-green, olivaceous,



solitary, erect or curved, at first spherical, later

eylindrical, 3«7 um broad, contents dividing into a

series of spherical, ovoid or eylindriecal onddnpo_:ro-;

endospores generally n_niuoriato so-ol_'.inu multiseriate;

sheath hyaline, thin, somewhat stalked at the base and

attached; content blue-green, olivaceous, or rose coloured,

homogeneous (pl.18, fig.203).

Anjum 191, Jan. 6, 1979.

Habitat: Epiphytic (Ghose, 1931; Randhawa, 1936; Rao,
C.B., 1935, 1936, 1938a,b; Fremy, 1942; Dr. &
Daily, 19563 Gupta, 1956); terrestrial,

Loceal distribution: Sugar~cane field, Mardan,

Soil depths: 2 inech,

Geographical distributiont Burma, Burope, India, North

America, Pakistan, Puerto Rico.

SYNECHOCOCCUS Naeg-
Gatt. einzell, Algen, 56, 1849,

Cells solitary or sometimes 2 to 4; cells
seriately united as a result of cell division in one
plane; free~floating; cell oblong, or elliptical, without
sheath; cells contents pale blue-green or yellow, highly
granular. Single species was cultured from soils of
N, W, F.P,

1. Synechococcus seruginosus Nseg., Gatt. einzell. Algan,
56. 1849, |
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Prescott, ’0467’ p1.102, figs. 6-8, 1951.

Cells solitary or in pairss oblong to eylindric,
2«3 times their diameter in length, poles broadly
roundedy 7=15 pm in diameter, 14«25 nm long (pl.18, frig.
204),
Anjum 190, Jan, 4, 1979. )
Habitats Aquatic (Prescott, 1951); terrestrial,
Local distribution: Sugarecane field, Mardan,
Soil depth: 3 inch.
Geographiesal distribution: North America, Pakistan.

SPIRULINA Turpin
In Dict. Sei. nat. de L’.'r‘nlt’ 50’3@. 1829.

= Arthrospirg Stizenb. Spiruling and Arthrospirs,
Hedwigia, 1332, 1852,

Trichomes cylindrical, without sheath, loosely
and regularly coiled, usually of relatively large diameter
and also large spirals, with comparatively short and fewer
coils; crossewalls distinet or indistinct, sometimes
granular, sometimes scarcely discernible; cells guadrate
or little longer than wide, apices slightly or not
tapering, terminal cell rounded, calyptra absent, The
species with distinct erossewalls were put in Arthrospirs,
while thost with indistinet in spiruling formlye.
Recently experimental studies have shown that this
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distinction is artificial (Buber-Pestalozzi, 1962).

Key to the species
l, Cross=walls distincet.ecccccccccscse 2
l, Cross=walls indistinctececceccccces 3
2. Trichomes 2.5=3 nm thick, reg-.
ularly c0lledeecscssscscessecss Se gomontiana (1)
2., Trichomes 5-6 pm thick, loosely

c01ledessessccssncncssscrnssnes S. massartii (3)
2+ Trichomes 6«8 pm thick, regu-
larly c0lledeecccsenesecesssses Se platensis (5)
3. Distance between spirals 3«5 um.., S. meneghiniana (4)
3. Distance between spirals 17-22 um. S. laxissima (2)

l. Spirulins gomontisns (Setchell) Geitler in Pascher's
Suesswasserflora, 12:344, 1925,
Prescott, p.481, pl.108, frig.21, 1951;
Deslkachary, p.l92. 1959; Huber-Pestalozzi,
Pe224, 1962,
= Arthrospira gomontisna Setchell, Bull,
Torrey bot. Cl., 22:430, 1895,

Trichomes free-swimming, 2.5«3 um broad,
attemuated at the apices, regularly spirally coiled,
spirals 6 um broady 16=18 um distart; cells 4«5 um
longy pale blue-greeny crossewalls distinet, commonly
granulated (pl.2, fig. 23).
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Anjum 176, Decs 8, 1978,

Habitat: Aquatic (Prescott, 1951; Huber-Pestalozzi, 1962);
terrestrial,

Local distributions Dry hill, Abbottabad,

Soil depths 6 inch.

Geographical distribution: lurépo, North America, Pakistan.

2, Spirulins laxissima West, G.S.; J. Linn, Soc, (Leond,)
Bot.s 38, 784 pl.9, rig.6. 1907,
Prescott, p.480, pl.107, £ig.17. 1951;
Desikacharyy p.196, pl.36, rig.5. 1959; Huber=-
Pestalozzi, p.226, rig.l64, 1962,

Trichomes 0,7-0.8 nm broad, blue-green, spirals
very loose, but regular, 4.,5=5.3 um broad; 17«22 mm
distant from each other; end-cells rounded, obtuse;
cross=walls indistinet (pl.18, fig.209).
Anjum 189, Jan. 1, 1979.
Habitats Aquatic (Prescott, 1951); terrestrial,
Local distributions Sugear-cane field, Mardan.
Soil depth: 1 inch.
Geographical distribution: Burope, India, North America,

Pakistan,

3. Spiruling messartii (Kurfr,) Geitler, in Pascher's
Suesswasserflora, 12:346, 1925,

Desikachary, p.l91, pl.35, figs.9,10, 1959,
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= Arthrospirs passartii Kurf, Contribution a
l'etude Flore Algologique du Luxembourg
meridional, II, Ann., biol, lacustre, 73264,
fig.16, 1914,

Trichomes cylindrical, loosely coiled; cells
5«6 nm broad, 24 mm long; spirals 28 mm broad, distance
between spirals 60-90 pm; cell contents greyish blue~-
green; endecell roundedeconical, cross-walls distinet,
not granulated, no gas-vacuoles (pl.2y fig.22).
Anjum 49, Aug. 8, 1977.
Habitats Terrestrial.
Local distributions Dry land, Peshawar.
Soil depth: 2 inch.
Geographical distributicns Burope, Pakistan,

4, Spirulina peneghiniana Zanard ex Gomont, Monogr.
Oscilariees, 250, pl.7, fig.28. 1892.
Desikachary, p.195, pl.36, rig.8. 1959; Huber-
Pestalozzi, p.226, rig.163, 1962,

Trichomes 1.2=1,8 um in diameter, flexible,
irregularly spirally coiled, bright bluo—mo_n, forming
a thick blue~green thallus; spirals 3.2«5 um broad and
3-5 um distant from each other; cross-walls indistinet
(pl,18, rig.210),

Anjum 189, Jan.3, 1979; Anjum 1894, Jan. 6, 1979;



Anjum 189B, Jan, 12, 1979.

Habitats Aquatic (Banerji, 1938); terrestrial,
Local distributions Sugar cane fields, Mardan,
So01l depths 1,2 and 3 inches,

Geographical distribution: EBurope, India, Pakistan,

5. Spirulina platensis (Nordst.)Geitler, in Pascher's
Suesswasserflora, 12:344. 1925,
Desikachbaryy, p.190, pl.35, fig.2. 1959; Huber-
Pestalozzi, p.225, figs.156, 159, 1962,
= Arthrospirs platensis (Nordst.) Gomont,
Monogr. Oscillarices, 247, pl.7, £ig.27.
1892,

Thallus bluew=green; trichomes slightly constri-
cted at the crosse-walls, 6-8 um broad, not attenuated at
the ends or slightly attenuated, regularly spirally
coiled; spirals 26-36 nm broad, distance between spirals
43=57 nm; cells quadrate or shorter than broad, 2-6 um
long, cross-walls distinet, granulated; end-cells broadly
rounded (pl.18, fig.2l1l, photeo, 12).

Anjum 188, Jen,l, 1979; Anjum 188A Jan, 10, 1979.

Habitats Agquatic (Biswas, 1927, 1942; Randhawa, 1936);
terrestrial.

Local distributions Sugar-cane fields, Mardan.

Soil depth: 4,5 inches.
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Geographical distributions Burope, India, Pakistan,
8ri Lanka,

OSCILLATORIA Vaucher
Hist, Conf., 165. 1803,

Trichomes solitary, or forming expanded plant
massy or slimy layers on submerged objects, or on the .
bottom or on dry or moist soilj sheath mostly absent,
rarely a very delicate sheath may present lﬁ hormogones
stage; trichomes straight, twisted and ontaﬁ;loﬂ; loéilo,
showing oscillating or gliding movements, especially
active in the anterior portion of the trichome; trichomes
end distinetly marked, pointed, bent like a sickle, or
coiled in screw-like manner, or may be smoothly rounded
or swollen and capitate; calyptra present or absent; _
cells mostly shorter than wide , but may be quadrate or
longer than broad; with or without constrictions at the
cross-walls; septa granular or not; hormogones formed
by the division of trichome.

Key to the species
l. Trichomes constricted at the
cross=wallS . cisescscccccsccnsncnee 2
l. Trichomes unconstricted at the
Cross=wellSeessvescscscsnccccnoces 7
2. Trichomes distinetly constri-
cted at the cross=wallS.cceeecee 3
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2. Trichomes slightly constricted
at the cross=wallsS.cecccccscsscee 4
3. Trichomes 3 um broadeececscecsccscss 9o Loreani (10)
3e Trichomes 57 jm broad.ecseesececses Qo lacustris (13)
4. Endecell capitates.cssesccccsess Q. amoena (3)
4, End=cell not capitatescescccsces 5
5., Apices attenuatediccccsccccscsssses b

Se ‘pie'. not ‘ttﬁn‘.doooo.-oo...oo 90 m (22)

6. Trichomes 3-5” broadececcssees O. laete~yirens (12)

6, Trichomes 5.5=8 nm broad.csesses Qo cortiana (8)
7. Trichomes 1660 um broadecseesesss Qo princeps (16)
7+ Trichomes NArTOWEri.ccsssssssssscs 8

8., Endecell capitatecscccceccencsces 9

8. Endecell not cepitateccccssccees 13
9, Trichomes not attenuated at the

P LOOB LTI ST JUEL JUL A ATIeee D0 1ntaa (15)
9, Trichomes attenuated at the apices. 10
10, Trichome ends bent inscrew-
1ike MENNETessecssssvssssssesss Qo aplondida (20)

10, Otherwis@scscecssscsovccveeseee 1l
11, Gas-vacuoles abseNt.ccecececeececses Qo anguina (5)
11, Gas=vacuoles preseftecccccscssses 12

12. Trichomes 2.2=5 um broad....... 9. prolifics (17)

12, Trichomes 4<6 nm Droade.eeeeses Q. agardhid (12)

12, Trichomes 6=8 nm broed.ceccesess Qo :nhass;ng (19)
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13. Trichcmes 1=2 nm broafdeccccaces M

13, Trichcmes broader.ceccccccssces 15

1‘. B.ptl amtﬂ..-..-.oo..o. Q. Mm. ‘18)

14, Septa not amhtod.......u 0. m (1)
15, Trichomes 11=20=(22) um

broad ccesccscsscssscscsscsscnsce Qo m (14) _ &

15, Trichomes NarroWescsssssscscsecs 16

16, Septa grmnlgtod..........,.. 17

16, Septa not grm.llt«l.......u 19
17, Two granules at the septa...... Q. amphibia (4)
17. Many gramulesfat the septa...... 18

18, Trichomes 4«6 um broad.....es Q. formosa (11)

18, Trichomes 10-17 nm broad..... Q. gurviceps (9)
19. End-cell acute=conialessesessss Q. animalis (6)
19. End=cell rounded.cccccsssssssee 20

204 Trichome ends bend in a serew-

like BMANNOrecssvrssssssssssese Qo W‘ (23)

204 Trichome ends straight or
8o0iledececssvncrcersnsssnsnse 21
21, Trichomes 2,8«3 xm broad....... Q. articulata (7)
2l. Trichomes 5~ mm broad....s.... O. gubbrevisg (21)

l. Oscillatoria acytissima Kufferath, Contribution a
l'etude Flore algologiques du Luxembourg
meridionale, II, Ann, biol, Laec. 7: fig. 15.
1914,
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Prescott, p.484, pl.109, fig.l. 1951; Desika~

charyy pe237. 1959; Huber=Pestalozzl, p.232.
1962,

Trichomes free-floating or forming gelatinous
and leathly, blueegreen thallus; trichomes at the ends
attenuated and eurvod,vnnconstrictod at the cross-walls,
1.5=2 num in diameter; cells 2«7 um long; end-cell acute-
conical, calyptrate; septa not gramlated (pl.19, rig.216).
Anjum 186, Dec. 31, 1978; Anjum 186A, Jan.4, 1979.
Habitat: Aquatic (Skuja, 1949; Prescott, 1959);

terrestrial,
Local distributions Sugar-cane fields, Mardan,
Soll depths 1 and 2 inches.
Geographical distributions Burma, Burope, North Amerieca,
Pakistan,

2. Ogcillatoria azardhil Gomont, Monogr. Oscillarieces,
205, 1892,

Prescott, p.484, pl,108, rigs.l5, 16, 1951;
Tiffany & Britton, p.346, pl.9%4, fig. 1082,
1952; Desikachary, p.235. 1959; Huber-
Pestalozzl, p.240, £ig.190. 1962,

Trichomes interwoven forming a bundle or a
leathry; blue-green, free-swimming thallus; trichomes
straight or somewhat curved, not constricted at the septa,
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gradually attenuated at the apices; cells 4«6 um broad,

mostly shorter than long, quadrate, 2.5-4 nm long,

granulated at the septa, with gasevacuoles; end cells

convex, scometimes bluntly conical, or more or less

pointed with a convex calyptra, seldom capitate (pl.2,

rig.29).

Anjum 149, Sep. 30, 1978,

Habitats Aquatie (Crow, 1923b; Rao, C.B.y 1936; Ganapathi,
1940b; Biswas, 1942; Singh, V,P,, 1941; Prescott,
1951; Huber-Pestalozzi, 1962); terrestrial (Skuja,
1949),

Local distributions Dry land, Peshawar,.

Soil depth: 3 inch. ;

Geographical distribnﬁiont Burin, Burope, India, North

America, Pakistan, Sri Lanka,

3. Oggilatoria amoens (Kg.) Gomont, Monogr. Oscillarices,
225, P1071 fi‘o %. 1892, §
Prescott, p.484, pl,109, figs.2-4, 1951;

—

Tiffany & Britton, p.344, pl.93, frig.
1073, 1952; Desikachary, p.230, pl.40, fig.l2,
1959.

Thallus more or less blue=green; trichomes
straight, slightly constricted at the cross-walls, ends
gradually attenuated, 2.5-5 um broad, dull blue=green;
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cells nearly as long as broad, 2.7«3 um long, septa

granulated; end cells capitate, broadly conical, with

ecalyptra (pl.19, fig.217).

Anjum 192, Jan, 10, 1979.

Habitats Aquatic (Skuja, 1949; Prescotty 1951); terrest-
rial (Skuja, 1949).

Local distribution: Sugar=cane field, Mardan,

Soil depth: 1 inch. :

Geographical distributions Burma, Burope, North Amerieca,

& Pakistan,

4, Oscillatoria amphibia Ag., Aufzashlung ete.,; Flora,
103632, 1827,
Tilden, p.56, figs. 18 A-E, 1937; Prescott,
P«485, pl,109, rig.6. 1951; Desikachary, p.229,
ple3?7, rig.b. 1959; Huber-Pestalozzi, p.231.
1962,

Thallus deep blue=green; trichomes straight,
not attenuated at the apices, not constricted at the cross-
walls; cells 2«3 (=3.5) nm broad, 2«3 times longer than
broad, 4-8.,5 um long, with two granules at the septa; end
cell not capitate, rounded, calyptra absent; cell contents
pale blue=green (pl.2, fig.34).
Anjum 134, July 18, 1978,
Habitats Aquatic (Martens, 1870; Prain, 1905; Bruhl &
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Biswas, 1922, 1926; Prescott, 1951); terrestrial
(Biswas, 1925; Banerji, 1938).
Local distributions Rice fleld Methra, District Peshawar.
Soil depths 6 inch,. |
Geographical distributions Burma, Europe, India, North
America, Pakistan, | ;

5. Oacillatorias anguina (Bory) Gomont, Monogr. Oscilla -
riees, 214, pl.6, rig.l6, 1892,
Prescott, p.485, pl.108, fig.24. 1951;
Desikachary, p.210, ple.38, rig.ll. 1959; Fritsch,
p.808, rig., 308B, 1959; Huber-Pestalozzi, p.230.
1962,

Trichomes entangled and interwoven forming
dark blue-green mass; trichomes straight, at the ends
spirally coiled and distinctly attenuated, not constricted
at the crossewalls; cells (5)-6<8 nm broad, 1/6-1/3 as
long as broad, l,5=2.5 um long; cross-walls sometimes
granmnlated; end cell cap itate, with slightly thickened
membrane (pl.2, fig.26).

Anjum 70, Oct. 31, 1977.
Habitat: Aquatic (Lemmermann, 1907; Prescott, 1951);
terrestrial (Raoy, C.,B., 1937b, 1938a,b; Rao,

C.8.y 1940). "

Local distributions Dry hill, Kohat.
Soil depths 6 inch.
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Geographical distributiont Europe, India, North America,

Pakistan,

6. Ogolllatoria animalis Ag., Aufzashlung, Flora 103632,
1827, :
Desikachary, p.239, pl.40, fig.4, 1959; Huber=
Pestalozzi, pe.232. 1962,

Thallus dark blusegreen; trichomes straight,
unconstricted at the cross-walls, slightly attenuated and
bent at the ends; cells 3«4 ym broad, mostly shorter,
upto + as long as broad, seldom longer, 1l.5=5 um long,
not gramulated at the septa, blue~green; end cell pointed-
conical or acﬁto, without cal yptra, not eapitate (pl.2,
fig.32).

Anjum 15, Feb, 8, 1977.

Habitat: Aguatic (Ghose, 1927a; Biswas, 1942); epiphytic
(Rao, C.B. 1937); terrestrial (Biswas, 1925;
Raoy C.B.y 1938).,

Loecal distributions Dry land, Peshawar,

So0il depth: 4 inche.

Geographical distribution: Burma, Burope, India, Pakistan,

Sri Lanka,

7« Oscillatorig articulats Gardner, Mem, New York Bot,
Gard., 7534, pl.7, fig.f4, 1927. .
Prescott, P.‘“’ pl.107, fig.22. 1’51; Tiffany
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& Britton, p.347, pl.94, rig.1090. 1952;

Desikachary, p.216. 1959,

= Oscillatoris grunowians var. articulats (Gard.)
Drouet, Brazilian Myxophyceae, I, Amer. J. Bot,
243608, rig.5. 1937.

Trichomes solitary or aggregated, .ltraicht or
coiled, unconstricted at the cross-walls, cross-walls \
conspicuously thickenod, as much as the length of the
cell cavity; trichomes not attenuated at the apices; cells
2.8=3,2 um in diameter, guadrate or 0,3-0,5 nm as long
as broad; end cell rounded, not cap itate, without a
calyptra (pl.l9, rig.218),

Anjum 193, Jan. 10, 1979.

Habitat: Agquatic (Rao, C.B., 1938b); terrestrial,

Loecsal distribution: Sugar-cane field, Mardan,

Soil depths 1 4inch.

Geographical distribution: Europe, India, North & South
America, Pakistan,

8, Oggillatoria gortiana Menegh., ex Gomont, Monogr.
Oscillariees, 231, pl.7, £ig.17. 1892,
Desikachary, pe233, pla38, fig.le. 1959.

Thallus dull blue-green; trichomes straight,
slightly constricted at the erosmlls, 5.5—8,& broad,
gradually tapering towards the apex, bent, not capitate,



blue~green; cells as long as broad or longer or shorter

than broady 5.4=8,2 nm long; at the ends uqko 14 om

long; septa not granulated; end cell obtuse, without

ealyptra (pl.19, fig.219).

Anjum 194, Jan. 11, 1977; Anjum 194A, Jan, 15, 1979.

Habitat: Aquatic (Martens, 1870; Crow, 1923bj !oh-dt.-
1938; Raoy C.S.y 1940); epiphytie (Prain, 1905);
terrestrial,

Loecal distribution: Sugar~cane fields, Mardan,

Soil depths 24, 3 inches,

Geographical distributions Burope, India, Japan, Pakistan,
Sri Lanka,

9 Ogcillatoris gurviceps Ag., ex Gomont, Monogr, Oscilla-
riees, 213, pl.$, rig.l4, 1892,
Prescott, p.487, pl.108, rigs.17,18, 1951;
Tiffany & Britton, p.334, pl.9%4, rig,1081,
1952; Desikacharyy p.209, pl.389, fig.2. 1959.

Trichomes forming an expanded plant mass, light
or dark blue-green; trichomes more or less straight, bent
at the end or spirally coiled, not constricted at the cross-
walls, not or very slightly attenuated at the apices;
cells 10-17 um broady 1/6-1/3 as long as broad, 2=5 mm
longy cross-walls sometimes granulated; end cell flat-

rounded, not capitate, calyptra absent (pl.2, fig.36,
photo, 13).
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Anjum 132, July 13, 1978; Anjum 132A, July 18, 1978,
Habitat: Aquatic (Lemmermann, 1907; Prescott, 1951);
terrestrial,
Local distributions Rice fields Methra, Distriet Peshawar.
S0il depths 1y 2 inches.
Geographical distributions Europe, India, logth America,
Pakistan, Sri Lanka,

10, Oscillatoris foreaul Fremy, Cyanophycees de 1'lnde
Meridionale, Blumea, Suppl. II, Jubilee, Vol.,
Pe23y fige2. 1942,
Destkacharyy, p.219, pl.40, rig.18, 1959.

Trichomes elongate, bent or suberect; apex
gently curved, distinctly constricted at the cross-walls;
cells 3 um broad, + as long as broad, cell contents blue-
gresn, somewhat granular; apex not attenuate; end cell
obtuse~conical, not capitate; calyptra absent (pl.2,
rig.27).

Anjum 97, Feb, B, 1978,

Habitats Agquatie (Pr‘ly. 1942); terrestrial,
Local distributions Dry land, Dera Ismail Khan,
Soil depths 3 inch,

Geographical distribution: India, Pakistan.

11, Oggillatoris formosa Bory, Dict. Class. d'hist. nat.,
123474, 1827; Gomont, Monogr. Oscnh.ﬂ‘u.
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230, pl.7, fig.l6. 1892, >
Prescott, p.487, pl.109, figs.10,11, 1951;
Smith, pe278, rig.161A. 1955; Desikachary
Pe232, pl.40, rig.l5. 1959; Huber-Pestalozzi,
Pe231, 1962,

Thallus blue=green; trichomes atralght and
rather firm, slightly or unconstricted at the cross-walls,
4.6 um broad, bright blue-green, attenuated at gho apices
and bent; cells nearly quadrate, upto 4+ as long as broad,
2.5=5 um long, septa sometimes obtuse, without calyptra,
not capitate (pl,2, rig.31l, photo, 14),

Anjum 60, Oct. 3, 1977.
Habitats Agquatic (Martens, 1870; Sehmidle, 1900; Bruhl
& Biswas, 1922; Biswas, 1926, 1942; Dixit,

1936; Rao, C.B., 1937a; Prescott, 1951; Gupta,

1956); epiphytic (Parukuthy, 1940); terrestrial

(Raoy C.Ba.y 1938a,4d; Raoy C.S., 1939, 1940;

Skuja, 1949).

Local distributions Dry land, Peshawar,

801l depth: 4 inch,

Geographical distributions Burma, Burope, India, North
America, Pakistan,

12. Oscillatoris laete-virens (Crouan) Gomont, Monogr.
0'01111!'1‘.31 226' ’1.7’ fl‘.ll. lm.
m.xk.dlm’ 9.213. 1959.
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Thallus thin, membranous, green; trichomes
yellowish-green, straight, fragile, slightly constricted
at the cross-walls, apices attemmated, undulate or bent,
3=5 um broadj cells nearly as long as broad, 2.5«5 um
long, sometimes granulated at the cross~walls; end cell
not capitate, more or less obtuse or conical, without
calyptra (pl.l9, rig.220).
Anjum 195, Jan. 13, 1979.
Habitats Aguatic (Biswas, 1926); terrestrial (Skuja,
1949),
Local distribution: Sugar-cane field, Mardan,
Soil depths 1 inech,

Geographical distribution: Burma, Burope, India, Pakistan,

13, Oscillatoris lacustris (Klebs.) Geitler, Cyanophyceae,

In. A, Pascher, Die Suesswasserflora Deutsch-

land, Oesterreichs und der Schweiz, Haft, 12:

362. 1925,

Prescott, p.488, pl,109, fig.15, 1951; Huber=-

Pestalozzi, p.234, rig.176, 1962,

s Trichodesmium lacugtre Kleb., Gasvacuolen, ein
Bestandtheit Zellen der Wasserbluethebildende
Phycochromoceen, 80:241«282, pl.4, 1395;

Thallus freo=floating; trichomes straight, in
bundles, distinetly constricted at the crossewalls, not
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tapering towards the apices; cells compressed globose
or barreleshaped, sometimes semiquadrate or little
longer or shorter than broad, 5«7 nm in diameter, 3=7 um
long, contents with many pseudo-vacuoles; end ecell
broadly rounded, not calyptrate (pl.19, fig.221).
Anjum 196, Jan. 16, 1979, :
Habitats Aquatic (Presecott, 1951; Huber=Pestslozzi, 1962),

terrestrial,
Loeal distributions Sugar-cane fieldy Mardan,
S0il depths 2 1ineh.

Geographical distributions: Burope, North America, Pakistan,

14, Oscillatoris limoss Ag. ex Gomont, Monogr. Oscillari-
ees, 210, pl.6, rig.13. 1892,
Tilden, p.67, rig.19A~D, 1937; Prescott, p.489,
pl.109, .£1z.17. 1951; Tiffany & Britton, p.342,
rig.1976, 1952; Desikachary, p.206, 91.42"
fig.ll, 1959; Huber-Pestalozzi, p.233, rfig.l174.
1962,

Thallus dark blue-green to brown; trichomes
rarely solitary or loosely entangled among filsmentous
algae, more or less straight, dull blue-green, brown or
olive-green, not constricted at the cross-walls, 11«20
(=22) pnm, commonly 13=16 um broad; cells 1/3-1/6 as long
as broad, 2=5 pm long, cross-wells frequently granulated;
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end cell flately rounded with slightly thickened membrane
(ple2, rig.30),

Anjum 133, July 17, 1978.

Habitats Aquatic (Martens, 1870, 1871; West, 1902; Prain,
1905; Biswass 1926, 1929, 1942; Rao, C.B., 1938b;
Ganapathi, 1940; Skuja, 1949; Prescott, 1951;
Huber-Pestalozzi 1962); terrestrial, :

Local distributions Rice field Methra, District Peshawar.

Soil depths 5 inch, : |

Geographical distributions Burma, Burope, Inlia,' hi&ya,

North America, Pakistan,
Sri Lanka. '

15. Ogcillatoria lutea Agardh (vide, Baker & Bold, 1970).
Baker & Boldy pe42, figs.95-97. 1970.

Trichomes yellowish-green, curved, in tudo'loa,
unconstricted at the cross-walls; cells 5-7 um in diameter,
l=4 um long; apiceal c_ell rounded or capitate, gas-vacuoles
of sparse occurrance (pl.2, fig.24).

Anjum 46, July 26, 1977.

Habitats Terrestriel (Baker & Bold, 1970).
Local distributions Dry land, Dera Ismail Khan,
Soil dcptt_u 1 inch.

Geographical distributions North America, Pakistan.,

16, Oscillatoria princeps Vaucher, ex Gomont, Monogr.
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Oscillariées, 206, pl.6, fig.9. 1892,
Prescott, p.489, pl.l10, rig.l. 19513 Tiffany
& Britton, p.334, pl.93, £i1g.1080. 1952;
Desikacharyy p.210, pl.37, figs. 1, 10, 1959;
Huber=Pestalozzi, p.234, fig.l75. 1962,

Trichomes solitary, or loosely entangled forming
small floating plant massesj trichomes blue-green, more
or less brownish, violet, reddish or blackegreen in
colour, mostly straight, unconstricted at the cross-walls,
septa not granulated,y very slightly or attenuated at the
aplces and bent; cells 16-60 um broad, commonly 25-60 nm
broesd, 1/11-1/4 as long as broad, 3.5-7 mm long; without
or with slightly thickened membrane; cell contents densely
grenular (pl.2, fig.35, photo,l5).
Anjum 131, July 12, 1978; Anjum 1314, July 13, 1978.
Habitats Cosmopolitan, often forming mats on wet or dry
soils.
Local distributions Rice flelds Methra, Distriet Peshawar.
Soil depths 1, 2 inches.
Geographical distributions World wide,

17. Oscillatoris prolificg (Grev.) Gomont. Monogr.
03{:111"16"’ 2059 p106Q ri‘oso 1892.

Prescott,y p.490, 91.110, rz;-.z.s. 1951;
Desikachary, ’oﬁ% BW‘.tdOSSi, p.z&O,
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fig. 189. 1962, -

= Lyngbya prolifics Grev. (vide, Huber=
Pestalozzi, 1962).

Trichomes straight, or curved, unconstricted
at the septa, gradually attenusted at the ends, 2.2—5 nm
broad, seldom single, -oatly forming purple red, hngular
groups, or bundloa; cells noarly quadrate or long, loldon

shorter than broad, 4-6 nn long, septa often granulated,

gas-vacucles present; end cell capitate, calyptrate

(pl.19, rig.222).

Anjum 198, Jan, 16, 1979; Anjum 1984, Jan. 20, 1979.

Habitats Aquatic (Raoy, C.B.y 1938a; Prescott, 1951j
Huber-Pestalozzi, 1962); terrestrial.

Local distributions Sugarecane fields, Mardan,

Soil depths 1,2 inches.,

Geographical distributions: Burope, India, North America,

Pakistan,

18, Oscillatoris guadripunctulata Bruhl & Biswas, Algae
of Bengal Filter Beds, J. Dept. Sci., Culcutta
Univ.y 435, pl.l,y fig.6. 1922,
Desikacharys p.227, ple.37y fig.5. 1959.

Trichomes curved, or nearly straight, closoly
assoclated into a delicate, pale greenish blue -olbrano.
1-1.5 nm in dizmeter; cells 3,55 ym long, 2-4 tinea as
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long as broad, unconstricted at the cross-walls, contents
minutely granular, transverse walls rather obscure,marked
by a pair of somewhat larger granules on either side
(pl.19, fig.223).

Anjum 197, Jan. 164 1979.

Habitats Aquatic (Bruhl & Biswas, 1922); epiphytic (Rao,
C.B.y 1937b); terrestrial (Raoy C.B., 1938a).

Local distributions Sugar-cane field, Mardan.

Soil depths 3 inch,

Geographical distributions India, Malasia, Pakistan.

19, Ogcillatoria rubesceng DC., Notice Sur la Matiere qui
ecolora en rouge la lac de Morat un printemps
de 1825, Mem. Soc, Phys, Sc. Hist, Nat. Geneve,
3(2)s29. 1825; Gomont, Monogr. Oscillarides,
204, pl.b, figs. 6,7. 1892,

Tilden, p.408, figs.251, l=5, 255, 256. 19:7
Prescott, pl.l07, fig.2l. 1951; Desikacharys,
Pe235y pled42, fig.l2. 1959; Hnbor-PostalOlsi;
Pe238, rig.188, 1962, iz

Trichomes straight, not constricted at the
eross-walls, sometimes forming purple red or vioclet,
free=swimming bundles, at the ends generally attenuated,
cells 6-8 um broad, 1/2«1/3 as long as broad, 2-4 um
long, often gramulated at the septa, with gas-vacuocles
(pl.2, rig.25).
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Anjum, 14, Feb, 2, 1977. _
Habitats Aquatiec (Crow, 1923; Prescott, 1951j Huber-
Pestalozzi, 1962); terrestrial (Raoy C.B.y
1937b, 1938a). ‘
Local distributions Dry land, Peshawar,
S0il depths 1 inch,
Geographical distributions Burope, India, North America,
_ Pakistan, Sri et

20, Ogcillatoria splendida Grev., ex Gomont, Monogr.
Oacilluri‘oa, 224, pl.7y figs. 7,8. 1892,

Prescott, p.491, pl.110, figs.5=7. 1951
Tiffany & Britton, p.346, pl.94, figs. 108%,
1086, 19523 Desikachary, pe234, Ple37, figs.7,
8; pl.38, rig.10 and pl.40, fig.ll, 1959;
Huber-Festalozzi, p«237, fig. 187. 1962,

Thallus brilliant blue-green or olive-green;
trichomes straight or curved, unconstricted at the cross-
walls, gradually attenuated at the ends, 2-~3 um broad;
cells 2-4 times longer tham broad, rarely guadrate,

3«9 um long; septa often granulated; ends more or less
bent, scmetimes screwelike or a sickle; end cells capitate,
rarely rounded, mostly without calyptra (pl.l19, fig.224).
Anjum 199, Jan., 18, 1979.

Habitat: Aquatie (Bruhl & Biswas, 1922; Banerji, 19383

e |
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Biswas, 1942; Skuja, 1949; Prescott, 1951;
Huber-Pestalozzi, 1962); terrestrial,
Local distributions Sugar cane field, Mardan,
So0il depths 4 inech, _
Geographical distributions Burmay Burope, India, North .
America, Pakistan,

21, Oscillatoria gubbrevis Schmidle, Engler's Bot. Jahrb.,
30, 243y pl.4, fig.7. 1901,
Prescotty p.491, pl,107, fig.23s 19513
Desikachary, p«207y ple37, fig.2 & pl.40,
fig.l. 1959; HuberePestalozzi, p.229. 1962,

Trichomes solitary, nearly strught,.not
tapering towards the apices, unconstricted at the cross-
walls; cells 5-6 pm broady le2 pm long; cross-walls not
granulated; end cell rounded, calyptra absent; cell
contents pale grey-green (pl.2, fig.33, photo 16).
Anjum 135, July 20, 19783 Anjum 135A, July 22, 1978;
Anjum 135B, July 30, 1978,

Habitat: Aquatic (Prescott, 1951); terrestrial (Singh,

V.Pey 1941),

Local distributions Dry land, Bannu; Rice fields Methra,
. Distriet Peshawar.
Soil depths 3,5 and 6§ inches.
Geographical distributions Burope, India, North America,
Pakistan,



224 Ogcillatoria tenuis Ag., ex Gomont, Monogr,
Oseillarices, 220, pl.?7, figs.2,3. 1892,
Prescott, p.491, pl.110, figs.8,9,14, 1951;
Tiffany & Britton, p.346, pl.93, fig.l074,
1952; Desikachary, p.222y pl.42, fig.15. 1959;
Huber-Pestalozzi, p.234, fig.180. 1962,

Thallus thin, blue-green, or olivegreen, .
slimy; trichomes straight, fragile, slightly constricted
at the cross-walls,; 4«10 um broad, blue-green, sometimes,
bent at the ends, not attenuated at the apices, not
capitate; end cell more or less hemispherical with
thickened outer membrane;cells upto 1/3 as long as
broady 2.5«5 um long, at the septa mostly gramulated
(pl.l9, fige225).

Anjum 2024 Jan, 21, 1979; Anjum 2024, Jan. 30, 1979.

Habitats Aquatic (Bruhl & Biswas, 1922, 1926; Ghose,
1927e; Banerji, 1938; Rac, C.B.y 1937b, 1938b;
Frémy, 1942; Skuja, 1949; Prescott, 1951; Huber-
Pestalozzi, 1962); terrestrial,

Local distributions Sugar-cane fields,Mardan,

Soil depths 1, 3 inches.

Gefagraphiea.l distributions: Burma, Burope, India, North

America, Pakistan Sri Lanka.

23+ Oggillatoria terebriformis Ag., ex Gomont, Monogr.
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Oscillarides, 234, pl.7y £1g.24. 1892.
Tilden, p.498, figs. 251, 13-15. 1937;
Prescott, p.492, pl.l07, figs.25, 26. 1951;
Desikachary, p.217, pl.38, fig.l6. 1959,

Thallus dull blue; trichomes end bent in a

screw-like manner,slightly attenuated at the ohds, not
consfrictod at the crossewalls; cells 46,5 nm broad,
2+5=6 pm long; end cell rounded, not capitate, calyptra
absent (ple.2y fig.28, photo 17).
Anjum 13, Jan, 25y 19773 Anjum 13A, Feb, 9, 1977; Anjum
13B, March 15, 1977; Anjum 13C, Mareh 19, 1977.
Habitats Aquatic (Ghose, 1919; Biswas, 1934; Rao, C.B.,

1936, 1938b; Raoy C.S. 1940; Prescott, 1951);

terrestrial (Singhs R.Nes Rao, C.8., 1939).
Local distributions Dry lands, Bannu, Peshawar; Maize
fields, Mardan,
Soil depths 1,2,3 and 4 inches.
Geographical distributions Burope, India, North America,
Pakistan.

PHORMIDIUM Kg.
Phyc. gen, 190. 1843.
Thallus consisting of simple, unbranched
filaments forming a gelatinous and leathery stratum,
attached by the lower side, or floating in water with
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torn margins, sheath present, more or less firm, sometimes

agglutinated, sometimes partly diffluent, thin, colourless;

trichomes cylindrical, constricted at the erocs-wlils

in some species, often attenuated at the apices, strai-
ght or bent, but never regularly spirally coiled; cells
shorter than wide, or gquadrate or sometimes longer than

broad; apical cell conieal, blunt-pointed or capitate,
with or without calyptra.

Key to the species
l. Trichomes constricted.cceccscsscse 2
l. Trichomes unconstricteédessccscss 8
2« Trichomes attenuated at the
AP1COS ceseccccsscsccnsssssssns 3
2. Trichomes not attenuated at
the apie®Scccccoscscscncvcesse §
3+ Cells longer than broad.ese..... P. fonue (17)
3¢ Cells nearly quadrat@ecesccccsscs 4
4, Trichomes 1,2-2.3 um broad.... P. fragile (7)
4, Trichomes 4~6 um broadececceese £+ Jadinianum (9)
4, Trichomes 6=8 um broad.......« P. truncicola (18)
Se Cells 4=6 um broadeececssscscssses Eo ambiguug (2)
5¢ Cells NarroWesesssssssccsccesses 6 _ oo
6. Cells twice as long as broad.. BE. -331.915 (11)
6. Cells less long.......f....... 7

7« Cells 1,5 num broad, end cell
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roundedcesesssssssessesesses Lo Loveolarum (6)
7. Cells 2=2,6 um broad, end "
cell rounded-truncated.ssses Eo jenkelianum (10)
8. End cell capitatecescessee 9
8. End cell not capitatecsess 10
9. Trichomes 4=7 um broad,
stralghteesssssesssescesssce -Be autunpale (3)
9. Trichomes 6~9 um broad,
curved Or spireglececssssecses Po uncipatum (19)
10, BEnd cell truncated...ec.es B. retzil (15)
10, End cell rounded.......-.. 11
10, End cell obtuse-conical.. 15
11, Sheath thicK..essssesssssss Eo muacorum (12)
11, Sheath thiN.ccessssnssssese 12
12, Septa granulated.ecceccsss 13
12, Septa not granulated..... 14
13, Trichomes 1l.5«=2.5 x 2=4.5 um
in diameter.sssesssssssceses Bo purpurascens (1a)
13, Trichomes 2=2.5 x 3.3=6.7 am
in diemetereeescscsccsssess Bo yalderianum (20)
14, Trichomes 1.,7-2 um broad. E. bohneri (4)
14, Trichomes 5~6.5 pm broad. P. gubincrustatum (16)
15. Sheath thick, visible...... P. abropems (1)
15. Sheath thin, not very

visiblecsesecscsscssscnnsane 16
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16, Trichomes with calcium
incrustationy; hard....ss.ss+ B« iDcrustatum (8)

16, Otherwis@esssssssssssossses 17 . . : iLLs
17. Cells quadrate or shorter

than broad, 2=4 um lONEesesees P. Rapyraceus (13)
17. Cells gquadrate or longer than

broad, 3¢4=8 um lONgececessses Po cOrium (f)

l. Phormidium abronemg Skuja, Zur Suesswasseralgenflora
Burmas, 50, pl.8, fig.25. 1949, °
Desikachary, p«257. 1959,

Thallus lamellated, coriaceous, olivaceous,
blackishegreen to light blue; trichomes rhx_\:ous, more
or less loosely spirally coilod, unconstricted at the
eross-walls, briefly attenuated at the apices, 4-7 am
broad; sheath moderately thick, hyaline, -uc‘ihginou,
commonly diffluent; cells 3/4-2 times as long as broad,
3=4.5 um long, eylindrical or barral-shapordgrond coil
more or less rounded-conical; septa not granular (pl.3,
rig.42).

Anjum 76, Nov. 18, 1977.

Habitats Terrestrisl (Skuja, 1949).

Local distributions Dry land, Dera Ismail Khan,
So0il depths 6 inch.

Geographical distributions Burma, Pakistan,
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2e Phormpidium ambiguum Gomont, MONOgre. Oscillariees,
178, pl.5, rig.10, 1892,
Prescott, p.493, pl.lll, fig.l. 1951; rifrnny
& Britton, p.350, pl.95, ru.uo&. 1952;
Desikachary, p.266, pl.s4, r1;.16 & p1.4s,
rigs.5-8. 1959.

Thallus more or less expanded, bright blue-
green, dark or yellowish green; filaments flexuous,

variously entangled; trichomes slightly constricted at

the cross-walls, not attenuated at the ends, not
capitate, 4«6 pm broad; sheath thin, firm or diffluent,
sometimes thick and more or less 1;.511.1;«, coloured
violet by chlor-zinc-icdide; cells shorter than broad,
1l.,5-2.7 nm long, rerely granulated at the cross-walls,

sometimes with gasevacucles; end cell rounded, calyptra

absent (pl.3, fig.46, photo 18),

However, in this ccllection, trichomes ﬁrc 4-7 .5 om
in diameter, -
Anjum 84, Dec., 23, 1977.

Habitats Aquatic (Parukutty, 1939; Prescott, 1951);

epiphytic (Ghose, 1927c); terrestrial (Mitra,

1951).
Local distributions Sorghum field, Peshawar,
Soil depths 3 inch,
Geographical distributions Burma, Burope, India,

T
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North America, Pakistan,
Sri Lanka,

3. Phormidium M (Ag.) Gomont, ‘ilonogr. Oscillar-

1ées, 187, pl.5, figs. 23, 24. 1892, _
Prescott, p.493, pl.107, figs.19,20. 195'1;
Tiffany & Britton, p.348, pl.96, £ig.1108,
19%52; Desikachary, p.276, pl.a4,
figs.24,25. 1959.

= Oscillarias antilarjg Mert., in juergens, Alg.
aguat., Dec. 14, n.4, 1822,

Thallus expanded, dark blue-green or brownish-
green, sometimes yellowish or violet; filaments straight,
rerely flexuous, variously entangled; sheath firm,
mucilaginousy distinet or diffluent in an amorphous
mucilaginous matrix, not coloured viclet by chlor-zine=-.
iodide; trichomes blue-green, unconstricted at the cross-
walls, ends mostly briefly attenunated, rarely gradually
attenuated, straight or scarcely curved, prominently
capitate, 4«7 um broadj cells quadrate or 1/2 as long as
broad, 2«5 um long, septa frequently granulated; end cell
with a rounded or truncated conical calyptra (pl.l9,
rfig.226, photo, 19).

Anjum 201y Jan. 204 1979.
Habitats Aquatic (Raocy C.B., 1938b; Prescott, 1951);




heih e KL

N T e TR AL PPy

97
epiphytic (Martens, 1870); terrestrial
(Iitrl. 1951).
Local distributiona Wheat field, Poshawu-.
S0il depths 1 inch, A

Geographical distributiont Bur-a, IurOpo, India, lorth
Anorica, Pakistan,

.

« Phormidium M Sehlidle, Boitr. 2. Algon.tl.
Afrikas, Snglor's Bot, Jahrb,., 3035’9, p]..z,

rfig.ll, 1901, |
Desikachary, p.261, 1959.

Thallus membranous, thin, mucilaginous, green;
trichomes straight, more or less parallel, unconstricted
at the cross=walls, not attenuated at the endsj sheath
hyaline, diffluenty, not coloured violet by chlor-zinc=
iodide; cells contents blue-greenj cells 1,7-2 um broad,
mostly shorte¥ than broad, 1,5 mm long, seldom quadrate
or somewhat longer than broad; end cell rounded, not
capitate (pl.3, rig.39).

In this collection, cells were 2«3 aum broad.
Anjum 245, March 15, 1979.
Habitat: Bpiphytic (Rao, C.B., 1938a); terrestrial (Ghose,

1927).

Local distribution: Dry land, Puhanr.
So1l depth: 2 inch.

«®
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Geographical distributions Africa, India, Pakistan,

o Phormidium corium (Ag.) Go-ont, lonogr. Oscillarices,
172, pl.’; figs. 1,2. 1892,
Prescott, p.496, 19513 Desikachary, p.269; pl.
44, £1g510, 11, 1959,

Filaments toriing an expanded, -nlhranons;
leathery plant mass, long, more or less rloxuonsg‘
densely entangled; trichomes blue-green, unconstfiétcd
at the cross-walls, ends straight, slightly attenuated,
not capitate; sheath diffluent, gelatinizing, coloured
vioclet by chlor-zinc-iodide; cells 3-4.,5 um broad, nearly
quadrate or longer, 3.4-8 um long, not granulated at the
septa; end cell obtuse-~conical, without cllyptra‘(pl.B,
fig.43, photo 20),

Anjum 68, Oct. 20, 1977.

Habitats Aquatic (Prescott, 1951); terrestrial (Biswas,
1924; Raoy C.B.y 1938a,b; Banerji, 1935;
Parukutty, 1939, 1940),

Local distribution: Dry land, Dera Ismail Khan,

Soil depths 1 inch,

Geographical distributions Burope, Indiay, Narth America,

Pakistan,

6. Phormidium foveclarum (Mont,) Gomont, Monogr. Oscilla-
rices, 164, pl.4, £ig.16, 1892,

i
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Tiffany & Britton, 90348’ pl.95, £ig.1095.
1952; Desikachary, pe254. 1959.

Thallus da}k green, thinj trichoul'rhxu'ou,

not attenuated at the ends, constricted at the drou-ialls,

1.5 am in dimt'er-; sheath oolourlu.s, diffluent in
amorphous gelatinous mucilage, not coloured violet by
ehlor-zinc~iodide; cells nearly quadrate or somewhat
shorter than broady 0,8«1.8 um long, septa not granula-
ted, contents paio blue=green; end cells rounded,
calyptra absent (pl.3, fig.4l). '
Anjum 16, Feb.l6, 1977; Anjum 164, April 13, 1977.
Habitats Terrestrial (Banerji, 1938; De, P.K., 1939;
Parukutty, 1940; Rao, C.S.y 1940; Gonzalves
& Gangla, 1949; Mitra, 1951).
Local distributions Dry land, Peshawar; Wheat field
Peshawar.
Soil depth: 142 inches.
Geographical distribution: Burcpe, India, North America,
Pakistan,

7. Pnormidium fragile (Menegh.) Gomont, Monogre. Oscilla-
riees, 163, pl.4, figs. 13-15, 1892,
Dosillchu?, 90253’ pl.44, fl‘.olﬂl3. 1959,

Thallus mucilaginous, lamellated, yellowish

or brown blue-green; trichomes more or less fimm.

;
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entangled or nearly parallel, distinctly constricted at

the cross-walls, attenuated at the ends, 1l.2-2.2 nm

broad; cells nearly quadrate, 1.2-3 um long; end cell

acute~conical, calyptra absent; cell contents blue-green

to pale blue-green; cross-walls not granulated (pl.3,

fig.37, photo 21).

Anjum 31, May 16, 1977; Anjum 31A, Sep. 8, 1977; Anjum

31B, Sepe 9y 1977; Anjum 31C, Cet. 12, 1977; Anjum 31D,

Oct. 14, 1977; Anjum 31E, Oct, 15, 1977.

Habitats: Aquatic (Banerji, 1938; Rao, C.S.y 1940);

terrestrial (Biswas, 1924; Mitra, 1951).

Loeal distributions Wheat field, Peshawar; Dry lands,
Dera Ismail Khan, Bannu and Kohatj
Rice field Methra,District Peshawar;
Pine forest, Parachinar.

Soil depths 1,2,3,4,5 and 6 inches.

Geographical distributions Burope, India, Pskistan.

8. Pnormidium incrustatum (Naeg.) Gomont, in Bornet and
Flahault, Sur quelques plantes vivant dans

le test calcaire des Mollusques, Bull, Soc.
bot. Fr., 36:154. 1889,

Prescott, p.494. 1951; Desikachary, p.269,
pl.aa, rig.l2. 1959. 5

Thallus brownish-red or violet, with calcium
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incrustation, very hard; trichomes entangled or erect
and parallel, unconstricted at the cross-walls, 4-5 am
broady ends briefly attenuated, erect, not capitate;
sheath thin mucilaginous, not coloured violet by chlor-
zine-iodide; cells nearly quadrate, 3,5-5.,2 mm long,
cross~walls generally invisible sometimes granulated;
end cell obtuse-conical, calyptra absent (pl.19, rig.227).
Anjum 203, Jan, 23, 1979. : ,
Habitats Aquatic (Prescott, 1951); epiphytic (Rao, C.S.y

1939); terrestrial,
Local distributions Sugarecane field, Mardan,
Soil depths 1 inech,
Geographical distributions Europey India, North America,
Pakistan,

9« Fhormidiuvm Jadinianpw Gomont, Bull, Soc. Bot, Fr.,
40, 151, 1893,

Desikachary, p.256, pl.55, fig.9. 1959.

Thallus amorphous, thin, dark-green to olive-
green; filaments more or less parallel; trichomes olive-
greeny, distinctly constricted at the cross-walls, ends
straight, long, acuminate, 4«6 um broad; sheath thin,
diffluent, agglutinated, not coloured violet by chlor-
zinc~iodide; cells shorter than broad to nesarly guadrate,
2«3.5 mm long, contents granulated with a hyaline central
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area, septa not granulated; end cell acute~conical,
calyptra absent (pl.3, fig.45).

Anjum 86, Jan. 6, 1978,

Habitat: Epiphytic (Ghose, 1919); terrestrial,
Local distributions Dry land, Dera Ismail Khln.‘
So0il depths 6 inch. |
Geographical distribution: Burope, Pakistan,

10, Phormidium jenkelisnup Schmidle, Ber, dtsch, bot.
GO'-’ 3281269 f1¢.2. 191‘.
Desikachary, p.255’ P1.54, fic.7. 19590

Thallus slimy, brownishe=blackj; trichomes
flexuous, not attenuated at the ends, distinctly constri-
cted at the cross-walls, 2-2.6 pm broad; sheath delicate,
not coloured violet by chlor-zinc-iodide; cells 1/3-1/2
as long as broad, 0.,6~1,3 um long, contents brownish
blue-green; end cell rounded, truncated, calyptra absent
(plely fige.48),

However, in the present study the trichomes
were 3 ;am broad, l.5 am long. It appears that its foras

are more robust,
Anjum 79, Nov. 24, 1977; Anjum 79A, Nov., 26, 1977.
Habitat: Aquatic (Parukutty, 1940); terrestrial (Gonzalves

& Gangla, 1949).

Loeal distributions Dry lands, Bannu and Dera Ismail Khan,
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So1il depth: 1,2 inches.
Geographical d4stribution: Burope, India, Pakistan, -

11, Phormidium mucicola Hub.~Pestalozzl et Haumann Ber,
dtséh. bot. Ges., 47386, figs. l=6, 1929,
Prescott, p.495, pl.lll, figs.4,5. 1951;
Desikachary, p.254, pl.l5, fig.l3. 1959.

Filaments short, straightj trichomes not
attenuated at the ends, more or less distinctly constri-
cted at the cross-walls, 1.3-2 num broad; sheath very
thin, not coloured blue by ohlor;-:inc-iodido; cells more
or less twice as long as broad, 2,54 am long,cnd cell
rounded, seldom slightly conical, without calyptra;
contents granulated, pale bluish (pl.l19, fig.229).
Anjum 204, Jan. 25, 1979.

Habitats Aguatic (Rao, C.B., 1938; Skuja, 1949;

Prescott, 1951); terrestrial.

Local distributions Sugarecane fileld, Mardan,
Soil depths: 1 inch, .
Geographical distribution: Burma, Burope, India, Pakistan,

12, Phormidium muscorum Gardner, New Myxophyceae frOl
Porto Ricoy, Mem, N,Y, bot, Gdu, 7:43, pl.9,
rig.Ba, 1927, e
Desikachary, p«265, pl.43, figs. 6,7. 1959.

Filaments 7.2-7.8 um broad, long, straight, or
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curved; trichomes 2.5«3.4 um broad, unconstricted at the
cross-walls; sheath apparantly thick, more or less gela-
tinous, colourless, unlamellated; cells 2-2} times as
long as broad, pale blue-green; end cell rounded (pl,l9,
rig. 228). %

Anjum 205, Jan. 23, 1979,

Habitats Terrestrial,

Local distribution: Sugar-cane field, Mardan,

So0il depths: 2 inech,

Geographical distribution: North America, Pakistan,

Porto Rico.

13. Phormidium papyraceum (Ag.) Gomont, Monogr. Oscilla-
rides, p.173, pl.5, figs.3,4. 1892,
Dosikachary, P«271, 1959.

Thallus dark green, expanded, thin, leathery,
fragile on drying; trichomes elongate, very flexuous,
densely entangled, unconstricted at the crosse-walls,
blue-green, 3=5 um in diameter; sheath thin, papery,

persistent, sometimes diffluent, coloured violet by chlor-

zinc-iodide; cells mostly subguadrate or shorter than

broad, 2=-4 um long; end cell obtuse~conical, not capitate,

without calyptra (pl.3s fig.40).

Anjum 112, april 13, 1978; Anjum 112i, April 24, 1978,

Habitat: Aquatic (Biswas, 1942); epiphytic (Raoy C.B.y
1938b); terrestrial, :
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Local distribution: Dry lands, Peshawar.
Soil depth: 2,2 inches.
Geographical distribution: EBurope, India, Pakistan.

14, Phormidium purpurascens (Kg.) Gomont, ‘lonogl;. Oscil-
ariées, 166, pl.4, fig.19. 1892.“ jownsd
Desikachary, p.262, pl.44, fig.4 & pl.as5,
figs. l-4, 1959, }

Thallus purple to brownish vioi:t, 'cfm'pact,
leathery; trichomes strongly bent, ontgnglod, nhcon;tri-
cted at the cross-walls, not attenuated at the ends,
1,5=2.5 um broad; sheath more or less diffluent, not
coloured violet by chlor=zinc-iodide; coila mariy
quadrate or uqto nearly two times longer than broad,
2-4,5 nm long, cross-wallgmarked by two gramules on
either side; end cell rounded, calyptra absent (pl.3,
rfig.49, photo 22).

Anjum 56, Sep. 16, 1977; Anjum 56A, Sep. 30, 1977.
Habitat: Epiphytic (Rao, C.B., 1938b; Gupta, 1956);
terrestrial,
Local distributions Dry land, Dera Ismail Khan; Wheat field,
Peshawar,
Soil depth: 1, 2 inches.
Geographical distribution: Burope, Iﬂlia,f Pakistan,

15. Phormidium retzii (lg.) Gomont, lonoér. 0.0111&1‘0-.
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175, Pl.5, figs.6-9. 1892. |
Prescott, p.495, pl.lll, fig.6. 1951; Tiffany
& Britton, p.352, pl.95, figs.1l105=1107. 1952;
Desikachary, p.268, pl.44, rigq.13,15. 1959-
= Phormidium papyrinum Kg., Phyc. germ., 195,
1843,

Thallus thick, compact, penicillate or branched
tufts, bright blue-green to dark in colour, attached at
the base, upper portions floating; trichomes straight,
parallel, unconstricted at the cross-walls, not attenuated
at the ends, not capitate, 4.,5-12 um dbroad; sheath thin,
firm, or mostly diffluent, not coloured vioclet by chlor=-
zinc-iodide; cells shorter or longer than broad, 4-9 um
long, cross-walls not granulated, contents dull blue
green; end cell truncated, with a thickened outer membrane,
calyptra absent (pl.3, fig. 47).

Anjum 62, Oct, 8, 1977.
Habitat: Aquatic (Crow, 1923b; Rao, C.B., 1937b; Prescott,
1951); terrestrial,
Local distributions Maize field, Mardan,
Soil depths 4 inch,
Geographical distribution: Burma, Burope, India, North
America, Pakistan,Sri Lanka.

16. Phormidium gubincrustatum Fritsch et Rich., Trans.
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BG’. “O. ". “r., 18'82’ fil'.ﬂ J-L. 1,29.
Desikachary, p.267. 1959.

Thallus calecified; filaments straight, more
or less parallel, not erect; trichomes '5-6.5). broad,
unconstricted at the crosse-walls, not attenuated towards
apices; sheath thin slimy, nnlmllatod,vorton not diff-
luent; cells shorter than broﬁ, 2.5 am long; end cell
rounded or slightly coniecal, nbt capitate, without
calyptra (pl.3, fig.44),
Anjum 173, Dec. 5, 1978, B
Habitats Terrestrial (Raoy, C,.B., 1937b).
Local distribution: Pine forest, Parachinar,

Soil depths 2 inch,
Geographical distributions Africa, India, Pakistan,

17. Phorgpidium tenue (Menegh.) Gomont, Monogr, Oscilla-
rides, 169, pl.4, figs.23-25. 1892,
Prescott, p.496, pl.111l, rig.7. 19513 Tiffany
& Britton, p.347, pl.95, ri1g.1098, 19523

Desikachary, p.259, pl.43, figs, 13-15 & pl.44,

figs. 7-9. 1959.
= Leptothrix subtilissima Kg., Tab, Phye. 1:
pl.5S. 1845,

= Hyphgeothrix subtilissims Rabenh., Fl. Bur.
Alg., 2377. 1865,
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Thallus membranous, expanded, pale blue-green
to blue-green; trichomes straight, or slightly bent,
attonuatod?%ho apices, densely entangled, econstricted at
the cross-walls, l-2 nm broadj sheath thin, diffluent,
coloured violet by chlor-zinc-iodide; cells upto 3 times
longer than broad, 2.5-5 nm long, croasewalls commonly
visible, not granulatef end cell acute-conical, calyptra
absent; cell contents pale blue-green (pl,3, fig.38,
photo 23),
Anjum 30, May 9, 1977; Anjum 30A, Feb, 11, 1979,
Habitat: Aquatic (Prain, 1905; Wille, 1915; Ghose, 1919;
Bruhl & Biswas, 1922; Biswas, 1925, 1926, 1929,
1942; Raoy C.S5.y 1940; Skuja, 1949; Prescott,
1951); terrestrial,
Local distribution: Dry land, Dera Ismail Khan; Sugar=-
cane fileld, Mardan,
Soil depths 1y 2 inches.
Geographical distributions Burma, Burope, India, Malasia,
North America, Pakistan,.
Sri lanka.
18, Phormidium truncicola Ghose, A systematic and
ecological account of a colleetion of blue=-
green algae from Lahore andSimla, J. Linn, Soc.,

Bot, Lond.y 563338, pliy rig.9. 1924,
Desikachary, p«258, pl.59, £ig.9. 1959.
Thallus expanded, membranous, yellow-green or
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blue=green; trichomes 6«8 nm broad, nearly parallel,
distinctly constricted at the cross-walls, attenuated

at the apices; sheath diffluent, fibrousj; ecells nearly
as long as broad, without calyptra (pl.l9, rig.230).
Anjum 206, Jan. 23, 1979; Anjum 206A, Jan. 25, 1979.
Habitats Terrestrial,

b ULk g A 4 4

Local distribution: Sugar-cane fields, Mardan,
Soil depth: 1, 2 inches.

ilidamd L) i bl L e e

Geographical distribution: India, Pakistan.

19, Phormidium uncinatum (Ag.) Gomont, lono;f. Oicilla-

riéos, 184, pl.5, figs.2k,22. 1892,

Prescott, p.496, pl.107, rfig.l8, 1951; Tiffany

& Britton, p.348, pl.94, rig.1091, 1092, 1952;

Desikachary, p.276, pl.43, figs.l,2 & pl.45,

£igs.9,10, 1959,

= Oscillarie antliars d. physiodes Raben., F.
Eur, Alg., 2:101. 1865,

= Lyngbya rupestris Ag. in Turner, The fresh
water Algae of East India, K, Sv, Vet, Akad,
Handl,, 25:13, 1892,

Thallus broadly expanded, dark green to brow-
nish black, adherent, thin, firm, or floating, attached

at the base, thick, torn; filaments straight or slightly
bent; trichomes blue-green, unconstricted at the eross-



it g L |

o TPty SRRy (ps T TS

AT PR S Y P R M

A el Lo g L

110

walls, 6~5 um broad, ends slightly attenuated, capitate,
curved or shortly spirally coiled; sheath mucilaginous,
distinet or diffluent in amorphous mucilage, not coloured
violet by chlorezinc-iodide; cells $-1/3 as long as
broad, rarely subgquadrate, 2-6 um long, c ross-walls

frequently granulated; end cell with a round or depressed
conical calyptra (pl.l9, fig.231).
Anjum 208, Jan.%27, 1979; Anjum 208A, Jan. 29, 1979.

Habitat: Aquatic (Zeller, 1873; Turmer, 1892); terresttial

(Frémy, 1942; Mitra, 1951; Prescott, 1951).
Local distribution: Sugar-cane flelds, Mardan,
Soil depths 4, 5 inches,
Geographical distribution: EBurope, India, North America,
Pakistan,

20, Phormidium yalderianum (Delp.) Gomont, Monogr.
Oscillariées, 167, pl.4, £ig.20, 1892,
Desikacharyy pe«263, ple.44, fig.5. 1959.

Thallus lubricous, expanded, lamellated, outer
surface dull green, inner surface colourless; trichomes
flexuous, densely entangled, unconstricted at the cross-
walls, ends not attenuated, not curved, 2=2.5 mm broad,
blue-green; sheath thin, firm, finally becoming more or
less diffluent, coloured violet by chlor-zinc-iodide;
cells longer than broad, 3.3-6.7 um long, cross-walls with
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1 or 2 granules on either side; end cell rounded,
calyptra absent (pl,19, fig.232).
Anjum 207, Jan, 264 1979,
Habitats Terrestrial (Banerji, 1935, 1938; Rao, C.B.,
1938a).
Local distribution: Sugarecane field, Mardan,
Soil depth: 5 inech,
Geographical distribution: EBurope, India, Pakistan,
Sri Lanka,

LYNGBYA Ag. ex Gomont
Monogr. Oscillariéos, 118, 1892,

Trichomes single or free in a thin or very
massive thick, firm sheath; sheath mostly colourless,
seldom coloured yellow to brown or red, blue to purple
red; filaments sometimes spirally coiled or attached at

the base or in the middle or the entire filament attached,

mostly without such attachment, or free~floating or
forming free thallus.

Key to the species
l, Filaments spirally colledecccces 2

le Otherwigesscsvestosssscssstsscccce 4

2. Cells 14-16 um in diameter.... L. gpirulinoides (11)

2¢ CollS NArrow secsessscsssccssse 3

3+ Filaments irregularly spirally
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coiled, coils nearly straight.. L. lagerheimii (6)
3. Filaments regularly spirally
coiled, coils nearly eircular.. L. gontorta (3)
4, Trichomes constrictede.cececes 5
4, Trichomes unconstricted.eees. 8
5« Filaments attached by a basal
0el) cecevesibtbyiiGasoss senbsie he SNELIRNET
Se Filaments freGccececcecccccccce & |
6., Trichomes attenuated at
the apiceScessssecssssccsssse Lo DOpdgaardii (8)
6. Trichomes not attenuated at
the apicPSccscscssvscssesenne 7
7« Cells 2 um broadeescessssssssses Lo polysivhonae (9)
7« Colls 7.5«13 mm broad.sessesess Le Dutealis (10)
8. Cells 1214 um broadeseesssss Lo truncicels (13)
8¢ Cells smaller.ccccccsssensese 9
9. Septa granulatedecessssscescnes 10
9. Septe not gramulated.cecccccces 11
10 Cells 46 um broad, end ecell
with a slightly thickened
MeBbraN@ssesccscsascassnenas Lo :g;%giiigil)
10, Cells 6-10C um broad, end
cell without thickened

BERDrane scccecssscsscscssscnes L. martensisns (7)
11, Filaments attached by basal

celloooo.oo-ooo-ooooo.cooo.oo. L.w (5)
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1ll. Filaments free~floating..sceeees 12
12, Cells 4«7 nm broad..ececeecssesss L. favliorii (12)
12, Cells 3.5=4 um broadeceeccscees Lo allorgegl (2)

1. Lyngbya aserugineowcderulea (Kg.) Gomont, Monogr.
Oscillarices, 146, pl.4, figs.l-3. 1892,
Prescott, p.498, pl.l11l, figs.10,11, 1951;
Tiffany & Britton, p.339y pl.92y figs.1l059,
1060, 19523 Desikachary, p.315, pl.48, fig.9.
1959.

Filaments solitary or aggregated, forming a dull
bluo-gréen expanded, flexuous, fragile thallus; trichomes
unconstricted at the cross-walls, apex occasionally
capitate, cross-walls scmetimes granulated; sheath
diffluent; cells 4«6 um broad, l-=l} as long as broad,
2.2=3 um long; cell contents pale blue~green; end cell
flattened, conical or rounded, with a slightly thickened
membrane (pl.2, fig.52).

Anjum 152, Oct, 18, 1978; Anjum 1524, Qet. 21, 1978,

Habitat: Cosmopolitin,

Local distribution: Sugar-cane field, Mardan; Wheat fleld,
Peshawar,

Soil depth: 1,.3 inches.

Geographical distribution: World wide,

2. Lyngbys sllorgei Frémy, Myxoc. d'Afr, eguat. franc.,
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189, rig. 156, 1929,

Desikachary, p.313, pl.54, rig.f6. 1959,

Filaments solitary or united and caespitose,
fasciculate; trichomes pale viclet, unconstricted at the
eross-walls, 3.,5-4 um broad; sheath very thin, papyraceous,
colourless, not coloured violet by ehlor-:ine-iodido;
cells nearly quadrate or up to 14 times as long as broid,
eross-walls not granulated; end cell rounded, cal yptra
absent (pl.19, fig.233).

Anjum 209, Jan, 29, 1979.

Habitats Aguatic, epiphytic, terrestrial (Dixit, 1936).
Local distributions Sugerecane field, Mardan,

Soil depths: 5 ineh,

Geographical distributions Africa, Burope, India, Pakistan,

3« Lyngbys gontorta Lemm. Phytoplanet. Sachs Teiche in
Ploener Forschber., 6:202, pl.5, figs.l0=13,
1898,
Prescott, p.500, pl.112, fig.l. 1951;
Desikachary, p.290, pl.48, fig.5 & pl50, figs.5,
9. 1959. Huber~Festalozzi, p.247, fig.202. 1962,

Filements single, free~floating, regularly
spirally coiled, nearly c:lrcul-r.co:lh,- lel,5 num broad;
sheath narrow, colourless; cells 1-2 um broad, 3=5 um
longy unconstricted at the cross-walls, granulsted with
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a single granule or without them (pl.19, fig.234).
Anjum 148, Sep. 26, 1978, .
Habitats Aquatic (Raoy C.B., 1940; Prescott, 1951;

Huber-Pestalozzi, 1962),
Local distribution: Suger-cane field, Mardan,
So0il depths 1 inch, |
Geographical distributions Burope, India, North America,
Pakistan,

4, Lyngbva gardner] (Setchell & Gardner) Geitler,
Kryptogamenflora, 1037. 1932, |
Desikachary, p.284, pl.4a9, fig.4. 1959,
= Lyngbya erecta Setchell and Gardner, Proc.

Calif, Acad, Sci., 4th Ser., 122, 1930 now
L. grecta Setchell and Gardner. 1927.

Filaments attached by a basal cell, forming
thick or dense, straight or slightly bent masses, 2.6«3 um
broad; trichomes l.3=1.,6 nm broad, slightly constricted
at the cross-walls; sheath indistinct, colourless, smooth;
cells quadrate or somewhat longer or shorter than broadj;
end cell rounded (pl.19; fig.236).

Anjum 212, Feb, 24 1979; Anjum 212A, Feb. 6, 1979.

Habitats Bpiphytic (Iyengar & Desikachary, 1944);
terrestrial,

Local distributions Sugar-cane field, Mardan; Rice field

Methra, District Peshawar.

e |
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S0il depths 2, = inches.
Geographical distribution: Burcpe, India, North America,
Pakistan,

5 Lyngbya kuptzingii Schmidle, Algol. Fotiz, IV, Allg,
z.it.ﬁh.roy 58. 18%0

Desikachary, p.282, pl.48, fig.2. 1959,

Filaments straight or slightly curved or bent,
rigidy single or many and gregarious, l=3,5 um broid, '
often short, with ore end fixed or attached; sheath thin,
colourless, coloured violet by chlor-zinc-iodide; cells
1.5-2 mm broad, #~1/3 as long as broad, unconstricted
at the cross-walls, septa not granulated; cell contents
pale blue-green (pl,19, R2ig.237). 7
Anjum 210y Jen. 31, 1979; Anjum 210Ay Jan., 2, 1980;
Anjum 210B, Jan, 44 19p0.

Habitats: Aquatic (Banerji, 1938; Pro’ny, 1942)3; epiphytic

(Crowy 1923b); terrestrial,

Locel distribution: Sugar-cane fields Mardan, and
Sorghum field, Peshawar,
Soil depths 4,5 and 6 inches.
Geographical distributions EBurocpe, India, Pakistan,
Sri Lanka.

6« Lyngbya lagerheimii ( Moedb.) Gomont, Monogr.
Oscillariees, 147, pl.4, figs.6,7+ 1892,




117
Desikachary, p.290, pl.a8, rig.6 & pl.53,
tig.z. 19”-

Fths single or entangled with one another,
irregularly spirally éoilod or occasionally straight;
sheath thin, colourless; trichomes about 2 um broad;
cells 1,2«3 um long, unconstricted at the cross-walls,
with or without a single granule on either side, ‘Pll.
blue-green; end cell rounded, not attenuated (91.3, rig.51).
Anjum 172, Dec. 4, 1978; Anjum 1724, Dec. 18, 1978.
Habitats Aquatic (Rao, C.S, 1940); terrestrial,

Local distributions Maize fields, Mardan,
Soil depths 24 3 inches.
Geographical distributions Burope, India, Pakistan,

7« Lyngbys martepnsians Menegh. ex Gomont, Monogr.
Oscillariées, 145, pl.3, fig.17. 1892.
Tilden, p.65, fig.l7F. 1937; Prescott, p.502,
pl.112, fig.ll, 1951; Desikachary, p.318,
pl.52, fig.6. 1959.

Thallus expanded, entangled, dark bluee-green;
trichomes straight, unconstricted at the crosse-walls,
apices not attenuated, 6-10 um broad, rarely up to 13 um
broad; sheath thick, colourless, not ‘eolourod violct by
chlor-zinc=iodide; cells #-{ as long as broad, 71-75-3-3 an
long; end cell rounded, without calyptra; cross-walls
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sometimes granulated; cell contents pale blue-green (pl,
1f1g.50, photo 24, 25),

Anjum 100, Feb, 15, 1978.
Habitat: Aquatic (Biswas, 1930; Parukutty, 1940; Skuja,
1949); terrestrial,
Local distributions Sorghum field, Peshawar,
Soil depths 2 inch.
Geographical distribution: Burma, Europe, India, North
America, Pakistan, .

8+ Lyngbya pordgaardii Wille, Algol, Notizen, XXVIII,

Nyt. Mag. Natur, 56332, 1917,

Prescott, p.503, pl.113, figs.l,2. 1951;

Desikachary p.287, pl.54, figs. l-3, 1959,

= Lyngbya epiphytica Wille, Nyt. Mag. Natur,,
51525, pl.l, figs. 14-17, 1913,

= L. xille]l Setchell & Gardner, in Gardner
New Pacific Coast Alg., 3, Univ. Calif,
Publ, Bot,., 35:68, 1915,

Thallus small, eaespitose, grey violet or grey

brown, filaments very long, straight, or more or less bent

or curved; trichomes constricted at the cross-walls,
attenuated, grey violet, 1l.5-2 um broad; sheath thin,

delicate, smooth, not coloured violet by chlor-zinc-iodide;

cells 1-4 as long as broad,‘4'nn long; end cell rounded,
without a thickened outer membreane (pl.19, fig.238).
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Anjum 211, Jen. 31, 1979,
Habitats Epiphytic (Raoy C.B., 1938a; Iyengar &

Desikachary, 1944; Prescott, 1951); terrestrial,
Local distributions Sugar-cane field, Mardan,
Scil depth: 1 inech,
Geographical distribution: Burope, India, North America,

Pakistan.

9. Lyngbys polysiphonse Fremy, Myxo. d*Afr. equst, france.,

194, rig. 161, 1929,
DOS“‘Chm’ P0287| P1053' fix.o 4'50 19590

Filaments solitary or aggregated, straight or
curved; trichomes pale blue-green or violet, constricted
at the cross-walls, apices not attemuated, 2 um broad;
sheath very delicate, papyraceous, hyaline, not coloured

viclet by chlor-zinc~iodide; cells #-1/3 as long as broad,

1-1.,5 nm long, cross=-walls visible, not granulated; end
cell convex, not capitate (pl.3, rfig.55).

Anjum 23, Mareh 30, 1977.

Habitats Aquatic (Parukutty, 1940); terrestrial,

Local distributions Dry land, Dera Ismail Khan,

Soil depth: 1 inch.

Geographical distribution: Africa, India, Pakistan.

10, Lyngbys putealis Mont, ex Gomont, Monogr. Oscillari-
ees, 143, pl.3, fig.lsa, 1892,
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Tiffany & Britton, p.338. pl.92, rig.l063,
19523 Desikachary, p.317, pl.52, fig.l2, 1959,

ThallnsAcaospltono, expanded, up to i cm
long, penicilliate, dull blu.-gr‘on, on drying becoming
vioclet; filaments curved or no'u-ly straight, at the base
intricate, above more or less parallel; trichomes ;
7e5=13 nm broad, distinctly constricted at the cross;
walls, septa sometimes granulated, not attennatid. not

capitate, blue-green; sheath thin, papyraceous, colourless,

coloured violet by chlor=zinc=iodide; cells quadrate,

up to 1/3 as long as broad, 3«10 um long; end cell

rounded (pl.19, fig.239),

Anjum 213, Feb, 3, 1979.

Habitat: Aquatic (Gomont, 1892;"ost & West, 1907; Rao,
CeBey 1937b, 1938b); in river (Crow, 1923b);
terrestrial,

Loeal distributions Sugar-cane field, Mardan,

Soil depth: 2 ineh.

Geographical distribution: Burma, Europe, India, North

America, Pakistan,Sri Lanka.

11, Lyngbya spirulinoides Gomont, Monogr, Ouinuri‘n,
146, pl.3, rigs. 18,19, 1892,
Prescott, p.503, pl.13l, fig.l. 1951; Desika~-
chary, P.289, pl,.52, figs.4,5. 1959; Huber-
Pestalozzi, p.247, rfig.205. 1962.
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Thallus free~floating, olive-green; filaments
entangled, regularly and loosely spirally coiled, either
partially or throughout its length, often straight,
distance between two spirals 73-108 um; trichomes not
constricted at the cross-walls, septa sometimes granulated;
sheath thin, coclourless, lamellated, somewhat mucilaginous,
not coloured violet by chlor-zine-iodide; cell 14-16 um
brosd, #~1/3 as long as broad, 3.4~6,.8 um long, contents
pale blue-green; end cell rounded, without calyptra
(pl.3y rig.53).
Anjum 136, July 28, 1978.
Habitats Aquatic (Prescott, 1951; Huber-Pestalozzi, 1962);

terrestrial,
Local distributions Rice field Methra, District Peshawar.
Soil depths 4 inch,
Geographical distributions Burope, India, North America,
Pakistan,

12, Lyngbya tavlorii Dr. & Strickland in Strickland, the

Oscillatoriaceae of Virginia., Amer., J. Bot,,
271631, frig.l. 1949,

Prescott, p.503, pl.113, fig.3. 1951; Tiffany
& Britton, p.339, pl.92, frigs.1068, 1069, 1952,

Thallus free-floating or forming tufts of parallel
and flexuous filaments on submerged objects; trichomes

unconstricted or slightly constricted at the cross-walls,
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not attenuated towards the apices, 4<7-pom in diameter;
sheath thin an*oloui'less, or thick, obscurely lamellose,
colourad blue by chlor-zinc-iodiide; cells guadrate, about
as long as broad, or a little shorter, 2-7 xm long, cell
contents granular; end cell bz"oadly convex (pl.l9,
rig.240), :

Anjum 215, Feb, 5, 19?9.3

Habitat: Aguatic, terrestrial (Prescott, 1951),
Local distribution: Sugar-cane field, lar{!a.n:. :
8o0il depth: 3 inch, .
Geographical distribution: North America, Pakistan.

13, Lyngbya truncicola Ghose, A systematic and ecologiecal

account of a eollection of blue-green algae
from Lahore and Simla, J. Linn, Soc., Bot,,
46..339, pla3l, fig.6. 1924, |
Desikachary, p.308, pl.51, 118;4. 1959.

Thallusthin, expanded, blue-green; filaments
straight, more or less parallel; sheath at first hyaline
and delicate, later becomes firm and yellowish, unlame-
llated; trichomes blue-green, unconstricted at the cross-
walls, not attenuated, septa not granulatedicells 12-14 am
broad, 34 pm long, contents gramular; end cell rounded,
ealyptra absent (pl.3, fig.54, photo 26), :
Anjum 137, Aug. 7 1978.
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Habitats Epiphytie (Rao, C.B., 1937b); terrestrial,
Local distributions Rice field Methra, District Peshawar,
Soil depth: 3 inch, ’
Geographical distributions India, Pakistan,

SYMPLOCA Kg.
Phyc. gen,y 201, 1843,
Trichomes single, in a thin sheath; filaments
at first prostralc. later mostly forning‘oroct bundles,

partly falsely branched; sheath firm or later gelatinizing;

trichomes straight, sometimes slightly attenuated; end
cell not capitate, sometimes with a thickened outer

membrane,

Key to the specles

l. Trichomes 2«3 nm broadcccsssssse Se m (1)
1. Trichomes 5~3 am broadesssecssse S DUSCOTUR (2)

1. Symploca cartilaginea (Mont.) Gomont, Monogr, Oscilla-
riees, 113, pl,2, figs.l3-1l4, 1892,

Desikachary, p.339, pl.59, figs.l,2, 1959.

Filaments arranged densely and parallel, for--
ming bundles up to 1 em. high, dull blue-green; trichomes
2«3 nm broad, mostly longer than broad, 3-56 nm long,
unconstricted at the cross-walls, blue-green; end cell
obtuse with a slightly thickened outer membrane; sheath
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somewhat thick, firm, coloured violet by chlor=zinc-
iodide (pl.3, f£ig.56).

Anjum 101, Feb, 17, 1978; Anjum 10lA, March 15, 1978;
Anjum 101B, March 17, 1978,

Habitat: Terrestrial (Ghose, 1927e; Dixit, 1936),

Local distributions Sorghum fiolds,_Poahanar.

Soil depths 2,3 and 4 inches,

Geographical distributions Surma, Burope, India, Pakistan.

2. Symploca muscorum (Ag.) Gomont, Monogr. Oscillarides,
110y ple2y fig.9e 1892,
Prascott, p.504, pl.ll3, fig.7. 19513 Tiffany
& Britton, p.356, pl.97, fig.l122, 1952;
Desikachary p«337, F«59. figs.3,4., 1959.

Filaments forming a thin prostrate or creeping
thallus, rarely erect, in fascicles, blue-green or
blackish; trichomes unconstricted at the eross-walls,.
septa not granulated; sheath thin,; firm or somewhat
gelatinous; coloured vioclet by chlor-zinc-iodide; cells
5-8 pm broad, nearly quadratej end cell broadly rounded,
with slightly thickened outer membrane (pl.l18, rig.212),
Anjum 214, Feb, 6, 1979.

Habitats Aquatic (Prescott, 1951); opiphytie'(biiit,
1936); terrestrial (Frémy, 1927; Banerji, 1938;
Skuja, 1949),
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Local distributions Sugar-cane field, Mardan.
S0il depth: 1 inch. ¥l

Geographical distribution: Burma, Burope, India, North
America, Pakistan,

. MICROCOLEUS Dunnzioroi_
Catal, pl, Botanagr belgz., 7. 1823, Sph i
Filaments unbranched, or sparsely bram_h.d;
sheath mostly colourless, more or less regularly éylind-

rical, not lamellated, sometimes when old, gelatinizing;

trichomes many in each sheath, densely aggregated, often
coiled or contorted like a rope; ends straight, mostly

attenuated, end cell more or less conical, seldom

capitate,

Key to the species
l. End cell pointed-conical, sheath

thicKkecesccssscsnsssesesitbbins obd K. mﬂ (1)
l. End cell rounded-conical, sheath

d.licat...o..oooooooooooooooooooo ln mm (2)

1. Microcoleus chthonoplastes Thuret ex Gomont, Monogr.
Oscillariées, 353. pl.l4, figs, 5-8, 1892,
Desikacharys p.343, pl.,60, figs, 7-9, 1959,
= Chthonoblastus salinus Xg., Phye. gen., 197.

1843. e
= Chthonoblastus lvngbvel Kg., Phye. gen., 197.
1843, '
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Filaments single, or an expanded dirty to dark
green, lamellated thallus, colled, seldom branched; -
trichomes constricted at the crossewalls, 2.5-6 um broad,
not granulated at the cross-walls; sheath sometimes
gelatinizing, uneven, thick, not coloured violet by
chlor=-zinc-10odide, having many closely grouped trichomes;
cells 1l=3 times as long as broad, blue-green, 3,6-10 um
long; end cell not capitate, pointed-conical (pl,.18,.

fig. 213).

Anjum 216, Feb, 7, 1979.

Habitats Agquatic (Martens, 1870, 1871; Prain, 1905;
Biswas, 1926, 1932, 19423 Banerji, 1938);
terrestrial,

Loecal distribution: Sugar-cane field, Mardan,

So0il depth: 1 inech,

Geographical distributions Burma, Cape Comorin, Burope,

Galley, India, Pakistan,
Sri Lanka,

2. Microcoleus lacustris (Rabenh,) Farlow, Alg, exsie./m
Bor.y, nr,. 227 bis. 1877.
Prescott, p.505, pl.ll3, fig.5. 1951; Tiffany
& Britton, p.352, pl.95, figs.1113, 1114, 1952;
Desikachary, p.345, pl.50, fig§.4;$;-1§59.

Thallus blackish-green; filaments contorted,
seldom branched; trichomes distinctly constricted at the
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cross-walls, 4«5 um broad; sheath colourless, slimy, not
coloured violet by shlor-zinc~iodide, sometimes gelatini-
zing, many trichomes in eachj; cells cylindrical, 1-3
times as long as broad, 6«12 um long, bright blue-green;
end cell more or less rounded-conical, not capitate
(ple3, £ig.57). o

Anjum 57, Sep. 21, 1977.
Habitats Aquatic (Prescott, 1957); terrestrial, -
Local distributions Dry land, Peshawar.

Soil depths 5 inch,

+

Geographical distribution: Burma, Burope, North America,
Pakistan,

HYDROCOLEUM Kg.
Phye. gen., 196, 1843,

Trichomes few to several in wide, lamellated,
colourless sheath; sheath in older ones diffluent;
filaments more or less branched, forming a tuft of
membranous thallus; trichomes straight towards apices,
more or less attenuated and capitate; end cell often

with calyptra. One species was recorded for the genus.

1, Eydrocoleum oligotrichum A. Br., in L, Rabenh, Fl.
Buropaea algarum aguae dulcis et submarinae
2. 1865,
Prescott, p.504, pl.136, rig.8. 1951.
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Thallus cushion-like, lime encerusted, brown-
ish in colour; trichomes clustered in fascicles, 2-6
within a lamellated sheath, golden brown, attenuated
at the apices, 3.,5-8 um in diameter; cells 2.5-5 um
long; end cell eapitate (pl.t, £ig.58).
Anjum 138, Aug. 12, 1978; Anjum 138A, Aug. 18, ;97@.
Habitats Agquatic (Prescott, 1951); terrestrial, '
Local distributions Dry land, Bannmu; Rice field Methra,

_ District Peghawar, |

Soil depths: 2, 3 inches,

Geographical distributions Burope, North America,
: Pakistan,

SCHIZOTHRIX Kg.
Phyc. gen.y 230, 1843,

Trichomes many, seldom single, in large soft
to firm thallus, enclosed in a thin or thick‘uhonth.
often each trichoﬁo with its own sheath; sheath
colourless to yellow~brown, red or seldom violet or
blue; often pointed at the ends; filaments densely
packed, forming a leathery stratum; trichomes twisted,
interwined, cylindric, sometimes constricted at the
cross-walls, attenuated at the apices; cells cylindrical

or shorter than widas,

Key to the speciles
l. Tricnomes 3—6 Am broadeccecces ﬁ- m (1)
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l, Trichomes NarroOWerecccccccsssse 2

2e Trichomes constricted at the

CTrOSS=WallSesesssscecsssseses S« Linctoria (2)
2+ Trichomes unconstricted at

the cross=wallse.ceccccccsccee Se Im (3)

l. Schizothrix friesii (Ag.) Gomont, Monogr. Oscillar=
1ees, 316, pl.9, figs.l,2. 1892,
Prescott, p.507, pl.ll4a, fig.5. 1951;
Dosikaoha;y, Pe328, pl.57, figs.ly6. 1959,

Thallus blackish or greenish steel blue; fila-
ments contc ted in lower portion, rarely straight above,
parallel; trichomes distinctly constricted at the cross-
walls, 3«6 um broad; sheath colourless, lamellated,
pointed at the ends, coloured violet by chlorezinc-iodide,
with a single or few trichomes; cells nearly guadrate, or
up to 2 times as long as broad, 4«11l nm long, blue-green;
end cell obtuse-conical (pl.19, fig.241),

Anjum 219, Feb,10, 1979.

Habitats Epiphytic (Prescott, 1951); terrestrial,

Local distributions Sugarecane field, Mardan, 7

Soil depth: 1 inch,

Geographical distribution: Mrope, India, North America,
Pakistan,

2. Sghizothrix tinctoria Gomont, Monogr. Oscillariees,
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351, 18%0,
Pro-eet€¢ P.508, pl,121, figs. 7,8, 1951,

Thallus bluo-greon, expanded, golatinons, rroo-
floating; filal.nts branched at the apices; triehonos
numerous, twisted, not tapering towards the apieol, 1.4-2.4
um broad, constricted at the cross-'alls; shoath dirrlu-
ent, coloured violet by chlor-:ine-lodide; eolll 1.4-3 am
long, blue-green; end cell bluntly rOEndod1(p1.19,
fig. 243), S
Anjum 217, Feb, 9, 1979,

Habitats Aquatic, epiphytic (Prescott, 1951); terrestrial,
Local distributions Sugar-cane field, Mardan,
So1l depths 1 inch,

Geographical distributions Europe, North America, Pakistan,

32, Schizothrix vaginata (Naeg.) Gomont, lonogf. Oscillar-
iees, 302, pl.7, figs. l-4, 1892,
Prescott, pl,.509, 1951; Desikachary, p9325;
pl.58, figs.9, 10,11, 1959. '

Thallusexpanded, crustaceous, warty, with or
without incrustion, greyish brown or dark blackish greenj;
filaments straight, more of lasss erect and parallel, or
entangled, branched at the tips; trichomes not eqpatrictod
at the cross-walls, septa gramulated; shoith fﬁ!pk. some-
times lamellated, acuminate at tho ohds, colbﬁfia violet
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by chlor-zinc-iodide; with a single or few trichomes;
cells 2~3 um broad, mostly shorter than broad, 1«2 nm
long; end cell rounded (pl.19, f1g.242). «. . " - o
Anjum 218, Feb.9y 1979; Anjum 218A, Feb,.l2, 1979; Anjum
218B, March 1, 1979.

Habitat: On rocks and ontangled among colonial Ineilagi-
inuous algao (Proacott, 1951); terrestrial,
Loecal distributions Sugar-cane riolds, Iurdan.
Soil depths 3, 4 and 5 inches., |
Geographical distribution: Burope, India, lorth Alarlca,
Pakistan,

CILINDROSPERNUM Kg.
Phyc. gensy 211, 1843,

Thallus mucilaginous, dull dlue-green; trichomes
uniformly broad, short, without sheath, but in a commen,
mostly very delicate and often imperceptible, mucilage of
thin consic teney; cells cylindrical, constricted at the
cross-walls; heterocysts terminal, at both ends or at one
end only, sometimes intercalary; spores single, rarely
in series, next to the heterocyst on one side, much

bigger than the vsgetative cells,

Key to the speciles
l. Spores 8"9 an m-.qto,-ooooo.co-. Ce m‘l)
l, Spores 32«40 um lODZsssesssesssces So Stagnale (2)
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l, Cylindrospermun minimum G.S. West, Fresh water algae of
Columbia, Mem, Soc, Neuchat, 5:1013-1051, 1914,
Prescott, p.530, pl.1l22, figs.14,15, 1951; Huber-
Pestalozzi, p.188, 1962,

Filaments solitary, or in small elustori,'
straight or curved; cells rectahéular to short eyiindfic,
1.8-3,5 nm long; heterocysts subglobose thollipcbidal,
2 pm in diametery 2,5=-2.7 um long; spores subeylindriec,
3¢5=3.,8 um in diameter, 8«9 nm long, with a thick smooth
wall (pl.4, rig.h0).

Anjum 153, Oect. 20, 1978.

Hebitat: Agquatic (Prescott, 1951); terrestrial,

Local distribution: Wheat field, Peshawar,

So0il depth: 2 inch,

Geographical distribution: Columbia, Burope, North America,
Pakistan,

2. Cylipdrospermum gﬁggnglg (Kg.) Born, et !lﬁh.; Revision
des Nostocacees heterocystees, 250, 1888.
Tilden, p.98, fig.45A. 1937; Prescott, p.531,
pl.122, figs.17,18, 1951; Desikachary, p.363,
pl.b5, fig.%9. 1959; Huber-Pestalozzi, 9.189..
r1g.87. 192, 8
= Anabaena stagnalls Kg., Phyc. gen., 210, 1843,
= Cylinirospermum macrospermum Kg., Phyc. gen.,

173. 1845, |
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Thallus floccose, expanded, attached or free-
floating, blue=green; trichomes 3.3-4,5 um broad,
constricted at the eross-walls; cells nearly quadrate, or
eylindrical, often 3«4 times as long; heterocysts sub-
spherical or oblong, 6«7 um broady 7-16 nm long; spores
eylindrical with rounded ends,)-16 um broad, 32-40 mm
long, with smooth yellowish brown outer layer (pl.d4,
£ig.59),
Anjum 29, April 30, 1977-
Habitats Cosmopolitan,
Local distribution: Garden soil, Peshawar,
Soil depths 5 inch.
Geographical distribution: World wide.

NOSTOC Vaucher
Histoire des Confervees d'sau douce,
203, 1803,

Thallus mucilaginous, gelatinousor eoriaceous,
first globose to oblong, later globose, rolion, riliform,
bullose, solid or hollow, free or attached, the periphery
dense and dark coloured; filaments flexuous, curved or
entangled; shoafh sometimes distinct, generally diffluent,
trichomes torulose; cells depressed, aph.rieal; barroL'
shaped or cylindrical; heterocysts intercalary, in
young conditions to_rlinul; lporu-lphorioal, or obiong,
formed centrifugally in series in between tho heteroecysts.,
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Key to the speciles
1, Thallus without a firm outer
mucilage, more or. less soft and
shaplesS.csesesssssssssesssssnses 2
l, Thallus with a firm outer

mucilageeessescssssscnsnsscsensss 9
2« Trichomes very densely coiled., N. punctiforme (11)
2e¢ Trichomes loosely coiled..eeeee 3 ul

3. Cells 2.5 pm broadecesessessssess No galcicols (1)

3e Cells broaderecescccsccscsssssssnce 4
4, Sheath broadesececesssscsssseses No Raludosun (9)
4, Sheath thinsesscscscosccscosces 5
5S¢ Trichomes loosely entangled.cesss &
S5e¢ Trichomes densely ontmélod...... 8
6o Cells twice as long as broad... 7
e Cells nearly quadrate.sessessss No gomminutup (4)
7+ Heterocysts 4.,5-6 nm broad,
spores rouNdesessssssssesssssssss Ne Discinale (10)
7+ Heterocysts 6 pm broad, spores

OVELgepoommen o o oo sonees s snshss: Be-SALRND 20,
7« Heterocysts 7-8 mm broad, spores "
OblODges ensnsnsnstesiss snes ans sese.lis ARGREinaTCOERS- (5)
7« Heterocysts 6~7 um broad, spores _
ellipsoid or oblong=ecylindric.... N. slliposporum (5)
8+ Trichomes 3.7-6 mm broad cells
spherical,ellipsoidal.cececesss Ne Rata (6)
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8, Trichomes 3,5=4 um broad, cells
short barreleshaped..cssecessess No lingkia (7)
9. Trichomes 3~3.,5 m Broadeecescesess Ne ¥errucosuw (14)
9. Trichomes broaderscccsccesscssssece 10
10, Trichomes loosely entangled.... N. microgcopicun (8)
10, Trichomes donsely entangledsses 11 :
11, Sheath distinctly lamellated..... N. gg..nn. (3)
11, Sheath unlamellatedesseecessssese No aphaericum (120

1, Nostoc galcicola Breb, ex Born, et Flah,, Revision des
Nostocacees heterocystees, 202, 1888,
Desikachary, p.384, pl.,68, fig.l., 1959; Kantsz
& Bold, p.32, figs.6,30, 1969,
= Stratonostogc lingkig (Roth) Blenkin, p.595.

1938,

Thallus mucilaginous, slightly diffluent,
expanded, olive, grey or blue-green; filaments loosely
entangled; sheath mostly indistinct, or distinet only
at the periphery of the thallus, colourless or yellowish
brown; trichomes 2.5 um broad, pale blueegreen; cells
barrel-shaped, subspherical, rarely longer than broad;
heterocysts subspherical, 4«5 um broad; spores subspherical,
4«5 um broad, with smooth yellowish membrane (pl.b’o
fig. 71).

Anjum 139, Aug.20, 1978; Anjum 139A, Aug. 29, 1978,
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Habitat: Terrestrial (Gonzalves & Gangla, 1949),

Local distribution: Rice fields Methra,District Peshawar.

Soil depths 1y 2 inches. ‘ 1

Geographical distributions EBurope, India, North Alcriea,
Pakistan,

2. Nostoc garneum Ag. ex Born, et Flah,, Rev, des
Nostocacees heterocystées, 196, 188,
Prescott, p.522, pl.119, rig.9. 1951; Tiffany
& Britton, p.366, pl.101, fig.1154, 19523
Desikachary, p.381l, pl.69, fig.6. 1959; Huber=
Pestalozzi, p.196, rig.95. 1962,
= Nogtog purpurascens Kg., Phyec. gen,, 208, 1843,

Thallus at first globose, later bulbose-tuber-
culate, leathery, irregularly expanded, gelatinous, flesh-
coloured, reddish-brown, violet, rose, or blue to olive-
green; filaments loosely conterted, flexuous; sheath
indistinet, colourless; trichomes 3-4 um broad; cells
oblong cylindrieal, up to twice as long as broad; hetero-
cysts oblong, 6 nm broad; spores oval to ellipsoidal,

6 um broad, 5-10 um long, epispore smooth, hyaline (pl.5,
rig.70, photo 27).
Anjum 115, April 26, 1978,

Habitats Aquatic (Zeller, 1873; Prescott, 1951); terrestrial,

Local distribution: Dry hill, Kochat,
Scil depths 4 inch,
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Geographical distributions Europe, India, North America,

Pakistan,

3. Nogstogc commune Vaucher ex Born, et Flah,, Rev, des
Nostocacees heterocystees, 203, 1888,
Prescott, p.523, pl.119, fig.13. 1951; Smith,
p.288, rig.1688, 1955; Desikachary, p.387,
Pl.b8, figels 1959; Fritsch, p.805, fig.305 LM,
1959; Kantz & Bold, p.33, figs.7,31. 1969,
= ;le kurzispum Zeller, Algae coOllected in
Arracan etc.y, J. Asiatic Soc.y Bengal,
423179, 18733 Hedwigia, 123171, 1873.

Thallus firm, gelatinous, at first globose,
later flattened, expanding, undulated, membranous or
leathery, sometimes irregularly torn, often perforated,
many centimeterd diameter; blue-green, olivaceous or
brown; filaments flexuous, densely entangled; sheath
mostly distinect only at the periphery, thick, yellowish
brown, often lamellated, inside the thallus more or less
distinct, but hyaline; trichomes 4,5-5 um broad, cells
short barrel-shaped, or nearly spherical, mostly shorter
or little longer than broad, 5 um long; heterocysts nearly
spherical about 7 um broad; spores not cbserved (pls,
£1g«57, photo 28).

Anjum 119, May 19, 1978,

A
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Habitats: Aquatic (Prescott, 1951); terrestrial (n.n..;-sij_,
1935, 1936). esater, 614
Local distributions Rice field Methra, District ;.;;.&.i;
Soil depths 4 inch, : o | ,
Geographical distribution: Burma, Europe, Iﬂdh,m

W

America, Pakistan,

a. Nostoc comminutum Kg., Tab. Phyc., 233. 1849-1869,
Prescott, 9.522. pl.119, fig.l2. 1951,

Thallus irregularly lobed, membranous, golden-
brown; sheath delicate; t richomes twisted, somewhat
entangled; cells globose or compressed-globose, 3.7=4 nm
in diameter, 3=4 um long; heterocysts spherical, 6 am in
dismeter; spores unknown (pl.18, fig.207).

Anjum 220, Feb., 12, 1979.

Habitat: Aquatic (Prescott, 1951); terrestrial,
Local distributions Sugar-cane field, Mardan,
Soil depths 1 inch,

Geographical distribution: Burope, North America, Pakistan,

5. Nostoc ellipsosporum Rabenh, ex Born, et Flah,., Rev.
des Nostocacees heterocystées, 198, 1888.
Prescott, p.523. 1951; Tiffany & Britton,
p.364, pl,100, fig.1148, 1952, = ¢

e

Thallus irregularly globular, reddish-brown;
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gelatinous,expanded; trichomes flexuous, loosely entangled;
cells cylindrie or subecylindric, 4 um in dismeter, 6-14 um
long, pale blue=green or olive-green; heterocysts more or
less spherical or oblong, 6«7 um in diameter, 6-14 um long;
spores ellipsoid or oblong-cylindric, 6-8 um 1n dialotor;
14-19 um long, uith slooth transparont or yellouish wall,
(pl.18, rig.205).

Anjum 222, Feb. 15, 1979,

-

Wh
*

Habitat: Aquatic (Zeller, 1873; Rao, C.B,, 1938; Proscott,
1951); terrestrial (Singh, R.N., 1939).
Locel distributions Sugar-cane field, Mardan,
Soil depths 3 inch.-
Geographical distribution: Burma, BEurope, India, North
America, Pakistan,

6. Bostoc hatel Dixit., The Myxophyceae of ﬁho Bo-bay
Presidency-T, Proc. Indisn Acad. Sci., B,33101,
£ig.30. 1936.
Desikachary, p.389, pl.67, fig.2, 195-9:. '

Thallus spherical, at first attached, later
free~floating; trichomes 3.,7-6 um broad, irregularly curved,
densely entangled; cells spherical or ellipsoidal; hetero-
eysts single or in short chains of 2«5, almost spherieal,
rarely slightly barrel-shaped, scmetimes flattenedy 3.6=5
um broad, 5 um long, sporeshot observed (pl.4, fig.68).
Anjum 94, Jan., 30, 1978,
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Habitats Epiphytie (Dixit, 1936); terrestrial,
Local distributions Dry hill, Kohat,
Soil depth? 1 inch,

Geographical distribution: India, Pakistan,

7. Nogstoc linckis (Roth) Born. et Flah., Rev, des
Nostocacees hoteroc!nt‘io, 192, 1888,
Prescott, p.523, pl.,119, figs,14-16, 1951;
Desikachary, p.377y pl.69, fig.4, 1959; Fritsch,
pe.834, fig.321 A,F. 1959; Huber-Pestalozzi,
P.196, rig.93, 1962; Kantz & Bold, p.34,
rigs.11,35, 1969, ]

Thallus varying in shape, punctiforme or tuber-
culatey, at first spherical, latte» irregularly expanding,
torn, gelatinous, blue-green to vioclet or blackishegreen
to brown; filaments densely entangled, flexuous or highly
coiled; sheath diffluvent, hyaline inside, distinet only
at the periphery; trichomes 3,5-4 um brosd, pale blue-
green; cells short barrel-shaped; heterocysts subspherical,
5«6 nm broed; spores subspherical, 6-7 um long, epispore
smooth (pl.4, fig.63).

Anjum 33, May. 24, 1977. |

Habitats: Aquatiec (Prescott, 1951; Huber-Pestalozzi, 1962);
epiphytic (Gupta, 1956); terrestrial (Gonzalves
& Gangla, 1949; Skujs, 1949). v Gl La
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Local distributions Pine forest, Parachinar,
Soil depths 2 inch, : .
Geographical distributions Burma, Europe, India, North
‘ America, Pakistan, '

8. Nogtog wm Carm, ex bor;:n. et ‘!'lah;, Rev.
des Nostoeacees heterocystees, 210, 1888,
Prescott, p.523, pl.120, fig 5. 1951; Desi-
kachary, p.387. 1959.

Thallus spherical or _ollipsoidnl,- soft, t-:l.tb :
firm outer surface, small, rarely largo,l blue-green or
olive-green; filaments loosely entangled; sheath more or
less distinct, yellowish; trichomes 5-8 um broad, blue-
green or oliveegreen; collaﬁuh.phcrical or barrel
shaped; heterocysts nearly spherical, 7 um broad; spores
ovaly, 6«7 um broad, 9-15 um long, olivaceous, epispore
smooth (pl.18, frig.206, photo 29).

Anjum 221, Feb, 12, 1979; Anjum 221i, Feb, 20, 1979.

Habitats Aquatic (Prescott, 1951); epiphytic (Ghose,
1927a,e,d3 Skuja 1949); terrestrial (Fremy,
1942).

Local distribution: Sugar-cane flelds, Mardan,

501l depths 5, 6 inches.

Geographical distributions Burmes, Burope, India, North

America, Pakistan,Sri Lanka.

I, ot FATSFS R 0
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9. Nostog m x‘. ex Born, et Flah,, Rev, des

Nostocacees heterocystees, 191, 1888, -
Prescott, p.524, pl.l21, figs. l=3, 19513
Desikachary, p«375, ple.69, fig.2. 1959; Huber-
Pestalozzi, p.196, fig.92. 1962,

Thallus minute, punctifor-o, golatinous; _
sheath broad, hyaline, or yollowish-hrown, triehonol
3=3,5 um broad; cells as long as broad, barrol-shapodg:
pale blue-gréen; heterocysts broader than vegetative cells;
spores oval, 4-4,5 um broad,6-8 um long, with smooth
colourless membrane (pl.4, fig.62, photo 30).

Anjum 21, March 20, 1977.
Habitats: Aquatic (Prescott, 1951; Huber-Pestalozzi,
1962); terrestrial (Mitra, 1951).
Locel distributions Dry land, Peshawar,
Soil depths 1 inch,
Geograpnical distributions Buropey India, North America,
Pakistan.

10. Nostoc piscipale Kg. ex Born. et Flah., Rev. des
Nostocacees heterocystees, 194, 1888, |
Desikachary, p.378, pl.69, fig.3. 1§5§£ Huber-
Pestalozzi, p.196, rig.94. 1962; Kantz & Bold;
P.32, £1g.6,30. 1969, ey, eent
= Nostog linckia Roth ( = Stratonostoc linmckis

(Roth) Blenk, 595. 1938).
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'rhallupt first spherical, but later bulbose,
or variously tuberculate, mucilaginous, or gelatinous,
1light blue-greeny or olive-green to brownj; filaments
flexuous, loosely entangled; sheath distinct at the
periphery of the thallus, brownish, diffluent in the
inner portions of the thallus, hyalinej trichomes 3«7 um
broad, up to nearly twice as long as broad; heterocysts
subspherical or oblong, 4.5=6 um broad; spores globose,
6=7 um broad, in long chains, epispore smooth (pl.d,
rig.64, photo 31,32).
Anjum 65, Oct, 16, 1977.
Habitats Aquatic (Gupta, 1956; Huber~Pestalozzi, 1962);
terrestrial (Beck & Zahlbruchner, 1897).
Local distributions Garden soil, Peshawar.
So0il depths 5 inch,
Geographical distribution: Europe, India, Pakistan.

11. Nostoc punctiforme (Kg.) Hariot, f. de Bot., 533l.
1891. J
Prescott, p.525, pl.l2l, tigc.hﬂwbuitwhary,
pe374, pl.b9, fig.l. 1959; Fritsch, p.BO5,
£1g.308C=F,Q. 1959; Kantz & Bold, p.36,
rigs.16,40. 1969,
= Nostoc hederulae Menegh. in Kg.y Sp. Alg.,

287. 1849, '
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Thallus subglobose, scattered or confluent,.
attached; filaments flexuvous, densely entangled; sheath
delicatey hyaline, mucous; trichomes 3-4 um broad; cells
short barrel-shaped or ellipsoidal, blue-green; heterocysts
4<6 .5 nm broad, spores subspherical, or oblong, 5-6 um
broad, 5-8 mm long, epispore smooth and thick (pl.4,
rig.61, photo 33). :
Anjum 22, March 24, 19773 Anjum 224, Nov. 6, 1977; Anjum
22B, Dec, 9y 19773 Anjum 22C, Dece 16, 19773 Anjum 22D,
Sep. 3y 19783 Anjum 22E, Sep. 9, 1978,
Habitats Aquatic, epiphytic on submerged objects,
endophytic (Prescott; 1951); terrestrial,
Local distributions Dry lands, Peshawar; Maize flelds,
Mardan,
S0il depths 1, 2, 34 4, 5, and 6 inches.
Geographical distributions Burope, India, North America,
Pakistan,

12. Bostoc gphaericum Vaucher ex Born. et Flah,y Rev, des
Nostocacees heterocystées, 208, 1888,
Prescott, p.525, pl.l21l, figs. 6«9, 19513
Desikacharys p.390. 1959.

= Stratonostoc commupe (Vaucher) Elenkin. 1938.

Thellus free, globose at first, later irregu-
larly delicate~tub<rculate, thick, olive~green, yellow



145

or violet=brown, with firm outer layer; filaments flex-

uous, densely entangled; trichomes 4, rarely 5 um broad;

cells compressed, spherical or barrel-shaped; heterocysts

E 4=6 qm broad, subspherical;spores oval, 5=-6 um broad,

7=-8 am long, epispore thick,? brownish (pl.4, fig.65).

Anjum 66, Oct. 20, 1977. pad

Habitats Terrestrial (Biswas, 1925; Banerji, 1938; Fremy,
1942; Mitra, 1951; Prescott, 1951).

Loecal distribution: Dry land, Dera Ismail Khan,

So0il depthst 5 inch,

Geographical distributions Buropey India, North America,
Pakistan,

N

13. Nostoc spongiaeforme Ag. ex Born.et Flah,y Rev, des
Nostocacees heterocystees, 197, 1888,
Prescott, p.525, pl.l2l, fig.l0, 1951; Tiffany
& Britton, p.366, pl,100, rfig.1150, 1952;
Desikachary, pe380. 1959; Huber-Pestalozzi,
p«197, £ig.96, 1962; Kantz & Bold, ps36,
rigs.17,41, 1969,
= Nostog linckia f. spongiseforme (Ag.) Blenkin,
(= Stratonostoc linckia (Roth) Elenkin; p.595.

1938) - '

Thallus at first globose, gelatinous, later
expanding, verrucose, bullose, light blue-green, violet
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or brownish; filaments flexuous, loosely entangled;
sheath diffluent inside, more or less distinct along
the periphery, yellowish-brown; trichomes about 4 am
broad, blue-green to violet; cells partly eylindrical
and up to 7 um long, parily short barrel-shapod;=hotqpnp
cysts subspherical or oblong, 7-8 nm broad, somewhat
longer than broad; spores oblong, 6-7 um broad, 10=-12 um
long, epispore smooth, at first colourless, later
yellowish (pl.4, rig.66),

Anjum 52, Auge. 30, 1977.

Habitats Aquatic (Rao, C.S., 1939; Fremy, 1942; Skuja,
1949; Prescott, 1951; Huber-Pestalozzi, 1962);
terrestrial.,

Local distributions Dry land, Dera Ismail Khan,

Soil depths 4 inch.

Geographical distributions Burma, Burope, Iniia,

North America, Pakistan,

14, Nogtog yverrucosum Vaucher ex Born. et Flah,, Rev. des
Nostocacees heterooyst;os, 216, 1888.
Prescott, p.526, pl.121, figs.ll=13, 19513 .
Tiffany & Britton, p.366, pl,101, fig.1155.
1952; Desikachary, p.368, pl.70, fig.l. 19593

Huber-Pestalozzi, p.197, rig.98. 1962; Kantz &

Boldy p.37y figs.l8,42. 1969,

= Skratonostoc yerrucosum (Vauch,) Elenkin, 1938,
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rha11u4ht first spherical or subspherical,
solid, gelatinous, firm, surface undulate, or verrucose;
later hollow, vesicular, soft, BSorn, blackish_green or
olive-green, or brownishegreen; filaments flexuous and
densely entangled at the poripbery; sheath thick, yellc-
wish brown in the peripheral la;crs, inner ones hyaline,
and diffluent; trichomes 3-3.5,n- broad; cells short r
barrel-shaped, shorter than broadj hoteroeysts 8 hi'hroad,
subspherical; spores oval, 5 nm broad, 7 nm long; epispore
smoothy yellowish (pl.d4, fig.69). 5 e,
Anjum 116, April 29, 1978,
Habitats Agquatic (Prescott, 1951; Huber=Pestalozzi, 1962);
terrestrial (Singh, V,P,, 1941),
Local distributions Dry hill, Kohat.
So0il depths 3 inch.
Geographical distributions Bﬁropo, Ind ia, North America,
Pakistan,

ANABAENA Bory.
Dict. class. d*hist. nat., 13307, 1822,

Trichomes uniformly broad or sometimes s}ightl:
attenuated towards the apices, straight, rlexuéaslﬁr
spirally coiled; sheath absont or lofa or less dif}lncnt,
forming a free, torn or rloccose or sort mucileginous

Aeidia X .

thallus; cellqkornloco, barrel- shapod or cylihdrioal;

heterocysts numerous, intercalary, phoricgl, ovate or
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cylindrical; spores single or in long chains, either
ad jacent to or remote from the heterocysts, rounded,

ovate.

Key to the species
l, Trichomes spirally coiledecccscess 2

p S Othoriise..-.................-.... 3

2, Spores in chainSe.seessessssesess As gelatinicola (7)

2. Spores singlesesssssssssccssecess Ao apiroides (11)
3« Trichomes circinateesssssccsssssse Ae gircinalis (4)
3¢ Trichomes straightecsccssovcanssecs 4

4, Cells 2«3 um broad.ceosscssnssssce 5

4., Cells broaderecccsccsccsccscsssscssed
5« Heterocysts terminal and

intercalaryececccccccccsccscccscess Ae Orvzae (9)

5« Heterocysts intercalaryeeesecsecess 4. anomala (1)

6. Cells with gas=vacuoleSecscscccs 7

6. Cells without gas-vacuoleS.eceese 8

7« Spores adjacent with the

haterocyst..--.---.....-......-... &. m%h_
oides (2

7+ Spores away from the heterocyst... 4. yariabilis (13)
80 End cell conicaloooco.oocoooooo' ‘o m(e)
8. End cell roundedesecscccssscssssns 9

9. Spores 5‘-58 m: JOB@e o ve v sbd s dee Ao mm (12)
9. Spores ShPrtersscecsvcscscccnsscess 10

S
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10, Heterocysts 8-12 um broad... A. spheerica (10)
10. Heterocysts narrower.sssssess 1l , -
11, Spores 25-50 um 1ONgeesscessss Ao AUgstumalis (3)
1l, Spores Shortelecssessssscenses 12 e 1959
12, Spores in long chainS..seees A+ fortilissima (6)
12, Spores not in chaifeseeseese Ao cylindrica (5)

1. Apnabzens anomals Fritsch, The genus Ansbaena etc.,
Jo Indian bot. Soc.y, 28:146, figs.60-73. 1949,
Desikachary, p«398, pl.73, fig.2+ 1959.
= Anabaena thermalis Vouk var. indigca Fritsch,
ex Dey Proc. Hoye Socsy Lond,, B, 127:125%,
1939.

A T e TS " L R R S L O

Thallus thin, gelatinous, blue-green; trichomes

commonly densely or irregularly aggregated, more or less

contorted, moniliform, apical cell rounded, or subconical,
apex obtuse; cells generally 2-3 um broad, as long as broad,
spherical or barrel-shaped, sometimes up to 1} times as longas
broad, about 3.5 um in diameter; heterccysts rare, commonly

single, intercalary, sphericaly 3.5=5.5 um broad, commonly

isolated; exospore solid, endospore thin (pl.5,; £ig.75).
Anjum 150, Oect. 5, 1978. :

Habitat: Terrestrial (De, 1939; Fritsch, 1949),

Local distributions Rice field Methra, District Peshawar.
Soil depths 1 inch, Vb S5
Geographical distribution: India, Pakistan, -
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2. Anabasens aphanizomenoides Forti, Atti Mem. ac, d'agric.

Sce lett, arti ¢ Comm, Verona, ser, 4,123126,
fig.2. 1912, &
Desikachary, p.405, pl.71, fig.4. 1959; Huber=-
Pestalozzi, p.204, fig.108, 1962,

Trichomes single, straight or slightly bent,
l=2 mm long, 4~5 um broad, slightly constricted at the |
cross-walls; cells barrel-shaped, cylindrical,l=3 times -
as long as broad, with gas-vacuoles; heterocysts sub-
spherical or ellipsoidal, 5.,5-7 um broad, 6-7.5 nm long;
spores single or few near the heterocysts, spherieal,
8-14 ym broad, with smooth colourless wall (pl.5, fig.77,
photo 34, 35),

Anjum 120, May 24, 1978,

Habitats Terrestrial,

Local distribution: Dry land, Dera Ismail Khan,
Soil depths: 1 inch.

Geographical distribution: Burope, India, Pakistan,

3. Apgbaens augstumalls Schmidle, Einige Algen aus
preussischen Hochmooren, Hedwigia, 38:174, 1899,
Prescott, p-513:§=!1nbar-l'ostnlozsi, ps217, fig.
las, 1962, o ke

rrieho-u often more or less bont; shoath |
diffluent; cells cylindrical or squarish, without gas~-
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vacuwles, 4 um broad, l=1% times as long as broad;
heterocysts cylindrical,6 um broad; spores away from
the heterocyst, 6 um broad, 25=50 um long (pl.6, rig.82).
Anjum 95, Febs 2, 1978,

Habitats Aquatic (Prescott, 1951); terrestrial,

Loeal distributions Dry hill, Kohat,

Soil depths 2 inch, :

Geographical distributions Africa, Europe, North America,
Pakistan, '

4, Anabaena gircinalis Rabenh, ex Born. et Fl_a.h.,Rov.

des Nostocacees hetorboyste’ea, 230, 1888,

Prescott, p.514, pl,l16, fig.le2, 1951; Tiffany

& Britton, p.357s ple98y £igs. 1129,1130. 1952;

Desikachary, p.414, 1959; Huber-Pestalozzi,

p.214, fig.135. 1962.

= Anabaena c¢ircinalis (Kg.) Hansg., Oest. bot,
Zeitschr., 34:390, pl.l, figs.l2-14, 1884,

= Anabaena fles-aguse var. gircinalis Kirchn.,
Kryptogamenflora von Schlesien, 2(1):235. 1878.

Thallus floating, frothy; trichomes mostly
eircinate, seldom straight; sheath absent; cells barrel-
shaped or spherical, somewhat shorter than broad, with
gas-vacules, 8-14 um broad ;heterocysts subspherical,
£-10 pm brosd; spores cylindrical, sometimes curved, ends
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rounded, 16-18 um broad, 22«34 um long, away from the
heterocyst; epispore smooth end colourless (pl.6, £ig.80,
photo 36).

In the present study, epispores have not
been observed,
Anjum 26, April 19, 1977.
Habitats Aquatic (Biswas, 1927c; Prescott, 1951; Bnbar-

Pestalozzi, 1962); terrestrial,
Loecal diatributions Rice field Methra, District Po‘hawu.
Soil depths 5 inche : '
Geographical distributions Europe, India, North America,
Pakistan,

5. Anabaens gvlindrica Lemm. (vide, Huber-Pestalozzi,
1962) . Huber-Pestalozzi, p.209, fig.l21l, 1962;
Kantz & Bold, pe38, figs.22,46, 1969,

Cells cylindrical or barrel-shapedy 4-6 um broad,
3-8 um long; heterocy#ts cylindric, spherical or ellipsoidal,
4-8 um in diameter, 6-8 um long; spores cylindrie, spheri-
eal or ellipsoidal, 5-7 um broad, 8«20 um long (pl.6, fig.
83).
Anjum 36, June 4, 1977. :
Habitats Agquatic (Huber-Pestalozzi, 1962); tcrrutr:lql.
Local distributions Sorghum field, Peshawar.
So0il depths 4 inch,

¢ w

Geographical distributions Europe, North ucrioa, Pakistan,
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Thallus thick, gelatinous; trichomes mostly
solitary, spiral.densely arranged, coiled, not screw-like,
rarely straight; cells subspherical, 6-7.5 nm broad, apex
acute; heterocysts spherical, 7«8 mm in diameter; spores
in chain , away from the heterocyst, spherical, 14 um
in diameter (pl.18, fig.208). '
Anjum 223, Feb,.16, 1979; Anjum 223A, Feb. 19, 1979.
Habitats Terrestrial,
Local distributions Sugar-cane fields, Mardan, :
Soil depths 1, 3 inches.
Geographical distributions India, Pakistan,

8. Anabaena orientalis Dixity The Myxophyceae of the
Bombay Presidency, I, Proc. Indian Acad., Sci.,
By pe3:101, fig.3D. 1936,
Desikachary, p.405, pl.77, fig.b. 1959.

Trichomes solitary, straight or slightly curved,
2.5=4 um broad; cells quadrate or cylindrical, rarely
slightly barrel-shaped, up to 2-3 times as long as broad,
31,7=4,8 um long; end cell conical with rounded apex;
heterocysts single, intercalary, cylindrical or slightly
ellipsoidal, with rounded end walls, 4.,8-5.,5 um broad,
7.4=9,2 um long; spores one on each side of a heterocyst,
ellipsoidal, 7.4=9,2 um broad, 14.8-16.6 um long (pl.5,
rig.78). :
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Anjum 38, June 16, 1977; Anjum 384, Sep. 29. 1977;
Anjum 38B, Sepe. 4. 197%.
Habitats Aquatie (Dixit, 1936; Gonzalves, 1947); terres-

trial,
Local distributions Dry lands, Dera Ismail Khan and
Kohat; Pine forest, Parachinar.

Soil depths 1,2 and 3 inches.
Geographical distributions India, Pekistan,

9. Anabaens orvzae Fritsch, The genus Anabaena, J. Indian
bot., Soc.y 283135, figs.l=16, 1949,
Desikachary, p.396, pl.72, fig.3. 1959.
= Anabgens gelatinosa Fritsch ex De. 1939,

Thallus soft, green, gelatinous, membranous; ¢
trichomes short, straight, densely aggregated generally
parallel; cells 2.,5~3 um broad, more or less barrel-
shapedy l$4=-2 times as long as broad; heterocysts terminal
and intercalary, broader than the vegetative cells,
3=3.,5 um broad, terminal ones conical, and twice 1oh¢.r
than breoad, intercalary ones single, or 2«3 in lorid,
generally barrele-shaped, sometimes spherical, single;
spores rarely single, next to the terminal heterocyst,
commonly away from the intercalary heterocyst, single
or 2-7 in series, subspherical or short oliipsoidnl. 5=b .5
pom in diameter, 5«7 jm long, exospore yellowish brown
(pl.5, fig.74).
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Anjum 25, April 10, 1977; Anjum 25i, May 8, 1978;
Anjum 25B, May 124 1978; Anjum 25C, June 1, 1978; Anjum
25D, June 5, 19783 Anjum 25E, June 10, 1978,
iabitats Terrestrial (Fritsch, 1949).
Local distributionl'ﬁiy landsy Peshawar, Biﬁﬁd iﬁdﬂnirn

" Ismail Khanj Dry hills, Kohat, Abbotta-

. bad; Maize field, Mardan. PoBits
Soil depths 1, 24 3y 4y 5 and 6 inches. foiade b
Geographical distributions India, Pakistan. S

10, Anabaena sphaerica Born, Qt Flah., Rev. dei Nostoca~
cees heterocystées, 228, 1888,
Smith, p.287, fig.166A. 1955; Desikachary,
P.393. 1959; Huber-Pestalozzi, p.206. 1962,

Thallus floccose, blue-green; trichomes monili-
form, strauight, arranged parallel, 5-6 um broad, with an
iniistinet mucilage sheathj; cells spherical to short
barrel-shaped; end cell rounded; heterocysts subspherical,
6-7 um broad; sporas on one or both sides of the heter-
ocystsy subspherical to oval, 8-12 um broad, 12-18 um long,
one to few together; epispore smooth, yellowish brown
(ple5y fig.72).

Anjum 24, April 4, 1977.
Habitats Aquatic (Banerji, 1938; Ganapathi, 1940; Huber-

Pestalozzi, 1962); terrestrial. | -
Local distributions Dry land, Dera Ismall Khan.
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Soil dapths. 3 1neh..

Geographical distribution: Burope, India, Javay North
America, Pakistan,

1l. Anabaensa gpirojdes Klebahn, Flora, 803125, pl.4,
figs.11=13, 1895, iy
Tilden, p.96, fig.43D. 1937; Prescott, p.518.
1951; Tiffany & Britton, p.357y pl.98, fig.1133,
1952; Desikachary, p«395y pl.71ly fig.9. 1959;
Huber-Pestalozzi, p.208, fig.119, 1962,

Trichomes single, free-floating, regularly
spirally coiled, with thick and mucilaginous sheath,
spirals 45=-54 um broad and 40-50 um distant; cells
spherical, 6.,5-8 um broad, mostly shorter than broad,
with gas=vacuoles; heterocysts subspherical, 7 um broad; spores
single,at first spherical, later elongate, slightly bent,
next to the heterocysts oraway from it, 14 um broad
(pl.5, rig.73).

Anjum 47, July 29, 1977.
Habitats Aquatic (Crow, 1923b; Biswas, 1942; Skuja, 1949;
Huber-Pestalozzi, 1962); terrestrial, .
Local distributions Dry land, Dera Ismail Khan,
Soil depth: 1 inech, .
Geographical distribution: Burma, Burope, India, Pakistan,
Sri Lanka,
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12. agnabaena subcvlindrica Borge, Die Algenflora des

Takernsees; Sjoen Tokerns Pauna Geh Flora.
Kongl, Sv. Vet.-Akad., No34,3=48, 1921,
Prescott, p.518, pl.118, frigs.6-8, 1951;
Huber-Pestalozzi, p.210, fig.124, 1962; Kantz
& Bold, p.39, £1gs.26,50. 1969, e

Trichomes straight, solitary or roruing_avth%n
layer, cells short cylindric, 4-4.5 um broad, 5.5-10 am
long; heterocysts eylindricaly, 5«7.5-10 um in diameter,
15-18 nm long; spores eylindrieal, 7-8.5;0. 1n.d1aiotor,
54-57 um long (pl.6, fig,.81, photo 37,38).

Anjum 88, Jan. 9, 1978.

Habitats Aquatic (Prescott, 1951); terrestrial,

Loeal distributions Sorghum field, Peshawar.

S0il depths 5 inch, :

Geographical distributions Europe, North America, Pakistan,

13. Anabaena yariabills Kg., ex Born.et Flah., Rev, des
Nostocacees, heterocystées, 226, 1888..
Prescott, p.519, pl.1l18, figs.9-10. 1951;
Tiffany & Britton, p.357, pl.98, fig.1132,
1952; Desikachary, p.410, pl.71, r13.5,71959;
Huber-Pestalozzi, p.295, fig.lll, 1962.
= Anabgena indics Zeller, Algae collected in
Arracan etc., J. Asiatic. Soc,, Bengal,
42: 1873a.

;
|
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Thallus gelatinous, dark green; trichomes
without sheath, flexuous, 4-6 um broad, slightly constri-
cted at the cross-walls, end cell conicalw-obtuse; cells
barrel-shaped , sometimes with gas-vacuoles, 2.5-6 nm long;
heterocysts spherical or oval, & jm broad, up to & um
long; spores formed centrifugally, not coﬁtigudnd tith
the heterocysts, barrel-shaped, in series, 7-9-‘11 ).
long; epispore smooth, or with fine needles, colourless
or yellowish=brown (pl.6, f£ig.79).
Anjum 151, Oet, 9, 1978; Anjum 1514, Oet. 15, 1978.
Habitats Aquatic (Banerji, 1938; Biswas, 1942; Prescott,
1951; Huber-Pestalozzi, 1962); terrestrial (Ghose,
1927b). { :
Local distributions Rice field & dry land, Feshawar,
Soil depths 24 3 inches.
Geographical distribution: Burma, Europe, Indis, North
America, Pakistan,

AULOSIRA Kirchner
Kryptogamenflora von Schlesien, 238, 1878,

Filaments free, sparse or in bundles, uniformly
broad, without differ_entiation of base and apex; tri-
chomes with sheath; heterocysts intercalary; spores
eylindrical,often in chains, contignom w:lt.h the hetero=-

cysts or away from 1t.

1
|
|
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Key to the species
l, Filaments 6.'5-8ﬁl broadesesssces Ao Aenigmatica (1)
1. Filaments 9,5=14,7 nm broad...««« A.Dseudoramosa (2)

1. Aulosirs aenigmatica Frémy, Cyanophycees de 1'Inde

meridionale, Blumea, Suppl. 2337, fig.ll. 1942,

Desikachary, 90428’ p1.81’ figs.15,17. 1959,

Thallus floating, expanded, dark blue-green,

filaments more or less intricate, suberect, 6.5—8‘)1!

broad; sheath hyaline, membranous, delicate, close to the

trichome; trichomes pale blue=green, 5.5-6 um broad, some-

what constricted at the cross-walls,attenuated towards
the apices; cells subgquadrate, longer or shorter than

broad, contents finelly granular, end cell obtuse-conical;
heterocysts single or rarely in pairs, oblong to spherical,

as broad as or slightly broader than the trichomes; spores

barrel-shaped or eompressed spherical, commonly shorter
than broad, 7 am broad-. in series; epispore colourless,
somewhat thick (pl.6. rig.85).

Anjum 37, June 10, 1977; Anjum 37A, Sep.28, 1977.
Habitats Aquatic (Fremy, 1942); terrestrial,

Local distributions Dry Ala.nds, Dera Ismail Khah.

Soil depths 1, 2 inches.

Geographical distribution: Indis, Pakistan,

2. Aulosirs pseudoramoss Bharsdwaja, Contributions to our
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knowledge of Myxophyceae of India, Ann, Bot.,
Lond ., 473 137, figs.7,9. 1933.

Desikachary, p.430, pl.8l, figs.7«14, 1959,

Thalluquaé, compact; filaments unbranched,
9.5-14,7 um broad, irregularly bent, densely entangled;
sheath thick,firm, colourless, strl:iriod_,.tith uneven
outer surface, at maturity becoming deep yellow or golden
yellow; trichomes constricted at the orou:-wa).h; cells
eylindrical, rarely bnrrel-shaped,‘-slighti)" lbnéor tfnn
broad, sometimes quadrate or rarely shorter than broad,
6,3=10,5 um dbroad, blue green; in young trichomes hetero-
cysts are absent while in old trichomes, intercalary,
occuring single, rarely in pairs or terminal, as broad as
the trichomes, 6.,3=10,5 um broad, 6,3«18,.9 um long;
spores not knownj; fragmentation (pl.6, rig.84).

Anjum 118, May 10, 1978,

Habitats Aerial (Bharadwaja, 1933); aguatic (Skuja, 1949);
terrestrial,

Local distributions Koist land, Dera Ismail Khan,

Soil depths 4 inch.

Geographical distributions Burma, Indis, Pakistan,

BNODULARIA Martens i
in Juergens, Algae aquaticae, Dec., 15 nr. 4, 13'22‘.
Filaments free; sheath hyaline, delicate,
mucilaginousy, diffluent; trichomes uniform in breadth at




B L P ar L E L

162
the vegetative stage; cells short, depressed discoid;
heterocysts compressed, intercalary; spores spherical,.
subspherical to dhcoid, single or in chains, hott‘un

the heterocysts, epispore smooth,

Key to the species ot
l, Cells 4~6 um broadecssecsssssvnsns N. m‘l)
1, Cells 610 m broadecsvcecssccocs Mo m"(Z)

1. Nodularia harvevapna (Thw,) Thuret, Essai do elus. des
Nostochinees., 1:378, 1875. ’ ‘
PTOSCOtt’ 905270 19510

Filaments flexuous, solitary, more or less
straight; sheath delicate, hyaline, usually close but
sometimes diffluent and becoming indistinct; cells 4-6 um
in diameter, 1/3 or nearly as long as broad; apical cell
obtusely conicalj spores spherical or <c:e somewhat
compressed, 8 um broad, yellowish-brown in colour (pl,.19,
rig, 245).

Anjum 224, Feb. 16, 1979,

Habitat: Aquatic (Prescott, 1951); terrestrial,
Local distributions Sugar-cane field, Mardan.
Soil depth: 6 inch, |

Geographical distributions Burope, North America, Pakistan,

« Nodularis spumigens Martens ex Born, et Flah., Rev, des
Nostocacees heterocystées, 245, 1888.
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Prescott, p.527, pl.122, figs.3-5. 1951;
Doo‘.lktehu-y, P«423, 91080’ figo.13,11- 1’59.

- {
2

Filmnts usually in bundles, entangld 1n a
loose, gelatinous mass, rarely solitary, 8-12 um broad,
stralght, bent or spirally coiled; sheath thin or thick,
hyaline; cells disc-shaped, compressed, constricted
at the crossewalls, 6=7,8-10 nm in dinetér.‘fﬁ"fi long;
heterocysts somewhat broader than the ngotaiﬁﬁ'uus;
spores 1in series, seldom one to gev, subaphoricgl,_z_:lqter-
calary, not necﬁas;rily near thoheteroeysts, 12,&. 15

diameter, 8~9 um long; epispore yellowish-brown (pl,18,
r180215)0

Anjum 225, Feb, 18, 1979, _ #
Habltats Aquatic (Bharadwaja, 1935; Buﬂhn'a, 71936;
Prescott, 1951); terrestrial.
Local distributions Sugar-cane field, Mardan,
S0il depths 5 inech.
Geographical distributioﬁl Burope, India, North America,
Pakistan, ‘

ELECTONEEA Thuret

Essal class Nostocacees, Ann, Sei. nat. Bot., Ser.
6' 1‘375. 18750

’rricho-es variously bont, uth 3 th:l,n.

Zar

B s

sheath; false branching; branches singlo or in )d.ru

heterocysts absent; hguogones present; spores unknown,
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‘Key to the species L9013
l. Cross-walls not granulated........ P+ postocorug (1)
l. Cross-walls granulatedes.....s.... B. Dotatum (2)

1. Electonema nostocorum Bornet ex Gomont, Monogr, Oscilla-
riées, 102, pl.l, fig.ll, 1892, lass; colls
Prescott, p.539, pl.126, figs.4,5. 1951; Tiffany
& Britton, p.368, pl.l02, fig.l157. 19523
Desikachary, p.439, pl.83, rig.7. 1959.

Filaments nearly straight or floxuous;,falco
branches sparse, single or geminate; sheath thin.-hyaline,
not coloured by chlor-zinc-iodide; cells cylindrical, some-
times constricted at the crossewalls, septa not granulated,

1-1.,5 am broad, 2=-2.5 um long, pale blue-green; end cell
rcunded (pl.l9, fig.235).

Anjum 227, Feb, 20, 1979,
Habitat: Aquatic (Prescott, 1951); terrestrial (Gonzalves
& Gangla, 19a49),
Locsl distributions Sugerecane field, Mardan.
Soil depth: 1 ineh.
Geographical distribution: Europe, India, North America,
Pakistan,

2. Electonems notatum Schmidle, in Simmer's IV, Ber, ueber
d' Kryptogamenflora V. Kreuzecker, Allg. bot.
z.‘t'mcp Ne 3/‘; 8‘, ri‘..a’9. 1”1.

TR T

|
|
|
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Pros_cptlt, p.540, 91.126, filloG'?o 1951;
Desikachary, p.440, ple83, fig.5- 1959.

Filaments variously bent, 1.7=2 am broad, free-
floating or forming a distinet thallus; false branching
sparse, single or geminate; sheath thin, colourless; cells
cylindricaly 1.,2-2 um broad, 2=3 times as long as broad,
with two grenules at the cross-walls, not constricted,
pale blue~-green; end cell rounded (pl.6, £ig.86).

Anjum 75, Nov, i5a 1977; Anjum 754, Nov.22, 1977.
Habitat: Epiphytic (Prescott, 1951); terrestrial.
Local distributions Dry lands Dera Ismail Khan,
Soil depths 5, 6 inches.

Geographical distributions Burope, North America, Pakistean.

SCYTONEMA Ag.
Syst. Alg., 26, 1824,

Filaments false-branched; false branches single
or in pairs, formed laterally in between heterocysts;
trichomes single in each sheath, straight; hormogones
terminal, solitary; pseudo-hormogonia pressent; spores
spherical or ovate, exospore thin and smooth.

Key to the specles
l. Filaments 7«12 um bBroa&d..c..eeceeess S. HOfmannd (1)
l. Filaments 12~15 jm broad........... S javanicum (2)
l, Filaments 15-2]1 am broadecccesessss S« pilled .(_3)
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1. Scytopema hofmannl Ag. ex Born, et Flah,, Rev, des
!ostoean‘oa‘hoteroeyst63s 97. 1887,
Desikachary, p.476, pl.91, fig.2. 1959.
= Scytonema kurzianum Zeller, J. Asiatic Soc.
Bengal, 42(2):182, 19?3.

Thaliua eushion-lika, brgadly expanded, blackish-
blue-green, sometimes impregnated with calelum oarhénate;
filaments 712 am b:oad, rarely up to 15 um broad, in
bundles, ralse‘brnnched; sheath firm, lo-hranoﬁs;
trichomes 5—10Ap- broad, olive to blue-green; cells
unequal in length; heterocysts oblong (pl.7, fig.88).
Anjum 168, Nov. 29, 1978,

Habitats Agquatic (Biswas, 1924); epiphytic (Skuja, 1949);
terrestrial (Gonz@lves & Gangla, 1949; Mitra,

1951; Gupta, 1953),

Local distributions Dry hill, Kohat.

Soil depth: 4 inch,

Geographical distributions Barkuda, Burma, Burope, Indiﬁ,
Pakistan. |

2., Scytonems javanicum (Kg.) Bornet ex Born. et Flah.,
Rev, des Nostocacees heterocystees, 95, 1887,

Tilden, p.75, figs.25A=C. 1937; Desikachary,
D.‘él, Plom’ fig.4- 19590

Thallus cushion-like, deep blue-green to reddish;
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filaments 12-15 um broad, in erect fascicles; false 0
branches long, flexuous, aggregated; sheath firm, thin,
hyaline or becoming yellowishj trichomes 9-12 um broad;
cells compressed to guadrate; heterocysts subquadrate
(pl7, rig.89).
Anjum 169, Nov. 29, 1978.
Habitats Aquatic and terrestrial (Ghose, 1927.; Bao, ;

C.Bay 1937b; Fremy, 1942).
Local distributions Dry land, Dera Ismail Khane
Soil depths 2 inch. i
Geographical distribution: Ltri-ca, Burma, Burope, India,
Indonesiay Pskistan,

3. Scytopema millei Bornet ex Born, et Flah., Rev, des
Kostocace’es heterocysteess, 93, 1887.

Desikachary, p.460, pl.93, figs.2-2, 1959,

Thallus wooly, cushion-like, broadly expanded,
dulle=green or brownish; filaments 15«21 um broad, inter-
woven; false branches erect; sheath rirl,'bro'nia“;h, when
old with parallel lamellations; cells 10=15 nm broad,
iiscoid, when old becoming elongated up to as long as
broad; heterocysts mostly discoid, somewhat broader than
the trichomes (pl.7, £ig.87).

Anjum 167, Nov. 25y 1978.
Habitats Terrestrial, mrte
Local distributions Dry land, Dera Ismail Khan.

.. 4




Soil depths 5 inch, : . 1 ne
Geographical distributions EBurope, Pakistan,

TOLYPOTHRIX Kg.
Phyc. gen., 227. 1843, | 3
Fila-onts with a firm, thin or thict sho;th;
with a single tricho-o 1n each shcath. ralao-branchod,

mostly free, prostrato or erect; talle branches single,

mostly subtending a heterocyst, occasionally geminate
as 1in Scytenema; hormogonia formed from the tips;

trichome with apical growth, apices often broader with
shorter cells,

Key to the specles
1, Sheath lamellatedesssecsssscesseses X. Lonuis (3)
1, Sheath unlalellated.............;. 2
2. Trichomes 9=12 um broadssesssess 1. disborts (1)
2. Trichomes 4=5.5 um broadecessese I+ Lragilis (2)

1. Iolvpothrix distorts Kg. ex Born, et Flah,, Rev, des

Nostocacees hetorocyst‘es, 119, 1887, _
Prescott, p-53?g pl.125, figs.5,6. 1951;
Desikachary, p.495, pl.l02, rig.l. 1959;
Fritsch, p.805, f1gs.308, NP, 1959.

Thallus expanded, cushion-like, blue-green to
brownish, sometimes calcium inerusted; filaments highly
false~branched, 10«15 um broad; false branches mostly
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deeply or sharply erect; sheath thin, close to the
trichomes, at first colourless, later bro-pish; #richo-n-
9=12 um brod; iliéhtly torulose, blue-green; cells as
long as broad or shortor than broad; hotarocysts sin;lo
or 2-33 nearly sphorieal to eylindrical (pl.?, tig.90).
Anjum 179, Dece. 33, 19'78.

Habitats Aquatic (Ghose, 1919; Parukutty, 1939; Gonsalvea
& Joshi, 1946, Prescott, 1951); terrestrial.
Local distribntiont Dry hill, Abbottabad. :
Soil depths 4 inch. : _
Geographical distributions Burope, India, Nerth ‘;orica,
' Pakistan. "

2. Iolypothrix fragilis (Gardner) Geitler, Kryptogamen-
flora,724, fig.465. 1942, _
DosikacharY9 posw’ p1.103, fi‘olo 19590

Filaments short, straight, 5.5-7 um broad;
sheath thin, colourless, unlamellated, sometimes gelati-
nized at the base of the branchj trichome 4-5,5 um broad,
unconstricted at the cross-walls,as longsbroad, at the
ends half as long as broad; heterocysts spherical or
compressed (pl.7, rig.91),

Anjum 140, Aug. 26, 1978,

Habitats Terrestrial (Gonzalves & Gangla, 1949).

Local distributions Rice field Methra, District Peshawar,
501l depths 1 4nch.
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Geographical distributions Buropey India, Pakistan,

3. Tolyposhrix tenuis (Kg.) Johs. Schmidt ems, Bot.
Tidsakr., 22:383. 1899.
Preacott, P«538. 1951; Doaikachary, p.491,
pl.102, fig.4. 1959.
= T, tenuis Kg. Phyc. gen., 228, 1843,
. mulcicola Kg., Phyc. gen., 227. 1843.
e lanata Wartmann in Rabenhorst, Fl. Bur. Alg.,
2:227. 1865, rell omensel,
= T, inflata Ghose, On some Myxophyceae from

= M3

Maymyo. J. Burma Res. Soc., 17:254, pl.4,
fig.4, 1927.

Thallus cushion=like, blue=green or brownj;
rfilaments (4=)6=17(~18) um broad, repeatedly branched;
sheath thin, close to the trichome, at first hyaline
later yellowishebrown, often lamellated; cells (4-)5-13 um
broad, gquadrate or longer than broad, blue-green, slightly
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or unconstricted at the cross-walls; heterocysts eylind-

rical, spherical or discoid, 6-14 um broad, 2e3-6 -

long, colourless or yellowish, soutiu'y or 2-5 in a

series (pl.19, fig.244).

Anjum 226, Feb,18, 1979.

Habitats Aguatic (Turner, 1892; Crow, 1923b; Ghose, 1927d;
Bharadwaja, 1934; Rao, C.B.s 1937b; Parukutty,
19403 Ra0,CuBsy 1940; Prescott, 1951);




terrestrial (Dixit, 1936)., - b

AMECER

Local distributions Sugar-cane field, Mardan,

Soil depths 2 inch.

Geographical distributions Burma, Burope, India, North
America, Pakistan, Sri Lanka.

Ao

mmmm Thurot
Essai elul. Host.. Lnn. Sci. nat., Bot.. Bor. 6,

13378. 18?5.
= l"rom a De Toni, Notorolla de nonomel.
algol,, 8:3, 1936, :

Filaments attached, single, in bundles, or
clustered; trichomes single with a distinet sheath, more

:
F
:

or less attenuated at the apices, seldom uniform in

breadth throughout the trichome; heterocyst basal, rarely
intercalary; spores single, seldom in series, away from
the heterocyst or near it; hormogones present, Single

specles was ‘collected fro- N.W.,F,P, soil,

« Microchsete tepers Thuret ex Born. et Flah., Rev. des
Nostocacees heterocystees, 84, 1887,
Prescott,; p.542, pl.127, rfig.6, 19513
Desikacharys p.513, pl.l05s figs.l=2, 1959,
= Fremvella tenerg (Thuret) De Toni, J. Noterelle
. di nomenel. algol, 834, 1936,

Filaments single, or in small stellate clusters,
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slightly bent, prostrate at the base, 6-7-8.5 um in
diameter; sheath thin, close to the trichomey hyaline,
unlamellated; trichomes 5 um broad, blue-green; cells at
the base twice as long as broad; heterocysts basal and
intercalary, nearly spherical or cylindrical, 6 pum broad,
6-8.5 mm long; spores single or in series, basal or
intercalary, cylindrical, with brownish walls, 6«7.5 um
broad, 13-17 am long (pl.7, f£ig.92)..

Anjum 141, Aug. 28, 1978; Anjum 1414, Sep. 18, 1978.
Habitats Aquatic (Skuja, 1949); terrestrial (Rao, C.B.,
1937b).
Local distributions Rice fields Methra.,District Peshawar.
Soil depths 1, 2 inches.
Geographical distribution: Burma, Burope, India, North
America, Pakistan,

CALOTERIX Ag.
Syst. Alg-, 24, 182a,

Filaments single or in small bundles, caespitose,

tomentose, pulvinate or penicillate; filaments more or
less parallel, mostly erect, unbranched or rarely false-
branched; sheath firm, sometimes seen only at the base;
heterocysts mostly basal, rarely intercalary; spores
when formed single or in series, next to the basal

heterocyst,
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- Key to the species
1. Filaments distinetly constricted..... C. marchica (4)
1, Filaments unconstricted or slightly o
constrictedssesesssscsnssssnnssnssnne 2
2. Trichomes 3.5-4 nm broad at the
DASeeesssssssssesssasassscsnssnsess o 2RADRYELICA(3)
2+ Trichomes 5-5.5 am broad at the
VPRl ' ARt R B T
2. Trichomes 5-7 xm broal st the base.... C. elenkinii (2)
1. Calothrix clavata G.S.West, in Fuhrmann et Mayer,
Voyage d4' explor. Colombie, 1019, pl,21, figs.5,
7. 1914, e '
Desikachary, p.542, pl.lla, 213;2. 1959; Frémy,
pP.l42, pl.36, rig.l. 1972,

it
:
=
=

Filaments single or in groups, straight or
slightly bent, prominently swollen at the base, 7 um

in diameter; sheath delicatey, hyaline, close to the
trichome; trichomes slightly constricted at the cross-
walls, 5-5.5 um broad at the base, in the middle 2«5 am
broad; cells discoid at the base, 2-3 times as long as
broad above; heterocysts basal, single, huinphcriéal
(ple8y £ig.99).

Anjum 147, Sep, 22, 1978.

Habitats Aquatie (Skuja, 1949); terrestrial,

Local distributions Pine forest, Parachinar.

L b e S R S
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Soil depths 2 inch,

Geographical distributions Africa, Burma, Columbisa,
Europe, Pakistan, South America.

2. Calothrix elemkinii Kossinskaja, Not. Syst. Crypts
Inst, Horti, Bot. Petropol,, 3,.,11. 1924,
m’it”h”y, 9.531, plon"j f18l05’6’113 1959.

Filnent_a_q tufts, bent and swollen at the .
base, interlaced with each other, 6~9 um broad at base,
in the middle 4,5-6 um broad; sheath close to the
trichomes, thin, unlamellated, hyaline, open at the ends;
trichomes blue or olive-green, at the base 5-7 um broad,
in the middle 3.5=4.5 um broad, unconstricted at the base,
apical hair not formed; cells gquadrate, somewhat shorter
then broad; heteroeyst basal, single, 4.5-7 um broad
(pl.8, rig.98, photo 39).

Anjum 146, Sep. 12, 1978,

Habitats Aquatic (Parukutty, 1940); terrestrial.
Local distributions Pine forest, Parachinar,
Soil depths 1 inch.

Geographical distribution: Iniia, Pakistan, Russiae.

3. Calothrix apiphvtica West & West, J. Bot. Londones
355290, 1897. '
Prescott, p.553, pl.132, £igs.2,3. 1951;
Desikachary p.543, 1959, k-
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Filaments single or in groups, at the base
5=7e5 um broad, at the apex gradually attenuated; sheath
somewhat thick, hyaline; trichomes at the base 3.5=4 um
broady tapering to a fine hair; cells somewhat shorter
than broad below and longer than broad. above; heterocysts
basal, single, small (pl.8, fig.9%).
Anjum 175, Dec. 18, 1978. |
Habitats Aquatiec (PrescOtt, 1951). terrestrial (Gonzalvoa
& Gangla, 1949). !
Local distributions Dry hill, Abbottabad.
Soil depths 5 inch, |
Geographical distributions: Bﬁru, Burope, India, North
America, Pakistan,

4, Calothrix marchica Lemm., Abh. Naturh, wer. Bremen,
23(1)3248, fig.l=2. 1914,
Desikachary, pe.543, pl.ll4, fig.4. 1959.

Filaments straight or slightly bent, single,
at the base 4=6 ym broad; sheath thin, close to the
trichome, not coloured wviolet by chlore=zinc=iodide; tri-
chomes blue~green, gradually attenuated into a hair,
distinctly constricted at the cross-walls, at the base
4-5,5 pnm broad, ¥4 as long as broad; end ell conical,
pointed; heterocysts single, basal, nearly spherical or
hemispherical, 4=5,5 um broad (pl.8, £1g.97). :
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Anjum 180, Dec. 25, 1978, road
Habitats Terrestrial,
Local distributions Dry hill, Abbottabad,
Soil depths 3 ineh,
Geographical distributions Europe, Pakistan,

| C_ RIVULARIA (Roth) | TP 6
Syst. Alge, 19, 1829, | -
Filaments more or less irregularly false-
branched, scmetimes unbranched, more or less radial or
parallel in a hemispherical or spherical mucilaginous,
hollow or solid colony; sheath more or less gelatinizing;
trichomes ending in a hairy often with distinet trichotha-
1lic growth; heterocysts basal or intercalary; often
false branching at the base; hormogonia single or in
series gradually progressing towards the base from the
meristematic zone; spores absent, Represented by a single

specles.,

1, Rivylaris dura Roth ex Born, et Flah,, Rev, des
Nostocacees heterocystees, 347, 1886,
Tilden, p.80y £ig.30C. 1937; Smith, p.278,
fig.161H, 1955; Desikachary, p.55, pl.ll5,
£ig.2. 1959. |

Thallus hard, calecium incrusted, blackish-green;
filaments densely arranged; sheath thin, hyaline, unlame-

llated, uniform; trichome 4«9 um broad, blue-green, ending
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in a long hair; cells at the base as long‘as'brOnH;‘
above about 1/3 as long as broad (pl.8, fig.§5327
Anjum 171, Decs 4, 1978.
Habitats Terrestrial., : , Spheriea
Local distribution: Dry land, Dera Ismail Khan, = ged ,
Soil depths 1 inch. tside 1 marging of
Geographical distributions Europe, North America, Pakistan,

i
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GLOBOTHRICHIA Ag.
Alg. Maris et Adriat., 8. 1842, e
Thallusspherical or hanisphorical, solid,aone—

oatly

times when old inflated and hollow; rilalcnts radial, more
or less parallel, often with false brancbe" sheath at

first firm, only gelatinizing on the outside, sort to

mostly diffluent; trichomes with a distinet trichothallie
growth; heterocysts basal; spores at the base of the
trichome, single or a fewhext to the heterocyst; hormo-

gones present,

A L AL AT I A I YL A T

Key to the species

1. Spore 40 am lonslooooooo-oc-.t'o Ge M (3)
1, Spores 4450 1m lONEeeccsssssne ﬁo echipulats ‘1)

1. Glosotrichia echinulata (J.B.) Smith P, Richter, |
!orachungaber. d. Biol, stat. Plo.n, pnrt 2,

31' flgﬂ .1-8. 189‘.
Tilden, p.82, fig.31A-E, 1937;'Préaddtt:f$;557,
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pl.134, figs.l-2. 195}; Desikachary, p.556,
pl.ll6, figs. 9=10. 1959; Huber~Pestalozzi,
pP.176, rig.59. 1962,

Thallus solid, free-swimming, soft, spherieal,
later lenticular or eylindrical; filaments loosely arranged,
radial, superficial ones produced outside the margins of
the thallus, mucilage limits giving it a villose
appearance; sheath delicate, not lamellated, more or less
distinct, hyaline; trichomes with a long hair, l-2 am

broad, at the base 8-10.,4 um broad; cells cylindrical, mostly

with gas-vacudes; heterocysts spherical ar ellipsoidal,

7=10 um broad; spores cylindriecal, with rounded ends,

straight or bent, 6~18 um broad, 44-50 um long (pl.7,

rig.93).

Anjum 142, Aug. 30, 1978,

Habitats Aquatic (Crow, 1923b; Prescott, 1951); terrestrial,

Local distributions Rice field Methra, District Peshawar.

Soil depths 5 inech.

Geographical distributions Burope, North America, Pakistan,
Sri Lanka,

2. Gloeotrichia longicauds Schmidle, Hedwigia, 40351,
pl.3, figs.4-5, 1901,
Desikachary, p«558, pl.117, figs.1,7,8. 1959.
Thallus hemispherical; sheath somewhat diffluent,
unlamellated, hyaline; trichomes gradually attenuated
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into a long hair; cells as long as broad or somewhat
longer than broad, 6«8 um broad; heterocysts mostly
many, of varying diameter; immature spores rounded,
eylindrical or long ellipsoidal, later bent or curved,
16 pm broad, 40 um long; epispore hyaline (pl.18, fig.214,
photo:40)iai Don mOtiiecsncssvanes ]

Anjum 2285 Febs 21572978, .. . ... .. Choamvdoncnas
Habitats Terrestriale . ... .. ... . Papdorins

Local distributions Sugar-cane field, Mardan.
SoiTtaepttis el idnoRe shei « « v osnsneon- 22

Geographical distributions Burma, Europe, Pakistan,
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CHLOROPHYCEAE TA

Key to the genera of Chlorophyceae

1, Vegetative cellswith flagella, rohormidis

mOtilecesssvssssnsnsnsnsennsnee 2
1. Vegetative cells without
flagella, non motilececcccoceasse 3 Dluk
2. Plant unicellular....ssesssss Chlamvdomonas
2. Plant colonialecesccssssseeses Bandorins -
3. Plant filamentouScessscsccsscses 4.
3¢ Otherwisesssesssccssossssscsnsee i *
4, Filaments branched.ceccessssee 5
4, Filaments unbranched..essesess 8
5. Cells lemoneshapedessssssssssse ERvsolioum
5S¢ Otherwiseessescsccssscsssessssce b
6. Cells with one pyrenocid...... Stigeoclonium
6. Cells with 4 or more .
pyrencidSccecessesscssssssscssssse 7
7+ Filaments with rhizold-like
DrancCheS.csssssssssnsssssssssssss RRiZOclonium
7. Filaments with manyscelled
branch@Sceesssscssssssssesesssse SiBAdOpDhoOrs
8., Cells_median ly constricted,
with 18thBUSesessvcscssscsses SRODAVIOSiug
8¢ Cells not medianly

- A Tnri i

constrictedececsesvsessesscecnses 9
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9, Cell=wall breaking into Hepileces.. Microspors
9¢ OtherwisBsissscsssscecssscssssssss 10 £

=

10, Holdfast absent.ccsssscsssssnes mmm

10, Holdfast presenNt.cceccscscsccces 11
11, Cells with apical caps, upper
and of cell broadereseccssccsscess Oodogonium
11, Cells without apical caps, cells
uniformly broadecssccsscsssessces Jlothrix
12, Plant colonialesecccscccscsscee 13
12, Plent unicellulareccccccsssssss 23
13, Colony with wide gel.csssenscssss 14
13, Colony with or without narrow.gel, 17
14, Gel layeredessssssssssssssnsess Glosocystis
l4, Otherwisecscsssssssessssssssesse 15
15. Cells roundedeccccccsssssssssssss 16
15, Cells longe-cylindric or fusiform. Quadriguls
16, Colony roundedecscesssssessesses blanktosphaera
16, Colony shapleSSeecccsssccesseees Palmells
17. Cells sphericaleccccccscesssssces 18
17. Cells elongated, curved or
squarish.scscccescscssssesesssscee 21
18. Colony 2 hollow sphere....«+++« CO8lastrum
18, Colony an irregular packet..... 19
19, Zoospores abseNtececsssssccsssess ErOtococous
19, Zoospores presentecccccscccscssse 20
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20, Chloroplast parietal and ios

fi1s8Uuredscsesssscsssssssssssssse M
20, Chloroplast parietal and non-

fissured.ssssssessssscssssesses Chlorosarcinopsis
21, Colony not in one plane, old
parent wall presentecececcccsese Q0cystis
21, Colony in one plane, .old
parent wall absenNtescecscscsssses 22
22« Cells elongatey lying

p“‘ll‘l...oc...-oo......o..!. m‘m
22. Cells sqguarishy not lying

parallelicscsscsccsasssssscsee Srucigenis
23 Cells with a median constriction.Cosmarium
23, Cells without median
constrictioNesscevsecccesccssscee 24
24, Plant sessile, elongated
with a stalkeeescesscssseseses Characium
24, Otherwise.cescessvesssnsssssse 25
25. Cells angularcesssssccssssssssss 26
25. Otherwig@.ccesssnesscsesscncccce 27
26, Chloroplaat one to many
parietal diSeScesscsseccssssse LOtrasdron
26, Chloroplast one, netelike
OF SPONEYescssssssssesssssssees ShlOrotetrasdron
27+ Cells roundedsssssessssssscescces 28:
27« Cells not roundedecccsssescccsss 35
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284 Chloroplast asteroid...ssss+s+ Radlosphaera
28. Chloroplut net=likessessssces w

284 Otherwis@eescssscesssssnsncnns 29
29e Chloroplast a hollew sphere; .
cells varying in sizesccccccssss 30
29. Otherwiseeseccassscsesasssscnsnes 31
30, Autospores presentececececsssss Neochlorls
30 Autospores abseNtescessesssssees ShlOrococcum
31, One parietal chromatophore....s« Chlorells.
31, Several discoid chromatophores.. 32
32. Autospores present.csecccscses 33
32+ Autospores absentececssssssscs 34
33, Cells large, 20-200 um in
diameter.cccscccccscsssnssssnccese Sremosphaera
33, Cells small, 7«8 um in diameter. Palmellococcus
34, Zoospores with two equal=-
lengthed flagella.e.eesseeseees Digtvococcus
34, Zoospores with two unequal-
lengthed flagellaceecscsccscscse ﬂ:‘g&ﬁﬁgﬂsgni
35, Two axial chloroplastS..e.e.ssecees Closterium
35, One axial chloroplastececesssses 36 '
36, Chromatophore with an
excentric notch at the centre. Roya
36, Chromatophore without an

excentric noteh.csscvcsccnnsse mm $
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CHLAMYDOMONAS Ehrenberg
Dritter Beitrag zur Erkenntnis grosser Organization
in der Richtung des Kleinsten Raumes. Abh. d. Koenig.
Akad, Wiss. 2, Berlin, 145-336. 1833,

Vegetative cells unicellular, actively motile,
ovoid, ellipsoid or spherical, sometimes with one or
two apical papillae. from which two equal flagellaarise;
often with a narrow or wide nuc:llaginouqahenth;-uua
uninucleatey chloroplast of several types, dense,
oceupying the entire cell, or a thin parietal cup;
pyrenocids one to many.basal or bilateral and scattered;
pigment=spot lateral and anterior, rarely median; 2-4

apical contractile vacuoles usually present.

Key to the species
1. Cells ovoid to ellipsOidecesssncs 2
l, Cells globOS@sssssssssssscasscsns. 3
2. Cells 12 pm in diameter....s.«s S Lypica (4)
2. Cells 6.5=8 ym in diameter..... C. gnowii (3)
3, Cells with anterior papilla...... C. pseundopetryi (2)
3. Cells without an anterior pepilla. C. globosa (1)

l. Chlamvdoponas globosa Snow, Bull, U.S, Fish, Comm,
389. 1903, '
Prescotty p.71, pl.l, figs.8,9. 19513 Tiffany
& Britton, pel3, pl.l, fig.4, 19523 Huber-
Pestalozzi, p.157, fig.132., 1962,
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Cells broadly ovoid to globose; gelatinous,
sheath hyaline; without an anterior papilla; chloroplast
a dense parietal cupy & basal pyrenoid, one contractile
vacuole in the anterior end of cell; pigment spot lens-
shaped, supermedian in position, lateral; cells 5-7 um
in diameter, 10-=19 qam long (pl.9, riz.lﬁ_l_). i g
anjum 89, Jan, 15, 1978. by -
Habitats Agunatic (Prescott, 19513 Hubor-Poatalozki,w
1962); tcrrostfial.
Local distribution: Dry land, Peshawar.
So0il depths 5 inch,
Geographical distributions Burope, North America, Pakistan,

2. Chlapvdomonas psendopetryi Pascher, Die Suesswasser-
flora Deutschlands, Oesterreichs und des

Schweiz, Heft. “1-5“, figa.1-45. 19270
Prescott, pe.72y plel, fig.l2, 1951; Huber~
Pestalozzi, p.173, fig.lﬁd». 1%2.

Cells globose, with a prominent hemispherical
papillae; chloroplast cup-shaped, dense in the basal
portion; 2 anterior ébntractile vacuoles; pyrenoid
posterior; pigmente-spot lens-shaped, anterior and
lateral; cells 12-18«(27) um in diameter (pl.9, rig.102).
Anjum 92, Jan, 25, 1978,

Habitats Aquatic (Prescott, 1951; Huber-Pestalozzi,

1962); terrestrial,
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Local distributions Dry land, Peshawar, ition
Soil depths 6 inch, Jang 115 {pl.d
Geographical distributions Europe, North America, Pakistan,

3. ChlanvdoheRSh SEEEIS Brints, Skre Vilehoke 1o
Kristiania., Mat: Nat. K1,y No:é, p.18. 1914,
Pr‘séotf, §.72, pl.l, figs.l3,14, 1951; Smith,
p.33;'fig.8. 19553 Hubar-?oataleizi, p.184,
£ig.183. 1962. A

Cells narrowly oveid tc ellipsoidal, with an
anterior papilla; chloroplast a parietal cup, dense in
the posterior region; pyrenoid one, centrally located;
cells 6.5-8 um in diameter, 10-15 um long (pl;9t.f139100).
Anjum 59, Oct. 3, 1977. | SRR
Habitats Aquatic (Prescott, 1951); tarr;strial.hr
Local distribution: Dry land, Peshawar,
Soil depth: 1 inch. -
Geographical distributions Burope, North America, Pakistan.

4. Chlanvdomonas Lveica Deason & Bold,y Phycological
Stud.y Univ, Texas, p.l9, fi‘..18’19;
86-89, 1960,

Cells ovate-ellipsoidal, 8-12‘p- in dla-oter,
9-18 mum long; chloroplast cup-shaped with a hasal ;
pyrencid; 2 contractile vacuoles; stigma nntcriorlv
placed; cell wall of moderate thickness; without
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pepilla; matrix distinct; endogenous bipatition of -
non-motile cells to form four daughter cells (pl.l7,
rig.195, photo 41,42).

However, in the present study, cells were 15-17 um broad
and 18-20 um longe -

Anjum 229, Feb. 21, 1979.

Habitats Terrestrial (Deason & Bold, 1960).
Local distribntion! BIce field lethra, Distriet Pocha'tr.
Soil depth: 2 inch. ‘ 3

Geographical distribu%ions North America, Phti;tigJ"

EANDORINg Bory
In Dictionnaire d'histoire naturelle-Paris, p.600, 1824,

Colony ovate or obvoid, composed of 8«16-(32)
globose or pyriform cells, compactly arranged and enclosed
by a common gelatinous envelope; cells with the broad
anterior end directed outward; chloroplast a parietal
cup with one basal pyrenoid; pigment-spot anterior and
lateral; flagella two,arising from the anterior end of the
cell and diverging widely after emerging from colonial
envelope; the colony swimming in a rolling manrer;
vegetative reproduction by the sinultaneous diviaién
of each cell in the colonw to form as lnny colonics;
sexual reproduction by the isogametes formed 1n groups
of 8 or 16 by the partition of some or all of tho collu
of the colony. Represented by a solitary lpocion.
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1. Pandorina gorum (Meull,) Bory, In Dictionnaire 4'

historire naturelle-Paris, p.600, 1824,
Collins, pel32y ple2, fig.l7. 1909; Tilden,
P.438, £1g.227C-D, 1937; Prescott, P.75y pl.l,
£1g.23. 1951; p.48, pl.l, fig.l0. 1969; utrm
& Britton, p.16, pl.l, fig.13. 1952. 2

enais {2)
Colony distinctly ovate, as nnch as 220‘nn

in diameter; colls pyrirorn, cro'dod, usu;lly 16 in

number, 10=15 um broad, 12-17 um long (91.9, rig.103,_

photo 43).

Anjum 154, Oct. 22, 1978; Anjum 158A, Oct,. 28, 1978.

Habitats Aquﬁtic (Prescotty, 1951); terrestrial.

Locdl distribution: Wheat fields, Peshawar,

S0il depths 1, 3 inches,

Geographical distributions Asia, Burope, New Zealand,

Pakistan,and North Ameriea.

EALMELLA Lyngbye
Tentanen Hydrophytologise Danicae. K;obonhavn? 5
pe203. 1819, | RS
Thallus amorphous, golatinous, containing lany

spherical cells without any order of arrangement;
individual cell sheaths usually distinct at first
becoming conflnent_'ith the clonial mucilage; 9§1qrop}!pt
cupe=shaped or bell-shaped, with pyrenoid; vogttikivorr‘
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division by biflagellate zoospores, with or without
eye spot; akinetes present; sexual reproduction by

isogametes,

- Key to the speciles 1led,
l. Cells 3«40 s broadecccccsessssonsssse z.m (1)
les Cells 5«14 um broadsscecscessscsscsss Lo M'(z)

1. Palmella miniata Leibl., A)gologisehs n.n.rkm;q.
Flora, Vol, XIII, p-33?. 1830. " | b
Collins, pe.l137, pl.3, fig.23. 1909; Ioo-noﬁunn,
P«33y fig.ba-g. 1915; Tiffany & Britton, p.21,
ple3, rigs. 28,29, 1952.

Cells 3-40 um in diameter, solitary or in groups
of 2=8 in irregular gelatinoughasses; sheath thick, hyaline,
more Or less distinctly lamellate, diffluent; zoosporangium
producing 4«8 zoospores is 10-12 um in diameter or a single
cell developing a single zoospores; sexual reproduction
by isogametes (pl.9, £igl5).

Anjum 155, Oct, 265 1978; Anjum 1554, Oct, 28, 1978,

Habitat: Terrestrial (Collins, 1909; Tiffany & Britton,
1952).

Local distributions Pine forests, Parachinar,

Soil depths 5, 6 inches.

Geographical distributions Burope, North America, Pakistan,

2. Ealmellsa texensis Groover & Bold, Phycological studies,
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p.48, rigs.35, 143-149, 159-30, 1969,

Thullus a-orhhous; vogotative coll. cphorieal
uninucleate 5—14.nn broad, solitary or in groups or
2-4 or 8; 1nd1v1dua1 gelatinous matrix lamellated,
groups of cella also within a common matrig; chloropli#t
parietal, massive; pyrenoids l-2; in stationary phase of
growth, ceclls sphericaly 16«20 um broad, with the walls
up to 2 um thick with an individual matrix; multiplica-
tion in the non-motile stage by cell-division, usually
in three planes; zoospores ovoid, 3.,5=7.5 um broad,
7e5=12.5 )m long, with 2 rlagelia of equal length, an
anterior linear stigma, two contractile 'ucuoloi, a
posterior nucleus, a medial pyrenoid andra parietal
band-like chloroplast; akinetes with red 6:;:1;0 drOplofé;
sexual reproduction not observed (pl.9, figz.104),
Anjum 121, May 26, 1978; Anjum 121A, May 30, 1978;
Anjum 121B, June 9, 19783 Anjum 121C, June 11, 1978;
Anjum 121D, June 16, 1978,
Habitat: Terrestrial (Groover & Bold, 1969).
Local distributions Pine forests, Parachinar; Dry hills,

Abbottabad.

Soil depths 1,243,4 and 5 inches,
Gecgraphical distributions North America, Pakistan,

GLOBOCYSTIS Naeg.
Gatt. einzell. Algen, 65, 1849,
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Cellla.ph‘orical, sometimes solitary, usually
grouped into ép}mipas gplqtino@ a.nnvolopo, !ﬂ!"l?’?,m
be spherical br u.orphou.s., -luoll.atod or riroiy ;:c-ogonous;
chloroplast parietal,cup-shaped;, often covering the sntire
cell, obscured by numerous starch grains or oil bodies;
pyrenoid one, 1 I+ Jo 19145 Presedtt; J.05,

Key to the species
l, Cells ovoid or Ublbns..-o-.ooo-o-ooi'n.C m. (1)
p e Cells Sphﬁribaloooocooo-oootooooo.oo no nmm (2)

» Gloesocvstis nn].l. (Kg.) Lagcrhoh, Btdra.g t:lll
Sveriges algflora, Oef, Kgl, Vet, Akd_l. Foerh.
Stockholm, 40(2)363, pl.l, 1883. |
Heering, §.35, fig.4a,b. 1914; Prescott, p.84,
pl.3, fig.l7. 1951; Tiffany & Britton, p.21,
ple3y fig.23. 1952,

Colonies spherical or amorphous; gelatinous
envelope unlamellated; individual sheaths and colonial
sheaths not conrlmnt but distinct and angular due to
the mutual co-pcrus:lon of cells; cells 9=11 nm broad,
10-14 um long (pl.9, fig.106), _ B it
Anjum 3; Deeca 8, 1976; Anjum 34, Oct. 4, 1947; Anjum 3B,
Oct. 6, 1977; Anjum 3C, Sep. 5, 1978; Anjum 3D, Sep.91978;
Anjum 3B, Oet. 1, 1978. . ,
Habitat: Aguatic (Frescott, 1951); t,rrutrhl-

- &
S AA
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Local distributions Dry lands, Peshawar. .3

Soil depﬁhl 1’ 2’ 3’ 4, 5 and 6 1Mh.‘o
Geographical diutributionl lurOpo. lorth Anorica, ‘Pakistan.

- Glosocystis yesiculosa Naeg., Gatt. einzell. Algen, 66.

1849,
Hooring, p.35, 1z.10, 1914; Prascott, p.85,
018 B Y ok e oo e e e o xaniabille o

Colbhs'laiho, amorphousy usually a%tacﬂ;a;
colonial envoiobo'-ﬁéilaginous, lamellated; oolls‘
spherical, 4.5=12 am in diameter (pl.9, rig;iovf};‘
Anjum 10, Jan, 7, 1977; Anjum 10A, May 1ll, 1977; Apjum
10B, Mayw,1977; Anjum 10C, Sep. 9, 1978; Anjum 10D, Sep.
16, 1978; Anjum 1O0B, Sep. 28, 1978, :

Habitats Aguatic (Prescott, 1951); terrestrial, .

Local distributions: Garden soil, Peshawar; Pine roroats,
Parachinarj Dry hills, Abbottabad,

Soil depths 1,2,3,4,5 and 6 inches,

Geographical distridbution: North America, Pakistan,

ULOTHRIX Kg.
Flora 16’ p.ﬂ?- 1833.

Filaments unbranched, not apically attenuated,
frequently attached basally; vegetative cells uninucleate,
cylindric or sometimes barreleshaped; chromatophores
band-shaped, partially or wholly covering the cell
circumferencey with one or more pyrewoids; zoospores
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quadriflagellate, or biflagellate; akinetes present;
sexual reproduction by isogametes formed 8-16-64 in a
cell, smaller than:  2008pores, .. ' o ‘drciner, (vide,

Key to the species
l.Cells 8‘10“ 'mdwcoocooi..o.ooo n‘ m (1)
l.Cells 5=7 Jm indiametersececscccssse e m&(a)
. Ulothrix W G.S.lest, e, soe. (Bot.) &

39347, 91.2, figs. 12=14, 1908.
R“amthm' pP.40, pl, 10, fi‘s. I-O. 1%9.

Filaments subflexuous, 8«10 mm broad, 3/4~2}
times as long as broadj chloroplast a parietal lobe ;
pyrenoid one; akinetes single or in chains up to 20, -
formed by enlargment of vegetative cells, ellipsoidal
or doliform and enclosed in a thick scrobiculated wall,
10=13 um broad and 18-36 um long (pl.lO, £ig.113, photo 44),
Anjum 18, March 5, 1977. s v g
Habitats Terrestrial.
Local distributions Dry land‘, Dera Ismail Khan,
Soil depth: 2 inch,
Geographical distributions ;nutral:la., Pakist;an'.

2. Ulothrix yardabilis Kg., Sp. Alge, p.346, 1849,
Heering, pe32, fig.27. 1914; Prescott, p.97,
pl.9, fig.l3e. 1951; Tiffany & Britton, p.26,
pl.d4, fig.37. 1952; Ramanathan, p.39, pl.10,
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figs. D=F, 1962,

= Hormidium yariabilis Kg, 1849, . ... |

= U. subtilis ver. yariabilis Kirchner, (vide,
Ramanathan, 1962).
Radium L.li 8 s Pres’lia 32:149.

Filaments sometimes with a pointed basal

celly cells 5=7 um broad, # = 1% times as long as broad,

eylindrical, with a thin cell wall; chloroplast usually

not £illing more than half the circumforence of the cell,

appearing as a plate covering one side of the cell;

pyrenoid one (pl.10, fig.ll2, photo 45),

Anjum 166, Nov,24, 1978; Anjum 166A, Dec. 12, 1978,

Habitats Cosmopolitan,

Loeal distributions Dry land, Peshawar; Dry hill, Kohat,

Soil depths 1, 2 inches. " o

Geographical distributions Worldwide,

CHLOROHORMIDIUM Fott
Taxonomische Uebertragungar und ﬁmmandom;u
Unter du le‘. Preslia 32:142-154, I%Q. RoduRy Persr
= Hormidium Kg., 189%6. Ao
Filaments simple; cells cylindrical; chloroplast
a parietal plate extending around the cell for ¢ or less
of the eircumference; one elongated or oval pyrenoid;

fragmentation common. id cue; reyrodustio:
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Key to the species
1. Filaments 5=14 sum broad.ceseessees o flaccidug (1)
1, Filaments 6 xm broadecesesescsssess So gterile (2)

1. chlorohormidium flaccidum (Kg.) Fott, Presclia 32:149.
1960. g it e |
Hearing, p.45. 1914° Rmnathm, p.81, 91.21,
A-F' 22, b-l. 1962; Farooqui, Po39 91.1-6.

9694 10a | son & -Bold m. Nov,
= Ulothrix flaccida Kge, 1849, = =

= Ulothrix flaccids Kg., 1852,

= Hormiscias flaccida (Kg.) Lagerh., Flora.

71363, 1888, .

Stichococcus flaccidus (llg.) Gu,inechertl:‘hoc

Alg, Vert., p.79, pl.z, tig.lm. 1891,

= Hormidium flaccidum (Kg.) A Braun in Klobs.
Die Bedingu_gen der !'ortpflansnng bei oin__igon
Algen und Pil;oh, 341. 1896, .

= Hormococcus flaccidus & flacclda Chodat, Beitr.
Krypt. Flora Schweiz, 1:269. 1902.

Filaments long, unbranched, fragmenting in%o
short lengths; eells cylindrical, thin-walled, 5-14 um
broad, 1l=3 times as long as broad, with a single chloro-
plasty covering half the cell; pyrenoid one; reproduction
by aplanospores and zoospores (pl,18, rig.198).
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Anjum 230, Feb, 23, 1979.
Habitat: Terrestrial (Peterson, 1935; Randhawa, 1959);
aquatic and epiphytic (Heering, 1914); on
coastal ice (Fritsch, 1935).
Local distributionz Sngar-cano ﬁ.ol:l,la.rdan. -
Soil depths 1 innh. e

“4¥ 3WO

Geographiecal distribnuom Amua, un, IurOpo. :

2. Chlorohormidium sterile (Deason & Bold) Com. Nov.
= Horpidium sterile Deason & Bold, Expl.
Studies of Texas soil Algae, Phyecological
studies, p.36, figs.54=55, 112, 1960,

Single t;ninuelbate cells with rounded polog
or 2-10-25 celled unbranched filament, chloroplast :
laminate, encircling slightly fioro than bno-hair the
circumference of the cell; one pyrenoid; céih éwm
broad, 15 um long; cross-walls not constricted (pl.9,
£1g.108, photo 46,47). ie \
Anjum 108, Mareh 26, 19783 Anjum 108A, March 27,.1978.
Habitat: Terrestrial (Deason & Bold, 1960).

Local distributions Moist land, Dera Ismail Khan ,
Garden soil, Peshawar. . .

Soil depth: 1, 2 inches.

Geographical distributions North America, Fekistan,

ava gl s

ol o a8
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«+ ! MICROSPORA Thuret ~ = '© «lameter,

Recherches sur less zoospores des algues et les
antheridies des eryptogams. Ann, Sei, Nat, Bot.,
la(3)s221, 1850, re g1 ¢ the sell (pl.9,

¥

Filalonta unbranohod, unattached; oolln
uniseriatoly arrangod, cylindrical or slightly l'ollon;
coll-walla thin 1n some species, in otherl thick lnd
lamellate, co-posod ot 2 soetions ovorlapping in the
mid region- rilmnta rrag-ant:lng roadily tttor mohl'ation
by the separation of the walls at theif'point ot Jnnotion,
so that Heshaped sections and rragnents are formed;
chloroplast either a dense and irregularly padded parietal
platey; or not; pyrenoids lacking, cells frequently forming
aplanospores or akinetes, the later globose, with much

thickened walls, Only one species is recorded for the
genus,

1. Microspora tumidula Hazen, Hazen, !ha‘Ulothrigqgggz;}
& Chaetophoraceae of the United States. 113177.
1902, , Yo
Collins, p.194, pl.7, fig.68, 1909; Heering,
p.lfl, rig.zll. 1914; Prolcott; p.lnéi'pi.s,
£ig.9. 1951; Tiffany & Britton, 9.29, 91.5,

rzg.53. 195:;Ba-anathan, p.122. 19§g.

TETRL

- &

Filaments unbranched, slightly constricted st




the cross-=walls; cells cylindrical, 7.4 mm in diameter,
10=14,8 nm long; ehloroplast densely granulated; cell
walls relatively thick, lamellated, the sections of the
walls very evident in the nid-rogion of the cell (91.9.
fig. 1090, R " A—
Anjum 143, Slop.6, 19]8; Anjm 1431, Oet. 15', 1978. §
Habitat: Aquatie (Prucott, 1951); terroatrid‘”

.
1951,

Local distributions Rice fields Methra, District Peshawar,

So0il depths 1y 2 inches. lal branches; branches

Geographiczl distributions Africa, Burope, Iniia, North
' - and South Americay Pakistan.

a B . i
S AT 108

| - STIGEOCLONIUK Kg.
Phyc. gen. 253. 1843, :
Filaments hranchod, nrising rrOl a proatrato
position of a2 thallus which may bo redueod to a pceudo- '
parenchymatous mass or oells; in sone apocios lajor
portion of the plmt spreading :Ln loosely bra.nchod
norizontel rilnents plants coverod by 2 thin. smcoly
evident, £ilm or -ucuage, branches of rirot and ueond
order either alternate or Oppooite, co-posod of cells
scarcely naller tban thoso of main uh, ond:ln; 1n
bluntly pointed or setiferous cells; chloropl.a:th“’m
parlotal phte cov-ring loat of the cell circumference
ospocially m tho colls or branehu; one to several

ressri sl ™
pyrenoids.
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Key to the species

l, Filaments 19.5’21 am broadsscsee ﬁ,. mmm (1)
l, Filaments 4=]10 jum broadececsccecse S« RoOlVmorphum (2)

1. Stigeoclonium pachvdermum Prescott, New species & .
varietes of algae, Farlowia, 1,350, 1944,
Prescott, p.llﬁ, 91.12, 1'1&3. “,9,10. 1951,

Fil'an"e'nt‘a much brhﬂﬁhod{ erect, with mumerous
basal, down-ard-ﬁr;ajecting rhizoidal branches; branches
in the upper portion irregularly disposed and extremely
varied in form, mostly alternatey, but with one branch
arising immediately above another on the opposite side
of the filament, or in a plane at right angles to 1itj;
branches often developing from short, barrel-shaped .
cellsy, many thorn=like and irregular, downward projecting
branches developing from upper part of the main axis,
branchlets tapering to a blunt point and frequently
ending in scmewhat enlarged gquadrangular-globose
sporangial cellsy which may be intercalary, near the
ends of short branches also; cells in the main axis
19.5=21 um in diameter, in the branches 15-16 um in
diameter, cylindrical, somewhat longer than wide (pl.l0,
£igl.111),

Anjum 107, March 20, 1978, S
Habitats Aquatic (Prescott, 1951); t'.orr'.ntri.'al‘.;”=
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Local distributions Moist land, Dera Ismail Khan, =
Soil d.Pth'ta,‘mt;_' 1= : ls parietsl plate,
Geographical distributions North America, Pakistan,

gt mmm* un mé. ymoryh: l(?ra!ﬁiv)- l:leor.. in Pascher,
633y peBT7s £1ge1264:29180 v, Lli. L0,
Prescott, ps116, pl.9; £1g.9+ 195ks - .
= Epdoclonium polvmorphum Franke (vide, -
Pascher, 1914),

#1laments short, spéi‘silly";i"a..!;;ﬁod, arising
from an extensive prostrate, paeudo-p;iomhyutons or
monostramatic and raiizting portion; upright branches
ending in long tapering setaej cells quadrangular in the
basal portiony eylindrical 4in the vertical branches,
4-]1C um in diametery 612 mm long (pl.9, £ig.110,
photo 48),

Anjum 156, Octs 29, 1978,

Habitats Aguatic (Prescott, 1951); terrestrial,

Local distributions Rice fileld Methra, District Peshawar.
Soil depths 2 inch,

Geographical distributions Burope, North America, Pakistan.

1L

=

{ } a7 Lg. ericas IF'ask’ls
Syst. Algarum, p.l3. 182‘.
Unicellular or in indefinite clusters; cells
globose or angular from mutual compression; sometimes
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organized to form simple filaments, branches &--mta
vestigial; chloroplast dense, lobed, parietal plate,
covering most of the cell wall; one pyrenocid. One . .
species has been recorded for the genus. . . . .

1. Bx.n.tmmm !..‘I.:Mh Ages Syst. Algarum, p.13. 1824,
Puoher, p.224. rig.3l,32. 1915; Pnsco{tq.“
p.127, 91.10, £1g8.5-7. 1951; nrrm ai' Britton,
pPed42, ploby £ig.58. 1952, ‘ .
- Pl‘mg‘;mng !Bllﬂil Nngoll. bl g At

= Bpurogoccus neegelt Chodat.

H o

Cells spherical,8-12 um in diameter, unicellular
or grouped; chloroplast puJiotal covering most of the
cell circumference(pl,10, fig.l1l5). o i
Anjum 4, Jan, 2, 1977; Anjul 41, Jan, 4, 197'7; Anju 4B,
Feb. 8, 1978,
Habitat: Aquatic, epiphytic and subaerial (Prescott, .
1951); terrestrial. woni)
Locel distributions Dry land, Peshawar; Maize and Sugar-
cane fields, Mardan. asent;
S0il depths 1y 2 end 3 inches.

r'ess

Geographical distributions Burope, North America, Pskistan,

PHYSOLINUM Priutz
Slbloriu algu fron South Africn. Iat. lu.t. Kl.
131-—‘1’ p1.14. 1921. :

e 8
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Thallus an irregularly branched filament, not

differentiated into prostrate and erect portions; cells
moniliform; cell division distinctive; cell division by

a papillate outgrocth; chloroplast parietal, laminate,

with or uithout band-ohapod ‘projections; at times

chloroplast rraglonting into several disc~shaped chroma-
tophores; pyrenoids absent; roproductionf%y lov.r;f,
small, spheriecal, apianosporos with certain mt.ée:lm
cells; aplanospores liberation tskes place by a rupture
of the parent cell wall; fragmentation common., The genus

was represented by a solitary species.

1. Phvsolinum monilia (de Wilden) Printz, Vorarbeiten
zu einter Monographie der Trentopohliaceae.
Nyt. Mage Naturbidensk, 80:137-210, pl.32. 1939.
Smith, p.181, fig.111, 1950,

Filaments irregularly branched, no differen~
tiation into prostrate and erect branches; cells monili-
form; chloroplast parietal, laminate, fraugmented into
several disc shaped chromatophores; pyrenoids absent;
cells 15 um in diameter; reproduction by aplanospores;
fragmentation of filaments common (pl.l?, r1¢.194).
Anjum 103, Feb. 28, 1978, ;
Habitats Terrestrial.

Local distributions Moist land, Dera Ismail Khan.
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Soil depths 1 inch. 1 . se D264, 184
Geographical distributions: North America, Pakistan,
South A‘t{r:l.qra':.s g

| -
& -~ 5 W Vi, -

CLADOPHORA Kg, =~~~ #7 °7 clawate,
Phyc. gen. 262, 1843, sy lel timegtheir

11t‘,¢—"r‘

hopeatodly ‘branched filalentoua thaiins with
basaledistal difforentiation; attachod vhon young but in
some specles becoming free-floating; branches alternate,
opposite or sometimes di or trichotonous; branchos
smaller than the main axis, or at leut taporing slightly
towards the apices; cells cylindrical or uroncn; cell
walls thick and lamellate in most specles, ao-otinea
thin and firm; chloroplut a pu-:lotal rot.:lcnh- smuthos
becoming fragmented and appearing as numerous discsj
pyrencids many; asexual reproduction by zoosporesj;
sexual reproducticn by isogametes produced in apical or
sub=apical, unspeCcialized cells.

'Key to the species
1. Cells irregularly swollef...eesessse Co fracta (1)
1. Cells not swollen but cynndrical... Q. m (2)

« Cladophora m (Pil1lw.) K‘o’ Ph,c. gen. 2‘3. 1843.

Prescott, p.137, pl.20, figs.l-6, 1951; Faridi,
9046' fi‘lo32-37- 1%10 .s

i e
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Local distributions Sugar-cane field; Mardan.,

e T TR TN
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= C. grispats (Roth). Kg. gen., p.264, 1843,

Thallus 'V‘Vfl‘u-rloat ing, forming coarse light-green

nasses of ureiuliriy branched filaments, the ‘branches
often curving; cells irregularly swollen or‘dllinto,
£0=120 xam in diameter in the main axis, 1-3 tho#hd.;'
iiameter in length; 20-40 um in diameter in the ultimate
branches, 3=6 times their diameter in length (91.18,-
rig.197).

Anjum 231, Feb, 25, 1979.

Habitats Aquatic (Prescott, 1951); terrestrial,

123

S0il depths 2 inch,

Gaographical distributi_ons Burope, North America, Pakistan,

. Cladophors glomerata (L.) Kg., Phyc. germ, 212, 1845,
Collins, p.350, pl.,XIII, fig.l24,"1909;
Prescotty p.138, pl.20, figs.5,9; pl.21, figs.
1,2, 19513 Tiffany & Britton, p.45, pl.l3,
£1g.93. 1952; Faridi, p.57, figs.28-31, 1961,

Thallus attached, dark green, fluffy; fil‘nonts
successively and regularly branched; the branches usually
crowded in the upper limits; cells very slightly attemuated
towards the apices of the branches; apices bluntly
pointed; main axis 75-100 um in diameter, 6-7 times the
iiameter in lengthj cells in the branches 35-50 ym in
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diameter, 3=6 times the diameter in length (pl.lO,
rig.114, photo 49).

Anjum 158, Nov. 8. 1978; Anjum 158;, Nov, 16, 1978. _
Habitats Aquat:le (Pruoott, 1951); torrutriai. :
Local diatributionl Riee field Iothra, Diutrict-f;shalar.
Soil depths L"imn, 4, g -
Geographical diatributions lurono. North Anorica, Pakiatan.

RHIZOCLONIUN Kg.
Phyce gen oy 261. 1843, b A DA OV o .

Filaments coarse, wiry, forming tangled,
floating mass; either branched or with short rhizoidal
branches, occasionally with long, multicellular branches;
without distinct basal-distal differentiation in the
plane of branching; cells stout, short or long=cylindric,
rarely with slightly inflated lateral walls; cell walls
in most species thick and lamellate; chloroplast a
parietal reticulum, often denie. some tines loose and
appearing as if composed of many irregularly shaped
ovate chloroplasts; one pyrenoid. Single species was
cultivated for the gemus.

1. Bhizoclonium hiercglvphicum (Ag.) Kge«, Phyc. germ.,
206. 1845,
Collins, pe329, ple.l2, fig.ll9. 1909; Prescott,
Peld42y ple23y fige3s 1951; Tiffany & Britton,
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Ped6,y pl.l3y fig.91. 19523 Faridi, p.79,
£1g.16, 1961, @ eggs, sntheridfs
fiiaioéts 1gng.rii;y, nnbr#ncﬁodi'c;iia;;llc
of variable $hidkisssy uswally thin 18 Sypieul BENN
cells 10=53 um in diameter, 24 to 10 times as long as
broad; chloroplast varying with the age of plant, some-
times a close net and v.ery dense, or an open reticulum
(pl.10y fig.116, photo 50).
Anjum 159, Nov. ly 1978; Anjum 1594, Nov. 5, 1978;
Anjum 159B, Nov,. 15, 1978,
Habitats Aquatic (Prescott, 1951); t.rreotrial.
Local distributions Rice riohh Methra, Diotrietr Pnhuar.
Soil depths 243 and 4 innhos.
Geographical distributions Burope, lorth Ancricn, Pakistan,

OEDOGONIUN Link
Epistola de a.lg:ls squaticis in genera dhpomndil.
Nees, Horae Phylicao, Pele 1820.,

Filaments solitary, unbranched; co.lh nl;mcloato.
eylindrical or sometimes capitellate, nodulose or
undulstc; chloroplast reticulate; numerous pyrencids at
larger intersections or reticulum; basal cell with
holdfast; terminal cell obtuse, apiculate or hyaline;
vegetative cells except the basal one capable of
division; oogonia and antheridia produced by direct
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division of vegetative cells; reproduction by multi-
flagellate zoospores, oogonigand eggs, antheridia and
multiflagellate antherozoids, oospore, dwarf males,

dndrosporangia and androspores,

Key to thc spocies
1, Filaments nonoeoiou, oo;onia 32-3? m
broad................................. 0. m (1)
1, Filaments dioecious, oogonia 19.5=- :
27 pm broad........................goo Q. porrectum (2)

1. Oedogonium hirpnii Gutwinski, De nonnulis algis novris
vel minus Cognitis, Akad, Umiei, Krakowle,
Rozor. Wydz. Mat, Pryyr. 33334, 189%.
Heering, pe207y £1g.300, 1914; Tiffany, p.73s
pl.XIV, figs,.136-137. 1930;‘ Prescott, 9.178,
ple3ly figed. 1951, |

Plant macrandrous, monoecious; vegetative
cells eylindric or slightly capitellate, 8-11-13 am in
diameter, 28-61-80 mm long; oogonia ‘solitary, subglobose
or subovate, opening by a superior pore, 32-37 am in
jiameter, 32-39 um long; oospore globose, wall thick,
smooth, 28«31 um in diameter; antheridial cells
8-10,8-11 um 'in diameter, 5«7-2 um long (pl.1l0, rig.ll7,
Shoto §1) 3 £ S . i e
Anjum 160, Nov. 10, 1978,
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Habitats Aquatie (Prescott, 1951); terrestrial,
Local distributions Rice field Methra, District Peshawar.
501l depths 6 inch.
Geographical distributions Australia, Europe, Il‘olllll’,r_
North Amerieca, Pakiatan. :

2« Oedogonium m Nord. & Hirn., Monographie und ,
iconographie der Oedogoniaceae, Acta. Soe.
Sci, Fenn., 27$186; In Hirn, p.186, pl.29,
fig.183. 1900.
Tiffany, p.109, pl.85, r1;..361.362. 19303
Prescott, p.186, pl.36, figs.6,7. 1951,

Macrandrous, dioceiduu; vegetative cells
eylindricy 5.8-8-10 4m in dismeter, 23-29-(=55) um long;
oogonia solitary, ellipsoidal or oblong-ellipsoidal,
operculate; division superiory 19,5-22=-27 um in d‘!.lloter,
27 +3=39=44 um long; oospore ellipsoid, not filling the é
oogonia, wall smooth, 17.5=24 um in diameter, 6-8 xm long |
(pll.10, fig.l118),
anjum 161, Nov. 12, 1978; Anjum 161iA, Nowv. 21, 1978;

Anjum 161B, Now., 26, 1978.

Habitats Aquatic (Prescott, 1951); terrestrial.

Local distributions Rice fields Methra, District filh;rar.

501l depths 1,2 and 3 inches, -

jeographical distributions Brazil, Europe, North America,
Pakisten, |
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DRACTBACOCCUS Tereg ' .

Einige nene Gruenalgen. Beih, 2, Bot, Centralbt.
393179-195, ‘1923, . = & rio - vacuoles,

Vegetative cells with several to -any soparato
polygonal, plato-like chlorOplnlts; ‘wall thicknaas varies
from species to apeeiea, pyrenoids absent; zoosporel .
of various sizes, flattened to various degrees doraoven-
trally, becoming spherical at quiesconee, oach zoospore
has 2 flagella, slightly unequal in longtn, emerging from

anterior polo of the cell,

Key to the species .
1. Mature cells upto 35 um in diameter.. B. m (1)
1. Mature cells less in diamoter........ 2
2. Mature cells 5«20 um broadececcccss Be um (3)
2. Mature cells 20-25 um broadeescecses 3

3« Plant mass ccherent, irregularcececee Be Rseuydominor (a)

3. Plant mass Otherwisesccecicenscsscsses Bq m
2

1. Bracteacoccus grandis Bischoff & Bold, Phyoologic;l ;
studies, IV, p.48.57, figs.76-79, 139. 1963.

Cells spherical at all ages, up to 3$~ broad;
cell wall smoothy thin, not thickening with age, may be
with the bubble-like protrusion at one pole of the cell;
chleroplast plate~like, small; contractile vacuoles

absent; mature cells multinucleate; asexual reproduction
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by zoospores and aplanosperes; zoospcres fusiformy
2-3 xam broad, 8,5-10 um long, with 2-3 parietal and
disected chloroplastsy 2 anterior contractile vacuoles,
anterior nucle us, small equatorial stigma, 2 flagella
of unequal length, the longer one as long as the cell
body; sexual reproduction not observed (pl,ll, rig.l20,
photo 87).
Anjum 64, Oct, 15, 19773 Anjum 644, Oct, 22, 1977.
Habitats Terrestrial (Bischoff & Bold, 1963).
Local distributions Wheat filelds, Peshawar, -
Soil depths 1, 2 inches.
Geographical distributions North America, Pakistan.

2. Bracteacogcus medinucleatus Bischoff & Bold,
Phycological studies IV, p.57, figs.73=75,
137'1380 19630

Vegetative cells spherical to subspherical,
depending on age; mature cells spherical with a maximum

diameter of 25 ,mj; cell wall smooth and thin, not thick-

ening with age; chloroplast plate like, parietal; no
contractile vacuoles; stationary cells multinucleate,
with nuclei clustered near the centre of the cellj
asexual reproduction by zoospores and aplanospores;
zoospores elongate, with acute anterior and rounded
posterior polesy 3+5-5.0 am long, with 2 parietal
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chloroplast, anterior nucleus, small equatorial stigma,
2 equal lengthed flagella which are slightly longer
than the cell body; sexual reproduction not observed
(pl.l1, fig.l?l)-

Anjum 2 , Doo. 2, 1976; Anjm 24, Doc. 5, 1976._.

Habitats Terroatrlal (B:I.sehorf & Bold, 1963).

Local distrlhutions Dry lands Peshawar and Dera Ismail
Khen.

S0il depths 1 and 3 inches, spherical, wit paximun

Geographical distribution: North America, Pakistan.,

Bnaﬁmgnm minor (Chodat) Petrovn, Die Vcrneintl:lcho
Heterokonte W unnr
chlorophycen. Beih. 2. Bot,. chtralbh 48:221-
228, 1931,
Starr, p.63, 1‘15.143-153. 19'55'. Bischott &
Bold, p.56, 1963.

Vegetative cells spherical at all stages; at
stationary phase 5-20 um 'in diameter; cell wall smooth,
not thickening with age; zoospores spindle-shaped, some
having blunt posterior polesy 5«7 ym long, l=3 parietal
chloroplast8, stigma very small and slightly posterior
to the equator of cell (pl.ll, fig.l19).

Anjum 12, Jan, 18, 1977, \marlosy Fakistan,
Habitat: Terrestrial (Bischoff & Bold, 1963).




Local distributions Dry land, Peshawar.
S0il depth: 4 inch - ¥ r 01l Amer.,

s ’ o i & F R

Geographical distribution: North America, FPakistan.

4, Bracteacoccus pseudomipor Bischoff & Boldy, 'vo 0.

Phycological studies IV, p.52, 57y figs.B2-84,
1‘3.,1%3.; ranold : DOre itk two

.

Vogotati;o::cilla aphéiicﬁ to st.lbaphir:.icﬁ:,
depending on age; mature cellsspherical, with a maximum
diameter of 25 um; sometimes vegetative cells coharent,
forming amorphous masses;. cell wall smooth thin, not
thickening with age; chloroplast plate-like, large and
parietal; contractile vacuoles absent; mature cells
multinucleate; asexual reproduction by zoospores and
aplanosporesj zoOSpores 2.2-2.8 xm broad, 6.5=7.5 xm
longy wvoid, with 2 parietal chloroplasts, 2 anterior
contractile veeuoles, anterior nucleus, posterior stigma,
2 flagella of unequal length; sexual) repreoduction not
observed (pl,.ll, r1;.122).

Anjum 105, March 12, 1978
Habitat: Terrestrial (Bischof? & Bold, 1963).

Loeal distribnt:lonl Moist land, Dera Iuail Khane.
S0il depths ¥ inch.
Geographical distributions North America, Pakistan.

RS
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Studies on Chlorosphaeracean algae from scil. Amer,
J o Bot o5 45329843086 19584 icnsl, irrepular in

\r--. 1
Bt ."‘111.”

c.lls unioollular, capa.bla of ngotatin cell
division, unroitrieted in diroetion- colla with pn‘htal
chloro;»last; one or nore pyreno:lds; zoospores Iﬂ?h ‘ttt_o
flagella of equal. hngth, bcconing spherical 7-a:t ‘;t:i;oonco.
puc le
Key to the species . nterior stigs
1. Cell packets very large..«..sssess So Rseudominor 64)
l. Cell packets smallececcsecssncccces 2
2+ Mature cells 10 xm broadecececes 3
2. Mature cells 16 xm broad.cececes 4
3+ Cell packets readily dissociating. C. deficiens (3)
3« Cell packets not readily dissocia=-
EiNgeeeessasessscesanascnncennsens o arenigolas (1)
4, Cell packets 2-4 collcd......... €. auxotropica (2)

4, Cell packets 4-156 eelledsecccsee ﬁ. nm (5)

1. Chlorosarcinopsis mnhszh Groover & Bold,
Phycological studies VIII, p.31, rigs.zl-az.

102-1(5, 159-19, 159-20. 1969. :

Vegetative cells spherical when solitary,
3=10 mm in diameter, chloroplast parietal, pyrenoid one,

uninucleate, walls not thickening with age; mature




o
cells spherical, with numerous orange-~red oil droplets;
cell packets formed by successive vegetative divisions;
packets B-celled, three di_mensional, irregular in =
shape, surrounded by a colloidal matrix, not readily
dissociating; asexual reproduction by biflagellate
zoospores produced by repeated bipartitions, elongate

to ovoid, anterior and often tapered slightly, 24 um
broad, 6=14 um long, wall-less, with an anterior nucle.s,
two contractile vacuoles, a small linear, anterior stigma,
a medial sometimes posterior pyrenoid, parietal plastid;
sexual reproduction not observed (pl.ll, fig.126).

Anjum 109, April 4, 1978. | "
AR g TR o

Soil depths 1 inech,
Geographical distributions North America, Pakistan,

« Chlorogarcinopsis mﬁmﬂn Groovor & Bold,
Phycological Studios VI1II, p.24, figs.14-15,
81-87, 159-13. 1969.

Vegetative cells spherical when solitery, 4-16
xm broad, uninucleate, cell wall not thickening with age,
chloroplast parietal, 1-2 pyrenocids; cell packets formed
by successive vegetative divisions, 2-4 celled; small,
irregular, three dimensional packets occasionally observed;
packets devoid of a gelatinousgmatrix, readily dissociating;
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asexual raproduction by biflagellate zoospores, ovoid =

to slightly elongate, 3«4 um broad, 6 am long, with

an anterior linear stigma, 2 median sometimes posterior
pyrenoid, a parietal plastid; sexual reproduction not
observed (pl.ll, fig.l24), s Dara Ismail Khan.
Anjum 113, April 17, 1978,

Habitats Terrestrial (Groover & Boldy 1969)s - .
Local distributions Garden 3011, Poahnar. pE:

Soil depths 5 inch i B e
Geographical distribntions !Iorth Anoriea, Pnkistln.

3« Chlorosarcinopals deficlens Groover & Bold,
Phycological Studies VIII, 9-37:' ru..26.27,
121-126, 159-23._1969.

e

Vegetative cells spherical when solitary,
4-10 um broad, chloroplast parietal, pyrenoid one,
uninucleate, wall not thickening with age, devoid of
gelatinous matrices; cell packets formed by successive
vegetative divisions, small, 2«4 celled, in one plane,
S8=celled cuboidal packets not infrequenty, devoid of
gelatinous matrix, readily dissociating; asexual repro-
duction by biflagellate zoospores, produced by repeated
bipartitions, ovoid, 3«4 xm in diameter, 6-8 um long, .
with a swall anterior stigma, two anterior contractile
vacuoles, a posterior nucleus sy, a medial to slightly

A PR B R
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anterior pyrenoid, a parietal plastid; sexual reproduction
not observed (pl.ll, fig.l127). : , April 29, 1978,

Anjum 110, April 65 1978, 4, 1969),
Fabitats Terrestrial (Groover & Bold, 1969).

Local distributions Moist land, Dera Ismail Khan,
So0il depths 5 inch, th amer Pakistan,
Geographical distribut:lom lorth Muricag Pakhhn.

« Chlorosarcipopsls pscudominor Groover & Bold, .
Phycological Studies VIII, p.29, figs.l7=20,
94-101, 159, 15,16,17,18, 1969.

Vegetative cells sphericsl when solitary,
4-10,4 um in diameter, chloroplast parietal, cup-shaped,
pyrenoidsy l«2, uninucleate, cell walls thinj mature
cellsfforming hormotile~like stages; cell packets three-
dimensional, large, cuboidal, devoid of gelatinous
matrix, not readily dissociating; asexual reproduction
by biflagellate zoospores, produced by repeated bipar-
titions, elongate to ovoid, not pointed at the anterior
eniy 2«5 om in diameter, 4«12 om long, wallelessy; with
an anterior stigma, two contractile vacuoles, a posterior
nucleus, sometimes slightly posterior pyrenocid, a parietal
plastid; sexual reproduction not observed (pl.ll, fig.l25,
photo 52). F : 1977
Anjum 111, April 10, 19785 Anjum 111a, April 16, 1978;
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Anjum 1118, April 21, 1978; Anjum 111C, April 26, 1978;
Anjum 111D, April 27, 19783 Anjum 111E, April 29, 1978,
Habitats Terrestrial (Groover & Bold, 1969),
Local distributions Dry landsy, FPeshawar., akistan,
Soil depths ,2,3.4,5 and 6 1nchoa.
Geographical distri’buﬂom lorth uoricn, Pak‘.lstm.

-

o studies of &
o Shlorogsarcipopsis sempervirens Groover & Bold,
Phycological Studies VIII, p.,22, figs.l2=13,

i o e - g
\ " 1 i .

¥ ViR s &
: £ % &

Solitary vegetative cells spherical y 6=12 am
broad, chloroplast parietsl, pyrencid one, uninucleate,
walls not thickening with age; mature cells with an
individual gelatinous matrix; cell packets formed by
successive vecetative divisions, 2-1f czelled, cubicdal,
with a common colloidal matrix, not readily dissociating;
vegetative reproduction by the occasional dissoeiation
of packets; asexual reproduction by ovoid biflegellate
zoospores produced by repeated bipartitions, 3 m in .
dismeter, 6 um long, with an anterior linear stigma, two
eontractile vacuolesy a median socmetimes posterior
pyrenoid, a parietel plastid; sexual reproduction not
observed (pl.ll, fig.123, photo 53)e
Anjum 20, ¥arch 14, 1977; Anjm 204y Nov. 10, 1977.

Babitats ‘rorrestrm (Groovor & Bom, 1969T;5uﬂa...‘ |

1 Y e
§f = b
FEEN 8-t PSR

T i




218
Local distributions Wheat field, Peshawar; Moist land,
to 20 wbere lamall Khang . intsrsadius (2)
Soil depths 1y 2 inches.
Geographical distributions North America, Pakistan,

(5)
mmm;ssro-n& Boid

Phycolog:lcal ltﬂdin, Ve CO-parat:lvo Studies of the

algal ganeral Iﬁnm and wm- Univ.
Texas, 1964- e
« ZELERSDORUR D)
Vegetative cells isolated or in g roups or 244,
8 or in multiple ot 2 or 4; daughter cells of the grlnps
associated at first, sometimes .oomda.r:lly d:laaociating;
cells with a hollowy more or less messive, parietal chloro-
plasty often traversed by fissures, with one pyrenoid;
asexual reproduction by division into 2«8 vegetative
cells which lack the potentiality of direct motility,
thus differing from aplanospores which arise from motile or
potentially motile precursors; ssexual reproduction also
by zoospores formed of cells of all ages inclwiing the
daughter vegetative cells <f the tetrcds; zoospores not -

becoming spherical immediately upon guiescence. .

satnTe

K.y to tho species

rrum ot
i EaJd

1. Tetrads forming colpltnl..-....... 20

l. Tetrads not fOﬂmg 00"1.:‘...-... :. W (1)

n ﬁit}“ﬁw"“

2e T.tl‘ldl 180b11lt.rlloocaooooooooc :o W (3)
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2« Tetrads otherwise@eseseccseeses 3 A A

3¢ Cells up to 20 um broadeecesssse Lo M (2)

3. Cells smallereesscessssonsnconsned = LOTORILEL,
4, Pyrenoids with two starch terioriyplecaed,
grefiiivie SV JARRAN A s SR VATV M{‘G)

4, Pyrenoids with many stareh rual reproduetion

graim*-'.%a .'_'.j'.-‘,.;" sessressrenses 5
5- Cells 14 21 Dro#llivessccscsvsvess :.. m“) ague
5« Cells 15-18 ” brogdececcccsscns .‘r_b W (5)

1. Mumna excentrics Brown & Bold, Phycological
Studies. V. p.18, figs.l-12, 101-1C2, 1964,

Young vegetative cells ellipsoidal, rapidly
maturing into spherical vegetative cells, 16 am in
diameter, chloroplast parietal, sometimes massive,
punctate, large clear internal cytOplunic area in
mature vegetative colls,f one excentric, ollipsoidal
pyrencid with two holisphorical stu-ch gruins; nturo
cells yello--orangc in colour, tit.h tvo to many
eontractile vuuoles, uninucleate; asexual reproduction
by cell-division giving rise directly to tetrads, rarely
to diads of vegetative ecells which soon dissceiate from
parent cell wall at maturity; tetrads not forming
complexes; asexual reproduction also by zoospores and
aplanospores; zoospores cylindricaly 3 um in diameter,

&

e T e O R
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up to 10 um long, somewhat pointed anteriorly amd =
broadened posteriorly with a posterior nuqlgnq.bf_';-p_,,w__-
anterior contractile vacuoles, a parietal chloroplast,
single equatorial pyrencid, minute anteriorlyplaced,
linear stigma, two flagella of equal length, slightly
shorter than the cell body lengthj; sexual reproduection
unknown (pl.12, rig.128, photo 54,55). .
However in the present investigation, diads were frequent
and tetrads forming complexes were also observed .

T
W

rtitiona

g e
L ¥ iZ e

occasionally,

Anjum 162, Nov, 12, 1978. :

Habitats Terrestrial (Srown & Bold, 1964).

Local distribution: Rice field Metira, Distriet Peshawar.
Soil depths 3 inech,

Geographical distributions North America, Pskistan,

2. Ietracvatis intermedium Brown & Bold, Phycological
Studies, V. p.27, figs.73<78, 89-100, 1964,
= Chlorogoccum intermediug Deason & Bold,

Pe25. 1960,

Young vegetative cells ellipsoidal; mature
vegetative cells spherical, 12-20 um broad, cell wall
not thickening with age; ohlorOplut.tt_;in,-pniﬁgl.,,-_
with a few shallow fissures, one ellipsoidal pyrenoid
which 1s excentric, 2 um in diameter, sgrrpunlqlaby two
sterch grains; cells becoming bright-crange in stationary
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phase of growth; uninucleate yegetative cells containing
two contractile vacuoles; asexual reproduction by cell.

division giving rise to diads and mostly to tetrads of
| _ vegetative cells, at maturity strongly adherent to the
'3 parent call-wall; several tetrads aggregating to form
complaxes; asexual reproduction also by zoospores
and aplanospores formed by rapid successive bipartitions,
2008pores 2.5 um in diameter, 9.5 mm long, with ﬁ&éiﬂéiér
pyrenoid, an anterior stigma, tio‘:o.'duilri;ﬁééﬁﬁ flagella
which are slightly longer than the cell body length; =
sexuel reproduction not observed (pl.l12, rig’.132'; ‘photo 56).
Anjum 71, Nov. 3, 1977. i L. g
Habitats Terreéstrial,
Loecal distributions Dry hill , Kohat,
Soil deptns 5 inch. 5.
Geographical distributions North America, Pakistan,

3o Ietracystis lisobllateralls Brown & Bold, Phycological
Studies V. p.21, figs. 41-48, 83-82, 19564,

e . B

-'v_'egotativo cells sphtrieal.tg sub=
sphericaly, 18«19 um in diameter,uninucleate, contrdctile
vacuoles absent; cell walls ’thieko:iint iﬁi‘iiﬁfﬁ‘iﬁ-ﬁn
chloroplast massive, £illing the entire cell eircumference
except for the perimuclear area; deep fissures absent; one
large, central pyrenoid, 5-7 um in diameter, irregularly

ht\_u'o




shaped and surrounded by many starch plates; cells

become green in stationary phase of growthj; asexusl = -
reproduction by cell division givingrise directly to -
diads and tetrads of vegetative cells which are intimately
associated with the parent wall at maturity; composed

of one to several tetrads; zoospores and aplanospores
formed by successive bipartition of a multinucleate
prokoplast; zoospores ovoid, 4«6 ym broad, 8~10 um long,
with a posterior nucleus, 2 anterior contractile vacuoles,
a parietal chloroplasty, 1 to several equatorial pyrenoids,
equatcrial to slightly anterior stigma, 2 equal=lengthed
flagella 1} times the body lengthj sexual reproduction
unknown (pl.2, £ig.129, photo 57).

Anjum 91, Jan, 21, 1978,

Habitats Terrestrial (Brown & Bold, 1964),

Loeal distributions Maize field, Mardan,

Soil depths 4 inch,

Geographiczl distribution: North America, Pakistan,

4, Ietracystis pampse Brown & Bold, Phycological Studies.
Ve P.23g !'138. 57-6‘, 105-1“. 1%4.

Young vegetative cells ollipcoidal; uturo
cells spherical to subsgpherical, 14 ,nn 1n d:la-dtur;
cell wall thickening migniricmt; chloroplut massive,
starchy, with few shallow fissures; one slightly excentric

T i

" 3 e
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to central, irregularly shaped pyrenoid, 4 um in diameter,
surrounded by many starch-plates; cells Tremaining bright-
green in stationlry phase of growth; uninueleate vegeta-
tive cells containing 2 contractile vaouolos; asexual
reproduction by cell diyision,into diads and !9931; 4
tetrads in deiayod growth; it maturity, _dig,da:qg&ptpgda
of daughter cells stgéngly adherent to parent cell wall;
tetrads orteﬁ rorliﬁé complexes; zoospores and aplano-
spores prodnqu.hy repeated bipartitions of vegetative
cells; zoospores cylindricaly, 4 um in diameter, 8 um long,
with a posterior nucleus, 2 contractile vacuoles, parfetal
chloroplast, single oquatog@.l pyrenoid, an anterior
stigmay 2 equal-lengthed flagella, about egual to the
cell body length; sexual reproduction not observed (pl,l2,
fig.130y photo 58).

Anjum 72, Nov. 74 1977,

Habitat: Terrestrial (Brown & Bold, 1964).

Local distributions lai:zo tield., Mardan,

Soil depth: 2 inch. .
Geographical distributions North America, Pakistan,

S5« Ietracystis tetrasporum Brown & Bold, Phycologicel
Studies, V. p.aﬂ. f1gs.79=80, 93-94, 1964,
Em.esm tetrasporum Arce & Bold,
pP.493, figs.9-15, 1958,

T T

Young vegetative cells ellipsoidal, mature
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cells spherical to subspherical, 15-18 sim in diameter;
cell wall thickening insignificant; chloroplast massive,
with few shallow fissuves; single central to slightly
excentric, sphericzl pyrenoid, 4-5 pm in diameter,
surrounded by many closely packed starch-grains; cells
remaining green in stationary phase of growth; uninuele
eate vegetative eells containing 2 contractile vacuoles:
asexual reproduction by cell division giving rise to
tetreds of daughter vegetative cells; tetrads strongly
adherent at laturitf to form cellular "u"‘ﬁplsxﬁ'; ‘zoos~-
pores and aplanospore freguently formed; zoospores 4 um
broad, 10 mm long, with a posterior mucleus, 2 anterior
contractile vacuoles, a parietal plastid, singleeguatorial
pyrenoid, a large anterior stigma, 2 equal lengthed,
slightly shorter than the cell body length flagella; '
sexuzl reproduction unknown (pl.12, fig.133, photo 59).
Anjum 117, May 6, 1978; Anjum 1174, May 21, 1978,
Habitat: Terrestrial,

Local distribution: Moist lands, Dera Ismail Khan,
So0il depth: 1,2 inches.
Geographiecal distribution: North Americs, Pakistan.

Studiu. Ves Pe25y figs. 19=24, 95-%. 1964.

6. Iatracvstis texensis Brown & Bold, Phycologieal

Young vegetative cells ellipsoidal, mature




225
cells sphericaly 1l4-15 um in diameter; cell wall thick-

ening upto 3-4 m,thiekoning increasing in old «11.;
chloroplast puiotal, thln, often ltrhto nm doopl:y lobed;
one excentric, elnpsomal pyrenoid, with two hﬂhphorioal
starch grains; cells beoo-:lng yellow bro'n 1n sttt:lom.r;
phase of growth; oontra.ctilo vacuoles ahunt '.ln tho un:llm
cleate ngatatin oolla; asexual reproduction by cell
division giving rise directly to tetrads or octads; tetrads
aggregates intimately associated with parent cell walls;
octads less intimately assoclated; octads and most
frequently tetrads cohering to form complexes of many
cells; zoospores and aplanospores present; zoospores

3 um broady 10 pm long, with a posterior nucleus, 2

anterior contractile vacuoles, a parietal chloroplast,
single slightly anterior pyrenoid, an anterior stigma,
2 flagella of egqual length, slightly shorter than or
equal to the cell body length; sexual reproduction not
observed (pl.l2, fig.l3l, photo 60,561),

Anjum 104, March 2, 1978,

Habitats Terrestrial (Mattox, 1961).

Local distributions: Moist land, Dera Ismail Khan.

Soil depths 3 inch.

Geographical distributions North America, Pakistan,

i e L R el e it s i e

CHLOROCOCCUN Menegh, F—
Mcnographia Hoctochinoar\- Italicarum, Mem, Reale
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Acad. 801. Torino II. 5‘1‘1‘3. 18‘20

colh lphorlca].. .oncuy or more often gre-
garious in uorm golqtinous clunpa or rorning films
Ba il Y L7 B
on moist or submerged snbatratos; cell wall Wahloro—
plast a thin parietal plate, ganing the wall or maﬂ,y

2+ Skl muw
so; pyrenoid one, rarely more than one; reproduction

----- v . - 8 s BUTOLE f

; &R
» Fhicah sae an Mokt

Key to the dpddiu
Young cells 4=16 mm broad........“ﬂo ainutum (11)
1. Young cells broadercecsssccssccss 2
2, Young cells 20-39 xm Broad..... C. magrostiematum (9)
2« Young cells NATTOWSFesssscsssss 3
3. Pyrenoids 2-3..iii.eissesssssssse Go rofringens (15)
3. Pyrenoid®oBesteessstttstnstssiss e Sualen
ac Cel1s Qb erdhts st iotassssisis
A, Cells not colier@litosssstasssi 6 BONAS ANl
e Ca2lls cchere though lacking
RAtP100icisacittaenntven il ot ven e ].m (8)
S. Cells cohere by their individual dASER

BatriceScecscsscscessssessssnnssce So ‘ll.&inﬂlﬂ‘ {5)
6. Pyrenoid lnznlar...........--.. Q.' : ulatt (16)

6. Pyren01d ..OOthoosot.oo-oooooo. 7

7. Hypnospores. pruont.............. C. hypposporum (6)
7. Hypnospores ’b',?g,....ootooooo.o 8

8. Cell walls of mature cells




5«7 2B thiok,ceesevcascrecessse 9
8. Cells walls of mature cells

thino-ooo-.oroo.oo.ooooooooocco 11

9. Mature cells 35-40 um in diameter, C. microstigmatum (10)

9« Mature cells lnﬁl............... 10

10, Young cells 5-10 um in dlameter.. C. gchinozygotum (3)

10, Young cells 10-15 um in '
diametersessssecesssscssesssees Co gureun (2)

1l. Chloroplast fissured.ccccccecsse 12 |

11, Chloroplast otherwiseecccccccsse 13< :

12, Mature cells 25-30 um in

diameter.eccccsccccsccscscscnssasne Q.m (‘)

12, Hature cells 15-20 am in

diameter.cceccccscecccscscssssce Q- m (14)
13. Cells L- 144 'haMQOQCOOOOOOOOOOOO ,Q,. m (13)

13, Cells ctherwis@eccsssccscsscssse 14

14, Zoospores 10=~15 um long..se.ssss Co DOVAe anglise (12)

14, ZOOSPOI'OS shortersecscscsccccese 15

B 15. Cell wall of mature cells 3 um
E thickott.onoc.OOOOOlootoo....c.. Q. m (1)
15, Cell wall of mature cells

22m thioK,sesessssnssssnosssnne Ce mm (17)
15, Cell wall of mature cells

1l am thick......-...--.......... 16
15, Cell wall of mature cells

O3 0m thicK,ceesescssscssssssss Qo nmum (7)
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16, Young cells 10=15 am 4n

Alamet el divecsvcssesssdsnsee Jo M‘(m)
16, Young cells 15«25 am 4n - sontractile

diuotc-.u“b............. Ceo m"ﬂa‘)‘ 8

1. Gnlmm mm Archibdd a Bold, Phroolosic:l

r minate ,'_'"’ ariar

Studioa, on 9.21, f18l09'38'39. 1970,

Young vegetative cells spherical, 15=20 am
in diameter, cell wall 1 um thick; mature cells up to
25 pm in diameter, cell wall 3 jm thickj; chloroplast
thin, pyrenoid single, surrounded by an apparently

continuous starch sheathj cells uninucleate; reproduction

by zoosporu and aplanoaporoa; zoosporu onipsomgl,

4 um broad and 7 um long, with a postortor mchul. and
en anterior mimute stigma (pl.l2, fig.134, photo 62).
Anjum 11, Jan, 10, 1977; Anjum 114, Jan. 15, 1977.
Habitats Terrestrial -(Archibald & Boldy 1970).

Local distributions Wheat field and dry landy Peshawar.
S0il depths 1 # 3 inches. .
Geogrephical distributions North Americay Pakistan, .

Ghlﬂzmm mm Arehibald & Bohl, Phycaolozlc-l
smdus, X1, p.23, r1;-.11,42,43. 1970.

Young cells spherical, 10-15 ym in diameter,
cell wall 1 um thick; mature cells up to 25 xm in

WS
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] diameter, with an indivddual matrix 5-7 pum thick;
chloroplast thin, delicate; pyrencid single surrounded
by an apparently continuous starch sheath; contractile

vacuocles often present; cells uninucleate; zoospores

and aplmonporu pruont; :oosporu ovoid, 4 lll bread and
= 8 nm 1ong,‘ﬁii:h : ﬁ&:terior mclm and a ;m?u antor:lor
stigma (pl.lz, tig.135, photo 63). B> T
Anjum 78, Nove 24, 1977; Anjum 784, Feb, 5, 1978,
Habitats Terrestrial (Archibeld & Bold, 1970), = .
Local distributions Maize fields, Mardan, "« o .
Soil depths 4 & 5 inches,

Geographical distributions North America, Pakistan,

Ehmg.nm mmm Starr. Ind- Univ- 9-189
rigs.22=57. 1955.
Arehibald & Bold, 902?’ riga.16,52. 1970.

Young cells ovoid to subspherical, 5-10 um
in diameter, cell -ull.q thiny in stationary phase of
ecultures cells lphorlo‘alg-ao-w am in diameter, cell
walls 5-6 jam thiek; chloroplast ﬁin; pyrenoid single,
smooth with continuous starch sheath; zoospores and
aplanospores present,zoospores 4 um broad, 6 am long,
with a nedia.l mtorior nucleus, and m intor:lor stigma
(pl.l2, r13.136, photo 64). ,
Anjum 7, Dec. 29o 1976

s 18
N
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Habitats Terrestrial (Bold,.1955)e . .° um ik
Loczl distribution: Dry land, Peshawar, l1s ‘1 am
Soil depths 6 4nch. , yy surrounded by

Geographical distributions North America, Pakistan,

l'.ll‘-‘-se_"g

4. cnlnznnnsnnn nlkhn::isnln Archibald & Bold,*
Phycolog:lcnl 8tud1n, xI. .28, riga.17953. :
. | L“ ' ¥ noto 05,
19?0.

Young cells sphericaly 10«15 um in diameter,
cell walls thin; mature cells 25«30 pm in diameter, cell
walls 2 um thickj chloroplast massive, fissured; pyrenoid
single surrounded by continuous - -stareh sheathj; contractile

vacuoles often presont; cells un:lnuclento; zoospores
ovoid, 4 m wide, 8 am long, with a median posterior
nucleus, an anterior stigma; empty zoospora.ngh. persistant
for long periods; zoospores nsually few 1n mbor (p1.13,
£1g.137, photo 65). :
Anjum 53, Sepe 2y 1977
Habitats Terrestrdal (Archibald & Bold, 1970).
Local distributions Sorghum field, Peshawar.
Scil depths 1 inch. aral wins 4«5 im
Geographical distribution: North America, Pakistan,

5e thn:nnnnnnl znlat;nnnna Archibnld & Bold-
Phycologieal ctndiu II. p.29; figt.19’55- 1970.

with e-?'b--‘.-f

Young vegetative cells spherical or ellipsoidal,
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10«15 nm in diameter, cell walls thin, 0,5 am thick;
mature cells 30=35 um in diameter, cell walls 1 am =
thick; cytoplasm frothy; pyrenoid one, surrounded by
continuous starch sheath; cells coherent by their
individual matrices; zoospores and aplanospores present;
zoospores 4 um broady 8 mm long, with a posterior
nucleus and an anterior stigma (pl.l3, fig.138, photo 66),
Anjum 63, Octe 12, 1977. mar 1ok ristal
Habitat: Terrestrial (Archibald & Bold, 1970).
Local distributionst Maize field, Mardan.
So0il depths 2 1nch.

<

Geographical distributions North America, Pakistan,

6. Chlorococcum hypnosporum Starr, Indhna Univ. 9.26,
figs.58-80, 1955,
Brown & Bold, p.95, £iga234,240, 1964;
Archibald & Bold, p.30, figs.3,56-57. 1970.

Cells sphericaly 11-1f jum in diameter, cell
walls thin; mature cells 25-30 ym in diameter with
5«65 um thick cell walls; pyrenoid singley; surrounded
by a discontinuous starch sheath, starch grains 4-5 in
number; zoospores and aplanospores present; zoospores
ellipsoidaly 2+5~5.5 am broad, 7.5-13 um longy with
e median posterior mclous, an anterior stigmaj; oohiute

yvaflon

hypnospores *eo-d:r. 2&-100 p 1n diuetor -ﬁh ltutiticd

'J‘-VQ




wall, up to 10 um thick; sexual reproduction by isogametes;
zygote smooth-walled (pl.13, £ig.139, photo 67,68,69).
Anjum 43, July 12, 1977; Anjum 434, Oct. 8, 1978; Anjum
438, Oct. 5, 1978} Anjum 43C, ‘Peb, 1571979,  *vrronndsd
Habitats Terrestrial (Archibald & Bold, 1970).  *
Local distribution: Garden soil, Peshawar. =~ '

Soil depths 1,2,3 and 4 inches, = <~ iiiTes Law
GsOgraphical distributiont North hdrioi, Palutiﬁ*‘r’
e ] o 2 1: 18

Qnmnsmnl :.mmnu trohibald & Bold. Phyoolo-
glcal Studies, XI. pe3l, tigs.20,58,59. 1970.

Young cells spherical, 12-15 um in diameter;

cell walls thin, 0,3 um thick, cells not increasing
markedly 'n size at mature stage; chloroplast massive;
pyrenoid one, surrounded by contimmous starch sheath;
cells unimcleata; zooaporu and nplauosporu p;-osont;
gnospores 3.5 pm broad, 10 pm long, a posterior-loslian
mcleus, an anterior sugu (pl.13, fig.l40, photo 70).
Anjum 4%, July 21, 1977.
Habitat: Terrestrial (lrchibald & Bold, 1970).
Local distributions Garden lon, Peshawar, = = 0T,
Soil depths 6 inch, rlla sphericals JAEressii
Goographical diltrﬂmtiont North Americe, Pakistan.

’

N
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5 ”h*.u in (z“h'j“?

mn:mm ).mm Archibald & Bold; )
Studies, XI, Pe32,y !13‘.21.60. 19700
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Ioung cells sphericaly 10-15 jam in diameter,
with thin cell walls; mature cells 2025 um in diameter
with cell walls 1l=5 jm thick; cells tending to cohere,
though lacking matricesj; one angular pyrenoid surrounded
by continuous starch sheathj chleroplast . thin; contrae
ctile vacuoles often present; cells unimucleate;
zoospores and aplanospores present; zoospores 3 am .
broady 11 um long with an anterior nucloun, an :ntorior
stigme and mdiin&’p‘ont.rior pyrenoi.d (p1.13. 213.141,
photo 71). '
Anjum 17, Feb, 28, 1977.
Habitats Terrestrial (Archibald & Bold, 1970),
Local distributions Dry land, Dera Ismeil Khan,
8cil depths 1 inch,

Geographical distribtutions North America, Pakistan,

« Chlorogoccum ‘mnm Starr, Further Studies in
the genus W, Henegh, Lloydh 16: |
142148, 1954, & '
Archibald & Bold, p.3§-34, rigs.23{‘¢;6'f 19?0.

Young cells sphericaly 20-30 ;mm in diameter,
cell wall 1 um thick; mature cells spherical, increasing
to 60 pm with cell walls up to S jnu thick; pyrenoid
single, smoothy surrounded by a continuous starch sheath;
reproduction by aplanospores and zoospores; zoospores 4 um
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broad, 8 ;m long, with a posterior nucleus and large
anterior stigma (pl.l13, fig.l42, m ?2,?3)-'11
Anjom 41, June 30y '1977. ¢
Habitats Terrestrial (archibald & Boldy: 1970).31-131»
Local distributions Wheat field, Peshawar.

Soil depths 1 inch. »25y Figs.25,04. 1990,
Geographical distribution: North America, Pakistan,

Ghlmnm umnmm "Archibald & Boldo
| émcologicu Studios, xI. p;34, ‘n;..zi,s_:,.
ALHZ: r-"”;?“ Hatis
1970.

)I'68 A= N

Young cells spherical, 10=15.mm in diametoer,
cell wall thin, 0,5 um thick; mature cells up to 35-40 am

in diameter; cell wall 6 um thick; chloroplast with a small

superficial epening; contractile vacuoles often present;
pyrenoid one, surrounded by a eontimuougstarch sheathj;
cells uninucleate; zoospores and aplanospores present;
zoospores spindle-shaped, 4 num wide, 10 nm long, with

a median-posterior nmucleus, and an anterior stigma
(plel4, r1g.150, photo 75).

A A

ol o

Anjus 48,1:13.4,,19?7. : 5 PRI B

=, R
3-4.‘ = S

Habitats Terrutrhl (Archibald & Bold. 1970).

g

in dipe., «%

Loecal distributiom Drr land, Dora. Isnu Khan,

: insreasing In
Soil depthl 4 1nch. ,

¥ 2 ,-:\r;‘\»; ai?—’ 1-;@-.1
Geographical dlstribution: North Alorlea. P&um.

rol grRinas
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11. Chlorogcocoum minutum Starr, 4 comparative study of - -
Chlorogogoum Menegh., and other spherical
zoospore=producing genera of the
Chlorococcales, Ind. Univ. p.30, figs,81-103,
1955, : 6 ) .
Archibald & Bold, p.35, rig¢.25,64. 1970,

Young cells ovoid, subspherical or spherical,
4=6 um in diemeter, cell wall thin; mature cells 20 am
in diesmeter, cell wall 5-6 um thick; pyrenoid one,
surrounded by a continuous starch sheath; reproduetion
by zoospores and aplanospores; zoospores 3«5 um broad,
6«7 am long, with a posterior nucleus, and an anterior

stigma; sexual reproduction by isogametes (pl,14, fig.l151,
photo 74),

Anjum 8, Deec, 31, 1977.

“abitat: Terrestrial (Archibald & Bold, 1970).

Local distributions Dry land, Dera Ismail khan.

S04l depth: 2 inch, @ eel]
seographical distribution: North America, Pakistan.

12. Chlorogocoun Novae anglise Archibald & Bold,
Phyictological Studies, XI, p.35, rigc.z,as. 1970.
Young colls sphericaly 10-15 um in dh-.. :

with cell walls 1 um thick; cells not 1ncrouin¢ n'

size with sge, also cell walls not thickonin; uth age;

pyrencid one, surrounled by discontinuous sstarch gra.lns; cells

NN
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uninucleate, repreduction by zoospores and aplanospores;
zoospores 5,5-6 um wide, 10«12 am long, an enterior
nmecleusy stigma anterior to almost equatorial; 2-4 .
zoosporog xfu;fgoozormglm; :oo:goru reﬁolb}ﬂl:.%l S
Chlamvdomonas . (p1.14 > fig.152, photo 26).-‘ b
However, in t.ho pronnt atuﬂy. tho :oospores nro
-8 am broed ‘and “10=15“am lofiges . mn 0 dlsmatar,
Afjum“2325 PeBi 25571998 {1 1ok mature 2ells 15«20 xm in
Habitats Terrestrial (Archibald & Bold, 1970). .
Local distributions Moist land, Dera Ismail Khan, = '
So01l depths 1 inch, production by soospores and
feopraphical distributions North mﬁea. Pakistan,

*!’\5'\€ ‘. 3

13. Chlorocoscun gviforme Archibald & Bold, Phycologieal
Studies, XI, p.37, figs.31,75=76. 1970,

Young cells eggeshaped or spherical,y 15 um in
diameter, cell wall 1 mm thieckj cells not.increasing in
size with age, cell walls 2-3 um thick in maturelcells;
chloroplust massive; pyrenoid single, peripheral,
surrounded by n continuous starch shoath; eolll uninu-

*—u;r--'

_’;\.'

cleate; zoosporu nntl aplanoeporu prescnt; mwt

¥ -

ovoid, 5 am bro-d, 10 Jom long, with a postoi-ior nucleus
end an anterior stigma (pl.13, fig.1l43, photo 77). " .
Angum 5, Decs 15y 1976; Anjum SA, Cet. 19y 1977. =
Habitots Terrestrial (Archibald & Bold, 1970).
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Local distributions Dry lands, Peshawar, . .. .
801l depths 3y04.4nchess i coororar rrosent
Geographical distribution: North America, mmm. an

§ B

-
;L? P

la. Chlorococcum pulshrum Arehibald & Bold, Phycologies]
| Stud:los, XI, p.40, ng..4,73-74. 1970.

s 4 Jy 1977%

Young cells sphericaly 1015 ynm in dimt.r,
cell walls thiny Co.2 om thick; mature cells 1520 ym in
diameter, cell wall 1 um thick;-_chlmlutim.lgo.ur..
with a superficial opening, delicate fissures; pyrenoid
one; cells uninucleate; npro‘mtim--by‘m‘oms and
aplanospores; zoospores ovoid, 3 Jam widog 7 am long,
with a posterior mclous una an antorior atignn (91.13,
t1g.144, photo 79).

Anjum 87, Jan, 7, 1978,

HAabitat: Terrestrial (Archibald & Bold, 1970).

Loeal distribution: Wheat field, Peshawar,

801l depths 5 inchs « - ' om in diameter
Geographical distributions North America,Pakistan

a3 d 4
el

15, Ghlszmmm ntnnnm Arehib-ld & Bold. Pbxeoi_ll?-

g:leal studios. II. p.41, figs.32977. 1970.
VOB T 83

&
=

- Young eells sphericaly 10«15 um in diamater,

cell wall thin, 0.3 am thick; mature cells 30-35 um in
diametery cell wall 2 um thick; pyrenoids 2-3, each

£ oy ) o ST
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pyrenoid surrounded by discrete starch grains; cells
uninucleate; zoospores and aplanospores present;
zoospores spindle=shaped,? pm widey, 7 mm long, with an
anterior nucleus and an anterior stigma (pl,13, fig.la5,
photo 80)e¢al distributions perisa, Pacistan,
Anjum 6, Dec, 20, 1976; Anjul 61, Bop. 10, 1977;

Anjum 68, Sep. 1ay '19-77. : g

Habitats ru-rutrinl (Arehibald & Bold, 1970). f -
Local distributions Dry lands and Garden soil, Peshawar,
Soil depths ly 2 and 3 inchese’ o allipsoidal  15.20

Geographicel distribution: North Americay Pakistan,

16, Chlorogcoccum mmunm Archibald & Bohl' ;
Phycoleogical Studies, XI, p.42. fi;a.?.73-79.
1979.

Plant mass rough and reticulate unlike other
species; young cells spherical, 15-20 am in diameter,
cell wall 2 jm thick; mature cells 25 um in dismeter;
cell wall not thickening with age; chloroplast with a
superficial opening; one hexagonal, angular pyrenocid,
surrounded by contimuous starch sheath; cells uninucleate;
reproduction by zoospores and aplanospores; zoospores
ellipsoidaly 3 mm broad and 11 am long, with an nntorior-

median nucleus and an anterior atim (91.14, 113.146,
photo E1), :




Anjum 51, Aug. 22y 1977. spherloal, 15-2%
Habitat: Terrestrisl (Archibald & Bold, 1970)."
Local distribution: Wheat field, Peshawar. = =

8011 depthi™ ‘i@l chioroplast massive; single pyrenoid
Geographical distributions North Alorica, Pakistan,

)f.‘J \‘.;p.I

Wmm Archihald & Bold,” :
Phycological Studies, XI, p.d4, ngs.s.al-ﬂz,
1970,

' Young cells spherical to ellipsoidal.15-2C am
in diameter, cell wall 1 um thick; mature cells 30 um in
dismeter, cell wall 2 um thick; chloroplast massive; One
pyrenoid surrounded by & continuous starch sheath; cells
uninucleate; reproduction by zoospores and aplanospores;
zoospores 5 mm broad and 10 um long, spindle~shaped,
with a posterior nucleus, and an anterior stigma (pl.ls,
rig.147, photo 82). - ' 1 amater
Anjum 61, Oct., 6, 1977; Anjum 61A, Oct. 9, 1977.
Habitat: Terrestrial (Archibald & Bold, 1970). =
Locel distributions Moist lands, Dera Ismail Khan,
3011 depth: 34 4 inches. oT 88 ANCEPOTS S

Geographical distribution: North America, Pakistan.

18. Chlorococcum sphacosum Archibald & Bold, Phycological

Studies, XI. p.45, figs.34483-85, 1970,
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Young cells ellipsoidal or spherical, 15-25 um
in diameter, cell wall thin, 0.5 um thick; cells not
increasing in size with age; however, cell walls
becoming 1 um thickj; chloroplast massive; single pyrenoid
surrounded by a eontinuous starch sheath; cells uninu-
cleate; rcproduetion Uy :oosporu and nplanosporu; S
zoospores ovoid, 3.5'). broad and 10 um long, v:lth a
posterior nucleus and an anterior ntigna (91.14, fig.‘l
photo 83), :
Anjum 157, Nov. 1, 1978; Anjum 157A, Nov, 12, 1978,
Habitat: Terrestrial (Archibald & Bold, 1970).,

Local distributions Wheat fields, Peshawar.
501l depths 1, 2 inches, |
Geographical distributions North America, Pakistan,

19, Chlorogoccum tvpicum Archibald & Bold, Phycological
Studies, XTI, p.46, rigs.36,89-91, 1970,

Young cells sphericaly 10«15 um in diameter,
with cell walls 0.3 um thick; mature cells 20 um diameter,
cell wall 1 um thick; chloroplast thin; one pyrenoid
surrcunded by a continuous starch sheath; cells
uninucleate; reproduction by zoospores and aplanospores;
zoospores ovoid 4 um broad, 10 um long with a po'torior
nucleus and an anterior stigma (91.14,r13.149, photo 78,84).

Anjum 40, June 23, 1977.




Hebitats Terrestrial (Archibsld & Bold, 1970).
Local distributions Garden soil, Peshawar.
Soil depths 6 inoh. 1

Geograph:lcal dhtributions North uorica, Pa.kiat:n.

’ 1l relaw
- EREMOSPHAERA De Bary = o o0
Untersuchungen ueber die Familie der Conjugaten. 1858,
Cells large.20=200 nm in diameter, spherical,

subspherical or ellipsoidal; usually solitary, occasion-
ally in groups of 2-43j cell wall with or without polar
thickenings; usually with a gelatinous sheath which may
be broad or narrow, regular or irregular in outline,
pectinaceous or non-pectinacecus; cells uninucleate,
mucleus massive, centralj cytoplasm dissected into
three sharply-defined regions, viz: an avacuolate,
granular perinuclear layerj; a multistranded radial system;
and a peripherdl reticulate system.

Cytoplasm highly vacuolated; chloroplasts
numerous, variously shaped, parietal or radial, pyrenoid
one to manys; reproduction by auntospores.

Key to tho species _ :
1. Cells 20-40 um in diameter..... E. eremosphgeria (1)
1. Cells 80-200 um in dianeter.... B. viridis (2)

1. Bremogphaers eregosphaeris Smith & Bold, Phycological
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Studiesy VI, p.87y figs.35-41, 1966,
= Oocvstis eremosphaeria Smith, 1918,

Cells brosdly to narrowly .’111pso'1d&: omall,
20-40 um in diameter, mostly 25=30 mm; cell wall rela-
tively thiny O,5«1 mm, ornamented with polar nodules,
surrounded by a firm, regular, non-pectinaceous sheath;
nucleus central; chloroplast polygonal to elongate, -
peripheral, sometimes radial, each with a single pyrenoid;
reproduction by 2«4 compact autospores, released from
localized gelatinizations of the mother cell wall aided
by daughter cell expansion; resting cells not observed
(pl.15, fig.l158).
Anjum 34, May 27y 1977«
Habitats Agquatic (Smith & Bold, 1966).
Local distributions Dry land, Peshawar.
Soil depths 1 inche. - ' ¢
Geographical distributions North America,s Pakistan,

>. Eremosphaera yiridis De Bary, Untersuchungen Uber die
Familie des Conjugaten 1858, s
Collins, p.154, pl.5, £ig.39. 1909; Heering,
P.109, f1g.70. 19% ; Prescott, p,240, pl.53,
ng.zz.' 1951; p..66, pl.3y fig.47. 1969;
8iddiqui & Faridi, p.67, rig.70. 1964,

- cn1or9!'m.!;! oliver Henfry. 1859.

it
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= Eremosphaers viridis Var. ovalis Play fair,
19}.60 ol i w) ARdes

 Eremosphaers viridis var. nolosa Play fair.
1916,

Cells subspherical or spherical, relatively
largey 80200 um in diameter, mostly 120‘,-170_4\“. | T
diameter, cell solitary; cell wall smooth, thin, 0.5=1 nm
thick; cells occasionally with many concentric wall
layers; usually with a brcad or narrow irregular
pectinaceous sheathj nucleus with 2;5'nnéloolii”
chloroplast lens=shaped; parietal or radial, occasionally
perinucleary each with one or two pyrenoids; autospore
formation effected by one or rarely two cell divisions;
daughter cell existance within nondistended mother cell
wall usually ephe_meral, terminated by breakage of the
wall resulting from daughter cell expansions; resting
spores brickered; zoospores 3=3.5 mm wide, 11 axm longy
biflagellate, flagella unequal in length (pl.15, fig.157,
photo 85). ;
aAnjum 69, Octe 28, 19'77; Anjum 69A., Nov. 8, 19?7;;
Habitats COuopolitan. L
Local distributions Dry land. Dera Ismail Khan; lm:t

field, Peshawar.
Soil depth: 2 5 3 inches,

Geographicel distribution: Worldwide,
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""" PLANKTOSPHAERIA G.M.Smith

A second 1list of algse found in Wisconsin lakes.

Trans, Wisconsin Geol, and Nat,., Hist. Surv. 57:

1-243, 191847 7 ub

Cells spherical, chloroplast with many separate
dises each containing a pyrenoid; zoospores without wall,
with two equal lengthed flagella, Represented by a single

4 . E K
’ ie o .

species,

1. Planktosphaeria texensis Bischoff & Bold, Phycological
Studies, IV, p.36, figs.50-60, 119-121, 1963,

Vegetative eeu- solitary gr,col.pnigl, enveloped
by an individual and common matrices; cells spherical at
all ages; mature cells 50 um in dismeter; cell wall
smoothy thin, not thickening with age; chlorcplast
perietal, prismatic; each chloroplast with one pyrenoid;
starch abundant; oil droplets absent; eytqph_u,v_.qpohtod;
contractile vacuocles absent; mature cells multinucleate;
reproduction by sooiporos and aplanospores; zoospores
elongate, becoming ovoldal, 2,5=3.5 mm broad, 8.3-11.6 am
long, one parietal disected chloroplast, a large anterior
nucleus, linear egquatorial to posterior stigma, 2 equal=-
lengthed flagella; sexuzl reproduction unknown (pl.15,
rig.159). it RS W e
Anjum 73, Nov, 10, 1977. '




Habitat: Terrestrial (Bischoff & Bold, 1963)..
Local distributions Dry land, Peshawar. = =
Soil depths 1 ineh. -

Geographical diatribntions North Anorioa, Pakhtu}.

Bax
DICTYOCOCCUS Gerneck emand, Starr

A comparative study of Chlorogoccum Menegh., & other

sphericeal gzoospore producing genera of the

chlorococcalesy Ind, Univ, Sei. Ser. 1955.

1

=

SRR Ganiers i iy L e T U
il ‘;ﬂhl""a“-‘:éﬂ'r?ﬁ‘aﬁlc‘ S ,”‘."T-‘I"':::- L

b S

Cells solitary, spherical, ar}v;}bihéﬂ;i:‘iiw
cell wall smooth; protoplast of varying nunbor' of units
separated by plasma membranes; numbder :.t- units increasing
with cell size; divisions of protOpla-st appo;r in fresh
specimens as separate ehro-otophorn, .Ich unit with |
one polygonal chrmato;horo whose inner surface bears
a variable number of centr:lpctany prOchting processes;
chromatophores of young cells pariotal, in mature eolll
both parietal and :lntornal; pyronoids absont; starch
present; asexual reproduction by zoospores and aplano-
spores; zoospores with two equale-lengthed rlagilia,
without walls; ioxuai reproduction unknown, One a_mcin

¥

was observed for this gemus,

l. Rictyogcoccus yarians Gerneck emend, Starr, A compa-
rative study of Chlorocogcum Menegh. and other
spherical zoospore producing genera of the




Chlorococcales, Ind, Univ, Seci, Ser., 1955.
Brunnthaler, p.66, fig.4. 19155 Starr, p.57,
figs,.128-142, 1955. ¢ era of the

Fe No.B0% 2995

Cells 'a-c;litary, sph“orical, vitl; 2 maximum
diameter of 60 umj cell wall smooth, thickening with
age to 3=4 am; protoplast of varying number of units
separated by plasma membranes only; number of units
increase with cell size; divisions of protoplast in
living cells as separate chromatophores, each unit with
one polygonal chromatophore whose inner surface 1s
eomposed of a variable number of centripetally projecting
processes; chromatophores of young cells parietal only,
in old eells both pariota:i and internal;protdth pulti-
nucleste 4n all but youngest ecells; units of protoplast
multinucleate also; pyrenoids absent, starch present;
little or no o1l present; zoospores and aplanospores
frequent; zoospores ovoid, 3 pum wide, 7.5 um long, with
a linear anterior stigma, 2 flagella of equal length,
without walls, becoming spherical at gquiscence; sexual
reproduction not observed (pl.l5, fig.152), 15 sontrg-
Anjum 181, Dec. 19, 1978; Anjum 181i, Dec. 20, 1978,
Hebitat: Agquatic (Starr, 1955); terrestrial,

Local distribution: Dry hills, Abbottabad,.
Soil depth: 3 & 4 inches
Geographical dAistridbutions Pakistan, Scotfland.




o8y
*NBOCHLORIS Starr - ' ~ =~ ol %o
A comparative study of Chlorogoccum Menegh. and
other spheriecal, zoospore-producing genera of the
Chlorococcalasy Ind, Univ, Sei, Ser. No,20y 1955.

- 1i sexual
Cells nonlotilo, solitnry, cphorlcal at a%l
Ghearye " oto C‘-—.
ages; cell '111 uooth- ohro-ato;:hore a pariotal. htllo-

‘-

sphere, with a.n oponing at one n.do; pyronold pruont;
zoospores & aphnosporos prosont; :ooaporos with two

equal lengthod fhgolla, without a bOtly '111; sexunal

b ] 2
YR ¥ociat iangd

reproduction unknown. The pnus 13 i?omuntea by a singlo

species,

el

1. Beochloris gohaerens Groover & Bold, Phyecologieal
Studies, VIII, p.4s, figs.34,134=142, 159-29.
1969,

Vegetative cells sphericel when solitary, young
cells 3«12 ;am in diameter; mature cells up to 20 ,m in
diameter; cell walls not thickening with age; chloroplast
parietal, cup—-nko; pyrenocid one sphorical, cnrvod w:lth a

mass of ninnto stmh grains; cells uninncleato; eontru-

A wit

ctile ucuolos not obsornd, uoxual roproduotion by

l Lt 5.-,,

ZOOSpOTres, tpltnoapor.s and mtosporoo; :oocpox'o. bitl—

SOHT Rl

agellate, prodneod by repeated bipu-tition, ovoid to
.ut»u.'f le | 7= T8

elongate, 2-3;- wislo, 6-8 om long, 'ull-iou, a8 uall

i o 05 mﬁ;‘\rr’-ﬂ"

anterior to nodinl :tig-n, two mtorier oonirutﬂ.
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vacuoles, an anterior nucleus, a minute medial to
posterior pyrenoid, and a parietal plastid, autospores
sphericaly 4=8 in number; aplancspores 16«32 in number;
autospores and aplanospores usually not liberated but
coherent after disintegration of parent wall; sexual
reproduction not. ognc;pd (pl.15, f1g.163, photo 86).
Anjum 19, March 5, 1977; Anjum 19A, March {?“L 3 (1)
anjum 198, Mareh 29, 1978. . |
Hebitats Terrestrial (Groover & Bold, 19?11. caa {3
Loecal distribution: Garden soil, Puhuu‘; l;!;t land,

© " ‘Dera Ismail Khan.
501l depths 1,2 and 3 inches.

eographical distribution: North America, Pakistan,

W Starr
A conparative study of C_!g.mm lonogh. and othor
spherical, :oosporo-prodm ing genera of tho '
Chlorococealu. Ind. Unh. Sel. Scr. los 20. 9-56-"
1955, | 3 S

wlik e, oy panoid be
Cells spherical to subspherical, of varying
sizes, cell wall smooth, sometimes thickening with age;
chromatophore a network of anastomosing strandsy both
parietal and internal, of varying degrees of coarseness;
pyrenoid single or many, centrally or parietally located;
mature cells multinucleate; zoospores and aplanospores
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present; zoospores formed by the progressive cleavage
of the protoplast; zoospores with 2 equal flagella, wall-
lessy becoming spherical upon guiscence; sexual reprodu-

etion not observed., -~ . .. . 18, 1997,

wol ot & 9o

" Key to the species =

1. Mature cells up® 54 am in
di“et.roootoicooc...iooc.toooooo- ﬂt m‘m (1)
1, Mature cells up to 100 um in *ricay Fakistan,

diameter, *psepsescossescscesescsnes ﬂ_c_ mﬁ .(_2)'

1. Spongiochlords incrassata Chantanchat & Bold,
Phycological Studies, II, p.27, Tigs.29-35,
93-96, 1962, P 7 : .

Vegetative cells spherical, mying in aize; cells
with 2 maximum diameter of 54 um; cell ‘llll thiek, strati-
fied; chloroplast parietal, in mature cells net-like;
pyrenoid in young cells when the plastid ds entirely parietsal,
pyrenoid is also parietzly, but as the chloroplast =
becomes more complex and net-likey, the pyrencid becom’ centeel
one; young cells uninucleate, old cells multinucleste;
ssexual reproduction is by zoospares and splanosporesy
roospores formed by progressive cleavage of the protoplast,
owoid, 2-4 um broed 8- xm long, with 2 equal lengthed flagella,

2 contractile vacuoles, an antericr stigms, a single
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anterior nucleus, a parietal chloroplast and a posterior
pyrenoid; sexual reproduction not observed (pl.,l6; fig.171,
photo 88)4* chsarve
Anjum 81, Dec. 24 1977; Anjum 8lA, Dec. 18, 1977.

Habitat: Terrestrial (Chantanchat & Bold, 1962).
Local distributions: Maize fields, Mardan,

So0il depths 1, 2 inches,

Geographical distributions: North America, Pakistan,

2. Spongicchloris gpongioga Starr, A comparative study of
Chlorogoccum Menegh, and other spherieal,
zoospore=proiucing genera of the Chlorococcales,
Ind, Univ, Sci, Ser. 20: p. 7_0-719,‘11_30-154-164.
1955. o
= Asterogoccus spongiosus Vischer. 1945,

Cells spherical tc subspherical; mature cells
100 pm in diameter; eou wall smooth, not th:lekoning with
age; chro-atophoru a fine net-work or 1ntor1ac1n¢ strands,
pyrenoid single in young ooll, trapenting in old on.l, ‘
occupying a ccntral to noarly contro.l position; atu-ch 25
produced ; with orange oil droplets in old conc; mnnl
reproduction by zoospores and nplanosporoa; zoospores
formed by promuin cleavage of the protoplut,
elongate to spindle-shaped, 2 jmm broad and 15, um long,
an anterior stigmay two anterior contractile vacuoles,

¥
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2 flagella of egual length; zoospores metabolicy wall- .
less, becoming spherical at quiescence, sexual repro-
duction not observed (pl.l6, fig,170), sentral;
Anjum 58, Octs ly 1977; Anjum 58A, Octe 114 1977«
Habitats Terrestrial (Starry 1955)e = roootion Lo
Loecal distributions Dry lands, Peshawar, - . . ' &
So0il depths: 3 & 4 inches. equel lesngthed flsgella
Geographical distributions: Pakistan, Switzerland,

Rle €r

& awnid il T
ARCEeTrisd W1t

mmnzm 3!!0'
The fresh-water algae, 1n Ward and *hipf;lo, Frosh-tator
biOIOgy’ p.115-177t 1918.

Cells sphericalj chromatophore asteroid;
pyrenoid present; reproduction by zoospores, with two
aual flagellsa; zoospores walled, Chlamydomonas type. One
species was recorded for this genus. iy 1

1. Badiosphaars dissects Starr, A comparative study of
Chlorogogecum Menegh, and other spherical,
zoospore producing genera of the Chlorococcales,
.m..uujv. Sei, Oor. 203 p.so, np.:li.l.?-;tzz;
1955.
= MM m Korschikoff. 1926.

Or Seltel
- Cells nonmotile, sphericalj; ymnedh 4 or
ellipsoidal; cell wall 2 um thick; mature €ells up to
150 am in diameter, cell wall up to 6 um thick;
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chromatophore asteroid, with a central portion from

which lobes raduto; ‘young eous -uh ehro?atophms
........ nis nisderen

parietal and lrith lhplo lobu; pyronoid e oontrg.l;

ih

young cells uninnchato, utnro eell. nultinnehato;

oy Y
c B

contractile vmuolu prount; uomal reproduction by
aphnosporos u;ld soo.poru, lntor w: i:l.k.

5 nm wide, 12 m long. vith 2 oqual. hngthod flagella
which are oqual to tho body length, stigma linear,
anterior; chromatophore a parietal plate or asteriod with
radiating lobes, walls thinj sexual reproduction unknown
(pl.16, frig.l72).

Anjum 102, Feb, 20, 1978, =

Habitats Terrestrial (Starr, 1955).

Local distributions Pine forest, Parachinar.

S0il depths 5 inch,

Geographical Aistributions North America, Pakistan,

w Beijerinek
Kulturvcrsuchl mit Zoochloroll.n, Liohamgonidion

und anderen niederen Algen, Bot, Zeit,, 483758, 1890,

Uhiooll\;ltr, .sol':ltu-y or aggregated ‘S-‘m.mhr
clumps; rcounded or onipso‘id; varisble in size in the
same habitat; chloroplast a parietal cup or merely a
plate; with or without pyrenoids; reproduction by 4 or
8 daughter cells (non-motile) produced from the protoplast

-
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of the mother cell, vogeneous s not highly diiaa:tai:
t v ehlovoplia: T noid single in
l. Chlorella mm,mu ﬂormok. ur Ionntnio niederen
pyrenci n othar speclies; reprodustion Yy
chlorOphyeoon Bcih. Bot. c.ntrulbln algnn o2)3
LOSporesy 4t y entang. n e great
250, 1907.

AOENSE 9l

| Brulththr, ;.113, rig.74. 1915; Prescott,
Pe236, pl.53y figs.llel2, 1951,

= ?-w monas Ag. - - Lol
PP PRI s nvcs et oo aohbnbnn . gxxiformis (3)
0.11. onipsoidal, so-ot:lus uy—otrieal.

chloro;;last a romu plate cmring put of the cell wallj;
cells 7-8 am in diuoter, 9—9.5’ Jam long; ro;;r:i;d;oatnion by
autospores, as many as 32 mtoaporoa, (91.16, ti¢.164).
Anjum 122, March 30, 19785 Anjum 1224, May ﬁo 1978:
Anjum 122By: May 21y 1978gsincates Sos, 20129

Habitats Aquatic (Prescott, 1951); terrestrial,

Local distributions Pine forests, Parachinar.

Soil depths 1,2 and 3 inches. - ¢ PledBlhs Tig.
Geographical distribution: Burope, North America, Pakistan,

&

00CYSTIS n;.;;

In: Braun, 4. Algarum unicellularum genera nova
vel minus cognita. 1855, ther cell wailg

Y ,p‘ 9 ,,JQ b 4
cou. nhtinl.y nall, pnorally cmpooldal;
% & 10 * larce
noatly ﬂth polar nodu_lu :t on. or both onﬂs of thi}n
.,- -’" s u; R
onipsoldal wall; unnlny hok:lng golstinou sheath;
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uninucleste; cytoplasm homogeneous, not highly dibected;
1-5 to many chloroplasts, parietal; pyrenoid single in
some without pyrenoid in other species; reproduction by
2-16 auntospores, loosely entangled within a greatly
distended mother cell wall,

18Ty

Key to the ";,.01"7}
1, Cells ellipsoid or fusiformecesceces Qe RAIVE ‘2), 1315,
l, Cells pyriforMleccsccsscscscsscssnsnee Qo pyvriformis (3)

1.;00113 OVASO i sconbscccnonnebbnonh, 21011 : rescott,

2e Cells 3=9 um broadccscssesssnsanse 21' solitarias “"
2. Cells 1426 pam broadscecccsssnse O. grasss (1)

1, Oogystis crassa Witrock in Wittrock & Nordstedt Algae
aquae duleis exsiccatae Nos, 201-298, 1879, .
Collins, p.160, 1909; Brunnthdler, p.l125,
fig.99. 1915; Prescott, p.243y pla5ly fig.9.
1951; Tiffany & Britton, p.ll7, pl.l0l, fig.
318, 19523 Smith, p«259, fig.173D. 19553
Siddigi & Faridi, p.58, fig.4l. 1964,

Unic‘ollular, or .1n colonies of 2-8 ,‘ onelond
by a much swollen and gtlat.iniud mother cell nll;
cells ovate; poles hroadly rounded, with a nodnllr
thickening; ch10r0pll8t several, as nlny as 10. hrgc
parietal discs, with pyrenoids; cells 10-20)- brod.
14-26 am long (pl.l6, frig.168),

w 4 v 3 CA—
18T 08y R 187




MJ“ 82’ “MW'W. @2cd = LRk 5 l,"i;_-‘,:" a:]ﬂ

Habitats Aquatie (Prescott, 1951; Siddiqui & Paridi,
1964); terrestrial,

Local distributions Maize: rlom,'larlan. 1958 81ddiqul

801l depths S"fmeh; '+ v Tliel s

Geographical ?1'?3!!"}§§°?f ‘Burope, llorth norin, Pekistan

« Oocystis parvs West & West, in Jour. Bot. 365 p.335.
1898318 of 2 42 obl0 a3t masnive &
Brunnthaler; p.125; £ig.198. 1915; Prescott,
Pe246, ple54, rig.3. 1951; p.65, pli3. fig.45.
19693 ~’s-1th, pP«99, rig.51F, 1955,

',c.ns sontuy, or in coloniu of 2-8, onclosodla
the enlo.rged mother cell n11 of th. prov:lous pn-rntion;
2-4 generations sometimes involved; cells ellipsoid or
fusiform with pointod poiu. without dofinito polar
nodules; chloroplut 1-3 parietal disco; pyronom ao-o-
times present; cells 4-7.5 um broad, 6-15 Jam long;
colony up to 43.9 mm in diameter (pl.18, f£ig.167), =
Anjum 178, Dee. 12, 1978; Anjum 1784, Dec. 30, 1978,
Habitat: Agquatie (Prescott, 1951); terrestrial, '~ =
Local distributions Dry lands, Kohat & Peshawar, =
Soil depths 3 & 4 inches., ' ritton, p.dify pl.i0l,
Geographical distribution: Burope, North America, Pakistan.

14t - = i Gf Zett BRila.
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Qmun pyriformis Prescott, New species and .
 varieties of Wisconsin algae, Falowia, 1:347-
. 385..1944, s #ach with one pyrencids eells
Prascott, p.246, pl.54, figs.8«9, 1955 Siddiqui
& Farldil, p.69, rig.37. 1964,

T

c;].ls broa:lly pyr:lron-ovoid, uth a pron:lmnt

4 ong 3
apiculation at om polo, other ‘end brouclly rounded;
united 1n eolonio- of 2 or 4, ohloroplnt massive ¢
" ;"‘“'-r'"- ? 354-?{ ""‘

parietal; pyronoi.d om, cells 14-18p- in dilnotor,
16=19 um long; colony of 4 cells up to 36 nm broad and

48,8 um long (plylby f£ig.lé66), e A'un nouvesy

Anjum 83, Decs 15y 1977+ = sdnr, ou ¢ ervate

Habitats Aquatic (Prescett, 19513y Siddiqui & Paridi, 1964);
terrestrial,

Local distributions laizo t:leld, lardan.
S0il depths 1 1nch.

Geographical dlstributions lorth herica. Pnkiltm.

| : »
s > - ’

4, Oocystis solitaria Wittrock, in Wittrock & Nordstedt
: ' Algae sguse duleis exsiccalse, 20-27, 1879,
Collinsy p.lé0C, pl.5, fig.44, 1909; Brunnthiler,
.124, ﬂg.94. 1915, Proscott. p.2¢7, p1o54'
tig.lo. '195'1; rirtwy & Britton. p.llﬁ, pl.lOl,
r1¢.319. 1952. e PO e o

Cel)s solitary or in eolonies of 2-8 cells,

Z AT A




enclosed by the old mother cell wal}j cells ovate, or -
ellipsoidalj poles with noduler thickenings; chloroplasts
numerous, parietal plates, each with one pyrenoid; cells

3=2 om broﬁ%%’ﬁ'ioﬁﬁaﬁlg’vhm-zigs*-sle ot 4 ovate
KAijad 57% NBE:PA0S opyraaged Sbout s central Spaney Ba
Hebitat: Aquatic (Prescott, 1951); terrestrisl, =

Loeal distribution: Wheat riola.’l’oshaé%r:“ ol b il

s y4 3 esant: o8 L o % ]
So1l aoptnszlmn 5 -t et Bacrpin-. .
Geo;raphical Jia‘i’r&butiom Bm‘ogso, 'iéréh America, Pakistan,
Fah . _&_’ 1 97F

(CRUCIGENTA Morren ... . ...:..
Ke. Sur un vg;(i;nh microscopique d'un nouveau
genre, propose sous le nomme Microsder, ou conservateur

des petites choses. Ann, Sci, Fat, Bot., 20(1)s 404.415,
1830,

.y % .
r_,h:.,.. EL..&._:-‘ o

. Colony rreo—:l.o;tan;, cons:l.atm of ‘a plate of
4=16 trapezoid or rhomboid cells, in one plane about a
small or large central spme- ohloroylut parietal;
pyrenoid ore In each c“on; a'olonw oneloud 'by kt'h 7 g
tnconspicuous gelatinous onnIopo; éoloniu adhere t‘""aj’&:

e Dt
form coepicih. ‘Represented by one spoefo'o. < 5 :

reproduetion by sutoaporea, Oné Spicies was

ﬁminna drregulsrds Wille, Beschreibung einiger

Planktonalgen aus norwe—gischen Suesswasserseen,
PR ol athacsidas Chedat, Ntude sPitigue st
©ptor i rioe. 1808, :

X parimenta’a e le polsporphis & lraes,
Prescott, p.284, pl.65, rig.6. 1951; Tiffany &




Bl'i&bh' Folzlo 19’2; Biddiqui & !‘u.r!.di, p.82,
£1g.108, 1963, = *RETLRY

Colony free-floating; 4 or multiple of 4 ovate
cells rot derihitely arranged about a central space, Hot
in guadrangular formation, titﬁ ﬁu&h liiifii'liﬂ;;;fgil
walls in ebhtibt;'ohiordpla;t'a'hﬁriitii:piiiizak aiiéb&d;'
4 discs in a obli.;?p‘yr;noid absent; cells 5-9 am in
iiemeter, 8-14 um lbhg (p1.14, tig.1§4).

Anjun 96, Feb, 6, 1978, :

Habitats Aquatic (Prescott, 1951); terrestrial,
Local distributions Maize field, Mardan.

So0il depths 1 inch,

Geographical distributions Burope, North America, Pakistan,
PALMELLOCOCCUS Chodat
Matériaux pour servir & 1'histoire des Protococcoides.
Bull, Herb. Boiss. 23429, 1894,

Cells unicellular, minute, microscopic, free-
floating, cells smooth, spherical or subeylindrical,
without setae and gelatinous sheath; chloroplasts 2-4,
parietal; reproduction by sutospores., One spichb was
cultivated for this genus,

. Balmellococcus protothscoides Chodat, Etude eritique et
‘experimentals sur le polymorphisme des algues.

B o BT T e Pl ol
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Geneva, pl,165, pl.23, 1909.
Thompson, pel36s 1864 132+ 1959, (1)

Uﬂiﬂiii&lgr;vsdﬁibhorical, 7+5«8.5 pn in
diameter; cells ‘without = gelatinous sheath; chloroplast
3-4, discoid; autospores in multiples of two, 3.5-5 um
in diameter; ‘sheath trounf the autooporoa (91.14, fig.153).
Anjum’ 145, Sep. 15, '1978. rensslle SRAMBUR, FIE
Habitats Terrestrial,

Loecal distfibutiohlﬁﬂry land, Peshawar,
501l depths 6 inch. | e Be SIBSEINRG T/
Geographical distribution: Burope, Pakistan,

ﬁﬂm Neyen
Beobachtungen uebor oinigo niedere ngonror-on-
Nova Acta Acad. Caes. Ioop. Carol, 1431774, 1829.

Colony of 2-4-8~32 ovoid, fusiform, cresente-:
shaped, or oblong cells lying side by side 1n‘a‘iiﬂ§1‘
series, or in a double row with the cells alternating;
cell wall smooth or with spines, ‘teeth, and ridgos; 7
chloroplast a parietal plate, covnring most of fho
cell wall, often with a median lateral notch; pyr.nold

one.

s wpt K.y to the species
l. Cell wall with nodular

thick.ningldcoocooo.v-.ooooco.q ﬁb W (3)
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1. Coll waldiamdbUNSEids .LTuted ey Aleologische
2. Poles of cells rounded.cseess 8¢ ]ll.htll (1)
2. Poles of cell narrowed, ITVageen,
sometimes pointedesceccessces 3
3. Cells fusiform, all of the + "'« 19514
same shape in the colony, 4.2- - 739944 1964,

9 um broadecesssscssssssscscnes S w (‘2
3. Cells rnliror- & orosont-
shaped in tho lalo colony,

3-6 jam bro&d.....-..........u- al mﬂm (3)

1. Sgenedesmus arcuatus Lemm., Das Phytoplankton,
Saechsischer Teiche, Forsch., Bilol, Stat.
2. Ploen, 73112, pls. 1,2, 1899,
Brunnthaler, p.167, fig.232. 1915; Prescott,
Pe275, pl.62, rig.8. 1951.

Cellj arranged forming single or double series
of 4-16 oblong-cvate 1nd1§1duala with lateral walls 1n‘
contact along 1/3 to 4 their length; cell wall wikhout
spines or teeth; poles of cells broadly rounded; cells
4-8 pym in diameter, 10=15 um long (pl.1l7, rig.189).
Anjum 233, Feb. 27, 1979.
Habitat: Aquatic (Prescott, 1951); terrestrial,
Local distributions Suger-eane field, Mardan,
Soil depths 2 inech.
Geographical distributions Burope, North America, Pakistan,
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2e Sgenedesmus dimorphus (Turp.) Xgey Algologische .
Mittheilungen, I. ueber Gloionema Aghe 11,
Ueber eine neue Gattung der Confervaceen,

Floray 163513-528, 1833, ve: apices of
. Prescott, p.277s pleb3; figs.8,9. 19515 -
Siddiqui & Faridi p.77, £1gs.93,94. 1964,

Golony eélposcd of 4 or 8 fusiform cells
arranged in a singh or alternating nrhs; i.nnor eous
with strught. .hlrp ‘apices; the ontcr cells lunate,
strongly curved, with acute apices; cells 3-6‘nn in
diameter, 16«22 um long (91.17, rig.188).,

Anjum 234, Feb. 27y 1979. : . is
Habitats Aquatic (Prescott, 19513 Siddiqui & Faridi,

1964); terrestrial.
Local distributions Sugarecane fleld, Mardan.
Soil depths 6 inch,

¥

Geographical distributions Burope, North America, Pakistan,

mm w Bohlin...lno Algen dor orston
Rogmll'cchon pr‘:dition. I. Protoooccohloon
Bih, tongl. Sv. Vet ., Akad. Handl ., 23, Ard.
3y 7324, pls.l,2. 1897. -
Brunnthaler, p.163, rig.210. 1915; Prescott,
pe278, plab3, fig.l4, 1951; Siddiqui & Faridi,
Pe78y rig.96. 1964,
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Colony composed of 2=4-8 fusiform subacute
cells arranged in either 1 or 2 series (alternating);
median cells slightly curved; outer cells definitely
curved; with the free walls strongly concave; apices of
the cells with a nodular thickening; cells 5«8 xm in
diameter, 17-24 mm long (pl.15, fig.160, photo 89),
Anjum 124, June 10, 1978.
Habitats Aquatic (Biddiqui & ru'idi 1964\); torrostrill.
Locel distributions Maize field, lardau.
Soil depth: 1 inch.

£
Geographical distributions Burope, North America, Pakistan,

4. gcenedesmus obliguus (Turp.) Kg., Synoposis Diatoma-
cearum oder Versuch _oinor sy.teniﬁi.éhon
Zusammenstellung der Dhtmﬁ, Li@a,
8609, 1833, 5 i
Brunnthaler, p.163, f1g.208., 1915; Prescott,
Pe279, pleb3, £1g.17. 1971; 51ddiqui & Faridi,
Pe78, r1;-.97;98,99. 1964, :
= Scenedesmus acutus Meyen inkl, ro- and
maghus Bemard.

Colony composed of 2=8 (usmlly 4 or .87)';= ‘
fusiform cons u'rang-d in a single aoriu; apicu of
cells apiculatey Inll snooth; cells 4.‘2-9;: m dhnotor.
14=21 nm long (pl.l?7, f1g.190). wit» one margis
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Anjum 235, Febs 27, 1979. PR tape
Habitats Aquatic (Prescott, 1951; ﬂiddiqn-‘l & hltw.
1964); terrestrial, e}

Local distributions Sugarecane t:hld. Mardan, .
Soil depths 5 inch.

. B/

e A

Ly

ranoid vails 46 um

Geographical d:l,cﬂl.m“s lnrqpo, lorth America, Pakistan,

" JUADRIGULA Printz
Beitrage zur k.\ﬁﬂits des Chiofophiob‘oﬂ ulnd ihrer
verbreitung in Norwegen. Kg].. ‘Norske Vidensk.
Selskabs Skrifter , 2:49, 1915,

s 3 : is

Colony free-floating,ellipsoidal, of 2-4~8 long-
eylindrical or fusiform cﬁi: with long axis parallel
with that of the golatinous sheath in which they are
enclosed; poles of cells subacute or sharply rounded;
chloroplast a parietal plate covering most of the cell
wall or sometimes located along one side; pyrenoid
sometimes present, Represented by one species.

O mm m (Bohlin) Printz, Boitngo
zur Kenntnis des €hlorophyceen und ihrer
verbreitung in Norwegen, Kgl. Norske Vidensk.
Selskabs Skrifter , 2:49, 1915,
Prescott, p.260, pl.58, figs.9y10. 1951.

JI‘-J

Cells long, straight, bnt -1th one mgm

L e OB, ENEL o
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slightly curvedy cylindrical in the mideregion, tapering
to sharply rounded apices, arranged in longitudinal
bundles of 4 within a fusiform colonial envelope; -
chloroplast parietal, covering almost the entire cell
wally, with a median notch; pyrenoid one, cells 4-6 um
in diameter, 22-35-(45) nm long (pl.17, rig.191). o
Anjum 236, Feb. 28, 1979. :

Habitats A.qnatie (Prcscott. 1951); 1:orr'oﬂ:r:l.l».l.o~ -
Local distributiom Sugar-cane ficld. lu’dan. ‘ |

Soil depths 4 inch, j : _ , :
Geographical distributions Burope, North America, Pakistan.

ISTRAEDRON Kg.
Phyc. germy p.129, 1845, B thigk, i0=23
Cells solitary, unattached, of various shapes,

triangular and flat, pyramidal, polyhedric; the angles
entire, with or without apines or variaﬁsly lobed to form
1ichotomous or trichotomous spine-tipped processes;
chloroplast ohe to many parietal discs or platu;
pyrenoids usually present,

Kiy to the species,
l. Cells triangulaFecsscecsecssessssss 1o muticum (3)
1. Cells quadrangulaTesesecsesesssess Lo mnm (1)
l. Cells Urogulu-iy 5 or 6 anglod... 2. ﬂ.m (2)
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m M G .hith. Phytophnktoa of
1n1und ‘lakes of Wisconsin. Part,I, Wis, Geéol.
,..a' nt. Hist. Surve, Bull. 5741225 pls. 1-51.

-:'-‘A' - Pi PO 5 e
1920.
Prccé;;ﬁt, p.264, pl.59, rig.28. 1951‘:?'
Ve 5885 Rd 1) gy Wi the margins

Cells guedrangular in outline, tetrangonal,
2 sides subparallel, the other 2 deeply concave; the
angles extended hte"-nl.ightly tapering processes which
are dichotomously branched and tipped with a short

= spine; in side view fusiform, the processes at the
superimposed poles of cell not guite in the same plane
= but slightly turned at dirrlront angles; cells 5-8 um

st

i e

in diameter, without prmsns. 8 am thiek, 1825 um
long (pl.l7, fig.182), ‘
Anjum 238, Mareh 3, 197§.
Habitats Aquatic (Prescott, 1951); tcrrentrial. __
Local distributions Sugar-cane field, Mardan. .
So0il depths 1 ineh, -

Goo;raphied distributions North America, Pakistan,

m m (Wittr.) umgug, Ueber d‘:l.o
Su.ssmsor-auttunpn ‘I.‘;gg__hisci; Kg.

. B

Do-‘roni )

&tap

<mmm.§. Lagerh., Glo
und Tetraedron Kg. (m COrdlo
Polvedrium Naeg., Cerasterias Reinsch).
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Hedwigla, 27:131, 1833.
Brunnth;lor. pel48, rig.159, 1915; Prescott,
pe265+ 1951,
- M glgas Wittrock.

c;lls relativoly large, 1rregu1ar1y 5 or

6 angled, the processes broadly rounded, with the margins

between the anglos broadly concave cells 35-45 am in
short diametery 65-75 um long (pl.17, f1g.183).
Anjum 237, March 1, 1979. 1ame Pgeniotetraddrol
Habitats Terrestrial, .

Local distributions Sugar-cane fleld, Mardan.

S0il depths 4 inch.

Jeographical distributions Europe, Pakistan,

3« Tetraddron muticum (A, Braun) Hansgirg, Ueber, die
Suesswasser-gattungen Troghiscis Kg. .
(Acanthococgus Lagerh., Gloghiococcus De Tonmi)
und Tetraeédron Kg. (Astericiup Corda, Eolvedrium
Naeg., Cerasterias Reinsch), Hedwigla, 27:131, 1558
Brunnthaler, p.l46, fig.153. 1915; Prescott,

P«267, pleb0, figs.16,17,. 1951; Siddiqui &
Faridi, p.73, fig.53. 1964,
= Polvdrium muticug A. Braun,
Cells smally flat, triangular, the angles
without spines or furcations; sides of the cell emer-
ginate or slightly convex; cells 6-18 jum in dismeter

Ll et
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(pl.17, rig.184),
Anjum 240, March 6, 1979.
dabitats Aquatic (Prescott, 1951); terrestrial,
Local distributions Sugar-cane field, Mardan,
501l depths 6 1inch.
Geographical distribution: Burope, North America, Pakistan,

CHLOROTETRASDRON MacBntee, Bold &
Archibald, Correction of the name Pgeudotetraédron
Relvmorphum -(CﬂlorOphyceu )s(4in press) e
= Pseudetetraedron MacEntee, Bold & Archibald,

1977.

Cells spherical, saccate or tetrahedralj;
tetrahedral form occasionally persistent in adult cells
or represented by four minute, vestigial processes; with
a net-like or spongy chloroplast containing usually one
central or slightly gxeontric pyrenoid, sometimes with
more pyrenoids in -:stationary-phuo cells; cells multi-
nucleate; reproduction by biflagellate zoospores which
become tetrahedral upon guiescence, and by aplanospores.

St U e b ot e A R R S b o b D R it o e

Single species was collected.

1. Chlorotetraédron polvmorphum MacEntee, Bold & Archibald,
p.162g flgl.l-e, photo 1"13l 1977.

Cells spherical, tetrahedral, or saccate,

4
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attaining a max. diameter of 90 am, with their walls
thickening to 10 um; chloroplast net-like or spongy
with a single central to slightly exéentric pyrenoid;
zoospores biflagellate, at first pointed both anteriorly
and posteriorly, soon becoming rounded posteriorly and
later spherical as they become quiescent after a short
period of motility; with two anterior contractile
vascuoles, and an anterior nucleus, stigma absent;
sexual reproduction not observed (pl.l7, rig.180,
photo 90
Anjum 239, March 6, 1979.

Habitats Terrestrial (MacEntee et al, 1977).
Local distributions Wheat field, Pojhawu‘.

S01l depths 1 inch, ' ‘
Goographi;zal distributions Australia, Pakistan,

COEBLASTHRUK Naeg.
Gutt, einzell, Algen, 137, 1849,

Colony hollow, sphe‘rical; cells as iﬁi‘flzﬁ.
globose, ovoid or pyramidal; cells either closely
sdjoined, compressed or interconnected by narrow
processes to form a fenestration; daughter cqlonh_s A
present within the parent cell; walls of the parent calls
may persist about the new colonies interconnecting them,

Rt e ARt LS LSt

forming complexes. Represented by single species.
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1. Coelastrum microporum Naeg., in A. Braun, Algarum

unicellularum genera nova vel minus gqngnitn.
p.70. 1855.
Brunnthulor, p.195, rig.30'7. 1915; Prucott,
P+230, pl.53, fig.3. 1951; Tiffany & Britton,
_pell3, plo3l, rig.312. 1952; Smith, pe248,
£1g.159A. 1955; S1ddiqui & Faridi, P63,
f13.66 1964,

= Coelastrum robustum Hantzsch

= Coelastrum sphaericum ver. gcompaclum Moebius
= Coelastrum indicum Turner.

Coenobium spherical containing 864 élobou
sheathed cells; cells interconnected by very short
scarcely discernable goiafinom processes, leaving small
intercellular spaces; cells with sheath 8-20 mm in
diameter (pl.l5, fig.l161),

Anjum 80, Nov. 28, 1977.

Habitats Aquatie (Prescott, 1951; Siddiqui & Faridi,
1964); terrestrial,

Loeal distribution: Maize field, Mardan,

So0il depths 2 inch,

R i b e e A

Geographical distributions Burope, North uoric’, Pakistan,

CHARACIUM A.Braun
In: Kgi Sp + Alg 's pe208: 1849, '« & Denksca Dwe i3
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Osle2%, 1849

Cells solitary or aggregate, generally
stipitate or som times nearly sessile; pyriform,ovoid,
subspherical, eylindric or fusiform; chromatophore one
or several, parietal and laminate to cup-shaped; pyrenoid
ome or more; cells uninucleate or multinucleate; forma-

tion of zoospores and gametes.

Key to the speciles
1, Apex roundedessssscsccssssccsesss Co Daegeli (3)
le Apex acUt@sccescsessccsssssssssnse 2
2¢ Cells 15=20 um broadesessssssses Co acuminatum (1)
2. Cells smallercecsccescsccssssss 3
3e Cells 20=25 nm lONgecssssessssese So Bringsheimii (4)
3o Cells 25-30 mum loNgessssssssecsee Co ambiguum (2)

1. Characium acuminatum A. Braun in Kg., Sp . Algs
p.892. 1849,
Brunnthaler, p.79, fig.18, 1915; Prescott,
Pe216, pl.ab, fig.7. 1951; Siddiqui & Faridi,
Pe57y fig.l0. 1964,

Cells oblong or narrowly ovate, narrowed
anteriorly to form a short apiculation, acuminate;
stipe short; cells 15«20 um in diesmeter, 35-40 am long
(pl.17, £ig.179).
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Anjum 241, March 9, 1979. .
Habitats Aquatic (Prescott, 1951; Siddiqui & Faridi 1964);
terrestrial, ‘
Local distributions Sugarecane field, Mardan.
Soil depths 2 inch,
Geographical distributions Europe, North America, Pakistan.

2. Characium ambiguum Hermann, Ueber die bei Neudamm
aufgefundenen Arten der Genus Characium p.26.
1863,
Brunnthaler, p.79, fig.l7. 1915; Prescott,
pe216, pl.a5, fig.ll. 1951,

Cells solitary, lance-shaped, fusiform or
ensiform, narrowed to a sharp point anteriorly, tapering
posteriorly to a fine hair-like stipe, without an attached
disc; chloroplast le3; cells 4-8 um in diameter, 25-30 =
long (pl.17, £ig.178, photo 91). | |
However, in the present collection, cells have a small
attaching disc. |
Anjum 242, Mareh 9, 1979,

Habitats Aquatic (Prescott, 1951); terrestrial,

Local distributions Garden soil, Peshawar,

Soil depths 4 inch.

Geographical distributions Burope, North America, Pskistan.

3. Characium naegeli A. Braun, in Kg., Sp . Alg. 1849,




Brunnthaler, p.82, £ig.29. 1915; Tiffany &
rict -Pasgh aras

Britton, p.lOB, p1.29g f1£.284o 1952;
Sidtﬁqu:l & !‘u-idi, p.se. r1;.13. 1964.

rica, Fakiste

Cells 7-18 am in diameter, 20-42 um long;
cells ellipsoid, lané'téhte,' ']ririforl or ovoid, with
rounded apex, short stipe, without basal thickenings
(pl.l?7, £1g.177, photo 92). sabe rical, solitary

Anjum 1144 April 204 1978. EMOT W ry gel

Habitat: Terrestrial, ' esj oell wal

Local distributions Rice field Methra, District Peshawar.
Soil depths 3 4inch. Lo ad rre ' |
Geographical distributions Burope, North America, Pakistan.

4, Characium M ;™ Braun; 11;'. Un:lcon. genera
Nova vel minus cognita. 1855, :
Brunnthaler, p.80. '1915; Prescott, p.218, pl.45,
fig.21. 1951; 'nrfnny & Britton, Sp‘.108é, ;1;29, »
£1g.285. 1952; Biddlqui & Faridi, p.59, ng.4.
1964, ' :

Cells narrowly elongate-ovoid to fusiform,
erect but with a short oblique tip; stipe short; -
chloroplast a laciniate plate; pyrencid one; cells
6$=1C um broad, 20-25 am long (pl.17, fig.176).

Anjum 32, Hay 18’ 1976,

il
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Habitats Terrestrial.
Loeal distributions Rice field Methra, District Feshawar.

Soil depths 1 inch. ar (plJ
Geographical distributions Burcpe, North America, Pakistan,

 MBESOTAENIUM Naeg.
Gatt, einzell. Algen, p.137, pl.8. 1849,

Cells eylindrical or subeylindrical, solitary
or embeded in layers within a common watery gelatinous
matrix; cells with broadly roundogl poles; cell wall
without pores; chloroplast axial, laminate; pyrenoids
one to few; cells uninucleate; orton-eontains oil droplets;
some species purple or violet due to phycoparaphyrin;
asexual reproduction by cell divisionor lidelike
abscission of the wall at one pole and escape of proto=-
plast followed by its development into a spherical
aplanospore of a reddish-brown colour; sexual reproduction
by eonjugation with a tube; thick-walled zygotes produce
2 or 4 new cells; parthenospores common. Represented
by & single speciles.

1. Megothniug purpureus West & West, A monograph of the
British Desmidiaceae, vol. 1355, pl.3, figs.

25-26 . 1”‘.

Cells cylindrical, slightly curved; cells
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9e4 broad, 30=40 um long 3% to 44 times longer than
their diameter, apices rounded, chloroplast plate-like,
rather thick; cell sap purple or violet in colour (plJs,
rig.156). ' '+
anjum 163, Nov. 15, 1978.
Habitats Ter:utr;l.al;

5 o

Local distributions Rice field Methra, District Peshawar.
So0il depths 1 inch,

Geographical distributions Europe, Pakistan.

HOYA West & West
On:some North American Desmiditeae, Tr. Linnean Soc.
Bot, 2d. Ser., 53229-74, 1896,

Cells very slightly arcuate, almost cylindrie
slightly attenuated toward the extremities, apices
subtruncate or obtusely rounded, wall smooth and coloure
less; one chromatophore in each cell, generally with a
small excavation 1h the middle of the concave side,
the extremities convex and extending almost to the extreme
ends of the cellj pyrenoids 2-14 in a single series,
lacking apical vacucles and moving granuules; zygote
rformed by the nnion of pgaxetes iidway betvogn_gmtan_gial

protuberance, The genus 'u' represented by a single species,

1. Roye obtusa (Breb.,) West & West, A monograph of the
British Dcsnidlaeeae, vol,l. 9010?' ’1.1.’
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fig.27, 1904, ]
riftm & Britton, p.lﬁ'h pl.n, fi"§33. 1952,

Cells cylindric, 6-15 um broad, 1.5-8,0 times
longer than the diameter, 22-148 um long, very slightly
curved, apices obtusely rounded; chrmafophon“iiﬁ an
excentric notch at the centre; pyrenoids 2-8; zygote spher-
ical, smooth (pl.17, £ig,181),

Anjum 244, March 12, 19789,

Habitats Terrestrial,

Local distributions Sugar-cane field, Mardan,

Soil depths 2 inch.

Geographical distributions Burope, North America, Pakistan,

CLOSTERIUM Nitzsch ex Ralfs
Brit, Desm. 90159. 1848,

Cells elongate, markedly attenuated, rarely
straight, mostly curved, often strongly arcuate or
lunate; without a median constriction, poles obtuse,
truncate, rostrate, or attenuate to fine needle~like
points; cell wall smooth, costate, or stridte, colourless
or yellow to brown in colour, cften with one or more
transverse lines either at middle of cell or at different
points o.lonk the céll; chloroplast entire or with a
variable number of longitudinal ridges, one in each
semicell; pyrenoids few to many, usually in a single
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axial row or more rarely scattered throughout chloroplast;
with a terminal vacuole between cell apex and end of the
chloroplast, containing one or more crystals of gypsum
which exhibit a constant Brownian movement; conjugetion
between recently divided cells or mature cells, One

species was collected.

l. Closterium porrectum Nordst, De Algis Aquae Dulcis,
Lund, 1878,

West & West, p.116, pl.ll, fig.11. 1904,

Cells of mediam size, about 12 times longer
than their dlameter, very strongly arcuate; distance
between the apices varying from 225-270 mj; outer
sargin sbout 160° of are., inner margin not tumid,
gradually and uniformly attenuated to the apices, whieh
are tapering and obtns;ly rounded; cell wall pale yellow-
brown, strongly striate, about 6 stride visible acecross
the cell; zygospore unknown (pl.17, fig.173).

Anjum 164, Nov, 20, 1978,

Habitats Terrestrial,

Local distributions Rice field Methra, District Peshawar.
Soil depths 3 inch, |

Jeographical distributions Burope, Pakistan.

COSEARIUM Corda ex Ralfs
Brit, Desm. p.91, 1848,
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Cells variable in size, little longer than
wide, few species wider than long, gradually compressed,
symetrical in 3 planes at right angles to each other;
constricted in the middle to variable depths; s-icoﬁt
ellipticy subeircular, subguadrate or truncate-pyramidale;
apex rounded, truncate or sﬁbtrunca.te, without an apical :
incision, centre sometimes protuberant; vertical m-
elliptic, subelliptic, oblong or rarely circular, ortori
having one or more central protuberances on either side;
chromatophores usually axial, one in each semicell, with
4 curved longitudinal plates; l=2 large pyrenoids, parietal
with one or more pyrenoids in each; cell wall smooth,
punctste, scrobiculate, granulate, verrucose or papillate,
with the markings arranged in a definite patterm; zygotes
variable in shape, smooth or variocusly ornamented, some-
times bearing furcate or rarely simple spines; partheno-

spores.

Key to the species

l. Cell up to 40 xm broadecececcessees o laeve (3)
l. Cells Narrowereccssccsscscssscscss 2

2. Isthmus 7.5 Aam broadecececcsescses Co granatum (1)

2. Isthmus 6=10 am broad cscesessse So Zranatum vns

graoatum (2
l. Cosmarium grapatup Breb., in Ralfs, Brit, Desm. 96,
pl.32y figs.6A~6B, 1848,
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Smith, 9.31, p1.57, fig.lﬂ. 192‘; Croasdale,
P34, Plosy f!glollglzo 19560

Cells fairly small, 30 um broad, at the apex
9 mm broad, 41 um long, isthmus 7.5 um broad; deeply
constricted, sinus linear, with apex slightly in.flntod
and outer margin open, isthmus narrow; semicells pyremidale
and with apices truncate, basis of laterzal margins sub-
parallel for a short distance and then converging or
i broadly rounded, apical angles obtuse; vertical view

3 elliptic; lateral view ovate; cell wall smooth to

% minutely punctate; chloroplast axial with a single
: pyrenoid (pl,17, rig.185).

Anjum 174, Dec. 7, 1978,

Habitats Aquatic (Croasdale, 1956); terrestrial,
Local distributions Dry hill, Abbottabad,.

S0il depths 3 inch,

Geographical distribution: North America, Pakistan,

2. Cosmariup granatup Bréb, var. granatum Croasdale,
Freshwater algae of Elesmere island, N,W.T,

Ottawa. 3389, pl.,XII, figs.l6-20, 1973.

Cells 18«27 um broad, 25=-43 um long, (1.3-
1.6x)y isthmus 6-1C um thickness 12-18 um, wall se-{cons
truncate~pyremidale with rounded angles and cloqod
linear sinus, one chloroplut (pl.17, r1;.186, photo 93).
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Anjum 243, March 10, 197%. ' adl;
Habitats Aquatic (Croasdale, 1973); terrestrial,
Local distributions Rice field Methra, District Peshawar.
Soil depths 1 inch. _
Gecgraphical distributions Burope, North America, Pakistan,

3. Cosmarium laeve Rabenh. morpha 2, Croasdale, Freshwater
algae of Elleswere island, N.W.T., p.93,
’1.11', :1'..28-290 19730

Cells 20=-40 nm broad, 28«30 um long (1.45=-
1.5x); isthmus 6=7,5 pam, thickness 12-13 um, wall smooth or
or widely punctate; cells large, outline slightly
irregular (pl.l17, rig.187, photo 94), '

Anjum 200, Jan, 204 1979. ;

Habitats Aquatic (Croasdale, 1973); terrestrial,

Local distributions Rice field Methra, District Peshawar.
Soil depths 2 inch, .

Geographical distributions North America, Pakistan,

SPONDYLOSIUM Ereb.
In Kg, Spe Alge. 90189- 1849,

Cells small or medium size, flattened, modera-
tely to deeply constricted; sinus linear to open; apex
acute or rounded; cells united in long sometimes twisted
filaments; with or without gelatinous sheath; semicells
usually compressed, rarely radially symetrical, elliptic
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to oblong or triangular, often with concave or broadly
truncate npieu; cell wall smooth or pumtato, rarely
granulate; chro-ltctphorcs axial; pyrenoid on-; zygote
usually sphorioel, smooth or bearing simple spinu;

aplancsporese. Beyrountod by & single species.

1. Spondylosium pygmaeum (Cooke) West, freshwater algae
West Ireland, Linn.GSoc, Jour. Bot, 29,116,
Tiffany & Britton, p.202, pl.56, fig.626,
1952,

Cells 5«8 mm broad and 5-8 um long; isthmus
2.5=3.,2 um thick, semicells elliptic, united by relatively
small surfaces of their apices into long filaments
frequently embedded in a gelatinous sheathj; vertical
view subelliptic; cell wall smooth, about as long as
wide or slightly wider; deeply constricted; sinus acute,
almost linear for part of its length (pl.l7, rig.193).
Anjum 1, Nov. 29, 1976,

Habitats Terrestrial.

Local distributions Dry land, Peshawar.,

Soil depths 5 4dnche.

Geographicsl distributions Burope, Pakistan,
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XANTHOPHYCEALE

Key to the genera of Xanthophyceae
1. Plants °°1°nmo.oooooocoooo-cooo mmn

l. Plants loliflry.........-........ Imm
l, Plants filamentouS.cececsvescccece 2

2. Filaments .brmhdoo.o'c-ooo..o E.t.r“mg
2+ Fillaments unbranched ceecssccces mm

GLOEOBOTRYS Pascher
Zur Kenntnis der heterokonten Algen., Arch, f,.

Protist ’ 69‘ ‘38 . 1930 .

Thallus free-floating or sedentary, gelatinous,
with a definite or indefinite shape; cells spherical or
slightlybvate, many; sheath very weakly stratified;
chromatophores 2-4 parietal plates, or discs; reprodu=-
ction by aplanospores and zoospores. The genus was

represented by a solitary species.

1., Gloeobotrys limneticus (LM .Smith) Pascher, Heterkonten.
In L, Rabenhorst, Kryptogamenflora von Deutsch=-

land, Oesterreich und der Schweiz, X03637,
1937-1939,
Prescott, p.356, pl.93, figs.35,36. 1951.

Colony ovate; 10«30 ovate cells in clusters
within a wide, gelatinous envelope; chromatophores 3-4,




A .
yellow=green, parietal discs; cells 5«6 um in diameter,
6-8 nm longj colonies up to 200 um in diameter (pl.l5, .
rig.155), Padf3y fig, LI08,

Anjum 144, Boy. 10, 1978.

Habitats Aquat:l.c (Prescott. 1951); urrostria];.:s 3”.:,.
Local distributions m-y 1anﬂ, Poshmu.r.

So0il depths 1 inch.

e s 4 3

iy WaHnO

Geographical distr:lbutiom Europo, North heriea, Pakistan,

WONALLANTUS Pascher
Heterokonten, In L, Rabenhorst, Kryptogamenflora
von Deutschland, Oesterrich und der Schweiz XI. 420,
1939.

Cells solitary or in unjoined clusters of 2-4
cells; sonetile\a arranged in a series, enclosed by an
inconspicuous film of mucilage; oblong with parallel
margins, broadly rounded polos- sonatinu short cyl:l.ndcrs
with slightly conv-x nargina; call vall snooth, -outius
reddish; ehro-atomoru 2-10, band-like or platc-lm.
parietal; with or without pyronoid, hueuln gra.llllos

and red oil gl.obnlu uuny prnont; roprodutlon by
heterokont zoospores and .ntospom. smh amiu m
cultured for the genus,

tils thing ® + &+ REBLIGINR vo
1. donallontus brevicvlindrus Pascher, Heterokonten, In.
Rabenhorst, Kryptogamenflora von Deutschland,
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Oesterrich und des Schweiz. XI. 422, 1939,
Prescott, pe.352, pl.95, fig.24, 1951; Smith,
P«383y £1g.290. 1952,

Cells cylindric, 1/3 to # longer than broad;
6«8 um in diameter, 9=12 um long; chromatophores le2ed;
zoospores with 2 flagella, amoeboid, ellipsoid, with
one or two chromatophores (p.l6, fig.l69).
Anjum 99, Feb. 11, 1978,
Habitat: Aquatic (Prescott, 1951); terrestrial,
Locel distributions Dry land, Peshawar.
§0il depths: 2 inch,
Geographical distributions Europey North America, Pakistan,

IRIBONEMA Derbes & Solier 3
Memoire sur guelgues points de la physiologie des

algues. P‘ri‘, p.l. 18,6.

Filaments composed of cylindrical cells; walls
with two sections overlaping in the mideregion of the
cell; cells forming Heshaped pieces where fragmentation
of the riluaﬁts occurs; chromatophores disc-shaped,
light yellow=green, 2 to several in a cell; pjronoid absent,

Key to the species
l. Cell walls thin, many chromatophores. I. mfﬂ ver.
Lenue

1. Cell walls thick, 2-4 chromatophore.. I. minus (2)
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1, Iribopema bombyclnum var. tepue Hazen., The Ulctricaceae
and Chaetophoraceae of the United States Mem.
Torrey Bot. Club, 11:185, 1902,
Prescott, p.367, pl.9%, rig.10, 1951,

Filaments much entméhd, forming a greyish-
yellow cloudy .Il!-s; cells with thin walls, cylindrical
or slightly constricted at the crossewalls; 3«6 .m in
diameter, 10=36 um long; chromatophores numerous, small,
perietal, pale yellow=green dises, sometimes in contact,
giving the appearance of 1 or 2 large, irregularly shaped
plates (pl,17, rig.175, photo 95).
Anjum 165, Nov. 22, 1978,
Habitats Aquatic (Prescott, 1951); terrestrial,
Local distributions Sorghum field, Peshawar.,
So0il depths 3 inch,
Geographical distributions Burope, North Americe, Pakistan,

2e Iribonems minus (Wille) Hazen, the Ulotricaceae and
Chaetophoraceae of the United Statoé. Mem,
Torrey Bot, Club, 11:185, 1902,
Prescott, p.3568, pl.9, rigs.l2-13, 19513
Tiffany & Britton, p.210, pl.209, fig.b47.
1952,

Filaments slender, cells cylindrical, 5«5 am
widey 23~27 am long; chromatophores 2«4, relatively large,
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parietal, disc-like plates, symmetrically arranged about
the wall (pl.17, fig.l74, photo 96),

Anjum 44, July 15, 1977. :
Habitats Aquatie (Prescott, 1951); terrestrial,
Local distributions Garden soily Peshawar.
Soil depths 1 inch,
Geographical distributions North America, Pakistan.
HETBEROCOCCUS Chodat
Bull, de 1 Herb, Boiss, 1908, ,

Thallus filamentous; filaments freely branched,
without differentiation into base and apex; cells uninu-
cleate; chromatophores several, discold; reproduction by
the formation of biflagellate zoospores; aplanospore

formation also frequent, Represented by a solitary speciles.

1. Heterococeus longicellularis Pitschmann, Vorarbeiten
zu einer Monographie der Gattung, Heterogcoccus,
Nova Hedwigla, 53 90516| pPl.l9, fig.l-4, 1%3.

-

Thallus highly branched; filaments 450 xm
long,y lateral branches up to 140 um long; mature cells
eylindricaly, 22 pm broad; filaments closely entangled;
chromatophores disc-like, ellipticle, several; reprodu-
ction by aplanospores & akinetes which are at first
cylindrical, later become rounded, up to 30 um broad,
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with elliptic chloroplast (pl.l7, fig.192, photo 97,98,

)e
s FUGLENS Enrenberg
Andu- 6?, Oct, 24, 1977; Andun 674, Oct, z. 19773

1ie Bntewicklaung und Lebelsdauer

Anjum 67B, Oct. 28, 1977; Anjum 67C, Oct. 30, 1ggl
sicngthiere; febst ferhere Seitrage zupr >
Anjum 679: Nove 1y 1978; Anjum 6 Nov, 5, 1978,
rzlaiching ihver organischen Jysteme. FPhys. Abh,
Habitats Terrestrial,
i1s1. Akads Wise, z. Berlin, 1831.,104, 1533,
Local distributions Dry lands, & luat fields, Peshawar;

.~ Maize field, Mardan; Moist land,
‘mys cylindricilers Im;m;cs'-;e:'imr.am elther
Soil depths 142434445 and 6 inchess = caudus, the
Geographical distributions Burope, Pakistan,

per 1t  firm, giving the cell a rigid
1 ie @ metabolic, constantly
pe vement shen Tlra, peripiass
j];q ‘.."_j“ v L_”‘; :
& b k B TTa¢ - the srior and
} & B1L 1" i ,“ of Frar ;_‘:':& i85 ’L't 3
1 variable, either numercus dvoid disges, a few
B sads oF star-shapel pilatesi sOme-
pyrenocids, sided in the shloroplast

-lena Broxisa ver. zicisa Ssadados, A Fehsr %O

VYolvcazles & lagsliliais vegetacicis. Hidrol.

K aezloeny, 1949(7.8): 1.8, pl.l. Kable, 1949
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EUGLENOPHYCEALGE
- BUGLENA Ehrenberg
Ueber die Entewicklung und Lebensdauer der Lroas

Infusionsthiere; nebst fernere Beitrage zur einer
Vergleichung inhrer organischen Systeme. Phys. Abh.
loenigl. Akad, Wiss. z. Borlin, 1831.10‘. 18330

Cells mostly free-swimming, rarely creeping;
fusiform, cylindrical or ovate; the posterior, ond.oithcr
rounded or extending into a fine point or ctndus, the
anterior end usually narrowed, sometimes connplcuously
bilipped; penmplast either firm, giving the cell a rigid
shape, or soft and pliable; cell metaboliec,y constantly
changing shape in its movements; when firm, periplast
decorated with fine spirals, striations or rows of
gramules; a gullet and a reservor in the anterior end
from which arises a single flagellum of variable length;
chloroplasts variable, either numerous ovoid discsy a few
ribbon=like bands or rarely star-shaped plates; some-
times with pyrenoids, embedded in the chloroplast
protrude from either side, One specles was observed for

the genus.

l. Buglena proxima var. minima Szabados, A Feher to
Volvocales es rlag;llate vegetacioja. Hidrol.
KOCZIOQDS, 19‘9(7.8)‘ 1-8, 91.1. Kable. 19‘9.
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Gojdies, ’o’oﬁgil;!o fig.10, 1953,

A total of 245 species with 74 gebnera delong-
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Anjum !‘,ﬁ%,ﬂ'?&tﬁ'g mﬁzc‘iea ef Chlarophyceas, were
“?‘1§9‘§:§§§§E%3'§§%a;,. Llanthophyceas having 5 species

Local distributions Rice th%fppm%‘ o?:’;"%%ﬁ mm“m_.

4 gelers was intermed (a%e

8911 gnggth,a s!n}lq speocies was lsast-representsd group
Geographical distributions Burope, North America, Pakistan,.

ienal of warious recorded species was
e 1o ayers and it gradually deereased with
- apth. Sors of the specieos occupyings Gifferent
we spestedly found at various depths.
paies were not confined to s partieular depth. In
the total observed species ware 110; whils

rfields, the only 8 recorded species sugpested

nty 4n this case. Sugsr-cane flelds; having

aies, followed D) i specises in rice fields wers
iiate in position (Tables 27,
The presences of 1%3 species in Peshawar
istriet and 100 specissz in Hardan Distrist suggested
logieally Tavourable soil genditicng for the growtn
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HESULTS

A total of 245 species with 74 genera belong-
ing to Cyanophyceae; Chlorophyceae, Xanthophyceaes and
Euglenophyceae were recorded from soils sampled at a
depth of O-6" from various localities of N.W.F.P.
Cyanophyceae with 31 genera having 146 species, followed
by 38 genera with 93 species of Chlorophyceae, were .
well-represented groups, Xanthophyceae having 5 species
in 4 genera was intermediate in position; while Eugleno-
phyceae with a single specles was least-represented group
(Table 1),

The density of various recorded species was
more at the top layers and it gradually decreased with
increasing depth, Some of the species occupying, different
vertical niches, were repeatedly found at wvarious depths.
Such species were not confined to a particular depth. In
dry soils, the total observed species were 110; while
in sorghum fields, the only & recorded species suggested
low frequenty in this case., Sugar-cane flelds, having
75 species, followed by 53 species in rice fields were
intermediate in position (Tadble 2).

The presence of 158 species in Peshawar
Distriet and 100 species in lardan District suggested
ecologically favourable soil conditions for the growth




of edaphic algae. Soils from Dera Ismail Khan District
supporting 62 species were next to Peshawar nnoy in
favouring algal cmh The 6 recorded species rru -oh.
of Bannu Dhtr:lot pointed out the least ouit&bmty ru-
the growth of algae. The reduced m-bcr of amiu
observed in Kohat, Abbottabad and Parachinar soils aom
be due to unflvounbh soil conditions for the algll-
growth during the period of investigation (Table 3),

-4 : ) ! i 5
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A sum total of 245 species, excluding diatoms,
distributed among 74 genera belonging to Cyanophyceae,
Chlorophyceae, Xanthophyceae and Euglenophyceae were
recorded from soils of N.W.F.,P, (Table 4), )

There were 31 genera with 146'spoe1n of
Cyancophyceaej 93 species distributed among 38 genera of
Chlorophyceae; Xanthophyceae had 4 genera with 5 specles
while Buglena with a single species represented Eugleno-

phyceae.

Cyanophyceae with 146 species, followed by
Chlorophyceae with 93 species, were the most common in
the area; while Buglenophyceae represented by only one

species was the least common group.

A. DISTRIBUTION OF SPECIES WITHIN BACH CLASS

1. C ophyce

Oscillatorig and Phormidiup respectively having

23 and 20 species, the commonest represented genera,
were fcllowed by 14 species of Nostoc; Angbaeng, and
byngbyg each with 13 species. Chroococcus with 7 species
and Microgvstis and Spiruling, each with 5 specles;
Aphanothege and Cglothrix, each with 4 species occupled
an intermediate position. Aphgnocapssa, Merismopedia,
Schizothrix, Scytonema, and Tolypothrix each with 3 species;




Table 43 Number of genera and species recorded in .
- various classes from N.W.F.P. Soils. ~ =
lowed by Ghloremices, Coslosphasrium, GlOecospens .
loeothecy, Eﬁﬁgigggﬁsﬁs k3
Class w : , .{’Qﬂ”
stichopiphon, aod §reqhogooons, each FepreseSel by 8

ngle species were the lsast frequsnt geners (Tebls %5).
Cyanophyceae 31 146

Chlorophyceae = .. 38 93
Xanthophyceamonz Chlorophyce@e, the best repreafuted genus
Bugléndphyeessun having " - slecies; while Chlordlla,
tarivms Coelsstrum. -rusisesis. Ristyosocouss
'L':i;%;rﬁ:ﬁ: A E%&ﬂ.&zlﬁa munmz%&m.
:orinas Ehzsclilous . Dlapitospiasris. LXoS9g00gua,
lorotetraddron, Snacriguiar Radicsghasra, Ehiszegloniusm.
4 Spondyiogium, each represented by a single species
east common individusls. Tetragyatis with 6
and: SRS

ginopgisg with 5 specles were inter-

F

ste in peaition. Bragtescoocus. Characing,

syiomonasy Dogystis and foenedesmus esch had' 4 species.
ossariuag and Teiraddron were represented by 3

ies. Tup specles were reporded for Chlorohommidium.

‘ophorss Eremeschasrs. Gleeogystls, Cedogenlum,

s21ls. Spengioshloria, dsizecclonium and Ulothrlx

A

among the ¥ resosded species, 2 belanged to
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Aulosira, Cylindrospermum, Gloeotrichia, Microcoleus, .
Nodularia, Plectonema and Symploca each having 2 species
followed by Chlorogloea, Coelosphaerium, Gloeocapsa
Gloeothece, Hydrocoleum, Michrochaete, Riyularia,
Stichosiphon, and § hogoccus, each represented by a
single species were the least frequent genera (Table 5).

2. Chlorophvceae

Among Chlorophyceae, the best represented genus
was Chlorogogcum having 19 species; while Chlorella,
Closterium, Coelastrum, Crucigenls, Dictyvococcus,
¥esotsenium, Microgpora, Neochlorls, Palmellococcus,
Fandorina, Physolinum, Planktogphaeria, Protogocgus,
Chlorotetrgedron, Quagrigula, Radiogphaera, Rhizoclonium,
foya and Spondyvlosium, each represented by a single species
were the least common individuals. Tetracystis with 6
species and Chlorogarcinopsis with 5 specles were inter-
mediate in position. Bracteacoccus, Characium,
Chlamydomonas, Oocystis and Scenedesmus each had 4 specles.
while Cogmariumg and Tetraédron were represented dby 3
species, Two species were recorded for Chlorohormidium,
cladophoras, Eremosphaers, Gloeocystls, Oedogonium,

Falmella, Spongiochloris, Stigeoclonium and Ulothrix
(Table 6). .

3. fanthophycese
Among the 5 recorded species, 2 belonged to
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Table 5: Members of Cyanophyceae recorded from N.,W.F.P,
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Table 63 Chlorophycean members isclated from soils
of N,W.F.,P,

e ThE T unhar & spesiss
5.No : dc’i_:ii-i“" TR -~ Rumber B'ff'"i"ﬁo"ﬁa'
1 Chlorogoccun 19
2 Ietracystis 6
3 Chlorosarcinopsis 5
K Bracteacoccus a
5 Cheraclum 4
6 Chlapydomonas 4
? Qocystis 4
8 Scepedesmus 4
9 Cosmariun 3
10 Ietragédron 3
11 Shloreohormidiua 2
12 Gladophora 2
13 Eremospphaera 2
14 Gloeocystis 2
15 Qsdogoniua 2
16 Ealmella 2
17 Spopgloghloris -
18 Stigeocloniua 2
19 Ulothrix 2
20 Chlorella T
21 Closterdum 1




Table 63 continuved 3 spealissys represented:

: - MITEE LSS T . 2 B9
S.KNo Genera Number of species

ek s

22 Coalastell proxiss ver. aloima wes the olly
23 croodgndisnophycese (Table, 7). 1
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Iribonemz while the remaining 3 species represented
Gloeobotryss Heterogoccus and Monallantus (Table, 7).

ru - e - e— B

‘Buglena proxima var. minima was th.onh
record: for Euglonophycoan (Table, 7). B

8. SOIL-BINDERS - Ao aaial

S5 SSTRERE RIsE |

Some of the algae viz§ W“’
longicellularis, Ulothrix variabllls, .x_xhnmln_m:;n
fnormidivm iadinisnum, E. pepyraceus, P. uncinatum,

E. ambiguum, E. fragile, Qacillatoria animalis, Q. foreaud,
Q. formosa and O, gplendidg were observed to be good soil
vinders. Cyanophycean members were more than the other

algae and the results agree with Jabeen (1978).

Ce. NITROGEN FIXING BLUE GREEN ALGAE

The ability to fix nitrogen was inferred by the
presence of heterocysts in the blue-green algae, Forty-
seven species belonging to 11 genera viz: Nogtoc (14 spp.),
snabaena (13 spp.), Calothrix (4 spp.), Scytopema (3 spp.),
Zolypothrix (3 spp.), Aulesira (2 spp.), Cylindrospermum
(2 spp.)y Gloeotrichigz (2 spp.), Nodulariag (2 sppe.),s
yicrochaete (1 sp.), and Rivularia (1 sp.) were recorded
ss possible nitrogen fixers (Table, 8). Findings are in
sggrement with Drewes (1928), Singh (1942), Fogg (1547,
1951), Watanabe (1949, 1951), Willians and Burris (1952),




Table 73 Members of Xanthophyceae and puglenophyceae
recorded in N, W.F.P, Soils.

e a No, of

S.lo Genera . species Name of the plant

Ene — 2530 e
a3 - SO

. Bdis N
XANTH

e J".A-—'.—,

TOTAL 5

. Oogs




Table 8: Nitrogen fixing blue green

from N.W.,F,P, Soils,

ISATE

8.,Fo,  Genera = =

1 Nostog
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algae recorded




Table 83 continued

s.No. Genera

329

_——— —_———— —

Specles

A e+ S mE——

A orvzae
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A

4. subevlindrica
4. yariasbilis
Calothrix glavata
. glepkdndd
C. epiphvtica

€. marchica

Scytonema hofmanni
8. Javanicum
S. nilled

Iolvpothrix distorta
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I. tepuls
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0
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Table 83 continued
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Fogg and Wolf (1954), Allen (1956), Desikachary (1959),

CGameron and Fuller (1960), Fay and Fogg (1962), Ali and

D. NEW RECORDS FROM PAKISTAN
The following 46 species were reported for the
first time from Pakistan, ;
Bracteacoccus grandis, B. medinucleatus, B. minor,
8. psewdominor, Chlamvdomopas tvpica, Chlorococcum acidum,
. gureum, C. echinozvgotum, C. elkbartiense, C. gelatinosum,
C. hypposporum,C. isabeliense, C. lacustre, C. macrogsti-
gmatums C. microstiematum, C. mioutums C. DOva anglies,
C. oviforme, C. pulchrum, C. refringens, C. reticulatum.
C. salsugineums C. typlcum, Chlorohormidium sterxdle,
chlorosarcinopsis arenicola, C. auxotroplica, C. deficlens,
C. psendominor, C. sempervirens, Chlorotetragdron polymor-
ghum, Rictyococcus varlans, Sremosphaers sremosphaerda
Buglena proxims var. minima, Neochloris cohaerens, Ealmells
texensis, Planktosphaeria texensis, Radiosphaers dissects.
gpongiochloris incrassats, S. sponglosa, Ietracvatls
gexcentrica, I. intermedium, I. dsobllaterslis, I. RARRAS,
Z. ketrasporum, L. fexensis, Iribonems bombvcinum var. tenue.

3. VERTICAL DISTRTBUTION OF THE SPECIES

With the increasing depth of soil, the number
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and kind of species gradually decreased (Fig. 246), There
were 98 species in the uppermost one inch of the soil,
rfollowed by 83 species recorded at a depth of 2" and it
respectively decreased to 65 and 48 species at 3rd and
ath inch depths. At a distance of 5 and 6" from the top,
there were respectively 43 and 35 species. Results agree
with Peterson (1935), Delarge (1949), von Denferr (1949)and
Durrell (1959) i"*hfmo observed the gradual decrease in the
number of algae ath increasing soil depth.

Anabaeng orvzae, Nostoc punctiforme, Fhormidium
Lragile, mmmw Gloeocystis ampla,
G. yesigulosa and mﬂmmm mmmm were
recorded at all the depthl. thggm cohaerens,

C. dispersus, Coelosphaerium ms mm microcys~
toides, Aphanothege castagpedl, A. gelatinosa, lnmm
tenuissima, Spirulina gomontiana, anmmm.*
0. gnguina, Phormidium abronemas E. Ms M
narvevana, Chlsmydomonas pseudopetryd, Oedogonium hirnil,
chlorogoccum echimozvgotum, C. isabellense, Ce zeticulatun
C. tvpicum, Palmellococcus protothecoides, Scenedesmus
diporphus, and Istraédron muticum, sbsent in the top
layers of soil, were present only in the deeper layers.
The rindings agree with Peterson (1932) who reported
similar phenomenon in soil algae. ¢

The wvertical distributiond speciu in,soil
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(Blank) and species (Solid) of algae
at various soil depths in NWEP



st bis e o i bl i LS SRS i o L AL P ]

334
depends upon a number of factors, such as light, temper-
ature, water and texture of the ;011. Species preferring
more light or temperature or both, will be present only
in the upper la;crs of soil where these two r.‘tors lako
effective pen.tration (Poteraon. 1935) Bpooies cither :

- ®

favouring or tolorating low light 1ntensity and 10.
temperature, would descend to deeper soil lay;rl E&ooiQ
& Karrer, 1919; Moore & Carter, 19263 8k1nn9r. 1932;
Feterson, 1935). Iotile forms are possibly noggtivqu
Chot oot 1ves and ANSST ored Iove 5o SR BIRMRL CRRRIE SIS
1935) £

It 1s also posaiﬁle that spores of many light
requiring species might éoneho' be egrried doyn yith
downward percolating water where they might remain dorinnt
t1ll the availability of appropriate ecological conditions
(Peterson, 1935; Durrell, 1959). Presence of some of the
species at all the depths could possibly be due to their
wide range of tolerance with respect to the associated

ecological factors (Esmarch, 1910,

Although the aguatic flora is distinet from
edaphic (MacBntee gt al.y 1972), there were certain species
common in both the habitats, Species like jicrogvstis
asruginosa, M. flosaguae, Chroococcus turgidis,
Shlamvdomonas sppe.» Buglena sp.» Cladopiora spp. and

certain other filamentous and colonial forms, common in




oo WL

may be due to the reason thﬁh tu; may have been carried
with the running water to the different soil types. -

Climatic econditions, soil texture, soil nutrients

and soil pH varled in different fields studied. There
were some specles. .recorded from two or more habitats in
different regions of N.W.F.P. nm could probably be
due to the following reasons, =~ = =~ onne floiis

1. GSome species may be trmt‘d‘ﬂ*‘d to J?fuu by

wind , TESIENETRTRUST . v ERS
2. Some species may be able to live in different climatic
types SF AR AASC bR, sointath sbiles Pochvoredenis
3« They may be carried to some other habitats by rain,

- erobiclos
-
4 - . YEs &
G - iges of ¢
E - - & *
P | tihe G i { g ‘}ni?f‘.)":"-"?gc
1. Rajoka I G.0, Sandhu, 1970. Blue=gresn
lgae of differont rice growing soil sedles
- O s e % . 4
. Punisb, Fak, J. Pot.. 10l J2 L9507
3. 1956, Photosynthetic nitropen fixation of
. : notosy . -

loe=greon algae, 881, Mon,, &3115&'1%’
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Text Page Plants Fig.No,

41 mm ¥arlus x 1000...........-.....
40 Q.mx1000..........-..........-..-

38 C. limpeticups var. aubsalsus x 1000.......
39 €. mipor x 1000...........................
C. dispersus x 1000......-................
- €. gohaserens x 1000.......................
Wlcrocystis aerusinoss x 675 o SNt e een
¥. flos_aguge x 1000..................-...
K. parginats x 1000.......................
47 K. pulveres x 1000......-.-...........uu
49 Coelosphaerium dubipm x e S b s 0000 0o
50 WW: 2000cc0ccccee
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- Text Page Plants Fig.No,

55
56
54

- 383y

61
67

Ea
87

s 3883323

75
84

Adphanothece microgeopica x S sccosscnnnsns 13
B O st s usn o dssccsenncee 14
A. gastagnei x T e o 5666 0 untsnon 15
4. gelatinoss x 500....................... 16
Apbanocapss littoralis x 0 ssesssstssnss 17
4. montans x 500.......................... 18

Merlismopedia glauca x Biscssoncsssinsine 19
K. punctats x 1000........................ 20
¥. tepuissims x 1000...................... 21
Selruling massartid x R e b a e ecns 22
£. gomopntians x B i c o ate o e ocecoe 23
0aclllatorda lutes X 800.eeeeencnnnnnnnne. 24

Q. M b 4 835..‘0000000.O-Otoo'o.ocoo 25
Q. m x smitooooooaooo..oo.oo-o.-oo. 26

S D00 iin svisvescnmencocesnsnss 27
O. ferebriformis =x 1000................... 28
Q. agardhil x TGS Ml benis b e b oo vossti. 29
C. limosa x 33V eessscsvcscssscsecccccsnsss 30
Q. formoss x et A T M 31
Q. anigalis x 1000........................ 32
Q. subbrevis x b T R 33
C. amphibis x 1000........................ 34
Q- 2rinceps x 280eeececcccecicnnnnannnnnes 35
C. gurvigceps x TOseserosevissssessosbasnc 36
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PLATE 3

Text Page Plants Fig.No,

119
123

nm m b 4 1000................ 37
E. fenue x 1MO.........O..'..Ct...'.... 38

£. bohperi x AU sa s ss ssvosssais 39
£. papyraceum x L R S s T
E. fovoelarum x I s s 4o 0o 0 se s sasiing L
E. abropema x S s s iascsenncnsuins 42
E. gorium x B R s s o sosonesnnocod 43
E. aubincrustatun x 1000.eeeseeeeccceeees 44
IR =TI i s esss coiassnonce 45
£. ambigzuum x SR R s vh o5 sncssonee #6
E. retzii x 1000......................... 47
E. lenkelianum x Pk st st btsnsesccece 4B
E£. purpurascens. x 2500¢scessstessscocsce 49
kyngbya BArtensians x 700.eccccccccccncce 50
L. lagerheimil x 2500.ccecceecsncaccocass 51
&+ 88ru2ineo-c2erules X 1500...ccececence 52
8% SRIEEMIRRIAR & $P0ucicrccccccnssssases 53
RS X T0,.ccescccoccsocncosnce 54
L. polvsiphonze x BAWGsnsssescesesesnnne I
Symplocs cartilagipes x 6 s snvnsenide D
Microcolenus lacustris x 1000..eeeeeces ese 957
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| : PLATE 4

.‘ Text Page Plants Fig.No,
| 127  Hydrocoleum oligotrichum x 665.eessessess 58

| 132 Cylindrospermum stagnale x 1000.ceceesvee 59

; 132 Ce BIBINEE x 1000.cscccccescssssssnsssces 60
143  Nostoc punctiforme x 1000.ececessssssesss 61

| B e x 1000, cccoc0csessnasastbone 62
140 Be 2108KIR X 250ccccccccccsccssscsssscese 63 -,
B L aalialh x 330cidesccoesscccssssssnne 64

laa N. sphaericum x 1250.ceccscsccssscssessss 65

145 E. spongiaeforme x 750ccccscssscsscsccces 66

137 No conmune x 600.cecsccssssccscssssccscss 67

139 He Batal x 1000ccccccsssccsssccscccssscce 68

146 Ne YOXrrucosum X 665ecccccccccscscscsacsse 69
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PLATE 5

Text Page Flants Fig.No.
136 Bostoc carneum X 500ccescssccscccsscsnssss 70
135 H. calelcols x 1000cccccscssesccnanesssses 71

| 156  Anabaena 20haerica x 800..cecccccssessscse 72

157 A+ 8piroddes x 500cc.cccscesccsssssssncnce 73

| 155 A+ 2r¥288 X 1000.cccevecssscescsccnsascene 74

149 A. 23000818 X 1000.csccecassccscscscccnscns 75

]

e
‘ : 153 e nnm % D cscsssscssssssssssnce 76
150 A. aphanizomenocides x 500cecccccccccsssves 77
15‘ ‘. M x swotooooooooo-o-ooo.ooooo 78
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Text Page Plants

158
151
158
150
152
160
160
164

Fig.No.
m mmm. x 1000................ 79

BEEERERAR = SOBL L s s cssnsassssnsccese 80
e BRI AIniries X 1500s0cccccccscsccocces 81
4. augstumalis x 750cscccccesccsscscscence 82
&e BXLINArien X 500csscsescsccascscocnsece 83
Anlosirs psendoramoss X 700.eececccesssass 84
&+ 2aonlgmatics x 1000eccccccccecccscscccee 85
Rlectonems DOLALUN X 10004eeeecececcoccees 86
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Zolvpothrix
distorta x 400,.
pésssssnse 90

Sees s
Sesrrnne 91

5 mm
co.o.oo.o'....... 92
1== <ﬁlﬂ.ﬂ=:1‘h‘. ‘nh‘nn;.“ x 3?5.... 93
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PLATE 9

Text Page Plants Fig.No,
186 Chlamvdomonas snowil x 1000.esesecsesecss 100
184 C. globosa X 2200.cecsssssssssssssvcssess 101
185 C. 2eanionatryl x 1000ccecsccsccassccccce 102
188 Pandorins mOruUml X 500ccecsscssccvenssssss 103
189 Palmells texensis x 1000ccecccescccssaces 104
189 R. minlata x 1000.eccssccccsscccccsssasss 105
191 Gloeocystis ampla X 400.ceescccscasssssse 106
392 0 maicnioss x 1000ssessccccccscoscncene 107
196 Chlorohormidium sterlle x 850...ccsecesss 108
197 Microspora tumlidula x 1430cccccescsscccss 109
200 Stigeoclonium polvmorphul x 1000...sseess 110
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| PLATE 11
| Text Page Plants Fig.No.
211  PBracteacoccus MANOT X 900..eseesesssssnss 119
209 Bs BRAAIS X 665ccccccccceccoccccansonnss 120
1 210 B. 2edi0uCleatus X 480..cecccccccccssanes 121
BRI X 00, .ccccocccccccsnntay,s 122
217 Chlorosarcinopsis sempervirens x 1000,,.. 123
B DOERERIRS X 200D ...ccccocoocssnians 124

. 216 C. DEORAOMINOT X 1400.eeccecacccccccasess 125
Iﬂ B D anlanls x 1000i..cscocecccocsnsainss 126
B N Bafislans x 20005icsscescenccssiibinns. 127
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PLATE 13

Text Page Plants

230
230
231
232
232
233
236
237

Shlorococoum elkhartiense x 880...ceees
B R X OO0, s saccccoscnnsonsns
5" R & 0L s cessscececcsason
S AR = 00D sssccosccccccorane
e SRR & L savenssesscccessns
C. macrostigmatum x 500ccceccsccccccsee
Co ORILOTAA 530ccccecocscsccccccccsnnee
S JRIARTEE X 0L ibsincsscvscscssnne
s TRERERRE & MEEE S s ensbsasnenens

Fig.No,
137
138
139
140
14l
1la2
143
las
145
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PLATE 14 'é

Text Page Plants Fig.No,

238 Chlorococcum reticulatum x 750seeescccces 146
207 55 A X 650.ccccecsssoscccccacns MY
27 B D 1000,.ceesvsssossccccosinh HEB
- B 0. o s s s esssensseesce sosiiit IO
234 C. nicrostizmatum X 650ceccccccccccsssces 150
235 S BAREE = 00, c0covococccscccsossenas 151 4
535 B DN IS X 1000.c0ccccccscsccsnses 152
258 Ealgellocogcus protothecoides x 1000..... 153
257  Crucigenls irregularis x 1000.esssecesssss 154
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Text Page Plants Fig.No.

281
273
242
241
244
262
269
245
247

Gloeobotrys limneticus X 700eccccscssessss 155
Kesotaenium purpureum x 1000.ssesecssssese 156
Bremosphaera ¥iridis x 300cseecscssscecess 157
E. eremosphaeria X 500.cescccccsccccsocese 158
Planktogphaeris texensis x 400.esessssesss 159
Scenedesmus ingrassatulus x 1000.eeeseesss 160
Coelastrum microporum x 1000ssescesscsscss 161
Dictvococcus ¥arians x 300eeccccessscccsss 162
Neochdoris gohaerens x 300ssecesssssssssss 163
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256
256
255
254
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250
249
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PLATE 16

Text Page Plants Fig.No

m mm. X ‘50....0..-.-.-0. 164
mm X 1200................ 165

Q. mnm X m.loo....t.ooooooo..... 166
Q. RAIYE x awoooooo.oo-co-oo.ouocooooooo 167

Q. grassg x 1000......................... 168
WW X 1000¢seesese 169
Spongiochloris spongiosa x 200cccccessces 170
S. lncrassats x L R 1 171
Bmmdhm B 2 icosnsnsossans 192
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203
195
41
57
52
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PLATE 18

Text Page Flants Fig.No.

Cladophora £racta x 100.ccesecscsccccssss 197
Chlorohormidium flasccidum x 500.seecceses 198
Chroococcus furgidus x 200cecececssccccccss 199
Aphanocapsa bapnaresensis x 1000...eecesse 200
Gloeothege rupestris x 800ceeccscssssssss 201
Microcystis pseudofilamentoss x 500...... 202
Stichosiphon sansibaricus x 1000.ceessees 203
sSynechococcus geruginosus x 1000.eeseceese 204
Nostoc £11ipoeporum X 800.eecccccssssssse 205
E. picrosaonioum x 1000ssescccoccccsccses 206
B 20D ENE X 500 .ccsncenssssncscccssses 207
Anabaena gelatinicols x 1000.ceseeessssss 208
Spiruling lazissima X 1000.cececcssccsees 209
S penechinians x 800ccccccccsscsssssssss 210
S« Rlatensls X 500cccccccccsscsncncncnces 211
Syaploca muscorum x 1000.seessssssssssses 212
Microcoleuys gthonoplastes x 1000eeseseses 213
Gloeotrichis longicauda X 550.sccsscvecss 214
Nodularis spumigens x 1000.eecssssssssess 215







PLATE 19

Text Page Flants Fig.No,
72  Ogeillatoria acutissima x 500.eesssccscss 216
TR T R s NN,
Q. articulata x 1500..ccecesssccccccccsss 218
O. gOrtians x 400 ccssccccccssoscccscsnes 219
0. lgete-virens x 1000.eeececsssssscsansse 220
Q. lagnatris x 800.ssccocccccccccccceccses 221
Q. prolifica x 1000.cccesscccessecsssssss 222
Q. guadripunctulats x 3000.ecccccccessnes 223
0. splendida x 1000cececsssesscncsscnseee 224
8. Samnis x 1000ccecccnssnscccscsccccssse 225 !
Phormidium autumnale X 1000se.ccesesscoss 226 ‘1
B. incrustatum x 1000.eseescccsssccsasces 227 |
| 103 PBe BUSCOCME X 1000,ccccccccscscsssssscsscee 228 =.
| B e 0 o cososcsssvocsosanses 229 |
SR 5. e A0 caassascconsssssssansh 230

BREEEEEE-EE R

109 P. uncipatum x 700.ccsesssssssssssssssses 231 |
110 P. yalderianum x 1500.ccccvcscscs essssses 232
113 Lyngbya allorged x 1500.esecvescccsccsses 233
114 L. gontorta x 1000ccececescscssscsccceses 234
164 Plectonems Dostocorum x 1000..cesescsssss 235
L‘ 115 Lyngbya gardnerd x 2000..cccscscscccesss 236
116 L. kuetzingdld x 1500.ccccccccccccccscssnes 237
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GLOSSERY OF

Acute=conical:

Agglutinated:

Akinete:

Anastomose:

Apiculate:

Arcuate:
Attenuation:

Axial chlorcplast:

Bluntly-conicals
Bulose:

Cufpitose 5

Calyptrate:

e e i TS

woramEr WET 0 )

NT T

Sharply conical. Lo
Sticking together; n.dhoror;t,- u
w:lth lpcihginoul shoatpl.

A spore proddcod from n vegetative
cell which has developed a ‘thie-k
wall sbout a concentrated fool
reserve. _ o) |
Referring i;o_ iheaths, r:u.-:m.

or thalli which intorlitt:ntlg join
and separate; sometimes joining in
such @ way as to form a network.
Abruptly tapering to a fine point,
u@od; bmhaped; sharply ecrescent-
shaped .

Diminishing, slenderly tgporing.
Chloroplast in the median plane or
centre of a cell, arranged along
a median line,

Obtuse-conical; rounded-conical.
Bubble-like; swelling.

Clustered; in fascicles; forming a
nt'.

A thickening; a thick covering or
membrane at the tip of !?.:t:éichm.
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Capitate:

Capitellate:

Circinate:
Clathrate:
Confluent:

Constricted:

Contorted:
Coriaceous:
Costate:
Crustaceous:

Cushion-like:

Cylindrical:

Depressed-globose:

Diffluent:
Ellipsoids

Endospores

TETTEETTT T |

472
With a head; swollen at ome end, or
at both the ends.
Slightly swollen or enlarged at one
end.
Colled; rolled; twisted.
With openings; intermittent spaces.
Growing into one another; soft sheaths
which run together or which become
intermingleds © 77 T
Deeply incised; narrowed suddenly
at one or more points along the
length.
Irregularly twisted.
Leathry.
Ribbed.
Hard and brittle.
Thallus composed of a mound of cells,
two to many layers of cells; paren-
chymatous. '
Elongate and round in cross-section
w#ith parallel lateral margins.
Not quite spherical, like a slightly
flattened sphere.
Flowing off; dissolving away.
Showing an elliptical section.
In the Cyanophycese, spores formed by

!
l
t
|
|




Excentrie:

Fasciculate:
Filiform:
Flexuous:

Floccoses
Foliose:
Fragile:
Fusiform:

: Gelatinous envelope:

Geminate:

Gregariouss

Hemisphericals

Heterocysts

Homogeneous:

Hormogones

R s i R e - 2
SRS

473
repeated division of the protoplast
within a cell wall or successively
cut off at the distal end of the
protoplast, i
Not situated at the centre; some-
what towards periphery,

In bundles or fascicles.
Thread-like, L e

Not firm or rigid; pliable,

Cottony or wooly; natfoﬂ.

Flat: , leaf-like,

Delicate,

Spindle-shaped.,

A sheath or investment of mucilage=
11k§ substance,

Produced in pairs.

Growing in clusters or in close
association,

In the form of a half sphere,

A specialized cell in some filamen-
tous, Cyanophycese which 1is usually
larger than and of a different shape
from the vegetative cells,

Of uniform character of substances;
similar,

A fregment of a filament; a short

e i L

R i il el SR




Hypnospore?

Intercalary:

Interwined:
Intricates
Lamellates
Lanceolate:

Lenticulars
Linears
Lunates

Mgerandrous:

Moniliforms
Bonostromatic:

Nodulose:

Oblong:

Orbiculates

— ____*_H_———a——._._ﬁq_———*«_d——uﬂw_,—h—ﬁ———’_—-—f——'*j

a74
section broken away from a mature
trichome (Cyanophyceae).
Small, thick-walled, asexual spore.
Occuring in the continuity of a
filament.
Coiled.
Entangled.
Composed of eonctnt_r__ic hqers.
Longer than broad, tapering upward
from below the middle.
Lens~-shaped .
Long and narrow, with parallel sides.
Half-moon or erescent=shaped.
Referring to dioecious species having
male gametes borne on filaments equal
in size, or nearly so, to those
pearing female gametes, as in
Oedogondum -
Resembling a string of beads.
Cells in one layer.
Provided with little knobs or knobs
or nodules.
Blliptical, blunt at each end, having
nearly parallel sides, and twO to
four times as long as broad.
Of approximately circular outline.




Ovoid:
Papillate:
Papyraceous:

Parietal:

Penicillate:
Plicate:
Polyhedries

Pseudovacuoless

Pulvinate:s
Punctate:
Pyramidals
Pyriform:
Reticulate:
Rhomboid:

Rostrate:
Saccate:
Sedentary:

Scrobiculates

Stipitate:
Striate:

475
Shape=like an egge.

Furnished with papillae.

Papery in toxturq.

Borne on or approximate to the side
walls.

In the form of a brush-like taft,
Folded.

With many cornerse.

Small cavities filled with gas in
the protoplast of certain specles of
Cyanophyceae.

Cushion-like.

Having punctae.

In the shape of a pyramid.
Pear-shaped.,

Arranged as a network,

Having sides of equal length, but
not square, and being attached by
one of the acute angles.

With a beak.

Sac or pouch-shape.

Near the bottom.

Having numerous small shallow depre-
ssions or pits.

Borne on a stipe or stalk,

Marked with fine lines or ridges.




Tomentose:
Torns

Torulose:

Trapizoid:s
Trichothallies

Truncates
Tuberculate:

Undulates
Vesicular:
Vestigials

Verrucoses

Wiry:s
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Closely hairy; woolly.
Broken.
With alternate swelling to constri-
ctions.
Of unsymmetrical four-sided shape.
That form of a growth by which the
growing point produces thallus cells
below and hair cells above.
Flat at the tip ,flately rounded.
With irregular rounded superficial
projections. ;
With a wavy nﬁrf.no or margin,
Bladdery; with véscles.
Functionless.
Warty.
Coiled like a wire.
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Coleochaete 25
Closterium 27

%
« 79 5' 11,25.183,
,g,.[ 321,324 ,
H= gorrectum 276
Coelastrum 268,vii,18l,
321,325
269
microporum 269,31i4,f.394
robustum 269
sphaericum var.compactum 269
Q.Q%Q.ﬁﬂhﬂ&llﬂ 48,vii, 25,332,321,
23

dubium 49,292,332,f.366
Cosmarjum 276,vii, 182,321,324
277,315,1.398
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277,315,f.398,pl1.466
laeve 279,m,315bf.398,p1.468
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Gloeocapsa 51,32,321,323

;Fj.mgu.mz,f.aao
= pl.410
Gloeocystis

190,vii,13,18,25

181,321, 324

ampla 191,306,332, f.382
192, 191, 306,

332pf.382

52,vii, 32,321,323

G
Guoatziehia 177, vi, viss
G ) 177,vii,viii, 24

25,35,321,322,326,329
177,305,329, f.

lon 178,177,305,
329, 93401..1%1.432

flexwsus 16

%7,vii,183,321,325 ng 285,viii, 28,27,
258,312,1.392 1,326,327
131,vii,viii, 25, W 285,316,
34,321,322,326,329 326,327,332,£.398,p1.470
bporense 20 194,18
16,20 195
macrospermum 132,131 195
melus 20 196
mmz, 131,301,329,£.372 194
s 132,131,301,329,f,372 195
18 & 195
IS Vil D, A,
13,18 321,323
26 127,300,§.372
26 H 107
245,vii, 183,321,325 107
varians 245,311,331,f.3%4 107
Endoclopium 200 107
polymorphum 200 Lypgbya 11l,vii viii, 24,25,
Entophvsalis 58,25 26,34,319,322
deusta 58 = 113,112,
Eremosphaera 241,vii, 23,25, 183, 299, £.370
321,324 113,299, £,403
eremosphaeria 241,311,331,f,394 sontorta 114,112,299,f.403
viridis 242,241,311,f.394,p1.462 118
viridis var. 243 115
vV ar, 243 115,112,299, £.403
E 287,327 116,112,299, £,403
proxima var. 287,viii,316, Jlagerheimii 116,112,299,
326,327,331, £.398 £.370
gn:nu 24 max 117,112,299,
Fremyella 171 £.370,p1.420,422
tepera 171 mf wmgg:ﬂ; 118,112,299,
«4203

G 265, 266
281,viii, 25,326,327
e 281,315,327, £.394

W 119,112,299,
320,%.3




prolifica 80
Miﬁ 119’ 112,”9. f.m

e 109 ;
ﬁﬁﬁmﬂ 120,111,300,
pl.370

tavioxii 121.112.300.1’.”.
&% 122’112'”’
.370,pl.422
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251
Mast 20
lamiposus 20
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35,321,323,326,3
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321,322

f. 47

44,43,291,334,
£.3

marginata 45,43,292,f.366,p1.408
46,43,292, £.401

47,43,292, £. %6,p1 410
.I.97 vii 2,181,321,35

Microspora
197, 301 £.382
292,v111 281,326,327
2 292.315 327,

247,vii,22,183,321,325
247,312,331, £.354,
pl.402

16

161, vil, viil, 24525,34
e e e
harvevana

162,16,304,322,f.404
spumigena 162,304, €,401
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79,72,295,f.368,pl.414 m:. 164,304, £,403
80,71,295,326,f.368 164,304, £,376
80,72,29%,326, 1,388, 22
pl.414 201
var.articulata 78 201
81,71,295, f.403 201
82,71,295, f,403 Polvedrium 265,266
limosa 83,72,295,f.368 &-266
lm “'71'”5'f.ﬁ8 56
princeps 94,71,296,f.368,pl.414 P 42
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87,71,296,f.368 ' 200,viii, 26,26,
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miniata 189,306, f.382 263,viii, 483,321,325
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P 28,vii, 25,183,321,325 21,viii, 183,
W 258,313,332,f.392 321,325
™ A Pandoripna 187,vii, 25,26, 21,312,331,1f.396
190,321,325 R 205,viii, b,
188,306,f.392,p1.434 190,321
91.\!11.\!111.18.24.25,%. 205,308,
34,319,322 f.3%4,p1,438
94,93,296,332,f.370 R 176, ,vii,viii, 24,35,
apbiguum 95.92.297.326.f.370.p1.416 321,323,326,329
W%ﬂ 297,£f.403,pl.418 176 ,305,329,£f.380
97,93,297,£f.370 Roya 274,26,183,321,325
corium 98,94,297,f.370,pl.418 274,318,€.398

98,93,297,f.370
£ 99,92,297,326,332,
£.370,p1.418
incrustatum

100,94 ,297,£,403
101,92,297,326,332,

102,93,297,£.370
103,92,298,f.403
muscorum 103,93,298,f.403
papyraceum 104,94, 298,326,£.370
105,93,298,{.370
+420

reizii 105,93,298,£.370
swbincrustatum 106,93,298,£,370
tenue 107,16,92,298,f,370,p1.420
iruncicola 103,92,298,f.403

109,93,298,326, £.403
110,93, 298, £.403
g 201,viigpl®0,321,325

£.370

202,308, £.399
244 vii, 181,321,325
texensis 244,311,331,€.3%9
Blectonema 163,vii,26932,321,322
battersij 16

Scepedesmus 259,vii, 2%, 182,
321,324

acutus f.parvus & 262
arcuatus 260,313,f,.398
261,260,313,
332,£.398
R 261,250,313,
£f.398
ebliguyus 262,260,313,
£.394 ,pl . 464
X 128,vii, 23,26,34,
319,322

tinctoria 129,301,

¥agimata 130,129,301,f.404
Scytopema 165,vii,viii, 20,35,

bofmanni 166, 165,304,329,

£.378

166, 165,304,329,
f.378
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kurzianum
ﬁ ég'7,165.3)4.329.f.3‘78
65,vii,26,32,319,322
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daxissima 67,66,294,f,.401 -
massartii 67,66,294,f,368 mmsz
meneghiniana 68,66,294,1.401 lmnnxs 266, 18
platensis 63%66.294.f.401.p1.412 I:ﬂﬂhllﬁllls 266,
Spondylosium " ¥ 1h1§=2§§§13
Rygmaeum 230.31;::}%33? 4 cngisong % 168,vii, 24,25, 26,
Spongiochloris 248,vii, 183,321,324 35,3 9'3235323622329 .
incrassata 249,312,331,f.396 distorta e aee son’ +378
pl,464 9, 168,308,329, f,378
spongiosa 2522.249.312.331,':‘.396 g
170
b.asillniism }m‘o:%g 170,20, 168,305,329,
flaccidus 195 .
192,vii,viii, 18,25
62,vi1,26,32,321,323 %1’3fé5 ‘ 25,
m‘“"‘“":;‘m . idiospora 193,307, f.388,

63, 293,f.401

sansibaricus
mﬁaﬂm&n 198,vii, 25, 180,
1,324

pachvdermum 199,307,f.384
mlmmhml ;. 200, 199,307, f.382,
Pi.

144

144
finckia 135,142, 145
yerrucosum l46
Sympdoca 123,vii,26,34,321,323
caxtilaginea 123,300, f.370
muscorum 124,123,300, f,.401
64,vii, 32,321,323
64,293,f.,401
218,vii, 13,22,25,
182,321,324
excentrica 219,218,309,331,
£.388,p1,440,442
220, 219,309, 331,
f.383,pl. 442
221,218,309,331,
£f.36%,pl,.442
-Rampae 222,219,309,331,f.388,

pl.a44
223, 219,309,331,
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letrasporum
f.388,pl.444
lexensis 224, 219,309,331,
f.393,p1.444,446
Ietraédron 264,vii, 26,182,265,
266,321,324
265,264,313, f,398
265,264,313, £,398
266,264,313,332, f,398
Iribopema 283,viii, 281,326,327
Rombvcinum var,ienve 284,233,
315,327,331, f,398,pl1.468

minus 284,283,315,327, £,399,pl1.668

yYariabilis
?u.ﬁii.u 193, 307,326,
.3u’p .434
Zygogonium 18

pl.434

swbtilis var. 194

exicetorum 18




