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ABSTRACT

In the present study investigations on the varigesferous algae of Dal
Lake were carried out to identify the promising raalgal isolates for biodiesel
production which is very much relevant to the neediofuel industry. During the
study 96 water samples and 96 algal samples wdtectaml during the four
seasons of the year from six different sites (DL=SNehru Park, DLS-II = Bren
Laam, DLS-IlIl = Charchinar, DLS-IV = Hazratbal, D5 = Nagin, DLS-VI =
Ranawari) of the lake. The water chemistry rectdteat the lake is undergoing
tremendous cultural eutrophication because of wdiffe anthropogenic activities
viz., waste water from house boats and local pdjuaagricultural runoff from
the floating gardens, catchment areas and touwistitees. DLS-VI was the most
polluted site of the lake during the four seasohsthe year. However, the
biological studies of the lentic ecosystem revedlet the lake is also rich in
microalgal flora. A total of 91 algal genera wedentified comprising of 217
species, 41 varieties and 8 forma. Maximum numlespecies belongs to
Chlorophyceae (149) with 30 varieties and 8 foriitae Chlorophycean algae of
Dal Lake was best represented in summer and autnomths and lowest in the
winter followed by spring season. In the class Ba@ophyceae, 30 species and 5
varieties were recorded showing their peaks of détan crop during winter
months. Cyanophyceae was the third largest clatds 28 species and 2 varieties



and showed their peak abundance during summer @odna seasons with the
maximum standing crop at DLS-VI. Among the Eugldmgpeae, 4 genera, 9
species with 4 varieties were recorded and all ehgsecies were found in
appreciable numbers at DLS-VI during the autumrseeaRhodophyceae was
monotypic as it was represented by only one taxwhia a new record to the
phycological studies of India. To identify the mpsbmising biodiesel microalgal
strains for our future research programme thirteecroalgal isolates were also
successfully isolated and purified from the siXatiént sites of the Dal Lake and
were subjected to lipid analysis using slight miedifFolch method (1957). The
peak lipid content in the isolates ranged from 8639 per cent. Amongst all,
two microalgaeScenedesmus dimorphasd Scenedesmus quadricaudeere
selected for further studies as these two isolptessess appreciable amount of
lipids 30.99 per cent and 28.61 per cent respdgtivide growth analysis pattern
of these two robust algae in the BBM media showed both the species are fast
growing and reached a stationary phase dhdgy of incubation and are suitable
for high-density culture. The photosynthetic pigtsewere calculated using two
set of equations viz., Arnon’s formulas and Weltbeiquations. High amount of
total pigments (mg gfw) were calculated when Wellburn equations weeliad
(S. dimorphus= 19.806and S. quadricauda 27.099) and Arnon’s equationS. (
dimorphus= 7.274,S. quadricauda= 9.713) were found to be inefficient when
using DMSO as a solvent. The study also revealadrttaximum protein content
was found inS. quadricauda(13.026%) followed byS. dimorphus(8.284%).
Based upon the fast growth and maximum lipid cdntéme two promising
species of microalgae were selected for large do@emass production in self
made 25 liter lab scale photobioreactors havindittéss BBM media. Both the
species thrived very efficiently and biomass was/ésted after a period of five
weeks of incubation using different harvesting tegbhes like flocculation,
centrifugation, lypholisation and oven dry. Thehgbzed biomass was subjected
to lipid extraction by Soxhlet (1875) and Folch huet (1957) using same solvent
chloroform: methanol (2:1). In Folch method 30.9r ment oil content was
reported fromS. dimorphuswhile as 28.61 per cent was reported fr@n
quadricauda.On the other hand in Soxhlet extraction 27.29 gamt oil was
reported inS. dimorphuswhile as 24.75 per cent oil was reported fr@n
quadricauda.The results reveal that in case of green microakgdeh method is
more efficient as compared to Soxhlet in termsibextraction as in the former
there is complete mechanical disruption of cellse Ticroalgal oil of both the
species was subjected to fatty acid (FA) analyst the fatty acid methyl ester
(FAME) profiles showed that both the species passggpreciable amounts of
major FA with carbon chain length of C16 to C18 wieic acid 21.1 per cent,
26.2 per cent, palmitic acid 18.9 per cent, 1718ceat, and linoleic 13.1 per cent,
13.8 per cent making them suitable feedstock fergioduction of good quality
biodiesel. The total amount of fatty acid methyleef theS. dimorphusvas
86.2 per cent and that 8f quadricaudavas 85.7 per cent with 13.8 per cent and
14.3 per cent hydrocarbons and unidentified. Thalityuparameters of both the



microalgal oil like degree of unsaturation (DU)taree number (CN), iodine value
(IV), saponification value (SV) were within themits of ASTM D6751, EN
14214 and ANP 255 standards respectively. The pbydiemical characteristics
of oil obtained from these two tested microalgee, colour, density and viscosity
were too high and did not pass the standards. gidyldense and viscous oils of
both the microalgae reveal that transesterificaoem important step to minimize
these physico-chemical characteristics of the nd aonversion of the algal oil
into biodiesel. Over all our results suggest thahkthe species ddcenedesmus
are the promising isolates for producing high dydiodiesel.

Key words: Biodiesel, Dal Lake, Fatty acids, Lipids, Microaégg&cenedesmus
dimorphus Scenedesmus quadricauda
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Chapter — 1
INTRODUCTION

The global energy demand has been increasing anhprecedented rate
with an increasing pressure on utilities of fosmked fuels. However, the non
renewable nature of fossil fuels has raised nunsepoblems like increase in
crude oil prices and global warming etc. (Malc&@l11). Thus there is an urgent
need to search for an alternative fuel source thatenewable, economical,
sustainable and environmental friendly. One po#&¢énsource of such an
alternative fuel is biomass (any organic matterclvhs available on renewable
basis) which can provide all forms of energy thatnns need .Unlike finite
deposits of coal, oil and natural gas, biomasshkmaproduced almost anywhere
and under a wide range of environmental conditiésigae, one of the forms of
biomass (microalgal biomass mainly consists of @aydrates, proteins and oils)
(Sheenan, 1998) can also be substantially usetiégoroduction of domestic bio-
fuels (biodiesel, bioethanol, biohydrogen etc).adagnd plants serve as a natural
source of oil, which conventional petroleum refiasrcan convert it into diesel
fuel-a product known as ‘green diesel'/biodieselREL, 2006). As a
biodegradable, renewable and non-toxic fuel, beslieloesn’t contribute carbon
dioxide or sulphur to atmosphere and emits less gaseousitgmds than
conventional petroleum fuels. As a result it hasbtential to reduce the level of
pollutants and the level of potential or probakdectogens in the environment
(Chisti, 2007). In many countries biodiesel isguroed mainly from jatropha oil,

soybeans, canola oil, palm oil, corn oil, wastekiog oil and animal fat.

Algae are a large and diverse group of simple plaainging from
unicellular to multicellular form. They lack leave®ots, and other organs that
characterise higher plants. The branch of scigmaedeals with the study of algae
is called Phycology or Algology. The term Phycolagyderived from two Greek
words (Phycos-sea weeds; logos-discourse). The pgrmgludes simplest
and most primitive member of thallophyta which dahia wide range of



reproductive strategies ranging from simple, askxe#l division to complex
forms of sexual reproduction. These are considasethe first autotrophic (i.e.,
photosynthetic or holotrophic) plants of the planEtbey comprise nearly one

third part of world plant biomass of the earth.

Algae are ubiquitous, that occur in almost all iteb, ranging from
marine and freshwater to desert sands and fromspraigs to snow. They are
very small, single celled to complex multicellufarms, such as the gaint kelps of
eastern Pacific Ocean that grow to more than 6@mmeh the length and form
dense marine forests. The habitats occupied b fneder algae are divided into
lotic (running) and lentic (stagnant) water typ&€ke lotic water including river,
stream, canal, water fall and rivulets while lentvater includes the ditches,
puddles, pools, ponds, lakes, agricultural fieldd anoist surface of soil, rock,

stone, tree trunk, air, ice etc.

Due to the growth of algae in different habitalgyt may be variable and
highly diversified group of green plants i.e., piptanktonic (free floating),
benthos (attached to sediments), epiphytic (on tgjarepilithic (on stones),
epipelic (on sand), endophytic (inside the plagpjzoic (on shells), and endozoic

(inside sponge).

Algae are placed at the lowest rung of evolutiod serve as base model
for origin of land plants. They have enormous eooigamplications, not only as
primary producers and pollution indicators (Praaad Singh, 1996) but also as a
source of several natural products, biofertilizansl fine chemicals. They are an
inseparable associate of environment and also imelihe purification of the
environment. The early accumulation of oxygen ia #arth’'s atmosphere was
due to photosynthesis of ancient algal forms. ltesdimated that, the algal
photosynthesis contributes nearly 90 per cent ofgem release in the earth’s
atmosphere. Globally algae are considered to fiy&0cent of C@Qand are the
primary producers in aquatic habitat supportindy ficod chains and oxygenate

the aquatic systems (Miseda al.,2001).



Most algal species exist as single cell in aqudmlstats, but some are
organized in simple, filamentous, colonies. Sceatihave estimated the total
number of algal species to over 50,000 in the wbtdtonly 30,000 species are
identified and examined (Fraat al.,2010). Even less species are really tried out
biotechnologically for industrial purposes. The fasynthesis in algae is similar
to that found in all plants, but algae are espbceftfective in converting carbon
dioxide and other nutrients into organic compouriis.algal facility could be
sited next to a power plant or industry that buisssil fuels and could recycle
part of the carbon dioxide from flue gases intaikigfuels. Thereby shall help us
to reduce its emissions in the atmosphere and ciomgbaimate change.

The recent research has proved that oil yieldiggelare clearly superior
to that of oleaginous terrestrial plants such agsaed or soybeans because they
are unicellular and their faster multiplicationerah a liquid environment allows
them better access to water, £&nd minerals. Due to this reason, algae are
capable of synthesizing 30 times more oil per hectaan the terrestrial plants
(Tickell, 2000; Chisti, 2007). The annual oil prativity of algae is around
90,000 L h& which is far greater than seed crops viz., Soybeab0 L hé&,
Canola = 1200 L H§ Palm = 6000 L h§ Jatropha = 1892 L Haand Corn = 172
L ha® (Schneider, 2006; Haag, 2007). Since algae dohawe to produce
structural compounds such as cellulose for leastesps and roots, therefore have
faster growth rate than terrestrial crops. As algaee short harvesting cycle as
compared to terrestrial plants, their cultivatiermits several harvests in a very
short time frame, a strategy differing from thas@sated with yearly crops.
Another important advantage of algae is that itsibdiag time is very short
(within 24 hours) and during exponential growth twibling time is as short as
3-4 hours (Schneider, 2006; Chisti, 2007). Undezaidconditions, algae can
double their weight three to five times a day whmnhkes it exceptionally good

for biodiesel production. The other important cleggastic of algae is that they do



not require freshwater for their growth as nutrsecan also be supplied by

wastewater and do not displace food crops.

Algae contain lipids and fatty acids as membranepmnents, storage
products, metabolites and sources of energy. Und&vourable environmental
or stress conditions, they will stop growing andiding and will transfer most of
their energy into lipids as storage products fawvisal. Under these conditions,
some strains can accumulate more than 80 per detitew weight as lipids
(Metting, 1996; Spolaoret al., 2006). The oil levels of 20-50 per cent in algal
cells are quite common vizSchizochytriunsp. = 50-77 per cenBotryococcus
braunii = 25-75 per centNannochloropsissp. = 31-68 per cenfNeochloris
oleoabundans 35-65 per centyitzschiasp. = 45-47 per cen§cenedesmusp. =
12-40 per centNannochlorissp. = 20-35 per cenGhlorellasp. = 28-32 per cent,
Spirogyrasp. = 11-21 per cengpirulina maxima= 4-9 per cent an&pirulina
platensis= 4-9 per cent (Becker, 1994; Chisti, 2007). Acclation of neutral
lipids mainly occurs in the form of triacylglyceead that can be processed by
transesterification with primary alcohols into die®il or gasoline. This high
yield, high density algal biomass can be an exaeBeurce for algal oil which in

turn is utilized to produce biodiesel.

Kashmir valley is one of the divisions of Jammu afashmir, India,
which is bestowed with number of world famous lentater bodies and Dal Lake
is one such important water body of Himalayan estesy. This urban lake is of
fluviatile origin having been formed from the oxvio® of the river Jhelum situated
towards the North-east of Srinagar, Kashmir atftwod of Zabarwan mountains.
The lake lies between 3BIN -34°10'N latitude and 7%60’E-7454’E longitude at
an altitude of about 1,584 m above mean sea I&ah( and Khan, 2012). The
main source of water for this lake is rainfall (Khet al.,2012). The lake is also

mainly fed by a large perennial inflow streams exhllas Telbal Nala that



contributes about 80 per cent of the total inflenthie lake (ENEX, 1978; Zutshi
and Vass, 1978; Trisal, 1987) as well as a numbeatter small streams, viz.,
Peshpaw Shalimar Merakhshaand Harshikul around the shore line (Najar and

Khan, 2012). However, the lake bed abounds in numbeatural springs.

The lake is divided into four basins: Hazratbal,dBDal, Nagin and
Gagribal which differ markedly in their area, volemdepth and shoreline
development indices etc. The Nagin basin is th@elgebasin (maximum depth of
about 6 m), and Gagribal basin the shallowest (mari depth 2.5 m). The total
water surface area of the lake is 11.50 km?, ofctvit.1 km2 is under floating
gardens, 1.51 km2 is submerged land and 2.25 kderunarsh lands respectively
(Jeelani and Shah, 2006). Thelbal nalawith other small streams enter the lake
at Hazratbal basin, then passes through Bod Dat,basd finally drains into the
river Jhelum from Gagribal basin side at the DateGdeelani and Shah, 2006).
The Nagin basin also receives water from the Hhatdiasin and leaves through
the marshy area without any prominent outlet. B@ingurban lake, the Dal Lake
is surrounded by developed land and most of thesladre is occupied by houses,

hotels, restaurants and houseboats.

The lake always remains in a eutrophic state dutlireggsummer season
with highest standing crop of algae in spring-summgrphase and depression
during winter. The early ecological studies conddcin the lake by many
researchers (Kant and Kachroo, 1971; Kant and Kacht974; Zutshiet al,
1980; Mir and Kachroo, 1982; Rather, 1994; Jeetnal., 2008; Singhet al.,
2008) reveal that the lake is having a great dityermnd abundance of algae
especially microalgae. The important oil yieldingypplanktons found in this
Himalayan Lake ar€€hlamydomonasp., Chlorella sp., Nitzschiasp., Navicula
sp., Scenedesmusp., Spirogyrasp., Spirulinasp. etc. Hence to widen our basic

understanding of the oleaferous algae in Dal lalgch is very much relevant to



the need of biofuel industry in Kashmir, it was eggary to identify and screen
out potential oil yielding algal isolates and twacacterize their biochemical and

physicochemical studies. So the present researak was planned with the

following objectives:

=) Survey and collection of microalgae from differesites of Dal
lake ecosystem of Kashmir.

) Identification, isolation and screening of potehtiyielding algal
strains.
=) In-vitro mass culturing of the pure isolates.

= Bio-chemical studies and physico-chemical analgmigal oils.



Chapter — 2
REVIEW OF LITERATURE

This part of thesis emphasizes upon work done erbiblogical diversity
of fresh water algae, around the globe and in Indil special emphasis on
Jammu and Kashmir, India. The isolation, biomassdpction, biochemical
analysis of microalgae and physicochemical anlaigsibiodiesel production has

also been emphasized in the chapter.
2.1 International algological studies

The progress of algological studies, around théealbas been reviewed
for last more than five decades. The work has begtensively done on

Chlorophyceae, Cyanophyceae, BacillariophyceaeRdnmlophyceae.

The 19" Century witnessed a great spurt in algal studiesm 1817-1824
Agardh carried out a study on the algal flora cfi®tinavia. Ralfs (1848) studied
desmids of Britain. A great contribution came frétuetzing (1845-1849) who
authored a great number of genera than any phyistdogefore and described
many species. Afterwards from 1891 Borge carriedasuextensive research on
the algal flora of Germany as well as on the ctlbes received from China and
Paraguay. West and West (1895, 1897-1898) haven givéetailed taxonomical
enumeration of fresh water algae from MadagascasrthN America and
Singapore. A monograph of British Desmidiaceae prapared by Wesdt al.,in
1923. The freshwater algae of South Africa partéidylfrom Natal and Transvall
cape colony were studied by Fritsch and Rich (19237).

The freshwater algal flora of Ceylon was reportgdCioow (1923). Handa
(1927 a, b) has made an important contribution hen ftesh water algae from
Rangoon. Prescott (1931, 1935, 1936 a, b and 18%0rted desmid flora of
lowa, New England, Western United States, Gaturel. &anama canal, Isle and

Michigan. Prescott and Magnotta in 1935 gave noteBlichigan desmids.



A study of algal flora of Britian was carried owt bund (1942-1960) who
recorded species lik€hlamydomonas, Scenedesnaml few new forms. The
structure and reproduction of algae was exploredFoysch (1945). Some
freshwater algae from North America were reportgdPbescottet al. (1949).
Prescott and Scott (1945) and Prescott (1951)erhout extensive work on the
fresh water algae of United States of America. dlgae of lllinois were reported
by Tiffany and Britton (1952).

Indonesian freshwater algae received a considegt®ation from Scott
and Prescott (1956, 1958 and 1960) who preparesk oot them. Coessel (1975,
1979, 1984, 1988, 1989 and 1993) made significamttributions on Dutch
desmid flora and Coesel (2000) also studied thenadkeBora of Thailand. Pharat
al. (2011) prepared a checklist of the algae of Singapbreitas and Loverde-
Oliveira (2013) prepared checklist of green algaethe State of Mato Grosso,
Central Brazil.

2.2 National algological studies

In the eighteenth and nineteenth century, greatrmaks have been made
in the field of Algology, especially on CyanophyeeaChlorophyceae,
Bacillariophyceae and Rhodophyceae throughout théiah subcontinents.
During the last 60 years, several standard puldicat on morphology and
taxonomy of various algal groups were credited tonpnent algologists like
Desikachary (1959) on Cyanophyta, Randhawa (1998p added new
dimensions to the study of Zygnemataceae. Ramam#il®64) on Ulotrichales,
Philipose (1967) on Chlorococcales while lyengad &esikachary (1981) on
Volvocales, Gonzalves (1982) on Oedogoniales. LikewAnand (1989) came up

with publications on Blue green algae.

Ehrenberg (1854) was the first worker who studibd geographical
distribution of various species of Diatoms part@gly from Bengal in India.

Turner (1892) published a memoir of the East Indiash water algae. Turner in



his work incorporated 22 species of Myxophycea@, $§gecies of desmids and 60
species of Chlorophyceae exclusive of desmids. \Aedt\West (1902) described
7 species of Rhodophyceae, 49 species of diatoBhsp8cies of Myxophyceae,
246 species of desmids and 34 species of Chlorealeytrom Ceylon. West and
West (1907) recorded 58 species of diatoms andspd8ies of desmids as well as
53 species of blue green algae from Madras and 8u@hose (1923, 1927b) has
given systematic and ecological accounts of bleemalgae from Lahore, Shimla
and Rangoon areas. Bharadwaja’s (1928-64) notaiériloution was on the
Cyanophycean flora of Uttar Pradesh, India. Th&itigtion of Ulotrichales algae
in India was extensively studied by Ramanathan 4186 his monographic work.
Randhawa (1934, 1936b, c, 1938, 1940, 1941b, 19938, 1959) extensively
studied and made significant contributions on Zygamceae and
Chaetophoraceae. The occurrence of Oedogonialasritdrdia has been reported
by Singh (1936), Gonzalves and Sonnad (1961) frogsdve, Goyal (1964b)
from Rajasthan, Bharati and Pai (1972b) from Mysém@rnataka. Misra (1937)
reported Zygnematales members from Kashmir valleyammu and Kashmir.
The Cladophorales were recorded from differentgdaaf India by Balakrishnan
(1954), Randhawa and Venkataraman (1961). Goyal\@ankataraman (1964)
have described culture variations in the morpholajyAnabaena cycadeae
Reink. Chaturvedi and Pandey (1976) have listedaxa of Cyanophyceae and
Chlorophyceae from Rohilkhand, Uttar Pradesh InBendey and Pandey (1980)
have studied 33 taxa under 15 genera of Bacillagiopae from Allahabad, Utter
Pradesh India. Mukhopadhyay and Chatterjee (1984ye hcompiled the
description of 57 taxa of blue green algae from Hdwdistrict, West Bengal.
Dickie (1882) described few interesting algae fr8mkkim Himalayas. In 1984
Sankaran discovered a new species of g8atisachospermunRoth named aB.
desikacharyilfrom Tamil Nadu. Prasaét al. (1986) enumerated 22 taxa of
Cyanophyceae from Panchmarhi, Madhya Pradesh. &dwkyet al. (1990,
1998) prepared a detailed account of Indian Rhogogdm algae from fresh as
well as marine water habitats. A pioneer work omo@toccalean flora was done

]



by Kaushiket al. (1991) from Madhya Pradesh. Kant and Gupta (1928
comprised 171 species of Cyanophyceae from Lad#inmu and Kashmir. In
the same year they made extensive survey of abgadsf of Ladakh and recorded
286 genera, 848 species, 155 varieties, 27 fornas Garcombinations. Habib
(2000) studied 25 taxa of diatoms under 10 genesxribed from foot hills of
Garhwal Himalaya Uttaranchal. Habib (2001) hasisthidome Chlorococcalean
taxa from foot hills of Kumaun Himalaya. Suseeld &wivedi (2001) reported 4
taxa of Chaetophoralean members from Bundelkhagwmeof Uttar Pradesh.
Suseela and Dwivedi (2002) have made a great baotih to fresh water algal
flora of class Bacillariophyceae from Bundelkhaedion Uttar Pradesh. In the
same year Pattanaik and Adhikary (2002) have re@dré taxa under 8 genera of
Cyanophyceae from some archaeological sites anduments of India. Khare
and Suseela (2004) have enumerated 31 taxa of Gygoeae, Chlorophyceae
and Bacillariophyceae from Nainital, Uttaranchalisi et al. (2004) studied 17
taxa of 15 genera in Cyanophyceae, ChlorophycedeBagillariophyceae from
Sant Kabir Nagar, Uttar Pradesh. Suseela and T¢pp07) enumerated the
desmid flora of Sikkim Himalayas. Toppo and Suzeg009) enumerated
Scenedesmugpecies in Chhattisgarh State. Suseela and T@9i®) enumerated
the occurance of rare desmids and their additidnd@n algal flora. Suseela and
Toppo (2011) studied the occurence and diversitgtafirastrunspecies in lentic
water bodies of Chattisgarh State. Kuraaial. (2013) studied the Cyanophycean
flora of Kangra district of Himachal Pradesh.

2.3  Jammu and Kashmir algological studies and watethemistry

The pioneering studies on the Lakes of Kashmir Haeen initiated with
the work of Edmondson and Hutchison (1934) who desd some physico-
chemical characteristics of Dal Lake and Mansb&el Zutshiet al. (1972) while
studying the limnology of Kashmir valley lakes hag®ided them into three
categories-glacial lakes, pine forest lakes anteydhkes on the basis of origin,

altitudinal location and the nature of biota thegrdor. Zutshi and Vass (1973)



reported on the changing trophic status of Dal Lakel Anchar Lake and
visualized the progressive increase in BOD and @@8ed on the water analysis
data sets. Kant and Kachroo (1973) reported thék pea Myxophyceae in
October, Chlorophyceae in August, and Bacillariaq@gae in January and
February, and Cryptomonadineae in September-Oct@rel Dinophyceae and
Euglinineae in August-September, Bacillariophycéael a secondary peak in
October and monthly distribution of dominant genees represented graphically.
Kant and Kachroo (1974) studied the diurnal changaemperature, pH etc in
Dal Lake.

According to Enex (1978) a net flow of 5.5 tonspbibsphorous and 88.9
tons of nitrogen entered into the Dal Lake from iediate catchment. Zutshi and
Khan (1978) reported high nutrient concentrationnshore waters as compared

to offshore in Dal Lake.

Zutshi and Vass (1978) made liminological studied eevealed Dal Lake
to be alkaline and slightly buffered. Kaetl al. (1980) investigated the physico-
chemical characteristics of a high altitude forkdte Nilnagin Kashmir in
comparison with the other valley lakes. Zutsdti al. (1980) on studying
comparative limnology of nine lakes of Jammu andh€air Himalayas, ranked
these lakes from sub-tropical monomictic to dingsidipe based on the difference

in their morphology and thermal behavior.

Mir and Kachroo (1982) reported that in the Dal axdgin lakes of
Kashmir Himalaya, the main bulk of the phytoplamktocomprises
Bacillariophyceae with highest standing crop inirgggsummer interphase and
depression in winter. They found that local metemgical disturbances and the
shallowness of the lake cause erratic fluctuatianshysico-chemical parameters
and alter the biological balance of the lake wadtosphate (max. in summer 26
ng L* and min. in autumn 18.41pg")and nitrate (max. in June 1.501 mg L
and min. in September 0.154 m@)Lare in such low quantities that either may

not be a limiting factor in growth of Bacillariopbgae. The silicon (max. in June



7.5 mg L and min. in December 3.2 mg')L.does not play a significant role in
the development since the lakes are poor in itsiygon, though factors like
temperature, dissolved oxygen, etc have a profceffect on the ferri-silico-

humate complex.

Zutshi and Vass (1982) studied the phytoplanktap af the lake and
reported that in general lake consist of membetengeng to Chlorophyceae,
Bacillariophyceae and Cyanophyceae. They also faiguificant site variation
with regard to plankton distribution. On the basisstimated annual production
of phytoplankton, they proposed that the open afdhe lake depicts low trophic
level and the limnological features of various haspf the Dal Lake differ
significantly as a result of which it is not jugdidi to assign as single trophic status

to the entire lake system.

Zutshi and Wanganeo (1984) evaluated the trophtastof some Kashmir
lakes based on nutrient load model and reportedrexgd phosphate and nitrate

into the lakes from catchments.

Wanganeo and Wanganeo (1991) revealed that lakeKashmir
manifested a marked change in algal assemblage aliinge in physical and

chemical environment.

Khan (2002) consolidated first series on phycolabgtudies in Kashmir
and recorded a total of 889 documented algal speeesenting various groups

and distributed in diverse freshwater habitats.

Kundanger and Abubakr (2004) on comparing the previlimnological
data of Dal Lake reported an increase in chemiaedmpeters but with a decrease

in dissolved oxygen and pH.

Jeelani and Shah (2006) analyzed two hundred atyd@ater samples (in
four seasons) to monitor the natural and anthrapicg@fluences on the water
chemistry of the Dal Lake, Kashmir Himalaya. Thetter diagrams and the

geological map of the study area suggest predoroénah carbonate and silicate



weathering. Lower pH and high total dissolved sglielectrical conductivity and
nitratevalues in the Gagribal basin and in some patchesthar basins reflect
anthropogenic inputs in the form of sewage fromraurding population,
houseboats, hotels, etc. The Dal Lake is charaetfdy high chemical index of
alteration (CIA: 87-95), reflecting extreme weathgrof the catchment area. The
data suggest that the Dal Lake is characterizeddifferential natural and

anthropogenic influences.

Jeelaniet al. (2008) carried out limnological investigation ore tbal lake
of Kashmir at eight sampling stations under différenvironmental conditions
from 2000-2002 and later in the year 2006-2007.yTioeind that the continued
conversion of water area of this lake into land ldowesult in the extinction of
species at a rate greater than they disappearkere@he main purpose of their
investigation was to assess the impact of climagnge on the biodiversity of
fresh water ecosystem of Kashmir. One of the ingmirevidences of climate
change is the successful flourishment of a tropagliatic pteridophyte viz.,
Azolla species in Kashmir waters infesting almost all Wetter bodies in this
Himalayan valley. It invaded the Kashmir aquatipgliferated successfully and
effectively encroached upon the native free flapspecies in a very short span of
time. Their studies concluded that warmer tempeeatas affected the migrations

of some phytoplankton and zooplankton species withe lake regions.

Igbal et al. (2008) assessed the impact of effluents on phyhépda
population in four different basins of Dal Lake ihgr Dec. 2001 to Nov. 2002.
Clear variations were recorded for physico-chempalameters of water. The
sites in the vicinity of drains recorded low dissa oxygen content and higher
values of conductivity and major plant nutrientseliphosphorus and nitrogen
compared to the corresponding sites in the operrveaiea. A total of 134 species
of phytoplankton were recorded during their invgestiion also. The seasonality of
phytoplankton depicted a definite seasonal sucmessieing dominated by

diatoms during spring, green algae during summeare-green algae during



autumn and diatoms again during winter. Species Akterionella formosa
Pediastrum tetrasind Tetraedron regularrestricted their presence only near the
regions receiving sewage outfalls and species Ikediastrum ovatum

Merismopedia glaucandTrachelomonasp. were found only at open water sites.

Singh et al. (2008) assessed water quality and eutrophicatiatustof
various lakes situated in the western Himalayan phindia. Lakes situated in
Jammu and Kashmir (Mansar, Surinsar, Dal, Tsokagnioriri lakes) and
Himachal Pradesh (Renuka Lake) were studied. Tresinlts show that most of
physico-chemical parameters lied within the range drinking and irrigation
purposes in the Mansar, Surinsar and Dal lakes.€eliwphication status in all
lakes was assessed using phosphate data, whichredh@ansar, Surinsar and
Tsomoriri under eutrophic while as Dal, Tsokar &ehuka lakes under hyper-

eutrophic condition.

Yaqoobet al. (2008) evaluated the tropic status of three lakes Dal,
Nilnag and Sheshnag on the basis of physicochemparameters criterion. It has
been observed that the high altitude lake (Sheghaatjll maintaining its pristine
low tropic nature, although under stress for gadene time in view of Amarnath
Yatra. While the Pine forest lake (Nilnag) is manchtowards high trophic nature
as a result of heavy influx of silt load containingtrients from the catchment
area. Where as, the urban valley lake (Dal) opwgatinder tremendous
anthropogenic pressures pumping heavy load of htitonus and allochthonus
material leads to its rapid trophic evolution ie florm of eutrophication.

Shafig-ur-Rehman (2009) found that the Dal Lakehaf Kashmir valley
has suffered with formation of a rare phenomenoredfbloom of a new species
discovered aftuglena shafigii In a series of examinations performed on the
pollution scenario of the Dal Lake, the physicald achemical features like
temperature, hydrogen ion concentration, dissoleaggen, total alkalinity,
nitrate, phosphate, chloride, sodium and potassiurtihe waters were studied.

Most of the overloaded chemical features were faugd in the lake. Moreover,



the levels of these events were much higher inbdmns of the bloom-affected
waters. The nutrients have been found importanbfaior the periodicity and
aggregation oftuglena shafigiji since during the bloom period these nutrients

were reduced, thus believed to be utilized by tigamisms for growth.

Ganaiet al. (2010) carried out studies on Wular Lake located distance
of 34 km from Srinagar city of Kashmir valley. Teeudy was undertaken from
March, 2007 to February, 2008 to assess variousoliogical parameters
including plankton. A total of 64 phytoplankton sppvere identified.
Bacillariophyceae was found to be the most domiggoup at the selected site.
The most abundant species in terms of populatiorsitewere Amphora spp.,
Cyclotella spp, Longissimae longatum, Naviculapp and Nitzchia spp
Chlorophyceae formed the second most dominant godyghytoplankton with
Chlorella spp., Pediastrumspp, Spirogyraspp and Volvox spp as the most
abundant species. Amongst cyanophycéagbaenaspp was found to be the
most dominant species at the selected site. Eugjsimeae formed the least
represented group of phytoplankton which showedptfak population in spring.
Chlorophyceae and Cyanophyceae showed positiveelabon with water
temperature respectively at the selected site walsef@acillariophyceae and
Euglenophyceae showed the negative correlation witliter temperature

respectively.

Siraj et al. (2010) reported wide seasonal and site-specifictdlations in
physico-chemical parameters of Dal Lake.

Najar and Khan (2012) applied the multivariateistiaal techniques, such
as cluster analysis, principal component analyB@A) and factor analysis (FA)
to evaluate and interpret the water quality datafee 13 parameters at 10
different sites of the three lakes in Kashmir, mmdPhysico-chemical parameters
varied significantly (p<0.05) among the samplingesi Hierarchical cluster
analysis grouped 10 sampling sites into three etasif less polluted, moderately

polluted and highly polluted sites, based on simyaof water quality



characteristics. FA/PCA applied to data sets redulin three principal

components accounting for a cumulative variancé%84, 65.05 and 71.76 per
cent for Anchar Lake, Khushalsar Lake and Dal Lakespectively. Factor

analysis obtained from principal components indidahat factors responsible for
accelerated eutrophication of the three lakes amenedtic waste waters,
agricultural runoff and to some extent catchmerdlagy. Their study assesses
water quality of three lakes through multivariatatistical analysis of data sets for

effective management of these lakes.

Fazal and Amin (2012) focussed on the interactietwben‘hanjis’ (Dal
dwellers) and ecologically important Debke and its surroundings in Srinagar
city, Jammu and Kashmir. The Dial one of the beautiful lakes of the world for
which Lawrence has said, “Perhaps in the whole dvtinere is no corner as
pleasant as thBal Lake”. Their study finds that thidanjis with increase in their
population have inflected transformations in anduad the lake with their
activity. These transformations are leading to ii@tation of the DalLake and its
environs and there is an urgent need for intereanfor the welfare of thélanjis

and the management of the Dake.

Khan et al. (2012) studied the Limnology of Dal lake Kashmirdan
interpreted that the Lake is of mesotrophic to auhic nature. The water of the
lake indicated average conductivity and total diss solids at 499 S chand
319.16 mg [* respectively with pH 7.1. Their results indicatdtht diverse
change in water chemistry and metal concentratidhe Lake takes place.

Khan et al. (2012) attempted to record the effect of human fadjmun on
Dal lake taking into consideration the disturbetesiand undisturbed sites,
involving the effect of human activities on thisosgstem. Their study also
highlighted the latest pollution status of the lakg comparing the various
physico-chemical parameters with the earlier daih suggested some remedial

measures to save it from further deterioration.



Another study on the water chemistry of Hazratkadi of Dal Lake in
Srinagar, Kashmir was carried out by Kamel.(2013). They indicated that the
world famous Dal Lake is undergoing a fast eutrogtion due to pollution
caused by agricultural practices in the catchmeea avhich has subsequently
enriched the lake water with enormous inputs ofilizers, nutrient content,

organic matter from both autochthonous and allcaidlis modes.

The variations in the basic physical and chemidelracteristics of the
water in Dal lake Srinagar were determined on migrthsis by Mushatet al.
(2013). Their findings highlighted the deterioratiof water quality in the lake
due to urbanization and anthropogenic activityhie lake. They considered lake
as eutrophic as evidenced by its shallow deptl @3 m), low transparency (1 to
2.8 m), and higher concentrations of other nutsenich as phosphates, nitrates,
sulphates and chloride.

2.4  Biochemical analysis of microalgae and physiademical

characterisation of algal oll

Arnon (1949) presented evidence that a copper eazym
polyphenoloxidase (otherwise known as tyrosinaseatecholase), is localized in
the chloroplasts of spinach beet (char®eta vulgaris The amount of
chlorophyll-a, b and total were determined using formulas given by Arnon
based on the work of MacKinney (1941) who providled values of extinction

coefficients.

Shoaf and Lium (1976) found that dimethyl sulfox{@MSO) and 90 per
cent acetone extracted equal amounts of chloroftoyth diatoms and blue-green
algae, but DMSO was superior to 90 per cent acetonall green algae tested
giving 2-60 times more chlorophyll depending on #pecies. The absorbance
spectra of pure chlorophyll a and b from 600 nm7&) nm were identical
whether dissolved in 90 per cent acetone or a maxtd DMSO and 90 per cent
acetone (1. 1 wv/v). Thus, several equations forimesing chlorophyll



concentration based on extinction in 90 per ceatam® are applicable with this

solvent.

Palumboet al. (1987) evaluated the use of dimethyl sulfoxide (BD)$o
extract chlorophyll-a from periphyton samples forseu in  measuring
photosynthesis and the effect of stream water csteynon stream periphyton
communities. DMSO and methanol extracted equivaemunts of chlorophyll-a

from rock surfaces.

Li and Wang (1997) demonstrated that algal ods de used as
feedstock’s for biodiesel production, and compa@ather vegetable oils and
animal fats, the production of algal oil has madyantages i.e., algae have short
life cycle, less labour required, less affect lnwe, season and climate, and

easier to scale up.

Lee et al. (1998) found that of various methods for lipid oeery in
Botryococcus brauniJTEX 572, the most effective method was disrupbbthe
cells with a bead-beater followed by extractionhwahloroform/methanol (2:1,
v/v) and gave a lipid content of 28.6 per cent of @t. There was a significant
relationship betweem vivo fluorescence of cells stained with Nile Red andllip
content inB. brauniidetermined gravimetrically{= 0.997). They suggested that
the Nile Red staining as a rapid method was as gsothe gravimetric method
commonly used for lipid determination which reqsir¢éoxic solvents and

considerable time-consuming manipulations.

Biodiesel is a biodegradable, renewable, and ngit-tfuel and has
received considerable attention in recent yearalskh contributes no net carbon
dioxide or sulphur to the atmosphere and emits fEsseous pollutants than
conventional diesel fuels (Larg al., 2001; Antolinet al.,2002; Vicenteet al.,
2004).

Bigogno et al. (2002) hypothesized that among algae of alpine

environment there could be strains particularly iirc long chain polyunsaturated



fatty acids (LC-PUFA). Isolated Chlorophytearietochloris incisafrom Mt.
Tateyama, Japan and was found to be the richesit @aurce of the
pharmaceutically valuable LC-PUFA, arachidonic géié, 20:406). The alga is
also extremely rich in triacylglycerols (TAG), whiceaches 43 per cent (of total
fatty acids) in the logarithmic phase and up t@@r cent in the stationary phase.
In contrast to most algae whose TAG are made ofnimasaturated and
monounsaturated fatty acids, TAGRfincisaare the major lipid class where AA
is deposited, reaching up to 47 per cent in theost@ay phase. Except for the
presence of AA, the PUFA composition of the chldaspc lipids resembled that
of green algae, consisting predominantly of C16 @hfl PUFAs.

Tait and Hik (2003) found that dimethyl sulfoxideMISO) appears to be
a reliable solvent for extracting chlorophyll. Hovee, modification of standard
methods may be necessary for some species unttercéaditions. They found
that Chlorophyll extraction of whole leaf tissuelwbDMSO incubated at between
25 and 40°C was generally similar to the 80 per cent acetarthod, except for
one graminoid species that required maceration.relThveas little effect of
incubation temperature or duration of incubatiornydmel 7 h on extraction
efficiency, but DMSO extracts were less stable theetone extracts during one
week of cold storage, especially if they thawedimurthis period. Since
chlorophyll extraction methods may provide variatdsults, particularly in the
field, studies using different solvents should kmmpared cautiously unless

specific methods have been calibrated.

Kerschbaum and Rinke (2004) studied that for a @ragesign of our
micro heat exchangers the viscosity of biodieselstmibe known around a
temperature of 273 K. Therefore, different samplelsiodiesel were examined in
the range of 258-303 K and empirical equationstiigr temperature dependent
viscosities computed. Above temperatures of 273 nKeaponential equation

based on the usual Arrhenius form describes alsoreanents well. Below 273 K



the viscosity sharply rises within 2 K and thertter increases. The reason is the
precipitation of crystalline saturated methyl ester

Pratoomyotet al. (2005)determined fatty acid composition of 10 species
of microalgae at the exponential phase and thestaly phase. The microalgae
consist of two species of diatonsifzschia ovalisThalassiosirasp.) five species
of green microalgaeTgtraselmissp. Dictyosphaerium pulchellunBtichococcus
sp., Chlorella sp., Scenedesmus falcajusand three species of blue green
microalgae Anacystissp.,Synechococcusp., Synechocystisp.). The medium for
culturing of diatoms and green microalgae was R{2BG-11 media was used for
Cyanophyceae. The microalgae were harvested fdyzang fatty acid and stored
at -80°C prior to analysis. Fatty acid compositafnmicroalgae differed from
species to species. The majority fatty acid contjposiof all the algae at the
exponential phase and the stationary phase werthanrange of C14-C20
respectively. In conclusion, they found tiNitzschia ovalisand Thalassiosirasp.
would serve as good nutritional sources of highaturated fattyacids for

aquaculture animals.

Xu et al. (2006) obtained high quality biodiesel from a malga
Chlorella protothecoidsthrough the technology of transesterification. The
technique of metabolic controlling through hetevptric growth of C.
protothecoidesvas applied and the heterotropkic protothecoidesontained the
crude lipid content of 55.2 per cent. They exwedctfficiently the large amount
of microalgal oil from the heterotrophic cells bwing n-hexane, and then
transmuted into biodiesel by acidic transestetfiiica The biodiesel was
characterized by a high heating value of 41 MY kg density of 0.864 kgL,
and a viscosity of 5.2xIPas (at 46C). Their method has great potential in the
industrial production of liquid fuel from microalga

Chisti (2007) reported that autotrophic microalgae can utilizeboa
dioxide as the carbon sources and sunlight as tieegg for oil accumulation

under some special conditions and found that matyt@phic microalgae, such



as Chlorella sp, Botryococcus braunii, Crypthecodinium cohnii, Haliella
primolecta, Monallanthus salina, Neochloris oleoatlans, Nannochloropssp,,
Nannochlorissp.,, Nitzschiasp, Phaeodactylum tricornutumnd Schizochytrium
sp. accumulate oils. The oil content in some microalgan exceed 80% by

weight of dry biomass and oil levels of 20-50 pentcare quite common.

Patil et al. (2007) selected twelve algal strains representiiffiprent
classes mainly from the culture collection of therMegian Institute for Water
Research (NIVA). The growth responses and fattyd ambmposition were
analysed. The maximum production rate was obtawiéld Pseudokirchneriella
subcapitata(0.63 g L* day') and the lowest witPorphyridium cruentun®.13 g
L™ day®. Arachidonic acid (AA) and eicosapentaenoic adiPA) were the
dominating polyunsaturated fatty acids (PUFAsPircruentumwhile only EPA
accumulated inP. tricornutum. Docosahexaenoic acid (DHA) was the major
PUFA inlsochrysis galbanayhile Pavlova sphad both EPA and DHA.

Rao et al. (2007) found that the growth dBotryococcus brauniand
production of its constituents viz, hydrocarbonybchydrate, fatty acid and
carotenoids were influenced by different levelssafinity. Under salinity at 34
mM and 85 mM, 1.7-2.25 fold increase in the relagproportion of palmitic acid
and two fold increase in oleic acid were observ@diwo fold increase in
carotenoid content was noticed at 85 mM salini§2¢7of total carotenoid) as the
major carotenoid followed by-carotene. The increase in biomass yields and
changes in other constituents indicated the infleerof salinity and the
organism’s adaptability to the tested levels oingigi (17 mM to 85 mM).

Physico-chemical properties dfadhuka longifolia Sterculia foetidaand
Hibiscus cannabinuseed oils were investigated by Gaikwad and Sw&09g).
M. longifolia has significantly high oil content. The temperatdependence of
density and absolute viscosity in these oils hasnbdetermined over the
temperature range from 303 K to 343 K. The valukslansity and absolute

viscosity in these oils were comparable with tlegarted for other similar kind of



oils. Their experiments also reveal that both dgremd viscosity decreased with

increase in temperature.

Hossain and Salleh (2008)sed common specie®©edogoniumand
Spirogyrato compare the amount of biodiesel production. Atgband biodiesel
production was higher i@edogoniunthanSpirogyrasp. However biomass (after
oil extraction) was higher inSpirogyra than Oedogoniumsp. Sediments
(glycerine, water and pigments) was higherSpirogyrathan Oedogoniumsp.
There was no difference of pH betweBpirogyraand Oedogoniunspecies and
their results indicated that biodiesel can be pcedufrom both species while as
Oedogoniums better source thaBpirogyraspecies.

Liu et al. (2008) investigated the effect of iron on growth and lipid
accumulation in marine microalga€hlorella vulgaris In experiment |,
supplementing the growth media with chelated gagflthe late growth phase
increased the final cell density but did not indliped accumulation in cells. In
experiment Il, cells in the late-exponential growthase were collected by
centrifugation and re-inoculated into new mediapsemented with five levels of
Fe’* concentration. Total lipid content in cultures glgmented with 1.2 x 10
mol L FeCk was up to 56.6 per cent biomass by dry weightveasi 3-7 fold that
in other media supplemented with lower iron concdidn. Moreover, a simple
and rapid method determining the lipid accumulation C. vulgaris with

spectrofluorimetry was also developed.

Rodolfi et al. (2008)screened thirty microalgal strains in the labornator
their biomass productivity and lipid content. Fafrains (two marine and two
freshwater) were selected because of robust, higiaguctive and with relatively
high lipid content. Microalgal strains were cultigd under nitrogen deprivation
in 0.6 L bubbled tubes. Only the two marine micga& accumulated lipid under
such conditions. One of theannochloropsisp. which attained 60 per cent
lipid content after nitrogen starvation, was growwra 20 L Flat Alveolar Panel

photobioreactor to study the influence of irraderand nutrient (nitrogen or



phosphorus) deprivation on fatty acid accumulatibmey also evaluated its lipid
production potential under natural sunlight and ghr@in was grown outdoors in
110 L green wall panel photo bioreactors underientrsufficient and deficient
conditions. Lipid productivity increased from 117gnmi™* day' in nutrient
sufficient media (with an average biomass proditgtisf 0.36 g L day* and 32
per cent lipid content to 204 mg'lday® with an average biomass productivity of
0.30 g L* day* and more than 60 per cent final lipid contemiinogen deprived
media. In a two-phase cultivation process (a notrgeifficient phase to produce
the inoculum followed by a nitrogen deprived phaséoost lipid synthesis) the
oil production potential could be projected to berenthan 90 kg per hectare per
day. This is the first report of an increase ofhbdipid content and lipid
productivity attained through nutrient deprivationan outdoor algal culture. The
experiments showed that this marine eustigmatophgte the potential for an
annual production of 20 tons of lipid per hectaré¢he Mediterranean climate and

of more than 30 tons of lipid per hectare in sutropical areas.

Chiu et al. (2009) investigated that the effects of concerdratf CQ
aeration on the biomass production and lipid acdatimn of Nannochloropsis
oculata in a semi continuous culture. Their results shdwat tthe lipid
accumulation from logarithmic phase to stationanage ofN. oculataNCTU-3
significantly increased from 30.8 to 50.4 per cdnttheir microalgal cultures
aerated with 2, 5, 10 and 15 per cent,Cte maximal biomass and lipid
productivity in the semi continuous system were80.4nd 0.142 gt d* with 2
per cent CQaeration respectively. Even tie oculataNCTU-3 cultured in the
semi continuous system aerated with 15 per ceny, @@ biomass and lipid

productivity could reach to 0.372 and 0.084 fd* respectively.

Johnson and Wen (2009) found th&thizochytrium limacinums a
heterotrophic microalga that is capable of produydiigh levels of biomass and
total fatty acid. The objective of their researcbrkvwas to explore the potential

of producing biodiesel fuel from this alga usindfetient biodiesel preparation



methods, including oil extraction followed by trasterification (a two-stage
method) or direction transesterification of algabrbass (a one-stage method).
The biodiesel prepared via the direct transestatibn of dry biomass was
subjected to ASTM standard tests and the resudisate the alg&. limanicums

a suitable feedstock for producing biodiesel via threct transesterification
method.

Ahmadet al. (2009) also reported the results of production and physico
chemical characterization of peanut oil biodie§DB). According to their study
optimum conversion of POB from triglycerides wasiaved by using 1:6 molar
ratio (methanol: oil) at 6. Fuel properties of POB were determined and
compared with American standard testing materiaé Viscosity at 4 of POB
(100 per cent) was 5.908, specific gravity 0.918ngity at 48C 0.0992, flash
point 192, pour point °€, cloud point 8C, and sulfur contents 0.0087. Also the
engine performance by using POB in terms of consiampefficiency and power

output was quite comparable with petro-diesel.

In an another study carried out @puveia and Oliveira (2009) screening
of microalgae Chlorella vulgaris Spirulina maxima Nannochloropsissp.,
Neochloris oleabundansScenedesmus obliquasd Dunaliella tertiolectawas
done in order to choose the best one(s) in termguahtity and quality as oll
source for biofuel production. They proved tiNgochloris oleabundan@resh
water microalga) antlannochloropsisp. (marine microalga) were suitable raw
materials for biofuel production, due to their high content (29.0 and 28.7%
respectively). Both microalgae, when grown undérogen shortage, showed a
great increase (~50%) in oil quantity. They fouhdttif the purpose is to produce
biodiesel only from one specie§cenedesmus obliquysresents the most
adequate fatty acid profile, namely in terms oblemic and other polyunsaturated
fatty acids. However, the microalg&&eochloris oleabundandNannochloropsis
sp. andDunaliella tertiolectacan also be used if associated with other micrbalga

oils and or vegetable oils.



Demirbas (2009) extracted oil from macroal@ldophora fractaand a
microalgaChlorella protothecoidesamples obtained from Sera Lake in Trabzon
Turkey at 100 meter altitude. He found that the psbportion from the lipid
fractions of Chlorella protothecoideswere considerable higher than that of
Cladophora fracta The heating value d@hlorella protothecoide$25.1 MJ kg')
was also higher than that o€ladophora fracta (21.1 MJ kg) and
polyunsaturated fatty acids Ghlorella protothecoide$62.8%) also were higher
than those o€ladophora fracta50.9%).

Griffiths and Harrison (2009) reviewed informati@vailable in the
literature on microalgal growth rates, lipid corttand lipid productivities for 55
species of microalgae including 17 Chlorophyta, Bacillariophyta and 5
Cyanobacteria as well as other taxa. Their collatgdrmation provides a
framework for decision-making and a starting pdont further investigation of
species selection. The importance of lipid produtstias a selection parameter

over lipid content and growth rate individually wetemonstrated in their review.

Huanget al. (2009) investigated lyophilized alga powders as the stgrti
material and optimized Nile red method for quattia measurement of neutral
lipids in Chlorella with a high correlation coefficient (R0.99) between
gravimetric and spectrofluorimetric quantificatiddsing this methodChlorella
vulgaris were screened out of sevef@hlorella strains with the highest lipid
content and orthogonal design experiments wereopedd to search for the
significant factors affecting lipid accumulation.hdir data implied that the
sensitivity and versatility enable this method afuktool in optimizing culture
and accumulation condition of lipid production ilga and figured out several

factors significantly influenced lipid production C. vulgaris.

Lamers (2009)explored the viability of growing algae in photo-
bioreactors using wash water from the biodiesehtptaipplemented with corn
powder hydrolysate and COMBO media as a growth omediGrowing green

algae Chlorella protothecoidesinder heterotrophic growth conditions, a lipid



content of 55.2 per cent dry weight can be achieVé@se lipids are viable for
conversion into biodiesel through transesterifmatand these algae-produced
lipids could add 39,704 L of biodiesel to the arinR&dge town production.
Meanwhile by reusing the water this has helped déate the wash water from

the biodiesel plant.

Liang et al. (2009) investigated the biomass and lipid produtptis of
Chlorella vulgarisunder different growth conditions. While autotroplgrowth
did provide higher cellular lipid content (38%)ethpid productivity was much
lower compared with those from heterotrophic growfith acetate, glucose, or
glycerol. Optimal cell growth (2 gt) and lipid productivity (54 mg t day")
were attained using glucose at 1 per cent (w/v)redmee higher concentrations
were inhibitory. The growth of. vulgarison glycerol had a similar dose effects

as those from glucose.

Mohan et al. (2009) cultivated a green micro algahlorella vulgaris,
isolated from industrial effluents, using a suieagrowth medium in a large-scale
high rate algal pond. The bio-molecules such & fmbtein, total carbohydrate
and total lipid, and the pigments chlorophglcarotene, were analyzed at regular
intervals during cultivation. The algal biomass wharvested by low-cost

methods such as settling using flocculants and-#mtoulation.

Widjaja (2009) studied that the fresh water micgaalChlorella vulgaris
was one of the proof as it contained high triaciicgride which made it a
potential candidate for biodiesel production. Tlaetdrs responsible for good
growing of microalgae such as g@nd nitrogen concentration were investigated
and was found that total lipid content was incrdasfier exposing to media with
not enough nitrogen concentration. However, unkisrritrogen depletion media,
the growth rate was very slow leading to lower dipproductivity. The
productivity could be increased by increasing ;Gf@ncentration. The lipid

content was found to be affected by drying tempeeatiuring lipid extraction of



algal biomass. Drying at very low temperature ungeruum gave the best result
but drying at 60C slightly decreased the total lipid content.

Amini et al. (2010) provided information on the effect of thright
intensities (37.5, 62.5 and 100 mol photori$ 1) and photoperiods (light: dark)
cycle 8:16, 12:12 and 16:8 h on growth rate, daplkn time and biomass
production in microalgaChlorella vulgaris Stock ofC. vulgariswas separated
from water samples purified and cultured in 1000 Emnlenmeyer flasks at
constant temperature of 25+0.5°C, using Zehnderiumed Cell count was
conducted daily and biomass was measured at thenerpal growth phase in
different treatments. Analysis of variance indicksggnificant difference (P<0.05)
among light regimes. The maximum growth rate 1.13wds observed at 100
umol photons M s* and 16:8 h light duration and also the minimumlidagion
time 0.6 L d' occurred at this treatment. The maximum bioma@85 8.L* was
recorded at 62.5 p mol photon& " and 8:16 h light period.

Allwayzy et al. (2010) extracted lipid from a fresh water micro&ga
Chlorella vulgarisusing iron as a stress treatment to achieve hgt Gontent.
Secondly, the physical and chemical properties Gtflorella vulgaris and
Chlorella protothecoidesil were compared with diesel and biodiesel frommeot

sources.

Lopez et al. (2010) measured the protein content of dry bionwsthe
microalgaePorphyridium cruentum, Scenedesmus almeriensisjelfyssis sp
and of the cyanobacteri@ynechocystis aquatilis, Arthrospira platenbig the
Lowry method following disruption of the cells byilimg with inert ceramic
particles. They found that protein content in digniiass ranged from 30 to 55 per

cent.

Mata et al. (2010) reviewed the current status of microalgae fos
biodiesel production, including their cultivationarvesting, and processing. The

microalgae species most used for biodiesel prodmatiere presented and their



main advantages were described in comparison \ligr @vailable biodiesel feed

stocks.

Stanleyet al. (2010) extracted microalgal oil frolf@haetocerossp. and
determined the physico-chemical properties. Thesitignviscosity, acid value,
saponification value and free fatty acids were réed as 1.305 gm M) 6.2 mn%
s', 2.5339 mg g of oil, 173.56 mg gm of oil and 0.71 gm 100 gmof algae
(oleic acid). The fatty acid profile showed penta®ic acid (17.56%),
nonadecenoic acid (20.1%), methyl palmitate (2.91%@thyl linoleate (12.07%)

and palmitic acid (1.97%) as major fatty acids.

Morowvat et al. (2010) investigated the production of biodieseinfra
naturally isolated strain @@hlamydomonasp. They isolated the microalgal strain
from the paddy-field soil samples during a scregrprogram. The identification
was done using physiological and molecular apprescifter reaching the
stationary phase of growth, the total content & lipids was extracted. The
extracted fatty acids were primarily esterified d@hen identified through GC/MS
analysis. Several types of fatty acid methyl este/ASMESs) were identified in the
isolated microalga and the presence of at leagt BARMES inChlamydomonas
sp. MCCS 026 was shown. The total fatty acid cantérthe isolated strain was
25 per cent. The composition of fatty acids in shedied species of microalga
was mainly docosanoic acid methyl ester, tetrad@camacid methyl ester,

hexadecanoic acid methyl ester and nonanoic actbyinester.

The microalgal strain o€Chlorella species was isolated from the paddy
field soil samples during a screening program byirAret al. (2011). After 17
days, at the end of exponential phase of growthtdtal content of the lipids was
extracted. The extracted fatty acids were firsergstd and then identified using
GC/MS analysis. The composition of fatty acids he tstudied species of
microalga was mainly palmitic acid methyl ester, ristjc acid methyl ester,

stearic acid methyl ester and undecanoic acid rhester. They found that this



strain because of its highly saturated fatty acmistent can be an ideal candidate
for biodiesel production.

Liu et al. (2011)isolated 43 green algal strains from Chinese fraséns,
and then incubated in the laboratory bioreactors tlee growth and oil
accumulation investigations. During a 15 day indidva experiment, the
accumulations of their biomass and total lipidsgetber with the lipid
productivities for these green algal strains weygtesmatically investigated and
compared. Their results indicated that the accutiomis of biomass for the 43
algal strains ranged from 0.53 & to 6.07 g [* during the experiments, with the
highest biomass of 6.07 g*'Lfor green algaeScenedesmus bijugdhe lipid
content for the tested algal strains varied fronp@0cent to 51 per cent of the dry
biomass at the end of cultivation experiments. GadgaeChlorella pyrenoidosa
was one of the best oil producers based on thegastigations, with the total lipid
content of 51 per cent of dry biomass. Taking thewgh rates and the
accumulations of intracellular lipids into the cmigsation, 10 strains were
considered to have significant potential for bidfaplications during their

experiment.

Goswami and Kalita (20113elected the two fresh water microalgal
strains, Scenedesmus dimorphaad Scenedesmus quadricauddoth the algal
strains were cultivated in different concentratiofsirea as nitrogen source in the
growth medium. The concentration of urea at whiciaximum growth rate in
terms of biomass and lipid productivity obtainedsves 0.1g [* urea in case of
both the strains. The maximum increase in biomasday and lipid content for
Scenedesmus dimorphuss found to be 1.523 mg'lday® and 34 per cent in
terms of dry cell weight with a specific growth @adf 0.54 day of and for
Scenedesmus quadricauiiavas 1.266 mg L day* and 31 per cent in terms of
dry cell weight with a specific growth rate 0.3%yd.

Doanet al.(2011) isolated ninety-six strains of marine midgaa with an

elevated biomass productivity and intracellulardifgontent from the coastal



waters of Singapore using an automated flow cytameell-sorting technique.

Cell sorting was based on the two-dimensional ithistion of algal cells for red

fluorescence (representing chlorophyll auto-fluoceege) against forward-light
scatter (representing cell size) and red vs. grideorescence. They further
characterized twenty one strains with respect tlh geowth rate, biomass

concentration, lipid content (total and neutraid)pand fatty acid profile. The

growth rates ofSkeletonema costatyur@haetocerosand Thalassiosira species
were greatest among the entire strains, but in geof absolute lipid yield

Nannochloropsisstrains predominatedNannochloropsisstrains had a lipid

content ranging from 39.4 to 44.9 per cent of dreight biomass.

Transesterification of the lipids yielded 25 tofer cent of fatty acid methyl ester
(FAME) i.e. biodiesel, where as total FAME conteahged between 11 and 21
per cent of dry weight biomass. Their study denmmastl thatNannochloropsiss

a promising species for biodiesel feedstock.

Makarevicieneet al. (2011) investigated the growth of two robust algae
strainsChlorella sp. andScenedesmusp. growing in Lithuanian lakes with the
aim to obtain optimum conditions for biomass cution for biofuel production
in the Lithuanian environment. Samples were takesmf different nitrogen
sources and of different concentrations, with addibf various concentrations of
CO,and in the presence of salt. The best biomass ptiody was achieved using
urea as a nitrogen source or modified growing nmad®G-11 with decreased
concentration of NaN§ The positive impact on the growth of biomass was
achieved by aeration with GQ@especially with concentration of 24%). A content
of oil in Chlorella sp. and Scenedesmusp. has suggested their potential use as

biodiesel feedstock.

Shaabaret al. (2011) studied the total chlorophyll concentratiaishe
phytoplanktonic samples of Rosetta branch of therNile during two successive
years from (August 2006 to April 2008). At all staus the total chlorophyll

contents (mg L) of the identified algae and the maximum quaritialgal



individuals were reached their maximum peaks dursugnmer 2007. Peak
periods of total chlorophyll coincided with peakripes of the stations recorded
high algal biomass. Positive relation was observetiveen the fluctuations of
total chlorophyll contents of the phytoplankton atmbse of total number of

individuals at all investigated stations of Roséttanch.

Kalita et al. (2011)carried a study to find out the influence of eiffint
NaCl concentration (0.04M- 0.34M) in the growth tbe freshwater microalga
Ankistrodesmus falcatuand its biochemical constituents viz. lipid, piofe
carbohydrate and secondary pigment viz., chlordpfylere was considerable
variation in growth as well as biochemical congrits of the microalga with
varying concentration of NaCl. Highest increasdipid content was found to be
in 0.17 M NaCl, however protein and carbohydratetent was enhanced in 0.34
M NaCl, but there was a decrease in chlorophyll t&oin with increasing
concentration of NaCl. The changes in growth andchemical constituents
indicated the influence of salinity and organismadaptability to the tested levels

of salinity.

Huerlimannet al. (2010) compared lipid content and composition, and
lipid and biomass productivity during logarithmiate logarithmic and stationary
phase ofNannochloropsissp., Isochrysissp., Tetraselmissp., andRhodomonas
sp. grown in L1, f/2, and K-medium. Of the testqukaes, Tetraselmissp.
exhibited a lipid productivity of 3.9-4.8?gd™ in any media type, with
comparable lipid productivity byNannochloropsissp. andisochrysissp. when
grown in L1-medium. The dry biomass productivityTatraselmissp. (33.1-45.0
g? d%) exceeded that of the other species by a factbd.20f the organisms
studied Tetraselmissp. had the best dry biomass and lipid produgpiafile in
large-scale cultures. Their study provides a pcattbenchmark, which allows
comparison of microalgal production systems wittfiedent footprints, as well as

terrestrial systems.



Leesinget al. (2011) worked to produce heterotrophic microalgal!in
flask batch fermentatiorChlorellasp. supported maximum values of 0.374.¢
d*, 0.478 g lipid ¢ cells and 0.112 §L™ d* for volumetric lipid production rate
and specific yield of lipid and specific rate gbiti production respectively when
culture was performed on BG-11 medium supplementigd 50 g L* glucose.
Among the carbon sources tested, maximum cell ygadfficient, maximum
specific yield of lipid and volumetric lipid prodtion rate were found of 0.728,
0.237 and 0.619 respectively using sugarcane meslags carbon source. The
main components of fatty acid from extracted lipidre palmitic acid, stearic
acid, oleic acid and linoleic acid which were samito vegetable oils and suitable

for biodiesel production.

Chenet al. (2011) used the marine microalg@eanaliella tertiolectaas a
model organism and a profile of its nutritional uegments was also determined.
Inorganic phosphate R® and trace elements: cobalt (Co iron (F€"),
molybdenum (M8") and manganese (Nh were identified as required for
optimum growth of algae. The inorganic nitrogentfie form of nitrate N&
instead of ammonium (Nf) was required for maximal biomass production. The
lipids were accumulated under nitrogen starvati@wgh conditions was found to

be time-dependent.

Denget al. (2011)found that under nutrient starvation conditionsngna
microalgae are known to accumulate triacylglyce(@l&G) that can be used for
biodiesel production. However, few studies havenbgerformed to analyze the
effect of deficiency in nutrient elements such alplsur, phosphorus, potassium,
iron, magnesium and calcium on oil production gaitirly in Chlamydomonas
and Chlorella. In this study, they investigated lipid content@flamydomonas
reinhaditti and Chlorella vulgarisgrown in TAP, HSM, BG-11 and SE lacking
optimal concentrations of these elements. Theulteshow that, in high carbon
HSM and TAP media, N and S starvation led to sigaift increase in cellular

lipid content in both microalgae species. In additC. reinhadittigrown in TAP



media without P, Fe, K, Ca or Mg or in HSM mediaheut K, Ca or Mg also
accumulated detectably higher neutral lipids. Imtcast, inC. vulgaris, such
accumulation was observed only in Mg-free and Ee-fHSM media. In low
carbon SE and BG-11 media, N starvation resultes nmoderate increase in the
lipids content both irC. reinhadittiand C. vulgaris On the other hand, P, S, K,
Ca or Mg deficiency promoted neutral lipids accuatioh inC. vulgaris Finally,
they analyzed and discussed the relationships anmatggrowth rate, lipid

accumulation and nitrogen concentration€irreinhaditti

Griffiths et al. (2011) found that the optical density can be useda
convenient indirect measurement of biomass conagortr in microbial cell
suspensions. Absorbance of light by a suspensiarbearelated directly to cell
density using a suitable standard curve. HowewaiGduracies can be introduced
when the pigment content of the cells changes. Utideculture conditions used,
pigment content of the microaldahlorella vulgarisvaried between 0.5 and 5.5
per cent of dry weight with age and culture comdisi. This led to significant
errors in biomass quantification over the courseaajrowth cycle, due to the
change in absorbance. Using a standard curve dedextia single time point in
the growth cycle to calculate dry weight (dw) fraptical density led to average
relative errors across the growth cycle, relatvadtual dw, of between 9 and 18
per cent at 680 nm and 5 and 13 per cent at 750Wihen a standard curve
generated under low pigment conditions was useéstonate biomass under
normal pigment conditions, average relative ermrBiomass estimation relative
to actual dw across the growth cycle were 52 pet @680 nm and 25 per cent at
750 nm. Similar results were found witlscenedesmus, Spirulinand
NannochloropsisThey suggested strategies to minimise error dekelection of
a wavelength that minimises absorbance by the gigme

Kumar et al. (2011) collected a total of six naturally occurriadgal
biomass bulk samples from different localities ofth India. The algae identified

were, one blue-green aldalypothryxand rest five were green alg@eghophora,



Spirogyra, Hydrodictyon, Rhizocloniuamd Cladophora.Oil was extracted from
the dried algal samples and fatty acid analysis wase. Physicochemical
properties of algal oils such as density, viscodifyid content, pH and non-
saponifiable fats were estimated. Gas chromatogragialysis revealed higher
percentage of methyl palmitate, methyl stearate mthyloleate and methyl
linoleate. The physico-chemical properties of algdlmeet all the properties
given by American society for testing and mater(STM) D6751, ISO 15607
and EN14214-Europe and was concluded that the alijatan be used as a

potential biofuel.

Mercer and Armenta (2011) presented an overviewedan the last 10
years of advances made in technologies for extrgqaind purifying microalgae
oil. They compared solvent extraction technologigth extraction alternatives
such as mechanical milling and pressing, enzymatid supercritical fluid
extraction. They also reviewed recent advancestbaisenolecular engineering of
microbes to aid oil extraction. Downstream proaggsifor the potential
commercial production of microalgae oil not only shaonsider economic costs,
but should also consider minimizing environmentapacts in order to attain

sustainable production processes.

The biomass and nutrient uptake froMeochloris oleoabundans
production in an open trough system was investibate Murrayet al. (2011).
The growth medium used was BG-11, temperature chfrgen 16.7 °C to 25.3
°C and pH ranged from 5.52 to 9.94 because the@masy pH increase during
algal biomass production was moderated by incom@®@, gas streams
(atmospheric, 2, 4 and 6% @OPeak concentrations of algal biomass ranged
from 643 to 970 mg T, specific growth rates ranged from 0.15 to 0.37ahd
doubling times ranged from 4.8 to 1.9 days. Carbotipgen and phosphorus
were incorporated into the biomass at 0.05, 8.3 Bhdoer cent of supplied
amounts. The open growth systems supplementedG@¢should be designed to

regulate medium pH within the range of 6.3 to 7.1.



Nigam et al. (2011) dealt with one of the method to enhancelifhd
content in microalgaeChlorella pyrenoidosavas grown autotrophically in batch
culture and the effect of different concentratiaisnitrogen source (0-0.4 gL
KNO3) on growth and lipid content was studied. As tlteate concentration in
the medium decreased, biomass production also astebut the lipid content
increased. Moreover, at the same concentrationitdte source, lipid tends to
accumulate more in stationary phase in comparis@xponential phase. Highest
lipid accumulation of 26 per cent was recordedhia tulture with 0.05 g t
KNOg3, which is one fourth of basal nitrogen source emtiation. Their study
suggested that nitrogen starvation is the effectipproach to enhance lipid for

biofuel production.

Moazamiet al. (2011) screened 147 microalgal strains from thesiBer
Gulf and the Qeshm Island (Iran) in order to chotbge best ones, in terms of
growth (biomass) rate and lipid content for biodlgsroduction. A methodology,
combining experiments in lab scale and pilot pléogen pond) were used to
produce and evaluate biomass and lipid productivitye culture conditions,
including photo flux (180 WUE ths?), photoperiod (12 h light/dark), temperature
(25 °C), pH (=8), air (carbon dioxide) and growth mediwere kept constant for
all experiments. Microalgae were screened in twgest using optical density (for
evaluation of biomass concentration) and Nile red gas chromatography (for
determination of lipid content and fatty acid fiaos). In general maximum
specific growth rate and the maximum biomass privdtyc were obtained after
8-12 day cultureNannochloropsisp. and\Neochlorissp. were selected from the
marine microalgal culture collection due to theigthbiomass (50 and 21.7 g'L
respectively) and oil content (52 and 46% respebt)v If the purpose is to
produce biodiesel only from one specifannochloropsisp. presented the most
adequate fatty acid profile, namely linolenic arlklep polyunsaturated fatty acids.
However, the microalga€hlorella sp. can also be used if associated with other

microalgal oils.



The 45 algal cultures were isolated from the frestlew Lake at Wonju,
South Korea by Abou-Shanabal. (2011). Five microalgal isolates were selected
based on their morphology and ease of cultivatiodeun their test conditions.
These cultures were identified as strains Siffenedesmus obliquugSLO02,
Chlamydomonas pitschmann¥iSLO3, Chlorella vulgaris YSLO4, S. obliquus
YSLO5, and Chlamydomonas mexicanaYSLO7 based on microscopic
examination and LSU rDNA (D1-D2) sequence analySis obliquusYSL02
reached a higher biomass concentration (1.84 + 6.20) with a lower lipid
content (29% w/w) than didC. pitschmannii YSLO3 (maximum biomass
concentration of 1.04 + 0.09 g'lwith a 51% lipid content). The results suggest
that C. pitschmanniiYSLO3 is appropriate for producing biodiesel basedits

high lipid content and oleic acid proportion.

Ramachandraet al. (2011) conducted a study using a microalgal
consortium for a period of 15 days to evaluate féasibility of algal biomass
from laboratory as well as outdoor culture condiioNative algal strains were
isolated from a tropical freshwater Lake. Prelinnjngrowth studies indicated the
relationship between the nitrates and phosphatethdocommunity structure
through the days. The lipid profile was also perfed using Gas
chromatography-Mass spectrometry revealed thelerofithe algal community.
However, they suggested that further studies onaib@ication of the mixed
population are required to make this consortiunr@ggh economically viable for

producing algae biofuels.

Kong et al. (2011) investigated that mixotrophism might be enpetitive
pattern for the culture o€. vulgarison a large scale based on the achieved
maximum biomass and volumetric productivities opidi and chlorophyll.
Glucose was the optimal carbon source for mixotiphbltivation ofC. vulgaris
and the effects of glucose content on the algaWwtirounder mixotrophic
conditions were considerable because lower glucoséent (1 g %) promoted

the production of biomass and photosynthetic pigs)dmgher glucose contents



(>5 g L% increased the biomass and lipid accumulation ibhibited the
chlorophyll biosynthesis. The microalga could nodvg well without pH control
when ammonium and organic nitrogen were the sdiegen sources in the
mixotrophic cultures because of the remarkable dropH value, while the
critical urea concentration was observed at 0.507g It was concluded that
mixotrophic cultivation of C. vulgaris is a feasible approach for lipid
accumulation and chlorophyll biosynthesis thatdependent on the enhancement

of biomass content and volumetric productivity.

Xin et al. (2011) studied effect of cultivation temperaturetba growth
and lipid accumulation properties of a freshwatacraalga Scenedesmusp.
LX1. Scenedesmugp. LX1 could grow in a wide range of temperaii@-30°C)
and the growth activation energy was 49.3 kJ“m@he optimal temperature to
produce microalgal biomass and lipid was %D and after 15 days of batch
cultivation the productivities of 313.3 g biomassR"), 112 g lipid (g P) and
14.7 g TAGs (g B) were obtained. The content of polyunsaturatety fatids
decreased with the increase of cultivation tempeeatFor the first time the
cultivation temperature, specific growth rate amudl content per microalgal
biomass were correlated together.

Wageneret al.(2012) subjectetannochloropsis salingo ranges of light
intensity (5-850umol m? s?) and temperature (13-40 °C) and its exponential
growth rate, total fatty acids (TFA) and fatty ac@dmposition were measured.
The maximum acclimated growth rate was 1.3'daty23 °C and 250mol mi’s™.
Fatty acids were detected by gas chromatography fl@itne ionization detection
after transesterification to corresponding fattydamethyl esters (FAMES). A
sharp increase in TFA containing elevated palnatc (C16:0) and palmitoleic
acid (C16:1) during exponential growth at high tighas observed, indicating
likely triacylglycerol accumulation due to photoidative stress. Lower light
resulted in increases in the relative abundancenshturated fatty acids in thin

cultures and increases were observed in palmit@et eicosapentaenoic acids



(C20:503). As cultures aged and the effective light intignger cell converged to
very low levels, fatty acid profiles became mommitar and there was a notable
increase of oleic acid (C189). The amount of unsaturated fatty acids was
inversely proportional to temperature demonstraphgsiological adaptations to

increase membrane fluidity.

Yadavalli et al. (2012 studied the lipid productivity ofChlorella
pyrenoidosain a customized laboratory scale photobioreactapidL yield
increased wherC. pyrenoidosavas subjected to stress conditions like different
nitrogen sources, light intensities and modes Givation. They observed that the
growth rate ofC. pyrenoidosawas directly proportional to light intensity and
nitrogen concentrations. Of the two nitrogen sositested, sodium nitrate proved
better than urea in terms of lipid yield. The stadso demonstrated that at lower
nitrogen concentrations fed batch mode of cultoratiesulted in maximum lipid

productivity of 0.103 g dat 135umol m?s* when compared to batch mode.

Sankar and Ramasubramanian (2012) studied the tiefeautrient
medium for the growth ofhlorella vulgaris Their research investigated that six
different types of growth media viz., CFTRI medfaFERR media, Revised
media- 6, Bangladesh medium No. 3, Zarrouk’'s medid Bold’s Basal media
used for culturing o€. vulgaris They carried experiment for a period of 20 days.
The illumination of light was maintained at 200@ nd temperature at 28°C £ 2
°C. At the end of the experiment period proteidpadphyll-a, chlorophyll-b, total
chlorophyll content of the algae was examined andas observed that the algae
grown in Bold’s Basal media have grown well wittofgin 36.16+0.03 mg L,
chlorophyll-a 2.05+0.00 mg 1, chlorophyll-b 0.56+0.00 mg 1, total
Chlorophyll 2.66+0.00 mg . Bangladesh medium No. 3, showed similar results
when compared with Bold’s Basal medium and it carubeful for the effective

culturing ofC. vulgaris.

Sathyaet al. (2012) isolatedChlorella pyrenoidosdrom the water bodies

of Madurai, Tamil Nadu and maintained in CHU-10 med with a photoperiod



of 12 hours light/12 hours dark, light intensity 2000 lux at a temperature of
25°C. Growth rate, pH, dry weight and pigments such chsorophyll-a,
carotenoids were monitored at an interval of 10sdaytil the 58 day of growth.
The amount of chlorophyll-a and carotenoids was imam on 48 day of
growth. Nile red fluorescence indicated more nunmifdipid bodies on 40 day.
At 460-480 nm excitation light, the Nile red flusoence of lipid vesicles
exhibited an emission maximum of 465 nm and a quangield of 0.65. Lipid
content (48.8 per cent dry weight) was maximum 6th4lay of growth. Fatty
acid analysis by GC indicated more amount of s&drdatty acids inC.
pyrenoidosaHydrocarbon analysis by GC-MS was done usinghthene extract
of the algal strain. Linear regression analysiswatb a significant relationship

between OD and dry weight, OD and pigments, dngteand lipid weight.

Seenivasaret al. (2012) analysed the biochemical composition (pmtei
sugar, lipid), photosynthetic pigments like chldmglh carotenoid and mineral
composition of three species of seawe€iglium adhaerenénderson (green
algae)Sargassum wightiGGreville (brown algae)Acanthophora spiciferg§vahl.)
Boergs (red algae) from intertidal region of thendapam coastal water. The
results indicated that the maximum protein con{ér296+0.97%) was recorded
in the brown algaS. wightii The maximum lipid content (1.213+0.02%) was
recorded in green alga. adharensThe maximum chlorophyll-a (0.347+0.051),
total chlorophyll (0.438+0.061) and carotenoid {@#£0.225) were recorded in
the brown seaweed. wightiiwhereas chlorophyll-b (0.107+0.016) was highest in

C. adharens

Griffiths et al. (2012) selected eleven species of microalgae obdhkies of
available literature data, were tested for lipiddarctivity, gravity sedimentation
and the suitability of their fatty acid profiles rfdiodiesel production. The
response to nitrogen limitation was species spedifpid yields and productivity
were higher at 150 mginitrate than at 1,500 mg'ifor all species tested except
Spirulina platensis.Particularly Chlorella vulgaris and Scenedesmubad the



highest growth rates and showed the greatest iserealipid content in response
to nitrogen limitation Cylindrotheca fusiformi|sS. platensis, Scenedesnmasd
Tetraselmis suecichad the fastest settling rates and highest biomeass/eries
after 24 h of gravity sedimentation. For most seed¢he fuel would need to be
blended or culture conditions to be optimised toi@ge the correct lipid profile in
order for microalgal fuel to meet the European déads for biodiesel production
(EN 14214). The most promising species overall wire freshwater algae
Scenedesmusand C. vulgaris and the marine algaeC. fusiformis and

Nannochloropsis.

Jenaet al. (2012) screened three brackish water microalgal strains
(Chlorococcumsp., Chlorella sp. andScenedesmusp.) of Odisha coast for the
suitability of biodiesel production. Among acenedesmusp. seems to be the
best one for high lipid productivity (24.66 mgday™) with high biomass yield of
0.9 g L' at stationary phase. ThBcenedesmusp. also possesses the most
adequate fatty acid profile. Their study suggestiedt Scenedesmusp. is
appropriate for bio-diesel production due to itghhlipid content and this strain

was selected for higher scale studies.

llavarasi et al. (2012) demonstrated the total lipid content, fatty acid
profile and biodiesel production from a naturaléplated fresh water strain of
Chlorella sp. and the total lipid content was found to beeB gent under normal
nutrient conditions. Gas Chromatography of FAME \aasalyzed and the major
fatty acids observed were palmitic acid, stearid,aaleic acid, linoleic acid and
alpha linolenic acid. The algal oil was transesérfand pH of the biodiesel was
found to be 8.1.

Kawachiet al. (2012) investigated the relationship between hyaiioans
and the molecular phylogeny Bbtryococcus brauniby using 31 axenic strains
isolated in Japan. By gas chromatography/mass rgpeetric analysis, nine
hydrocarbon species were detected and categorzddtgpes: the three known

races A, B, and L and the tentatively named ra@®r8prising epoxy-n-alkane



and saturated n-alkane chains with carbon numii@nd 20, respectively. The
phylogenetic relationship oBotryococcus strains also appeared to be in

considerable agreement with unique hydrocarborhegig pathways.

Ananadhi and Stanley (2012) identifi€@haetocerosp. for the research
work and studied its lipid, carbohydrate and proteontent. The main aim of
their experiment was to make use of the algae ptesdhe water bodies and to
extract the useful algal oil meant for biodieseddarction to meet the challenges
of fuel requirement in the present scenario. Milgakoil was extracted from
Chaetocerossp. and the physicochemical properties were deteuni The
density, viscosity, acid value, saponification \ealand free fatty acids were
recorded as 1.305 g H16.2 mnf s, 2.5339 mg d of oil, 173.56 mg g of oil,
and 0.71gm 100 4 of algae (oleic acid). The fatty acid profile shemlv
pentadecanoic acid (17.56%), nonadecenoic acidl¥20Q. methyl palmitate
(2.91%), methyl linoleate (12.07%) and palmiticdagll.97%) as major fatty

acids.

Muthukumaret al. (2012) obtained high quality biodiesel from micigee
Chlorella marinaandNannochloropsis salinthrough transesterification. Growth
studies revealed that maximum cell growth rate wlatsined at 18 day of the
culture. The flocculation activity result showeathpH 11 was optimum for cell
flocculation at 37°C. In their study, 60.26 pertcehbiodiesel yielded from 0.752
g L™ contains 30 per cent oil content frdwn saling whereas 50 per cent yielded
from 0.527 g [* contains 20 per cent oil content. The crude lgmdtent found in
C. marinaandN. salinawas found to be 20.33+1.82 per cent and 32.13+iet0
cent of dry biomass. The density and viscosityhef biodiesel obtained from the
crude lipid ofN. salinaandC. marinawere 0.992 and 0.971 (kg'), viscosity 3.2
and 4.8 (Pa s) at 40°C respectively. The methoy ithelemented in their study
could be novel approach and could have great patemt the industrial

production of liquid fuel from microalgae.



Ahmad et al. (2012) collected mixed algae cultuiMicrospora sp,
Diatoms Lyngbyasp., Cladophorasp.,, Spirogyrasp. andRhizocloniunsp. from
Botanical Garden of Government College Universighdare and were grown in
artificial ponds of 13.5 L capacity. Algal growthass monitored for six days by
measuring its fresh and dry weight which showedoslnsimilar results of 3.34 g
day’ and 3 g day respectively. The yield of biodiesel produced by
transesterification of dried algal biomass waswated to be 15.13 per cent on an
average. Quality of biodiesel was analyzed for kiatic viscosity (4.5 mfs?),
flash point (167°C), specific gravity (0.895 g liodine value (80 mgd, acid
number (0.65 mg KOHY and water contents (32 mgRg They found that the
quality of biodiesel was according to the ASTM stars for biodiesel.

Lone et al. (2013 found thatS. platensisexhibited significant higher
growth in standard CFTRI medium containing 90 pprhogphorus as
nanoparticles of tricalcium phosphate and hydrogsgtiée. On the other hand
calcium phosphate nanoparticles caused significadction in nitrate reductase
activity as well as in protein content of the allylarked change in chlorophyll-a/b
ratio was also noted when phosphorus was supphieglgh nano tricalcium
phosphate and nano hydroxy apatite particles aspamd to ionic form
(KoHPGy). Their study also revealed that the growttSeirulinain the presence
of ZnO nanoparticles was retarded, while no growtts observed with CuO

nanoparticles.



Chapter — 3
MATERIALS AND METHODS

A comprehensive research programme was carrietbocharacterize the
oleaferous algae of Dal Lake as per the followeghhical details:

3.1  Survey, collection and preservation of samples
3.1.1 Study sites

For the convenient monitoring, systematic field dgtuand regular
collection of water and algal samples, six permasampling sites were selected
in the Dal Lake (Fig. 1). These sites were setbetecording to differences in
degrees of human interferences within differentgpaf the lentic ecosystem and
also as zones of special ecological interests. &'sdss were designated as Dal
Lake Sites (DLS)-DLS-1 (Nehru Park), DLS-1I (Brenaam), DLS-IlI (Char
Chinar), DLS-IV (Hazratbal), DLS-V (Nagin), and DHS8 (Ranawari)

respectively.
3.1.2 Sampling of water and algal samples

Water and fresh algal samples were collected segharrom the six
different sampling sites of Dal Lake between 8:308D in sample collection
bottles made of polyethylene and polypropylene (frf@0for algal samples and
500 ml for water samples) with four replications &ach sample. Sampling was
done during the four seasons of a year i.e., sgApgil), summer (July), autumn
(October), and winter (January). Water samples vestkected from the Lake
between 15th and 20th of every seasonal month fanuary 2012 to December
2012. The fresh algal samples were collected wighhelp of sample collecting
spoons, forceps etc and were immediately fixed byqu suitable amount of
preservative (7 % formaldehyde) for the biodiversiudies (Wetzel and Lickens,
2000).
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Fig.1: Map of Dal Lake, Srinagar, India showng sampling sites



3.2 Physico-chemical analysis of water samples

The physico-chemical parameters (pH, electrical dootivity,
temperature, total dissolved solids, total hardnéstl alkalinity, phosphate,
nitrate, and silicate) of the surface water sampt#kected from six sites of Dal
Lake were analysed as per “American Public Heakbogiation” (APHA, 1995).
The parameters including temperature and totabblied solids were determined
on spot. While as pH and conductivity were measwigain 5 hours of sampling,

the rest of the parameters were determined inaiv@ratory within 24 hours.
3.2.1 pH

pH was measured with the help of LABINDA pH metePicO
PH05070305) by calibrating the instrument with buffablets of pH 7 and 4 in
100 ml of distilled water.

3.2.2 Electrical conductivity

Electrical conductivity was measured with the help direct reading

conductivity meter (Systronics-304), where cell stant was maintained at 1.00.
3.2.3 Total dissolved solids and temperature

Total dissolved solids and temperature were medswith the help of
digital TDS meter (Himedia) attached with digithetmometer.

3.2.4 Total hardness

RequirementThe titration assembly and three reagents requireithis

method were :

1. Standard EDTA titrant (0.01M): 3.723 g of disodiusalt of
ethylene diamine tetra acetate was dissolved itilleds water to

prepare 1 L of titrant and was stored in polytheattle.

2. Ammonia buffer solution: 114 ml concentrated J){HH was added
to 13.5 g of NHCI and the volume was made up to 200 ml.



3. Eriochrome Black-T indicator: 0.5 g dye was dissdlvn 100 ml
of 80 per cent ethyl alcohol

Method

50 ml of the water sample was taken in a flasknthml of ammonia
buffer and 5 drops of indicator solution was add€de colour of the sample
turned wine-red and was titrated with EDTA solutiemtil a clear blue colour

appeared. The readings were noted and total hardveescalculated.
Calculations

Total hardness as mg'las CaC@= ml of titrant x 1000
ml of sample

3.2.5 Total alkalinity

RequirementThe titration assembly and three reagents requireithis

method were

1. Sulphuric acid titrant (0.02 N): The stock solutioh0.1 N was
prepared by diluting 2.8 ml of concentrated sulphacid to 1 L.
200 ml of this stock solution was diluted to 1 Ldbtain 0.02 N

acid titrant and was standardized.

2. Phenolphthalein indicator: 1.25 g phenolphthale@s wissolved in
125 ml ethyl alcohol and to it 125 ml distilled watwas added.
0.02 N NaOH drop wise was added to it until a faimk colour

appeared.

3. Methyl orange indicator: 182 g MnQ®,0 was dissolved in
distilled water, filtered and diluted to 500 ml.

Method

50 ml of sample was taken in Erlenmeyer flask awd drops of
phenolphthalein indicator were added. If a sligmkpcolour appeared, sample

was titrated with acid titrant to a colourless @aiht and the reading was noted as



“p” (ml of titrant used for phenolphthalein alkaly). Now 2 drops of methyl

orange were added in the same flask and contiruugttate further till the colour

changed from yellow to orange. This reading wagdais “t” (total volume of the

titrant used for both the titrations).

Calculations

. . ) _ ml of titrant “p”
Phenolphthalein alkalinity (P) as mg ICaCQ= ml of sample x 100
Total alkalinity (T) as mg  CaCQ = mi of tirant °t" ., -,

ml of sample

3.2.6 Silicates

Requirement: The spectrophotometer (X-ma 1000, Human Corporgation

and reagents required in this method were:

1.

Glassware used was thoroughly cleaned that had beeked

overnight in chromic acid prior to cleaning. Alletlieagents were
kept in polythene bottles and hard (corning) glasswvas used to
avoid leaching of silica from glass wares. Chensicated were

Analar-grade of Himedia and low in silica.

Acid ammonium molybdate: 2 g of ammonium molybdate
{(NH 2)sM0O7024.4H,0O} was dissolved in about 70 ml distilled
water and to it 6 ml of HCI was added and diluted.®0 ml with
distilled water. pH was adjusted between 7 to &gilica free

NaOH and stored in polyethylene bottle for not miwan 1 month.

Oxalic acid (COOH).2H,0: 10 g of oxalic acid was dissolved in
distilled water and diluted to 100 ml.

Metol-sulphite solution: 6 g of sodium sulphite ¢S&s.7H,0)

was dissolved in water; 5g of metol was added aadmed to



dissolve. The volume was made up to 250 ml, fitenéth a fine
filter paper and stored in a dark bottle.

5. Reducing agent: Carefully 30 ml concentrated suighacid was
added to 100 ml distilled water and cooled. 100 ahlmetol
sulphite solution with stirring and 60 ml oxalicidsolution were
added, diluted to 300 ml. The stopper was insenitdout delay

and mixed well. A fresh solution was made after iwaeks.

6. Silicon standard solution (N&iFs): 0.6714 g of dry sodium fluoro-
silicate was dissolved in water and made up to (1 Iml of this
solution contains 100 pg silicon)

Method

3 ml of acid ammonium molybdate reagent was takesn %0 ml flask and
25 ml of water sample was added to it. The sample mwixed well by inverting at
least six times and was left to stand for 5 to li@utes. Then 15 ml of the
reducing agent was added and the volume was made50pml by addition of
distilled water. The whole solution was shaken dlighly and allowed to stand
for three hours. The absorbance at 810 nm was aganhst distilled water as a
blank and Si@Si was expressed in mg'L

Interference

Tannin, large amounts of iron, colour, turbiditylfele, and phosphate
interferes. Treatment with oxalic acid eliminataterference from phosphate and

decreases interference from tannin.
3.2.7 Total Phosphorus

Requirement.The spectrophotometer (X-ma 1000, Human Corparatio
and the reagents required in this method were:

1. Ammonium molybdate strong acid solution: 5 g ammani
molybdate (NH)sMO-0,4.4H,O) was dissolved in 35 ml distilled



5.

Method

water. Cautiously 62 ml concentratedS®, was added to 80 ml
distilled water. After cooling the molybdate sobrti was added
and diluted to 200 ml.

Stannous chloride solution: 0.5 g fresh SiiEH,O was dissolved
in 2 ml concentrated HCI, diluted to 20 ml withtdied water. A

freshly prepared solution was used whenever reguire

Standard phosphate solution: 0.1757 g of potassiimpdrogen
phosphate (oven dried at 186) was dissolved in distilled water

and diluted to 1 L. 1 ml of this solution conta#® g PQ.

Sodium hydroxide solution (1N): 4.0 g sodium hyddex was
added to 100 ml distilled water.

Perchloric acid (HCIQ2H,0).

A suitable volume of sample (25 ml) was evaporamahled and the

residue was dissolved in 1 ml perchloric acid. Gethte flask was heated on hot

plate until the residue becomes colourless. Theai@img perchloric acid was

fumed off but not to dryness, and cooled. 10 mUdistilled water was added,

followed by a drop of phenolphthalein indicator.eThample was then titrated

with sodium hydroxide solution to slight pink endimt. The volume was made up

to 25 ml.

Now 25 ml of this prepared sample was taken in denieyer flask

(distilled water blank was simultaneously preparddinl ammonium molybdate

solution and 0.12 ml (3 drops) stannous chloridatsm was added. Blue colour

gradually appeared. Rate of colour developmentiatghsity of colour depends

on temperature of the final solution, ealt Increase producing about 1 per cent

increase in colour, Hence, all the samples, staisgdaand reagents were held

within 2°C of one another and in the temperature range leet26 and 36C.



The reading on spectrophotometer was noted at &Qafter 10 minutes but

before 15 minutes using distilled water as a blank.
Interference

Positive interference is caused by silica and atgeanly if the sample is
heated. Negative interferences are caused by aesdh@ride, thorium, bismuth,
sulphide, thiosulfate, thioisocyanate or excessybudte. Blue colour is caused
by ferrous iron but does not affect results if d&is iron concentration is less than

100 mg L*. Most of the ions do not interfere in concentmatigpto 1000 mg .
3.2.8 Nitrate

RequirementThe spectrophotometer (X-ma 1000, Human Corpargtio

casserole and the reagents required in this metieoet

1. Phenol disulphonic acid: 25 g pure white phenol digsolved in
150 ml concentrated 430,. Cautiously 75 ml fuming sulphuric
acid (15 per cent free SOwas added; stirred well, and heated on

water bath for two hours.

2. Potassium hydroxide solution (12 N): 336.5 g KObswdissolved
in distilled water and diluted to 500 ml.

3. Ammonium hydroxide (32% w/w N§).

4. Standard potassium nitrate solution: 7.22 g anhy&neotassium
nitrate was added in nitrate free distilled wated anade up to 1 L.

1 ml of this solution contains 1 mg N® i.e., 4.43 mg Ngions.
Method

25 ml water sample was taken in a casserole (diiutiecessary if NON
exceeds 2.0 mg per liter) and evaporated to drymes®t water bath. The residue
was rubbed thoroughly with 0.5 ml Phenol disulplecasid reagent to dissolve all
solids (use glass spatula). 5 ml distilled watat &b ml concentrated NJ@H (or
12 N KOH) was added one after the other. The sampke stirred and a yellow



colour developed. The supernatant was taken awpithe flocks if any, and was
read in spectrophotometer at 410 nm against @dtiNater as a blank. The value
of nitrates was found out with the help of standamdve and the results were

expressed in mgt
Precaution

The sample must be optically clear sample. Howékerturbid sample
was filtered through 0.45 pm pore diameter membfittee.

3.3 Identification, isolation and screening of microalge
3.3.1 Diversity and identification of algae by usig microscopy

Each of the 100 ml sample collected with four regdions were
immediately preserved and phytoplanktons were studor the biodiversity
details. The identification of microalgae was cadriout by using advanced
microscope (LEICA DM 500, U.K) connected with corgruhaving digital
image analyzer and software (LAS EZ 1.8.0) and opbkotographs were taken
with attached camera LEICA EC3. The identificatmnthe microalgae was also
authenticated based upon standard keys given bikddbary (1959) for blue
green algae; Tiffany (1952) for blue green, gretyae and diatoms; Prescott
(1970) for blue green and green algae; Phillipd$867) for green algae etc. for
morphological characteristics. The attributes rdedr for morphological
parameters through microscopic examination were aizd shape of vegetative
cells, spines, flagella, heterocyst and colouhafltis.

3.3.2 Isolation of pure algal cultures

The isolation of selected algal strains was perémnas per different

Isolation techniques given by Kaushik (1987).
3.3.2.1 Culture enrichment

The fresh algal samples collected from all sampsiibgs were transported

to laboratory. An aliquot of 20 ml of the samplesre first enriched in 150 ml



Erlenmeyer flasks containing 80 ml sterilised BG+hédium (Table 1). The
culture flasks were then incubated in culture roatm2?C+0.5°C under light
intensity of 3000 lux and 16:8 h light/dark cyckRldte 1a). After three weeks of

incubation culture broths were later transferregdti plates.

Table-1: BG-11 media (Stanieet al., 1971)

Stock Stock solution (g [ miL*?
NaNG; 150 10 ml
K2HPOy.3H,0 or KbHPO, 40 or 30 1ml
MgSO,. 7H,0O 75 1 ml
CaCb. 2H,0O 36 1ml
Citric acid 6 1ml
Ferric ammonium citrate 6 1 mi
EDTA 1 1 ml
NaCO;s 20 1ml
Trace metal solution See below 1ml

This medium is successfully used for most of theed@r algae and

Cyanobacteria. Vitamin 8 may be added for those species that require it.

pH was adjusted to approximately 7.5 (Initial pHaigproximately 8.5)
when making solid media, agar can be added direztiyedium (10 g ).

Trace metal solution

Substance g
H3BOs 2.86
MnCl,.4H,0 1.81
ZnSQ,. 7H,O 0.222
Na MoQ,.5H,0 0.390
CuS04.5HO 0.079
Co(NOs)2.6H,0 0.0494

Each of the above substance was dissolved sepapaief to adding the

next on the list.



PLATE 1

a: Culture enrichmenty: Streak platec: Pure culturesd: Inoculum preparation in Haffkine flasks,
e: 25 L capacity tanks with 15 L BBM medid; Bulk biomass production of microalgae,
g: Flocculation using Alumh: Centrifugation method; Microalgal biomasg; Powder form of algal
biomass



3.3.2.2 Streaking

The enriched cultures were streaked with a loopoathe surface of petri
plates containing BG-1drowth media solidified with agar and incubate®at
0.5°C at 3000 lux light intensity. These plates wesoahcubated for 2-3 weeks

and morphologically distinct colonies developed.

The objective of the streaking was to produce mliserete colonies of
microalgae from the concentrated suspensions ¢é.delring inoculation, the
closely packed cells at the start of the streaknfoolonies that run together, but
as the streak continues, fewer and fewer cells ireinathe clump being carried
on the needle. As these fall off and grow on thdase of the petri plate, well
separated colonies develop. Thus successive sigeakas performed from one
petri plate to another that usually yielded us fpzation of unialgal or axenic
cultures (Plate 1b).

3.3.2.3 Inoculation

When an organism is grown in a sterilized mediunuaber of algal cells
(inoculums) are transferred (inoculated) in the medwith special precautions to
maintain the purity of the culture (Kaushik, 198The streaking needle was first
heated to redness by flaming immediately beforeadted making the transfer and
cooled it by jabbing it into the edge of the fregfar plate. This flaming destroys
any living forms on the surface of the needle. Mamgividual colonies from
plates were picked up and inoculated in 150 mk#asontaining 50 ml BG-11
medium.The purity of the cultures was examined ligroscopic observations at

different stages of growth.

After the purification, unialgal cultures were it@ied in culture room
under controlled temperature range of 27%0.5and under continuous
illumination of 3000 lux with 14/10 h light/dark ptoperiod. The mouths of the
plates and Erlenmeyer flasks from which culturesewtaken and into which they

were transferred were allowed to be passed thrthgburner flame immediately



before and after the needle is introduced and rechon addition to destroying
any organism on the lip of the tube, flaming tetm€reate outward convection

currents, thus decreasing the chance of contaramati

These microalgae were then grown in a standardreuihedia of BG-11
using culture flasks having two replicates (Erlegareflasks 150mL, 250mL,
500mL) plugged with non-absorbent cotton (Plate 2d) these pure cultures
were maintained by repeated transfer to liquid mmedor by preparing slants for
their long term use. Culture media and culture elsswere sterilized by heat at
121°C and 15 Ib/inch pressure for 15 minutes using date (Kaushik, 1987).
All the isolation techniques were carried out undentrolled conditions using

laminar air flow (Thermadyne, India).
3.3.3 Screening of algal isolates for lipid content

All the four weeks old cultures of microalgae wergjected to Nile red
technique for neutral lipid observations under faszent microscope and folch
method for quantitative lipid screening as below

3.3.3.1 Nile red staining technique

Nile red is an excellent vital fluorescence stagedi for the detection of
intracellular algal lipid droplets by fluorescenticnoscope (Green-spaget al.,
1985). Nile red a red phenoxazine dye (9-dimethidasdH-benzo ¢)
phenoxazine-5- one) was obtained from Sigma (U8Aganic solvent (acetone)
was of Analar grade.

Procedure

Nile red solution, 40 pl, in acetone (250 mg)lwas added to 10 ml of
algal suspension into test tubes. The mixture igsrously agitated on a vortex
mixer and incubated in dark for 10 minutes. Theofflonetric analysis
(microphotography) of Nile red stained cells welgserved in a fluorescence
microscope (Leica DM 4.3.0 2500, Germany) undee bight with a 100 watts
xenon voltage lamp (ebqg 100-04). The instrument a@sipped with a digital
camera (Leica DFC 450 C) using a 450-490 nm nabamd excitation filter and



a 585 nm narrow band emission filter with 100X ahijee lens under immersion
oil.
3.3.3.2 Determination of total lipid by slight modfied Folch method (Folchet

al., 1957)

After a period of four weeks, the algal cells weharvested by
centrifugation (Thermo Scientific, Germany; Son@ll 16R) at 10,000 rpm for
10 minutes and screened for lipid/oil content. 8Gfralgal culture from all these
culture flasks were centrifuged to form an algdlgteThe algal pellet was then
washed twice with double distilled water to remalve media salts. The pellet in
petri plates was dried at 58 in oven for 24 hours and biomass was deduced.

The algal tissue was homogenized with 15 ml clié@rmo/methanol (2:1)
by using Ultrasonic Homogenizer (JY 96-11N, Nindghonetz Biotechnology co.
Ltd. China, with noise isolating tamber) for 20 mi@s. This homogenization
process was repeated two times for the completeugtion of cells. After
dispersion of algal cells, the whole mixture wagadgd during 15-20 minutes in
Kuhner shaker (Lab-Therm LT-X, Switzerland) at roaemperature. The
homogenate was then centrifuged at 8,000 rpm foutah minutes to recover the
liquid phase (supernatant) and discard the pélle¢ solvent (liquid phase) was
washed by addition of 0.2 volumes (2 ml for 10 mf)0.9 per cent sodium
chloride solution. After vortexing for some secontihe mixture was centrifuged
at low speed (3000 rpm) for 5 minutes to separa¢etivo phases. The upper
phase was removed with the help of micropipettethedower chloroform phase
containing lipids, was evaporated under vacuum irotary evaporator. The
weight of lipids was deduced in milligrams by saloting the weight of the empty
flask from the weight of flask with lipids. The pentage of oil was calculated as
per the following equation (Abubakat al.,2012).

Weight of lipids in mg

. 0
Lipid content (%) Weight of sample in mg

x 100



3.4 Maintenance of promising algal isolates

The two promising species of green microal§@enedesmus dimorphus
and Scenedesmus quadricauggere selected based upon their maximum lipid
content for large scale biomass production usindfkites flasks of 4 L and
transparent tanks 25 L (lab scale photobioreacising BBM media plugged with
non-absorbant cotton (Table 2). 2 L unialgal inaoulwas prepared as a starter
inoculum in 4 L capacity Haffkines with the culturenditions same as above in
culture room (Plate 1d). After the late log phase approximately after two

week’s time, 10 per cent inoculum was used follahescale photobioreactor.

Table-2: Bold's Basal Medium-BBM (Bold, 1949; Biscbff and Bold, 1963)

1 Liter

Add quantity below per liter

Component Stock Solution of medium

Major Stock Solutions

NaNO; 25.00 g [* dH,0 10 ml
CaCb « 2H,0 2.50 g [ dH,0 10 ml
MgSO, » 7H,0 7.50 g [ dH,0 10 ml
K,HPO, 7.50 g ! dH,0 10 ml
KH,PO, 17.50 g [* dH,O 10 ml
NaCl 2.50 g ! dH,0 10 ml

Alkaline EDTA Stock Solution

EDTA anhydrous
KOH
Acidified Iron Stock Solution

FesSQ e« 7H,O
H,SO,
Boron Stock Solution

HsBO3
Trace Metal Stock Solution

50 g LdH,o
31gL'dH,0

4.98 g [* dH,0
1.0ml

11.42 g [* dH,0

ZnSQ, «7H,0 8.82 g [ dH,0
MnCl, ¢ 4H,0 1.44 g [* dH,0
MoOs 0.71 g [* dH,0
CuSQ * 5H,0 1.57 g ! dH,0
Co(NQ), * 6H:0 0.49 g [ dH,0

add 1 ml of this solution per
liter of medium

add 1 ml of this solution per
liter of medium

add 1 ml of this solution per
liter of medium

add 1 ml of this solution per
liter of medium

The recipe will result in a final solution of 1064.



This is a widely used artificial freshwater mediugspecially for growing
green algae. The medium lacks vitamins and somethef trace metal
concentrations are relatively high, making the medunacceptable for growth of
many non-green algae. Six macronutrient stock mwisf an alkaline EDTA
solution, an acidified iron solution, a boron smaotand a trace metals solution
were individually prepared. The final medium waspared by adding 10 ml of
the first six stock solutions to 940 ml of distdlevater. 1 ml each of the alkaline
EDTA, acidified iron, boron and trace metals san$ were also added. The final
pH was adjusted to 6.6 and the medium was autotlave
3.5 Scanning and growth measurement of promising ghl isolates by

spectrophotometric method

3 ml culture was taken from the flask in the ficstvette and 3 ml BBM
media was used as blank in second cuvette. The nmaxi absorbance was
inspected by scanning a culture sample betweenad@01100 nm using double
beam UV Vis spectrophotometer (Chemito Spectrasdadh 2700, Thermo
Scientific,) loaded with Spectrum PC software. Thighest absorbance peak

value was then used to measure the optical density.

Six Erlenmeyer flasks (500ml capacity) were arrahigetwo series, each
containing 250 ml BBM media and 12 per cent (30 mdculum. These flasks
were arranged in two series, each series contathireg flasks. The first series
was containing the inoculum @&cenedesmus dimorphasd the second was
containing the inoculum oBcenedesmus quadricaudarowth rate of cultures
was determined by measuring the optical densitysge)R) after every 24 hours at
11:00 am. For the measurement of OD, 3 ml cultuae drawn from the flask and
BBM media was used as a blank. OD was measuregDati® as per the scanning
process initially using a double beam spectrophetem The sample cultures
were diluted to an OD of less than one, to falllimtthe linear range of
measurement. The actual OD was determined by ruttgpthe OD value with
the dilution factor (Griffithset al, 2011).



3.6 Biochemical studies of promising algal isolates

The bio-chemical analysis (chlorophyll-a, chlorolbfoy total chlorophyll,
total carotenoids, total pigment and protein) ofeéh weeks old culture was

determined by following advanced laboratory methods
3.6.1 Pigment quantification (Wellburn, 1994)
Instruments used

Double beam UV VIS spectrophotometer, hot platd\wigh speed stirrer
and temperature control, oven, centrifuge (TC48E ek microspin India) and

lypholizer (Labconco Freezone 2.5, USA).
Method of extraction and materials required

Dimethyl sulphoxide (DMSO) solvent was used for tieraction of

pigments.DMSO, small 10 ml centrifuge tubes, aluormfoil.
Method

Pigments were extracted from algal cells using thyle sulphoxide
(DMSO 1 Itr=1.10 kg, M 78.13 g md] Purity>99.8%, Merck). Culture samples
(2 ml) were centrifuged in eppendorf tubes at 10,68m for 5 minutes and the
supernatant was discarded. Hot @®PDMSO (2 ml) was added and cells were
resuspended by vortexing. Samples were incubatesl0®a€, with occasional
shaking, for 10 minutes before centrifuging. Thpesnatant pigment extract was
removed and diluted with DMSO to an OD of less tbar. The OD at 649, 665
and 480 nm was determined and the pigment contest calculated using the
equations below (Wellburn, 1994).

Chlorophyll-a (Chl-a) (mg 1) = 12.47 (ORes)-3.62 (OQ9)
Chlorophyll-b (Chl-b) (mg [}) = 25.06 (OR49)-6.5 (ODyes)
Total chlorophyll (mg [*) = Chl-a + Chl-b

Total carotenoids (mg )= [1000(0ODge)-1.29 (Chl-a)-53.78 (Chl-b)]/220



Total pigment mg I* = Sum of the above

All the measurements were carried out in duplicad®SO solution was

used as blank and the results were converted igtgnfw.
3.6.2 Estimation of photosynthetic pigments (Hiscoand Israelstam, 1979)

A suitable amount of microalgae was taken in ckrgd tubes and was
centrifuged at 10,000 rpm for 10-15 minutes. Nowesnatant from the tubes was
removed and the microalgae (sediment) were traresfénto 25 ml beakers for

Lyophilisation in lypholizer for 3 hours.

100 mg of microalgae was weighed and placed irtabetubes. 20 ml of
DMSO was added in the same tubes. The tubes weszazbwith the aluminium
foil (to avoid photo- oxidation of pigments) andpken an oven at 6& for 5
hours or kept overnight at room temperature. Theodiance of chlorophylls
contained in solution at 663, 645, and 630 wererded. Chl-a, Chl-b, Chl-c and
total Chl were calculated by using the formulasegivy Arnon (1949) based on
the work of Mac Kinney (1941) who provided the \eduof extraction
coefficients. DMSO solution was used as blank dedrésults were expressed in

terms of mg @ fw.

[(12.7xAes2) - (2.69%Assc)] X V

chl-a= 1000 x W
b= [(22.9%Aesc) - (4.68x%Ag69)] X V
cnl-b= 1000 x W
Total Chl-‘a+b= —L(8:02%Aes) + (20.2xAsug)] x V

1000 x W

Where A=Absorbance at given wavelength, V= Volurh®MSO and W= Weight of microalgae
in milligrams.



The above extract was also used for the quaniicaif carotenoids. The
absorbance of the carotenoids at 480 nm was detedmising the equation
provided by Price and Hendry (1991) and Venkatgrpsat al. (1984).

Aggc + [(0.114xAse:)-(0.638% Asqe)] XV
1000 x W

3.6.3 Protein estimation by slight modified Lowry’sMethod (Lowry et al.,
1951)

Instruments used

Total Carotenoids =

Ultra-Sonicator for the dispersion and disruptidnatmal-cells to release
proteins and other constituents. Double beam UV & ctrophotometer
(Thermo Scientific, Chemito Spectrascan UV2700)uee at 750 nm.

Reagents:The following reagents were prepared as

Lysis buffer: Triton X-100: 5 ml I; EDTA: 0.3722 g [; PMSF (Protease
inhibitor): 0.0348g [*; distilled water: 995ml.

Reagent A: 2 per cent sodium carbonate in 0.1 Nusodydroxide.

Reagent B: 0.5 per cent copper sulphate (GUSHO) in 1 per cent potassium

sodium tartrate.

Reagent C: Alkaline copper solution: Mix 50 ml ofadd 1 ml of B prior to use.

If precipitate is formed by mixing, then discare tbolution.

Reagent D: Folin Ciocalteau Reagent: Generally gphomolybdate and
phosphotungstate) available commercially is 2 Nvds diluted by adding equal
volume of water so that 1N is formed prior to iseuThe reagent was stored in an

amber coloured bottle in cold.

Protein Solution (Stock Standard): 50 mg of bowseeum albumin was weighed
and dissolved in distilled water and the volume wesde in a 50 ml standard
flask.



Working Standard: 10 ml of the stock solution widsted with distilled water in
a standard flask. One ml of this solution contaig@d pg proteins.

Extraction of protein from sample

Extraction was usually carried out with the helg oltrasonic
homogenizer. 20 ml of algal culture was centrifuged000 rpm for about 5-7
minutes, supernatant was discarded and pellet buvees dried and weighed. 5
ml of lysis buffer and 5 ml of distilled water wadded to the pellet, vortexed for
5 minutes and incubated at room temperature fdsGifiinutes and the same was
ultra-sonicated for about 10-20 minutes. The extsar formed was used for

protein estimation.
Estimation of protein

0.1, 0.2, 0.3, 0.4 and 0.5 ml of the working staddwvas pipetted out into
a series of test tubes. 0.1 ml of the sample exwas also pipetted out in other
test tube. The volume was made up to 1 ml in &ltést tubes. A tube with 1 ml
of water served as the blank. 5 ml of reagent C adaked to each tube including
the blank. It was then mixed well and allowed t@nst for 10 minutes. Then 0.5
ml of reagent D was added, mixed well and incubate@®om temperature in the
dark (to prevent degradation of the Folin reagéntB0 minutes. The blue colour
was developed and the readings were taken at 758gaimst a blank. A standard
graph was drawn and the amount of protein in sanvpke calculated (from linear
regression equation, obtained from the standardegwas pg protein per ml, that
is, the spectrophotometric absorbance was convedegrotein concentration
using a calibration curve established with BSA. Tpretein content of the

biomass was calculated using the following equafi@mpezet al.,2010).

. W CV
Protein (% = x 100
( w ) M
Where C is the protein concentration (mg bbtained from the calibration curve, V is theurok
of the lysis buffer (L) used to resuspend the bissrend m is the amount of biomass (mg). All the
samples and standards were prepared in duplicates.




3.7 Lab scale (self-made apparatus) photobioreactorfor biomass
production

This experimental setup was done for large scalenass production and
oil extraction from two species of microalgae i8cenedesmus dimorphasd
Scenedesmus quadricaudalFour transparent plastic tanks (lab scale
photobioreactor with 25 L capacity each) containitly L of BBM nutrient
medium adjusted to pH 6.6 and 2 L inoculum of madgae were taken (Plate 1e).
These plastic tanks were arranged in two seriet) saries containing two tanks.
To avoid the sedimentation of microalgae and t®dpe the biomass production
aeration was provided with the help of aeratorat@P1f). These photobioreactors
were kept under the indirect sunlight (8000 to10@0Omeasured by lux meter) at
the temperature range of 28 t0°32 After five weeks the two strains were kept
for 4 days under dark period and closed environnam upon microscopic
examination it was observed that cells are mucgelain size and shape and

showed a different morphology.
3.7.1 Harvesting of microalgal biomass

The algal biomass was harvested using differenhoust like flocculation,

centrifugation, lypholisation and then oven dried.
3.7.1.1 Flocculation

This is one of the best methods used for harvestingicroalgae. In this
process algal cells were forced to form lumps bg tmse of chemicals.
Flocculation of both theScenedesmus speci@gms done using alum as a
flocculating agent. With the help of thread alumswdipped into the tanks for
about 10 minutes with simultaneous shaking of sugtent for complete
sedimentation of microalgae. After 1 hour of tirhe tupper phase (supernatant) in
plastic tanks (transparent without algae) was reedazarefully with the help of
transparent plastic tubes and the bottom phaseaioomj microalgae were
centrifuged (Plate 19).



3.7.1.2 Centrifugation

Dewatering of flocculated microalgal biomass wasied out with the
help of centrifuge (Thermo Scientific, Germany; \&dr ST 16R) loaded with six
transparent centrifuge tubes each having capatifyp0 ml. Centrifugation was
carried out at 8,000 rpm for 8 minutes(Plate 1hicrivalgal biomass was finally
washed with distilled water three times to remdwegalts (Plate 1i).

3.7.1.3 Lypholisation and oven dry

Biomass was first lypholized (Labconco Freezone PISA) to remove
the moisture content at -58C for 4 hours and then oven dried by setting
temperature with the help of digital temperaturatadler at 58°C for 24 hours.
The dried biomass was grinded using mortar pestieyerted to powder form and

was subjected to oil extraction (Plate 1j).

3.8  Analysis of algal oil

3.8.1 Oil extraction from dried algal biomass usingautomatic soxhlet
extraction technique (Soxhlet, 1879)

The dried algal biomass (8.84 g 8t dimorphusand 6.48 g of S.
quadricaudapowder form) was placed in a porous cellulose thémdnd was
placed in an extraction chamber, which was suspemt®ve a 250 ml round
bottom (RB) flask containing 150 ml solvent mixtyailoroform: methanol i.e.,
2:1 vol. /vol.) and below a condenser. The tophefthimble was covered with the
filter paper. Also several boiling stones (Chemwadddtra-pure PTFE, Saint-
Gobain) were placed into a RB-flask. The water ftlovthe condenser was turned
on. The RB-flask was heated with the help of heate6(GC and the solvent
evaporated and moved up into the condenser wherasitconverted into a liquid
that trickles into the extraction chamber contanithe algal sample. The
extraction was allowed to run for 6 hours (appratety 40 cycles). The
extraction chamber is designed so that when theesbkurrounding the sample

exceeds a certain level it overflows and tricklaskbdown into the boiling flask.



At the end of the extraction process, which lastéewa hours, the RB-flask

containing the solvent and lipid was removed.
3.8.2 Comparison of oil extraction from two differext methods

Algal biomass harvested from the large scale aititm of two tested
microalgae in indigenous made photobioreactor wasgested to oil extraction by
two different methods i.e., Folcht al. (1957) and Soxhlet (1879). The total
percentage of oil was obtained by these two methadscompared for their lipid

extraction efficiency.
3.8.3 Algal oil preparation for analysis

After the extraction process, the contents werdecband filtered by using
whatman filter paper to separate the biomass. Tomdss was washed with 25
ml of same solvent twice to extract the residyatls present in the biomass. The
extracts were pooled, taken in a separating fuandl washed with 1% sodium
chloride solution (50 ml) twice. The solvent laylermed was allowed to pass
through anhydrous sodium sulphate (sodium sulplagetaken in a glass funnel
with cotton plug) and the solvent in the RB-flaskssmthen removed by using
vaccum rota-evaporator (Buchi type) attached wetingerature controlled water
bath to get the algal oil. The mass of algal oiswaeasured to determine the oil

content in biomass.

The different parameters of oil such as colourcasity and density were
analyzed by standard methods of analysis (AOAC5)188ad algal oil characters
were compared with biofuel standards containe®it3607 and EN 14214,



3.9 The different parameters (colour, density, viswsity) of the algal olil
were analyzed by standard methods of analysis (AOAQ995)

3.9.1 Colour

Colour of algal oil was determined as per the colmdes, standards and

nomenclature of Ridgway (1912).
3.9.2 Viscosity

Viscosity of the algal oils was estimated with thedp of advanced digital
Viscometer (Bohlin Visco 88, Malvern, U.K) attachedth computer having
latest digital Bohlin software (Visco 88 Julabo,6/01)

Measuring system (cone plate) CP°B8 was used and gap between
upper cone (CP) and lower plate (base) was 0.15 $f@ar rate applied was 10-
1103 se¢ and 10 samples with delay time 30 sec and intiegréime 60 sec were
taken in this shear range at each temperature.vidwesity of algal oils was
measured at a shear rate of 497.3'saed the temperature was maintained at
30°C by using attached temperature controlled oil i(dtiabo 77960, Germany).

3.9.3 Density

Density, p, measurements as a function of temperature onptesent
microalgal oils has been performed by gravimetriethnd (Sankarappat al.,
2005). Density of microalgal oil to the densitywsditer was measured, when both
were at the same temperature. The density bottle taleen and its mass was
measured using the electronic balance (Sartorius2€®, d= 0.1 mg) and this
weight was recorded as X. Then 2ml of distilledevatas taken in the bottle and
its weight was recorded as Y. Now 2 ml of microélghwas taken in the same
bottle and its mass was measured and this weighttaken as Z. The density of
microalgal oil was calculated using two replicates each sample by the

following formula:

Density = (z-x) / (y-X)
Densityp = p1 (microalgal oil)p, (distilled water)



Where,
p1 (sub) = density of the substance.
p2 (water) = density of water.

3.10 Determination of fatty acid composition usinggas chromatographic
method (Morrison and Smith, 1964)

The lipid extracts (algal oil) were converted inte fatty acid methyl
esters (FAME) by transesterification using 2 pemtailphuric acid in methanol
reagent i.e., 30 ml of methanol and 5 drops ofaulie acid were added to the
algal oil and refluxed in Soxhlet unit for abouhdurs. 10 ml of water and 10 mi
of petroleum ether was added to refluxed algalimib separating funnel and
shaked slightly. The two layers (aqueous layer aihdayer) were formed in a
separating funnel. Aqueous layer was extracted trerseparating funnel into the
Erlenmeyer flask. The same process was repeate# tiimes to obtain the
petroleum ether layer. The oil layer was washech widty anhydrous sodium
sulphate (sodium sulphate was taken in a glassfumith cotton plug) to remove
the moisture content. The oil layer was then allbwe evaporate under vacuum
in a rota-evaporator to get the FAME. The reacpoyducts were analyzed by gas
chromatography (GC) and mass spectrometry (GC-MS).

3.10.1 GC-MS / GC analysis protocol

The fatty acid composition of algal fatty acid mdthsters was analyzed
gualitatively using GC-MS and quantitatively usigC. The GC/GC-MS
analyses were carried out using Agilent 6890N Gasmatography connected to
an Agilent 5973 mass selective detector at 70 ek §0-550; sources at 230 °C
and quadruple at 150 °C) in the electron impact enaath a HP-5 capillary
column (30 m x 0.25 mm I.d. X 0.24n film thickness). The oven temperature
was programmed for two min at 160 °C and raise@® °C at 5 °C min and
maintained for 20 min at 300 °C. The carrier gagium was used at a flow rate
of 1.0 ml mir*. The inlet temp was maintained at 300 °C with l& sgtio of 50:1.
Structural assignments were based on interpretatibrmass spectrometric



fragmentation and confirmed by comparison of retenttimes as well as
fragmentation patterns of authentic compounds.

GC analysis was performed on HP 6850 Series gasmaiography
equipped with flame ionisation detector (FID détecand fused silica capillary
column DB -225 (30 m x 0.25 mm I.d. x 0.2& film thickness). The injector and
detector temperatures were maintained at 300 aBd@G2respectively. The oven
temperature was programmed for two min at 160 °€Craised to 300 °C at %
min and maintained for 20 min at 300 °C. The carr&s, qritrogen was used at a
flow rate of 1.5 ml miit the injection volume was (L, with a split ratio of 50:1.
The identification of individual fatty acids was desl on retention time of
authentic fatty acid and the area percentages veemded with a standard HP

Chemstation data system.
3.11 Assessment of microalgal oil quality for biogisel production

The quality of microalgal oil was determined byssessing the
saponification value (SV), iodine value (1V), cetanumber (CN) and degree of
unsaturation (DU) using standard protocols of IUPRR01(1979), AOAC
method 920.159 and AOAC method 920.160 respectivEhese values were
calculated by using empirical equations 1-4 (Frscwet al., 2010; Osunkedet
al., 2013).

SV =X (560 x F) / MW 1)
IV = = (254 x F x D) /| MW )
CN = (46.3 + 5458 / SV) - (0.225 x [V) 3)
DU = (MUFA, wt %) + (2 x PUFA, wt %) (4)

Where F is the percentage of each fatty acid, M\hésmolecular mass of fatty acid (Sheppard,
1992), D is the number of double bonds, MUFA is mamsaturated fatty acids and PUFA is
polyunsaturated fatty acid in wt., per cent.



3.12 Statistical analysis

The different standard statistical procedures welewed (Gomez and
Gomez, 1984) and are presented in the tables,efgaind results for each of the
experiment. In all the experimental setups, thesmesments of the values were
done in duplicates, triplicates and four replicatesl the mean + standard
deviation (SD), mean * standard error (SE) wereutated using GraphPad Prism
5 statistical software. The Box-and-Whisker plais éach of the water parameter

were carried out by using R- software.



Chapter — 4
EXPERIMENTAL FINDINGS

This chapter embodies the results obtained fronearet programme
conducted at Division of Environmental Sciences, UBIKST-Kashmir and
Algology laboratory of NBRI-Lucknow, India. The @atobtained from
measurements of each variable were subjected tmtist@ analysis and the

results are presented as follows:
4.1  Physico-chemical analysis of water samples

The data on the variations in the various phystoertical characteristics
viz temperature, pH, electric conductivity, totassblved solids, total hardness,
total alkalinity, silicate, nitrate and phosphatee@n values of four replicates) of
the selected sites in the Dal Lake ecosystem weaserged during various seasons
(winter, spring, summer and autumn) of year 201 the results are presented in
Tables 3, 4, 5 and 6. The Box—and-Whisker plotsissial analysis was also

carried out for each of the water parameter as showhe Figs. 2, 3, 4 and 5.
4.1.1 Temperature

During the winter season water temperature ranged 12.53C at Char
Chinar site (DLS-IIl) to 14.£C at Ranawari site (DLS-VI). Similarly the water
temperature varied from 16’2 at Nehru Park and Nagin sites (DLS-1, DLS-V) to
16.8°C at Ranawari site (DLS-VI) respectively in theisgrseason. The highest
water temperature was observed in summer seasie &anawari site (DLS-VI)
exhibiting highest value of 25. On the other hand water temperature during
the autumn season again declined with values rgrfgim 20.9°C at Nehru Park
site (DLS-I) to 21.55°C at Ranawari site (DLS-VI). In general, highesttava
temperature of the lake ecosystem was observednmimer followed by autumn

season while as lowest water temperature was cdxs@rwinter season.



Table-3 : Physico-chemical characteristics (n=4) dhe water samples collected from six different sés of the Dal Lake in

winter season (February-2012)

S. Name of Temperature pH EC TDS H Total To_ta_l Silicate  Nitrate  Phosphate
No. st () (scale1-14) (uScm®) (ppm) ' voness ARG opm) (opm)  (ppm)
(ppm) (Ppm)

1 DLS-I 13.65 7.97 192.5 101.0 106.3 80.0 1.23 1.12 0.50

2 DLS-I 13.45 7.50 212.8 123.8 87.5 72.5 1.53 0.75 0.48

3 DLS-lI 12.53 7.58 192.5 107.5 93.8 80.0 0.22 20.1 0.11

4 DLS-IV 13.60 7.69 310.0 170.8 162.5 107.5 2.90 241. 0.45

5 DLS-V 13.55 7.95 325.0 174.5 162.5 117.5 0.15 80.8 0.48

6 DLS-Vi 14.10 7.38 540.0 275.8 181.3 157.5 11.65 2.10 1.13

DLS stands for Dal Lake Sites: DLS-I (Nehru PaBd.S-1l (Bren Laam), DLS-III (Char Chinar), DLS-IMHazratbal), DLS-V (Nagin), DLS- IV (Ranawari)



Table-4 : Physico-chemical characteristics (n=4) dhe water samples collected from six different sés of the Dal Lake in
spring season (April-2012)

S. Name of Temperature pH EC TDS Total To.ta_l Silicate  Nitrate Phosphate
No.  site (C)  (scale1-14) (uScml) (ppm) Hardness Akalnity oot opm)y (ppm)
(ppm) (ppm)
1 DLS-I 16.20 7.75 125.0 108.3 93.8 105.0 2.12 091 0.43
2 DLS-I 16.23 8.88 137.5 114.8 100.0 111.3 215  111. 0.53
3 DLS-I 16.18 8.85 90.0 76.0 75.0 92.5 4.50 0.19 0.13
4 DLS-IV 16.50 8.65 135.0 118.5 112.5 131.3 7.50  960. 0.48
5 DLS-V 16.20 7.75 117.5 99.5 100.0 116.3 4.13 0.89 0.40
6 DLS-VI 16.80 7.10 162.5 137.5 118.8 158.8 15.17 1.98 1.25

DLS stands for Dal Lake Sites: DLS-I (Nehru PaBd.S-1l (Bren Laam), DLS-III (Char Chinar), DLS-IMHazratbal), DLS-V (Nagin), DLS- IV (Ranawari)



Table-5 : Physico-chemical characteristics (n=4) dhe water samples collected from six different sés of the Dal Lake in

summer season (July -2012)

S. Name of Temperature pH EC TDS Total To.ta_l Silicate  Nitrate Phosphate
No.  site (C)  (scale1-14) (uScm?) (ppm) avdness Akalnlty oyt pom)  (ppm)
(ppm) (ppm)
1 DLS 24.78 8.57 80.0 59.3 75.0 57.5 2.54 150  580.
2 DLS-Il 24.33 9.47 82.5 63.0 75.0 47.5 8.50 1.88  .710
3 DLS-I 24.28 8.69 85.0 63.5 75.0 55.0 5.28 1.13  0.47
4 DLS-IV 24.63 7.84 180.0 127.8 125.0 87.5 7.25 52.2  0.96
5 DLS-V 24.70 7.89 112.5 81.0 87.5 75.0 8.84 225 530
6 DLS-VI 25.60 7.69 195.0 143.3 137.5 140.0 19.12 3.95 1.80

DLS stands for Dal Lake Sites: DLS-I (Nehru PaBd)S-1l (Bren Laam), DLS-III (Char Chinar), DLS-IMHazratbal), DLS-V (Nagin), DLS- IV (Ranawari)



Table-6 : Physico-chemical characteristics (n=4) dhe water samples collected from six different sés of the Dal Lake in
autumn season (October-2012)

S. Name of Temperature pH EC TDS Total To.ta_l Silicate  Nitrate Phosphate
No.  site (C)  (scale1-14) (uScm’) (ppm) I avaness Alk@ly oy oom)  (ppm)
(ppm) (ppm)
1 DLS 20.90 7.68 166.0 79.3 106.3 72.5 3.75 1.13 0.53
2 DLS-Il 21.33 9.28 152.4 68.0 75.0 62.5 7.18 1.69 0.75
3 DLS-I 21.20 7.65 76.0 60.0 68.0 50.0 3.29 0.86 0.38
4 DLS-IV 21.10 7.59 186.6 88.3 93.8 67.5 7.25 1.92 0.60
5 DLS-V 21.15 7.36 229.0 98.0 106.3 92.5 8.15 1.22 0.48
6 DLS-VI 21.55 6.96 308.5 143.0 137.5 150.0 17.75 2.75 1.45

DLS stands for Dal Lake Sites: DLS-I (Nehru Paib),S-1l (Bren Laam), DLS-IIl (Char Chinar), DLS-I\MHazratbal), DLS-V (Nagin), DLS- IV (Ranawari)
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4.1.2 pH

The pH shows lower values of 6.96 at Ranawari @teS-VI) during
autumn season which however exhibited increaseudidref 7.1 at the same site
during spring season. The data also shows thaesiglalues of pH 9.47 were
reported from Bren Laam site (DLS-II) during summnseason followed by 9.28
again at Bren Laam site (DLS-II) during autumn seadn general pH values
fluctuated from 7.38 to 7.97 in winter, 7.10 to 8.8 spring, 7.69 to 9.47 in

summer and 6.96 to 9.28 in autumn season in alittty sites.
4.1.3 Electrical conductivity

Amongst all seasons electrical conduigti{EC) exhibited a minimum
value of 76.0 pS crhin the autumn season at Char Chinar site (DLSfllpwed
by 80.0 uS cil at Nehru Park site (DLS-I) in the summer seastie. fBsults also
show that maximum value of 540.0 uStmas observed at Ranawari site (DLS-
V1) in winter season followed by 325.0 puS ¢tmat Nagin site (DLS-V) during
winter season. From the results it is evident tadties of electrical conductivity
in winter season showing lowest value of 192.5 @S at Nehru Park and Char
Chinar sites (DLS-I, DLS-IIl) and exhibiting highegalue of 540.0 puS crat
Ranawari site (DLS-IV). Similarly in spring, summand autumn season the
values range from 90.0 pS ¢no 162.5 uS cih, 80.0 pS cnf to 195.0 uS cm,
76.0 S crit to 308.5 uS cirespectively.

4.1.4 Total dissolved solids

Through investigation of water samples the datahenconcentration of
the total dissolved solids (TDS) shows that Ranawde (DLS-VI) exhibits
higher values of 275.8 ppm followed by Nagin sitBL$-V) showing
concentration of 174.5 ppm during winter season. t@n other hand (DLS-I)
lower values of 59.3 ppm of TDS were found at NeRauwk site (DLS-1) during
summer season followed by 60.0 ppm at Char Chirtar (®LS-III) during
autumn season. In general TDS values fluctuatea f161.0 to 275.8 ppm in



winter, 76.0 to 137.5 ppm in spring, 59.3 to3B4ppm in summer and 60.0 to
143.0 ppm in autumn season in all the study sites.

415 Total hardness

The values for total hardness during the presewlysperiod shows greater
variation in different seasons at the differerésitThe water samples of Ranawari
site (DLS-VI) shows high values for total hardnds$d.3 ppm followed by the
values of 162.5 ppm at Hazratbal and Nagin siteésS¢(D/, DLS-V) during winter
season and moderate values for total hardness (@3) were found at
Charchinar site (DLS-I11l) during autumn season.nrithe results it is evident that
values of total hardness in winter season showigest value of 87.5 ppm at
Bren Laam site (DLS-1l) and exhibiting highest walaf 181.3 ppm at Ranawari
site (DLS-VI). Similarly in spring, summer and aoin season the values range
from 75.0 to 118.8 ppm, 75.0 to 137.5 ppm and @B 187.5 ppm respectively.

4.1.6 Total alkalinity

The results show that the maximum concentratiototad alkalinity 158.8
ppm was recorded at Ranawari site (DLS-VI) in spieason followed by 157.5
ppm during winter season again at Ranawatri siteéS@VL). On the other hand the
minimum concentration of 47.5 ppm was recorded ummer season at Bren
Laam site (DLS-1I) followed by 50.0 ppm at Char @dm site (DLS-IIl) during
autumn season. In general total alkalinity valdastiated from 72.5 to 157.5
ppm in winter, 92.5 to 158.8 ppm in spring, 47.51&0.0 ppm in summer and
50.0 to 150.0 ppm in autumn season in all the ssite.

4.1.7 Silicate

During the winter season silicates ranged from (pfpB at Nagin site
(DLS-V) to 11.65 ppm at Ranawari site (DLS-VI). Simmly the silicates varied
from 2.12 at Nehru Park site (DLS-I) to 15.7 at Raari site (DLS-VI) in the
spring season. The highest silicate content wagreed in summer season at

Ranawari site (DLS-VI) exhibiting highest valuel®.12 ppm. On the other hand
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silicates during the autumn season again declinéud walues ranging from 3.29
ppm at Char Chinar site (DLS-Ill) to 17.75 ppm anBwari site (DLS-VI). In
general highest silicate content was observed mnser season at all the sites
followed by autumn season while as lowest silicates observed in winter

season.
4.1.8 Nitrate

During the winter season nitrate ranged from 04 @t Char Chinar site
(DLS-1lI) to 2.10 ppm at Ranawari site (DLS-VI). rsiarly the nitrate
concentration varied from 0.19 ppm at Char Chinge €@LS-IIl) to 1.98 at
Ranawari site (DLS-VI) in the spring season. Thghbst chemical nutrient was
observed in summer season at Ranawari site (DLSXH)biting highest value of
3.95 ppm. On the other hand nitrates during therantseason again declined
with values ranging from 0.86 ppm at Char Ching &DLS-III) to 2.75 ppm at
Ranawari site (DLS-VI). In general highest nitratentent was observed in
summer season at all the sites followed by autueasan however, the nitrate

showed fluctuations during winter and spring season
4.1.9 Phosphate

The data on the seasonal concentration of phosphasgious sites of Dal
lake ecosystem shows that the values ranged frdh @ 1.13 ppm at Char
Chinar site (DLS-IlIl) and Ranawari site (DLS-VI)spectively in the winter
season. Similarly the phosphate varied from 0.18 pp Char Chinar site (DLS-
[ll) to 1.25 at Ranawari site (DLS-VI) in the spgiseason. The highest phosphate
content was observed in summer season at site Rairgite (DLS-VI) exhibiting
highest value of 1.80 ppm. On the other hand phatsghduring the autumn
season again declined except Bren Laam site (DL&4th values ranging from
0.38 ppm at Char Chinar site (DLS-III) to 1.45 pptrRanawatri site (DLS-VI). In

general highest phosphate was observed in sumrasorsdollowed by autumn



season however the phosphate showed fluctuationagdwinter and spring

seasons.
4.2  Algal Diversity : Morpho-taxonomic Description

In the present comprehensive research programrek fwater algal flora
of Himalayan Dal lake ecosystem have been studiddtive help of digital photo
imagery and using advanced Leica software for nreasents. A total of ninety
six algal samples during the four seasons of tlae yere collected for biological
studies from six different sites of Dal Lake. Dyrithe study, a total of 91 algal
genera were identified comprising of 217 specidsydrieties and 8 forma and
their class-wise representation during the foussea at six different sites of Dal
Lake is presented in Table 7. The digital microtphroagery and measurements
were performed at X 630 except few species whegentagnification has been

mentioned.

The taxa have been arranged in various orders afh eeass
Chlorophyceae, Cyanophyceae, Eugleanophyceae, |&8emphyceae and
Rhodophyceae. The orders of Chlorophyceae and &ugpdyceae have been
arranged after the Fritsch (1935), orders of Cyagopae have been arranged
according to Fritsch (1945) and Desikachary (19%9)d the orders of
Bacillariophyceae have been arranged accordingetadkly (1964). The diversity
and distribution of each Class (Chlorophyceae, Gghgceae, Eugleanophyceae,
Bacillariophyceae and Rhodophyceae) at six diffestes of Dal Lake during
four seasons of a year are presented in the Tahle3, 10 and 11. The
Chlorophycean algae of Dal Lake were best repredeint summer and autumn
months and lowest in the winter followed by spregason. Bacillariophyceae
showed their peaks of standing crop during wintenths while as Cyanophyceae
showed their peak abundance during summer and auseasons and in case of
Euglenophyceae autumn season was favourdlble.species of each genus are
alphabetically arranged and in some cases, onbyriaty or forma of a particular

species was encountered. The description leas lgiven for each taxon and is



Table-7 : Class-wise representation of total algaguring the four seasons
at six different sites of Dal Lake

No. Class Genera Species Varieties Forma
1  Chlorophyceae 56 149 30 08
2  Cyanophyceae 16 28 02 -
3  Bacillariophyceae 14 30 05 -
4  Eugleanophyceae 04 09 04 -
5 Rhodophyceae 01 01 - -
""""""""""" e




Table-8 : Diversity and distribution of Chlorophyceae at six different sites of Dal Lake during four sasons of a year

Winter Spring Summer Autumn
Phytoplanktons — smmmmmmommom oo oo oo oooooooooooooooooooooooooooo
| 1] 1 [\ \% \Y| | 1l ] \Y \ Vi | 11 11l \Y \% Vi | 1] Il [\ \% \Y|
Actinastrum hantzschii - - - - - - - - - - - - - ++ - + ++ ++ - ++ - +++ - +
ﬁuc\tllir;zlsérum hantzschiiar. ) ) B B B B . B ) } B B + + + + - - ++ - - - + -
Actinastrum lagerh - - - - - - - - - - - - - - ++ - ++ - ++ - - ++ -
Ankistrodesmus falcatus - - - - - - - - - - - - ++ + + ++ - +++ - + - ++ + -
6::'2&?2558“““5 falcatus ; R R _ R R . R - ; R R - + - - ++ - - e - - ++ -
cgrk'ssg‘r’lﬁl‘f*g;‘q‘i falcatus - - - - - - - - - - - -+ - - T
Ankistrodesmus spiralis - - - - - - - - - - - - ++ ++ - - - - +++ - - - - -
Arthrodesmus octocornis - - - - - - - - - - - - - - - - ++ - - - +++ - - +
Asterococcus limneticus - - - - - - - - - - - - - - + + - - - - - +++ - -
Botryococcus brauni - - - - - - - - - - - - ++ - - - - - ++ - - - - -
Bulbochaete mirabilis - - - - - - - - - - - - - - - - ++ - - - - - - -
Chaetosphaeridiunsp. - - - - - - - - - - - - - - - + - - - - - - +
Characium acuminatum - - - - - - - ++ - - - - - - - - - - - - - - - -
Closterium acutum - - - - - - - - - - - ++ ++ + ++ + ++ + + + + + + o+t
Closterium braunii - - - - - - - - - - - - - ++ +++ - ++ - -
Closterium ehrenbergii - - - - - - - - - - - - - ++ + + - ++ - +++ -
Closterium gracile - - - - - - - - - - - - + + + + ++ ++ + + - +++
e Contd.,



Table-8 Contd....

Winter Spring Summer Autumn
Phytoplankions = mmmmmmmmmmmm oo oo oo oo e osoosooooooosoooooooooooo-ooo
| Il m \Y \ \ | Il I \Y \Y \ | Il 1] \Y, \ \ | Il m v \Y \

Closterium lunuléf.

R - - - - - - - - - - - - +++ ++ - - - - ++ - + - -
biconvexum
Closterium moniliferum - - - - - - - - - - - - + ++ - - - ++ + - - - +++ +
Closterium punctulatum - - - - - - - - - - - - + + ++ + ++ ++  ++ - - ++ - -
Closterium parvulum - - - - - - - - - - - - + + + ++ ++ - 4 - ++ - - -
Closterium venus - - - - - - - - - - - - + + + + o+ - ++ ++ + +
Coelastrum microporum - - - - - - - - - - - - ++ + - +++ + ++ + ++ - ++ + +++
Coelastrum sphaericum - - - - - - - - - - - - +++ + ++ + + + - - - +++ -
Coenococcus planctonicus - - - - - - - - - - - - + ++ - + + + +++ - + + +
Coenococcus polycoccus - - - - - - - - - - - - - - - + + + - - - - +
Cosmarium auriculatum - - - - - - - - - - - - - - - + ++ + + - + - ++ -
Cosmarium botrytis - - - - - - - - - + - - + + ++ + - - +++ - - - -
Cosmanum botrytivar. ) ) ) ) ) ) ) ) ) 4 ) ) ) ) ) - . ) ) + ) ++ )
mediolaeve
Cosmarium candianumar. ) ) ) ) ) ) ) ) + ) ) ) . + + -+ + ) ) ) + - + -
depressum
Cosmarium capense - - - - - - - - + - - - - + - + - + + + + + 4+ +
Cosmarium connatum - - - - - - - - - - - + - ++ + + - - - ++ - + -
Cosmarium contracturh
. " - - - - - - - - - - - - - - + + + + +++ - - - - +
jacobsenii
Cosmarium granatum - - - - - - - - - + + + - - + ++ - - ++ - - - ++ -
Cosmarium leave - - - - - - - - - - - - - - + + + + ++ - - + + -
Cosmarium lundellii - - - - - + - - - + + + + + - - - -ttt - ++
Cosmarium margaritatum - - - - - - - - - - + + + - - - + + ++ + +

Contd



Table-8 Contd....

Winter Spring Summer Autumn

Phytoplankions = mmmmmmmmmmmm oo oo oo oo e osoosooooooosoooooooooooo-ooo

| Il m \Y \ \ | Il I \Y \Y \ | Il 1] \Y, \ \ | Il m v \Y \
Cosmarium moniliforme + + - - - + + - + - ++ + - +
Cosmarium pachydermum - - - - - - - - - - - - + + + + - + - - - ++ +
Cosmarium pardalis - - - - - - - - - - - - - - - - - ++ - ++ - -
Cosmarium perfissum - - - - - - - - - - - - + ++ - + + -t + + -
Cosmarium phaseoluar.

- - - - - - - - - - - - - - - - ++ - - - ++ - ++ -
omphalum
Cosmarium Polygonum - - - - - - - - + - - - - + + + + + + + + - ++ -
Cosmarium portianum - - - - - - - - - - - + - - ++ - - - ++ - + - - -
Cosmarium pseudobroomei - - - - - - - - - - - - - + + +++ + + + - - - +
Cosmarium

- - - - - - - - - - - - - + + + ++ ++ - - + + -
pseudogranatum
Cosmarium punctulatum - - - - - - - - + + + - - - - - - + + -ttt - ++ -
Cosmarium reniforme - - - - - - - - - - + + - + + + + + + + o+t - + -
Cosmarium pygmaeum - - - - - - - - - - - - ++ ++ - - ++ - - - ++ - - -
Cosmarium quadrum - - - - - - - - - - - - + + ++ - + - - - - + ++ +
Cosmarium retusiforme - - - - - - - - - - - - ++ o+t - ++ - - - - - + +
Cosmarium subgranatum

) - - - - - - - - - - - - - - + + + - - - + + ++ +
var. borgei
Cosmarium subimpressulum - - - - - - - - - - - - + ++ + + = - ++ - - - -
Cosmarium subtumidum - - - - - - - - - - - - - - - - - - - - ++ ++ - -
Cosmarium subundulatum - - - - - - - - - - - - + + + ++ - - +++ - - - -
Contd



Table-8 Contd....

Winter Spring Summer Autumn
Phytoplanktons — smmmmmmm oo oo oo oo oo oo oooooooooooooooooooooooooo
| Il Il \% \% \ | Il ] \% \ \Y| | Il 1 v \% \i | Il Il \% \% \
Cosmarium turpinii - - - - - - - - - - - - - - - - - - - - +++ - + +
Cosmarium vermae - - - - - - - - - ++ - - + + + ++ - - ++ - + - - -
Crucigenia crucifera - - - - - - - - - - - - - - - + - - - + - - +++ -
Crucigenia rectangularis - - - - - - - - - - - - - - +++ - - - - + - - - ++
Crucigenia tetrapedia - - - - - - - - - - - - +++ - - - - - + + - - ++
Cylindrocapsa conferta - - - - - - - - - - - - - - - - - - + - - +
Cylindrocapsa geminella ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) - ) ) ) ) ) ) ) )
var. minor
Desmidium bengalicum - - - - - - - - - - - - - - - - + + + - 4 o 4+ -
Dichotomosiphon tuberosus - - - - - - - - - - - - - - - - - - - - - - - +
Dictyosphaerium + + - + + + + + + + + + + + 4+ + ++ + + +
pulchellum
chtypsphaerlum reniforme B B ) B B n i R B _ ' + _ + + T+ + + + T+ + + ++
f. major
Dimorphococcus lunatus - - - - - - - - - - - - +++ - - - - - ++ - - - + -
Euastrum denticulatumar. ) R R ) R R R _ _ R _ _ R _ ++ R R T+ R - ++ - - -
rectangular
Euastrum insulare - - - - - - - - - - - - +++ - + - + - - - - + - -
Euastrum interminusar. ) ) ) ) ) ) ) ) ) ) ) ) ) . ) . ) ) B -+ + + )
burmense
Euastrum spinulosum - - - - - - - - - - - - - + - - = - - - ++ -
Euastrum sublobatumwar. ) ) ) ) ) ) ) ) ) ) ) ) ) } ) ) et . + ) ) ) ) }
sumatranum
Eudorina elegans - - - - - - - - - - - - + L = = - + + + EEE = = .
Contd
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Gloeotaenium

- : - - - - - - - - - - - - - - - - - - - - - ++ +
loitlesbergerianum
Golenkinia radiata - - - - - - - - - - - - ++ - - - - ++ - - - - -
Gonium pectorale - - - - - - - - - - - - - - - - - ++ - - - - - ++
Hydrodictylon reticulatum - - - - - - - - - - - - ++ - + ++ - - +++ - - + +
Kirchneriella contortavar.

- - - - - - - - - - - - +++ - - ++ - - - - ++ ++ - -
elegans:
Kirchneriella lunaris - - - - - - - - - - - - - ++ - - -+t - - - - +
Lagerheimia ) ) ) ) ) ) ) ) ) ) ) ) +
wratislawiensis
Micractinium pusillum - - - - - - - - - - - - + - - - ++ - - - - + +
Micractinium pusillumvar. ) ) ) ) ) ) ) ) ) ) ) ) + ) ) ) ) + ) ) ) - ) +
elegans
Micrasterias pinnatifida - - - - - - - - - - - - + - - - - + ++ - - + - +
Micrasterias radians - - - - - - - - - - - - - - + - - ++ - - - + +
Monoraphidium griffithii - - - - - - - - - - - - - - - - - + ++ - - - + -
Nephrocytium agardhianum - - - - - - - - - - - - - - - - - - - - - ++ +
Nephrocytium lunatum - - - - - - - - - - - - - - - - - - - - - - ++ -
Oedeogoniunspecies + - - - - - +++ - - - - - - +++ - +++ - - - - - - -
Oedeogonium Intermedium - - - - - - - - - - - - - ++ + + - - ++ - - + - +
Oedeogonium undulatufn ) ) ) ) . +
senegalense
Oocystis elliptica - - - - - - - - - - - + + ++ - - ++ - ++ + - ++ -
Contd
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| Il m \Y \ \ | Il I \Y \Y \ | Il 1] \Y, \ \ | Il m v \Y \

Oocystis gigas - - - - - - - - - - + - + + - - - - ++ + + - - -
Oocystis lacustris - - - - - - - - - - + - ++ - - - - - + + - - -
Oocystis solitaria - - - - - - - - - - ++ - + + - - - - - + + - - -
Palmellococcus

: - - - - - - - - - - - - - - - - - - - + - + -
saccharophilus
Pandorina morum - - - - - - - - - - - ++ - - ++ - + - + + + - ++ +
Pediastrum angulosum - - - - - - - + - - + - - ++ - - - + - - - - +++
Pediastrum boryanurvar. ) ) ) ) B B ) + R i} R R T+t + + + + + R R - + R
longicorne
Pediastrum duplexar. - - - - - - + + + + - + + + + + + + + + + + 4+ +
clathratum
Pediastrum dupleyar. ) ) B ) R R } R R } R R ; + + + + it - - - + +
reticulatum
Pediastrum tetras - - - - - - - - - - - - - ++ + + + - - + + + +++ -
Pediastrum tetrasar. ) B B ) R R ) R R i R R ++ R R ++ - St - - - ++ - -
tetraodon
Penium margaritaceum - - - - + - - - - - - - - - - - + - - - - -
Planktosphaeria gelatinosa - - - - - - - - - - - - - - + - - + - - ++ ++ -
Pleurotaenium ehrenbergii - - - - - - - - - - - - - - - - - - - - - - + -
Polyedriopsis spinulosa - - - - - - - - - - - - - - - - + - - - - - -
Rhizoclonium + - - - - + + - - - + + + + + + - - - -
hieroglyphicum
Spirogyraspecies + +++ + + - - - + + + + +++ - - - - -

Contd
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Scenedesmus armatver.
. . . - - - - - - - - - ++ - - - - - - - - - - ++ - - -

boglariensisf. bicaudatus
Scenedesmus abundans - - - - - - - - - ++ - - - - - - - - ++ - - - ++ -
Scer_]edesmus abundarss. ) ) ) ) ) ) ) - ) ) ) ) ) ) ) ) + ) ) ) + ) ) )
longicauda
Scenedesmus acutiformis - - - - - - - - - - - - - - + + + + + + ++ - - +
Scenedesmus arcuatus - - - - - - - - - - - - - - - ++ + + + - - - ++ -
Scenedesmus armaitvar ) ) ) ) ) ) ) ) ) ) ) ) ) ) i ) ) ) ) ) ) — ) )
dispar
Scenedesmus armatuar.

. - - - - - - - - - - - - - - - - + + - - - ++ - -
bicaudatus
Scenede;srpus bijugatuar. ) ) ) ) ) ) ) ) ) + + + + + + ) ) ) ) + + + — +
graevenitzii
Scenedesmus cumbricus - - - - - - - - - - - ++ - - - - - - - - - - - -
Scenedesmus denticulatus - - - - - - - - - - - - - - - - - ++ - - - - + +
Scenedesmus denticulatus ) ) ) ) ) ) ) ) ) ) ) ) - ) ) ) ) ) + ) ) ) +
var. australis
Scenedesmus dimorphus - - - - - - - - - - - + + + ++ - + ++ - +++ ++ + ++
Scenedesmus obliquus - - - - - - - - - - - - - - - + + - ++ - - - - -
Scenedesmus opoliensis - - - - - - - - - - - - - - - - - - - - - ++
Scenedesmus perforates - - - - - - - - - ++ - - - - - - - - - - - - - -
Scenedesmus quadricauda - - - - - - - - + - + + - ++ - +++ - ++ + + ++ 0+

Contd
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Scenedgsn_]us quadricauda ) ) ) ) ) ) . . + . + + . . ) ) ) — ) ) ) ) )
var.longispina
Scenede;mu; quadricauda ) ) ) R R ) R R ) R B } + + + i} 4 _ R + T+ . 4
var.quadrispina
Scenedesmus quadricauda
. - - - - - - - - - - - - - - - ++ - ++ - - - +++ + ++

var. westii
Scenedesmus serratus - - - - - - - - - - - - - - - - - - - - - ++ - -
Selenastrum gracile - - - - - - - - - - - - - + ++ + - - + - - - - ++
Sphaerozosma filiforme - - - - - - - - - - - - - - - - - - - - - - ++ -
Spondylosium nitensar. ) . . ) . . ) . . ) ) ) ) ) ) ) ) ) ) ) ) ) - )
triangular f. javanicum
Spondylosium planum - - - - - - - - - - - - - - - - - - - - - ++
Staurastrunspecies - - - - - - - - - - + ++ + - - - - - - - - -
Staturastrum ) R R ) R _ R _ _ R _ _ R _ _ . + + + + + T+ + +
pseudotetracerum
Staurastrum arachnear. ) ) ) ) ; ; ) ; ; 3 + + + + + } - + - - - + - +
sumatranum
Staurastrum cuspidatum - - - - - - - - - - - - - - - - - - + + + - + +
Staurastrum dickievar.

. - - - - - - - - - - - - - - - - ++ - - - - - - ++
circulare
Staurastrum furcatum - - - - - - - - - - - - - - ++ - - - - - ++ - - ++
Staurastrum gemelliparum - - - - - - - - - - - - - - - - ++ - - - + - - -
Staurastrum gladiosum - - - - - - - - - - - - - - - - + - - - + - - -

Contd
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Staurastrum gracile - - - - - - - - - - - - - - ++ ++ + + ++ - ++ - ++ -
Staurastrum gracilé.
X - - - - - - - - - - - - - - - - - + ++ - - - - -
iyengar
Staurastrum granulosum - - - - - - - - - - ++ - - - - + + ++ - - - ++ - +
Staurastrum hexacerum - - - - - - - - - - - - - - - - - - ++ _ ++ + ++
Staurastrum kalapanii - - - - - - - - - - - - - - - - - + - - - - - -
Staurastrum
longibrachiatum var. - - - - - - - - - - - - - - - - - + - - + - + -
intermedium
Staurastrum
- - - - - - - - - - - - - - + + - - - - ++ - - -

pachyrhynchum
Staurastrum punctulatum - - - - - - - - - - - - ++ + - + ++ ++ - - - - - -
Staurastrum retusum - - - - - - - - - - - - - + - ++ o+t + - - - - - ++
Staurastrum rhynchoceps - - - - - - - - - - - - - - + + - - ++ - - - - -
Staurastrum setigerum - - - - - - - - + + - - - - + - ++ - - - - + - -
Staurastrum tetracerum - - - - - - - - - - - + - - + - ++ - - - + - - -
Staurodesmuspecies - - - - - - - - - - - + - - + - ++ - - - - - - -
Staurodesmus cuspidatus - - - - - - - - - - - - - - + + - - - - +++ - -
Tetraedron gracile - - - - - - - - - - - - - - - + + - - ++ - - +
Tetraedron minimunt.

. - - - - - - - - - - - - - - - + + - - ++ - - +
apiculatum
Tetraedron muticum - - - - - - - - - - - - - - - + + 0+ - - - + -
Tetraedron trigonum - - - - - - - - - - - - - - + + +++ - - - - -

Contd
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Tetraedron tumidulum - - - - - - - - - - - - - R R + + T+ R R i i R
Tetrallantos lagerheimii - - - - - - - - - - - - R R T+ R R i } R
Tetraspora lamellose - - - - - - - - - - - - 4+ - - N N _ _ _ _ _
Tetraspora lubrica - - - - - - - - - - - - - - - - - . R F4+ _ . R
Tetrastrum heteracanthum - - - - - - - - - - - - - - - - - ++ - - R . . R
Trochiscia aciculifera - - - - - - - - - - - - - - R - i, ++ . R R _ _
Ulothrix aequalis - - - - - - - - - - - - +++ - - - R . R
Uronema confervicolum - - - - - - - - - - - - - - - . . _ R

Xanthidium acanthophorum - - - - - - - - - - - - - - - - - - - + + o+t

Xanthidium antilopaeum

- - - - - - - - - +++ - - + + - - - - - - - - +
var. polymazum

Zygnemaspecies - - - - - - + + ++ - - - ++ - - - +++ - - - - -

Zygnema collinsianum - - - - - - + + - - - - - - - +++ - - - - -

Abbreviations: Where |, II, Ill, IV, V and VI are Dal Lake SiteRLS-I (Nehru Park), DLS-II (Bren Laam), DLS-III (@h Chinar), DLS-IV (Hazratbal), DLS-V (Nagin) and
DLS-VI (Ranawari) Frequency status:(-, 0%) Absent;(+, < 20%) Present and Rare; (+#20-50%) Common; (+++>50%) Dominant; (++++100%) Abundant.



Table-9 : Diversity and distribution of Cyanophycea at six different sites of Dal Lake during four sasons of a year

Winter Spring Summer Autumn
Phytoplanktons - -=-mmmmmmmmmmmmm s oo oo oo oo ooooooooooooooooooooooooooooo-
| Il m \Y \ \ | i m v A2 | Il 1] \Y \Y \ | Il 1] \Y \Y \

Anabaena circinalis - - - - - - - - - - - - - +++ - - ++ + +++ ++  ++ - ++
Anabaena doliolum - - - - - - - - - - - - ++ - - + ++ + - - - +++
Aphanizomenon flos-aquae - - - - - - - - - - - - + +++ - - - - - - - - - -
Arthrospira jenneri - - - - - - - - - - - - ++ - - - + ++ ++ - - - + +++
Chroococcus minutes - - - - - - - - - - - - - - - ++ - - - - - - -
Chroococcus

- . - - - - - - - - - - - - - ++ - - - - - +++ - - ++
schizodermaticus
Chroococcus tenax - - - - - - - - - - - - + - - - - - - - +++ - - -
Chroococcus turgidus - - - - - - - - - - - - + - - ++ - ++ +++ - - + - -
Chrqococcus turgidusvar. ) ) ) ) ) ) ) ) ) ) ) ) + . ) ) ) ) -t ) ) ) ) .
maximus
Coelosphaerium collinsii - - - - - - - - - - - - - - - - - - +++ - - - - -
Dactylococcopsis acicularis - - - - - - - - - - - - - - ++ - - + - - - - +++ -
Gloeocystis ampla - - - - - - - - - - - - - - - - - ++ - - - - +++ -
Gloeothece rupestris - - - - - - - - - - - - - - - - - ++ - - - - +++ -
Glo_eothece samoensiar. ) ) ) ) . . . . . . . ) ) ) ) . ) + ) ) ) ) it +
major
Gomphosphaeria

. - - - - - - - - - - - - - - - - - + +++ - - - - +
naegeliana
Contd.....
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Gomphosphaeriapecies - - - - - - - - - - - - - - - - - - + - - - +++
Lyngbya birgei - - - - - - - - - - - - - - - ++ - - +++ - + - - -
Lyngbya contorta - - - - - - - - - - - - - - - ++ - - - - - + - +++
Merismopedia glauca - - - - - - - - - - - - - - - - - - +++ - - - - -
Microcystis aeruginosa - - - - - - - - - - - - ++ - - - - +HH - ++
Oscillatoria curviceps - - - - - - - - - - - - - - ++ + ++ ++ + - ++ +++
Oscillatoria chalybea + - - + + - - - - - + - - + + + ++ + + - ++ + +++
Oscillatoria granulata - - - - - - - - - + -+ - - + ++ + ++ ++ + - ++ o+
Oscillatoria chlorina + - - + + - - - - -+ - - + ++ + ++ ++ + - ++ o+
Oscillatoria limosa - - - - - - - - - + - - - - + + +++ ++ - - ++ +++
Oscillatoria irrigua - - - - - - - - - - - + - - - - + ++ + - - ++ + +++
Oscillatoria formosa + - - + + - - - - - + - - ++ + ++ ++ + - ++ o+ -
Phormidium purpurascens - - - - - - - - - + - -t - - - - ++ ++ - A
Spirulina meneghiniana - - - - - - - - - - - ++ - - - - - ++ - - - ++ - +++
Trichodesmium lacustre - - - - - - - - - - - - - - - - - ++ - - - - - -




Table-10 :  Diversity and distribution of Eugleanoptyceae at six different sites of Dal Lake during fouseasons of a year
Winter Spring Summer Autumn
Phytoplankions  ---m-mmmmmmmmmm oo oo oooooooooo-oooooooooooooooooo-
Il i \Y \ \ Il I \Y \ Il 1 v \ \ Il i v \Y \
Euglena acus - - - - - + - - - ++ - - + ++  +++
- - - - - + - - - ++ ++ ++ - - ++
Euglena acuwar.rigida
Euglena deses - - - - - + - - - + +++ - - +++  ++
Euglena proxima - - - - - + - - - ++ + ++ - +++
Euglena spirogyra - - - - - + - - - - ++ - - +++  ++ ++
Lepocinclis fusiformis - - - - - - - - + + - - - - + +
Lepocinclis fusiformisar. ) ) ) ) ) ) ) ) + + ) ) ) ) + +
minor
Phacus acuminatus - - - - - + - - + +++ + - + - +++
Phacus anacoelus - - - - - - - - + ++ - - - + + +++
Phacus anacoelugar. ) ) ) ) ) ) ) ) + — + ) ) -+ ) it
undulata
Phacus longicauda - - - - - ++ - - + ++ - + -+t
Trachelomonas hispidear. ) ) ) ) ) ) ) ) + + ) ) + ) +

coronate




Table-11:  Diversity and distribution of Bacillariophyceae and Rhodophyceae at six different sites Bal Lake during four
seasons of a year

Winter Spring Summer Autumn
) (e] o] =T o e R e i
| Il 1 \Y, \Y \ | Il 1} \Y, \Y, \ 1] I \% Y \ Il 1 v \% \
Qggll%?;hes coarctatear. + + - + - + ) ) ) + ) ) i ) " . . i i i i ot ) i
er:if:r?;a coffeoeformigar. - + + + - - ) ) ) + ) ) i ) ) i i i - i i . i
Amphoraspecies + ++ ++ + +++ o+t - - - + ++ - - - + + - - - - - - ++ -
Caloneis silicula + + ++ + + ++ - - - + ++ - - - - - + - - ++ - - - -
Cocconeis placentula ++ + ++ ++ + ++ - - - - - - + ++ - - - - - ++ - - - -
Cyclotella meneghiniana + ++ + + ++ ++ - - - - ++ - - - - - - ++ - - - - - ++
Cymbella affinis + + ++ + +++ o+t - - - ++ - + - - - - - - - - - R ++ -
Cymbella aspera + ++ + +++ ++ + - - - ++ - + - - + - + - - - - ++ . R
Cymbella lanceolata + + + +++ + ++ - - - + ++ + + - ++ - - - - - +++ - - -
Cymbella parva +++ ++ ++ ++ ++ - - - + - - - - - - - - - - ++ R R -
Cymbella tumida ++ ++  +++ - - - + - + - + ++ - - - - - ++ - - -
Eunotia monodon ++ + + + ++ + - - - - - - - - - - - + R - - - ++ -
Eunotia parallela ++ + + + ++ + - - - - - - - - - - - - - - R . . 4
Fragilaria biceps + ++ + + +++ o+t - - - - ++ + - - - - + - - - - R ++ -
Fragilaria capucina + ++ ++ + ++ ++ - - ++ - + ++ - + - - - ++ - - - - -
Fragilaria crotonensis ++ ++ + + ++ ++ - - - ++ + + - - - - - - ++ - - R R -
I:Orgglsliaarla intermediavar. - + + + - + ) ) ) i ) . i ) i i i i i i i ot ) i
Gamphonema acuminatum  + + +++ + +++ + - ++ ++ - + +++ + - - ++ - - - - ++ - -
Gamphonema constrictum + + +++ +++ -+ ++ + - ++ ++ - + +++ + - - ++ - - - ++ - - -
Contd
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t‘gf‘engf:;g‘igﬂ:ﬁ S R RRE R b o b we L
Gamphonema truncatum + + +H+ ++ ++ + - + - - + +++  ++ - - - - - ++ - - - -
Hantzschiaspecies + + ++ + + + - - + ++ + - - - - - - - - - - ++ -
Navicula cryptocephaloides +++  ++ ++ ++ ++ ++ + - - - + + - - - - - - ++ - - - - -
Navicula radiosa +++ + + + +++ o+t + - - - + ++ - - - - +++ - ++ - - - - -
Navicula viridis +++ - +++ + ++ ++ + - - - - ++ - - - - +++ - - - - - - +4++
Nitzschia acicularis +++ - +++ - +++ + + - - + + - ++ - - - +++ - - - - - - ++
Rhopalodia gibba + - +++ + ++ - - - - ++ + - - - - - - - - - ++ - - -
Synedra capitata + + + - + + - - - - - - - - ++ - - - - - - - - -
Synedra delicatissima + ++ + - ++ + - - - - - - - - - ++ - - - - - R R -
Synedra dorsiventralis ++ + + - ++ + - - - - - - - - - - - - R - - - ++ -
Synedra tenera ++ ++ - ++ ++ - - - - - - - - - - + + - ++ - - -
Synedra ulna ++ ++ - - ++ + - - - + + - - - - + + - ++ - - - - -
Synedra ulnavar.contracta - +++ - - ++ - - - - - - - - - - - - - - - - - ++
Synedra ulnazar.
amphirhynchus + - + -t - - - + - - - - - - - - - - . . .
‘Rhodophyceae
Glaucosphaera vacuolata - - - - - - - - - - - - - - - - - - - - - ++ - -

Abbreviations: Where I, 11, 1ll, IV, V and VI are Dal Lake SiteBLS-I (Nehru Park), DLS-II (Bren Laam), DLS-III (@h Chinar), DLS-IV (Hazratbal), DLS-
V (Nagin) and DLS-VI (Ranawari}requency status:(-, 0%) Absent;(+, < 20%) Present and Rare; (+*»20-50%) Common; (+++,>50%) Dominant;
(++++,100%) Abundant



followed by list of references (for comparison)jlection number and accession

number.
4.2.1Chlorophyceae

Chlorophyceae (green algae) constitute one of thmgroups of algae
occurring in various habitats. The plants are uhize to multicellular, colonial
or filamentous, free floating or attached and uguabntain one or more
chromatophores that are highly variable among diffespecies. Chromatophores
are single to numerous in each cell with axial anigtal in position. They may be
reticulate, cup shaped, discoid, stellate and lateimr having a variety of other

shapes.

Genus Pandorina Bory, 1824
Order:Chlamydomonadales
Family: Volvocaceae
GenusPandorina
Speciesmorum

Pandorina morum (Muell.) Bory

Plate - 26¢
Colony ovate or obovoid and motile, composed 06832) globose or pyriform
cells. Cells are mutually compressed and enclosed prominent gelatinous
envelope. Cells are with the broad anterior enelatied outwards. The cells have a
parietal cup shaped chloroplast with one basal qyde pigment-spots anterior
and lateral. Each cell has two flagella arisingrfrthe anterior end of the cell and
diverging widely after emerging from the colonialvelope. The colony swims in
a rolling or tumbling fashion. Cells are 17.36 pond and 15.05 um in diameter,

colony 73.70 um diameter.

Prescott, G.W. 1951, p. 75, pl. 1, Fig. 23.
Collection No: DLS201290, Accession No: 02016



Genus: Eudorina Ehrenberg 1832b

Order:Chlamydomonadales
Family: Volvocaceae
Genus:Eudorina

Specieselegans
Eudorina elegans Ehrenberg

Plate - 26d
A free swimming ovate, obovoid, or globose colonyihich 16-32-64 ovoid or
ovate cells are inclosed within a gelatinous emel&ells sometimes arranged in
transverse series, sometimes evenly disposed thootighe colonial mucilage.
The two long flagella are present which divergeelydoeyond the periphery of
the colonial envelope. Cells are often with ondvaws anterior beaks or papillae
where the flagella arise. There are two minute remtite vacuoles at the base of
each flagellum. The chloroplast is cup-shaped aawieal with one to several
pyrenoids. Red pigment-spot is laterally placedhat anterior end of the cell.
Cytoplasmic strands connecting the cells are sonestivisible. Cells are 13.30

pum in diameter and colony 85.33 um diameter.

Prescott, G.W. 1951, p. 76, pl. 1, Figs. 24-26.
Collection No: DLS201290, Accession No: 02016

Genus: Asterococcus Scherffel, 1908

Order:Chlamydomonadales
Family: Palmellopsidaceae
Genus:Asterococcus
Specieslimneticus

Asterococcus limneticus G. M. Smith

Plate - 17i
Cells spherical, arranged at some distance from ama&her in free-floating

colonies of 4-16 within a colourless homogenousestvng mucilage. Each cell



has a stellate chloroplast with 4-16 lobes radgtrom a central core. The lobes
become flattened against the cell wall. Cells a892 pm in diameter and

colonies 119. 60 um in diameter.

Prescott, G.W. 1951, p. 86, pl. 4, Fig. 11.
Collection No: DLS201285, Accession No: 02011
Genus:Gonium Mueller, 1773

Order:Chlamydomonadales
Family: Goniaceae
Genus:Gonium

Speciespectorale
Gonium pectorale Mueller

Plate - 26f
This green alga lives in colonies of 4-8-16 elligssub spherical or sometimes
ovoid cells closely arranged in a flat, quadrangplate, usually with four inner
cells bordered by a series of twelve marginal omeigh have their anterior ends
projected outward and parallel with the plane & tmlony. The inner cells are
directed at right angles to the plane. Cells atosed by individual sheaths,
which are connected to neighbouring sheaths by skoyt processes. Cells are

6.65 um in diameter and colony 64.55 um in diameter

Prescott, G.W. 1951, p. 75, pl. 1, Fig. 21.
Collection No: DLS201294, Accession No: 02020

Genus: Cylindrocapsa Reinsch, 1867

Order:Chlamydomonadales

Family: Cylindrocapsaceae
Genus:Cylindrocapsa
Speciesconferta,geminellavar. Minor



Cylindrocapsa conferta W. West 1892

Plate - 21a

Short unbranched filaments of oblong, ovoid ordyate cells, uniserate (rarely
biseriate or palmelloid) in arrangement and inalbbbg a wide, tough gelatinous
sheath with distinct lamellations about the indiatl cells. Chloroplast (one to
each cell) a massive, dense body containing aalgntrenoid. Filaments attached
when young by the adherence of the mucilaginoug tobthe substrate. Cells
short, quadrangular-ovate, enclosed by a wide Brifdamellate mucilage. Cells
are 17.16 um long and 16.73 um in diameter.

Prescott, G.W. 1951, p. 110, pl. 9, Figs. 5, 6.
Collection No: DLS201272, Accession No: 001998

Cylindrocapsa geminella var. minor Hansgirg 1888
Plate — 21b

Unlike the above specieS. geminellavar. minor has narrower and ovate or
ellipsoid cells. The filaments are sometimes tvdsiad contorted. Cells are 19.08

um long and 18.17 pum in diameter with sheath.

Prescott, G.W. 1951, p. 110, pl. 9, Figs. 1, 2.
Collection No: DLS201255, Accession No: 001981

Genus: Dimorphococcus A. Braun, 1855

Order:Chlorococcales
Family: Dictyosphaeriaceae
Genus:Dimorphococcus
Specieslunatus

Dimorphococcus lunatus A. Braun
Plate — 42h

Colonies are irregular and free-floating. Cells ergroups of four and arranged



alternatively in a zigzag fashion. Outer cells atle group reniform or somewhat
crescent-shaped, inner cells elongate-ovoid tesald. The ends of cells are
rounded. Cells are 10.07 um long, 5.91 um in diamatd colonies up to 82.66

pum in diameter.

Phillipose, M.T. 1967, p. 205, Figs. 115 a, b.
Collection No: DLS201203, Accession No: 001928

Genus:Dictyosphaerium Naegeli, 1849

Order:Chlorococcales

Family: Dictyosphaeriaceae
Genus:Dictyosphaerium
Speciespulchellum reniformef. major

Dictyosphaerium pulchellum Wood

Plate — 29e, g
Colonies are free floating, nearly spherical and-64 or more cells. The colonies
are enclosed within a hyaline homogenous gelatieowglope. Cells spherical to
ovoid, with a single parietal cup-shaped chlorapleaving a single pyrenoid.
Daughter colonies are formed by the fragmentatibtam@er colonies. Cells are
8.22 um in diameter and colonies up to 69.26 pdiameter.

Phillipose, M.T. 1967, p. 200, Figs. 110 a, b.
Collection No: DLS201275, Accession No: 02001

Dictyosphaerium reniforme f. major
Plate — 29f

The mature cells of this species are kidney shameldgrouped in a bundle, the
cells being held together by slender brown filam@slls are 49.62 um long and
12.93 um in diameter.

Kant, S. and Gupta, P. 1998, p. 88, pl. 21, 91s.Fg12.
Collection No: DLS201244, Accession No: 001970



Genus:Characium A. Braun in Kuetzing, 1849

Order:Chlorococcales
Family: Characiaceae
Genus:Characium
Speciesacuminatum
Characium acuminatum A. Braun
Plate — 219
Cells are oblong, narrowed anteriorly to form a rshapiculation,
acuminate; stipe short and attached to filamen&dgae. Cell is 26.51 um long

and 14.50 um in diameter.

Prescott, G.W. 1951, p. 216, pl. 46, Fig. 7.

Collection No: DLS201229, Accession No: 001955
Genus: Polyedriopsis Schmidle, 1900a

Order:Chlorococcales
Family: Hydrodictyaceae
GenusPolyedriopsis
Speciesspinulosa

Polyedriopsis spinulosa Schmidle

Plate — 27e
It is a unicellular, free-floating, tetragonal oyramidal green algae. The angles
are truncately rounded and furnished with a tuf8-df0 long tapering setae. The
sides are concave and the chloroplast is like etpaplate covering most of the
cell wall (more massive in old cells) with one pyoed. The cell is 13.39 um in
diameter and with 39.07 um long setae.

Prescott, G.W. 1951, p. 272, pl. 62, Figs. 2, 3.
Collection No: DLS201269, Accession No: 001995



Genus: Botryococcus Kuetzing, 1849

Order:Chlorococcales
Family: Botryococcaceae
Genus:Botryococcus
Speciesbraunii
Botryococcus braunii Kuetzing

Plate — 43a
Thallus of this alga is free floating and consists spherical to indefinite
(irregular) shaped colonies, often united in aggteg by delicate mucilaginous
integuments or projections. Cells are ovoid topsbid, radiate arranged and
without a conspicuous gelatinous envelope but cetalyl enclosed in a tough,
dark coloured gelatinous membrane having irregutamkles. Colonies are often
united in compound net-like aggregates by mearsraf delicate mucilaginous
projections from the colonial envelope. Cells aveid to ellipsoid and arranged
radially at the periphery of the colony and each wéh a parietal cup shaped
chloroplast. Simple colonies are up to 100 um anditer and compound colonies

upto 1.5 mm in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 207, pl7 5-igs. 642-643.
Prescott, G.W. 1951, p. 232, pl. 52, Figs. 1, 2, 11

Phillipose, M.T. 1967, p. 195, Figs. 108 a, f.

Collection No: DLS201273, Accession No: 001999

Genus: Coenococcus Korshikov

Order:Chlorococcales

Family: Radiococcaceae
GenusCoenococcus
Speciesplanctonicus, polycoccus



Coenococcus planctonicus Korshikov 1953
Plate -28a

The algae lives in coenobia of 4, 8, 16 or 32-Gfsa@nd forming dense tetrads
lying within a spherical, ellipsoidal or irregulgrshaped mucilaginous envelope.
The cells are spherical, broadly oval in young o@s, smooth-walled. The
chloroplast is cup shaped to goblet shaped. Cedl®9.d9 um broad.

John, D.M., Whitton, B.A. and Brook, A.J. 2005352, pl. 86, Figs. c, f.
Collection No: DLS201274, Accession No: 02000

Coenococcus polycoccus (Korshikov) Hindak 1977
Plate — 28b

Coenobia are 4-celled to multicellular (8, 16 or &lIs) embedded within a
spherical to irregularly spherical mucilaginous eowpe. The chloroplast is

parietal and dense. Cells are 4.89 pum in diameter.

John, D.M., Whitton, B.A. and Brook, A.J. 2005332, pl. 86, Fig. d.
Collection No: DLS201274, Accession No: 02000

Genus:Golenkinia Chodat, 1894a

Order:Chlorococcales
Family: Micractiniaceae
GenusGolenkinia
Speciesradiata

Golenkinia radiata Chodat

Plate — 43c, d
Cells are usually solitary, spherical and rarelyicelled colonies, with the entire
cell wall covered by a number of (usually ten) lobgstles which are not

thickened at the base. Chloroplast is single cugpstt and with a pyrenoid. Cells
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are usually 9.05 - 15.33 um in diameter and bes2@.94 - 25.38 and upto 44.76
pm long.

Phillipose, M.T. 1967, p. 102, Fig. 27.
Collection No: DLS201249, Accession No: 001975

Genus: Tetraedron Kuetzing 1845

Order:Chlorococcales
Family: Hydrodictyaceae
GenusTetraedron

Speciesgracile, minimumf. Apiculatum, muticum, trigonum, tumidulum

Tetraedron gracile (Reinsch) Hansg.
Plate — 12b

Cells are flat, cruciform, quadrangular and sidegpdly concave between the
processes, angles 3-forked, ultimate divisionsddemand acute. The cell-wall is
smooth. Cells with processes are 40.54 um in demextd without processes
12.01 pm in diameter.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 14, pkig, 8.
Collection No: DLS201280, Accession No: 02006

Tetraedron minimum (A. Braun) Hansgirg f. apiculatum (Reinsch) De Toni
Plate - 12e

Cells are small and quadrangular with the sidesaomand angles rounded. Cell
wall is smooth. Cells are with a very short fingila from each angle. Cells are

9.05 um in diameter.

Phillipose, M.T. 1967, p 138, Figs. 53, a, c, d.
Guarrera, S.A. and Echenique, R.O. 1992, 257-272.
Collection No: DLS201281, Accession No: 02007
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Tetraedron muticum (A. Braun) Hansgirg
Plate — 12d

Cells of this species are small, flat and triangwih the sides slightly concave
and angles broadly rounded or truncate. Cell weabmooth. Cells are 9.60 um
long and 11.27 pm in diameter.

Phillipose, M.T. 1967, p. 137, Figs. 51 a, b.
Collection No: DLS201269, Accession No: 001995

Tetraedron trigonum (Naegeli) Hansgirg
Plate — 12a

Cells of this species are flat, triangular with gavhat concave sides and rounded
corners each ending in a stout spine. Cells ar@owit spines 28.17 pum in
diameter and spines 7.15 um long.

Phillipose, M.T. 1967, p. 142, Figs. 58 a, b, p.

Collection No: DLS201270, Accession No: 001996

Tetraedron tumidulum (Reinsch) Hansgirg
Plate — 12c

Cells are tetragonal with margins more or less avacand angles rounded, or

sometimes with knob-like projections. Cells are523.4m in diameter.

Phillipose M.T. 1967, p. 139, Fig. 54.
Smith, G.M. 1926, p. 173, pl. 6, Figs. 24-27.
Collection No: DLS201273, Accession No: 001999

Genus: Tetraspora Link, 1809

Order:Chlorococcales
Family: Tetrasporaceae
GenusTetraspora
Specieslamelloselubrica

102



Tetraspora lamellose Prescott 1944

Plate - 129
Thallus is irregularly lobed and saccate, freetfif@p Cells are spherical in 2’s,
with thick walls and gelatinous, lamellate sheatWtsch are distinct and not
confluent with the colonial mucilage. Pseudo cédre very fine and 20-30 times
the diameter of the cell in length. Chloroplasthwat dense parietal plate covering
almost the entire wall. This species differs frdme bthers by the possession of
distinct lamellate cell sheaths and the extraordinbong pseudo cilia. Cells are

10.44 pm in diameter.

Prescott, G.W. 1951, p. 88, pl. 5, Fig. 6.
Collection No: DLS201273, Accession No: 001999

Tetraspora lubrica (Roth C. A. Agardh)

Plate - 12f
In this species cells are tubular with repeateglit envelopes usually attached to
aquatic macrophytes. Cells are 8.22 um in dianexter colony is 28.54 um in

diameter;

Tiffany, L.H. and Britton, M.E. 1952, p. 22, pl. Bigs. 30, 31.
Collection No: DLS201281, Accession No: 02007

Genus: Trochiscia Kuetzing, 1845

Order:Chlorococcales
Family: Oocystaceae
GenusTrochiscia

Speciesaciculifera
Trochiscia aciculifera (Lagerh.) Hansgirg

Plate - 27f
Cells spherical to ovoid, solitary or in colonids2e4 embedded in mucilage. Cell

wall thick and covered by numerous sharply poirgeiies. Cells are 14.87 um in
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diameter and spines 2.35 um long.

Phillipose, M.T. 1967, p. 99, Figs. 58, a-h.
Collection No: DLS201268, Accession No: 001994

Genus: Tetrastrum Chodat, 1895a

Order:Chlorococcales
Family: Scenedesmaceae
GenusTetrastrum

Speciesheteracanthum
Tetrastrum heteracanthum (Nordstedt) Chodat

Plate - 27a
Colonies are 4-celled and flat with the cells qas#ely arranged. Cells are nearly
heart-shaped with a long and short seta from ther@urface. Setae are straight
or curved. Cells are 7.20 um in diameter and sfedgte 12.10 um long.

Phillipose, M.T. 1967, p. 244, Fig. 156.
Collection No: DLS201268, Accession No: 001994

Genus: Tetrallantos Teiling, 1916

Order:Chlorococcales
Family: Scenedesmaceae
GenusTetrallantos

Specieslagerheimii
Tetrallantos lagerheimii Teiling

Plate - 43f
Colonies are usually four-celled, but sometime&:¢élled. The cells are being
held together by the remnants of the mother cell arad usually enclosed by a
delicate mucilaginous envelope, which is oftenblesionly after staining. Cells
are crescent to sausage shaped with their endsleducells are 7.76 um broad

and 16.62 um long.
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Phillipose, M.T. 1967, p. 291, Fig. 188.
Collection No: DLS201294, Accession No: 02020

Genus: Crucigenia Morren, 1830

Order:Chlorococcales

Family: Scenedesmaceae
Genus:Crucigenia

Speciescrucifera, rectangularis, tetrapedia

Crucigenia crucifera (Wolle) Collins

Plate - 27d

Colonies are 4-celled, rhomboidal with slightly came sides and a small
rectangular space at the centre and often bounethteg by an inconspicuous
gelatinous mass and also frequently joined togetherultiple colonies of sixteen
or more cells. Cells are elongate with the outde sioncave and the inner side
straight or slightly convex. The chloroplasts aré, Jarietal or disc-shaped and
usually with a pyrenoid. Cells are 4.62 um broad &3 um long. Four celled
colonies are 12.19 um broad and 11.51 pum long.

Phillipose, M.T. 1967, p. 240, Figs. 138, 149.
Collection No: DLS201288, Accession No: 02014

Crucigenia rectangularis (A. Braun) Gay 1891

Plate - 27c
Colony is free-floating, consisting of ovate or @i cells, very regularly
arranged about a rectangular central space in awng,with the apices adjoining.
The chloroplasts are one-four, parietal discs, withyrenoid in each. Cells are
13.02 um long and 8.03 um in diameter.

Prescott, G.W. 1951, p. 285, pl. 65, Figs. 7, 8.
Collection No: DLS201232, Accession No: 001958
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Crucigenia tetrapedia (Kirch.) West and West

Plate - 27b
Colony is free floating, consisting of four triangucells, arranged with a minute
central space with acute angles. The chloroplgsaigtal with a single pyrenoid,
forming a rectangular plate of sixteen cells inrfquarters. Cells are 8.60 um in

diameter.

Prescott, G.W. 1951, p. 285, pl. 66, Fig. 1.
Anand, N. 1998, p. 36, Fig. 110.
Collection No: DLS201248, Accession No: 001974

Genus: Hydrodictyon Roth, 1800

Order:Chlorococcales
Family: Hydrodictyaceae
Genus:Hydrodictyon
Speciesreticulatum

Hydrodictyon reticulatum (Linn.) Lagerh

Plate - 42d
Colonies are reticulate, free floating and macrpsgomeshes pentagonal or
hexagonal. The cells are elongate-cylindrical Vatlye central vacuole and cell-
wall is two layered. The reticulation of colony3sl2 (generally 5-6) sided. Cells

are 56.40 um long and 12.97 um in diameter.

Phillipose, M.T. 1967, p. 135, Fig. 48.
Toppo, K. 2007, p. 50, pl. 8, Fig. 12.
Collection No: DLS201272, Accession No: 001998

Genus:Dichotomosiphon Ernst, 1902
Order:Chlorococcales
Family: Dichotomosiphonaceae
Genus:Dichotomosiphon
Speciestuberosus
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Dichotomosiphon tuberosus (A. Braun) Ernst

Plate - 21d
Algae are dichotomously branchedth long coenocytic filaments and colorless
rhizoids. The akinetes are straight and elongateclavate and curved. The

filaments are 5.82 um in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 110,124, p6, Figs. 375-377.
Collection No: DLS201293, Accession No: 002019

Genus: Coelastrum Naegeli, 1849

Order:Chlorococcales

Family: Coelastraceae
GenusCoelastrum
Speciesmicroporum sphaericum

Coelastrum microporum Naegeli
Plate - 19Db, c

Colonies are spherical and of 8-16-32-64 (usual®t32) cells with small
intercellular spaces. Cells are also spherical Yoidy enclosed by delicate
gelatinous sheaths and interconnected by almostergeptible gelatinous
processes. Cells with sheath are 11.54 pm in demaetd colony is 61.69 um in

diameter.

Phillipose, M.T. 1967, p. 228, Fig. 135, a.
Collection No: DLS201292, Accession No: 002018

Coelastrum sphaericum Naegeli

Plate - 19a, d
Colonies are spherical to ellipsoid and of 4-8-P6r8gularly arranged cells. The
cells are ovoid with the narrow end directed outsar The sides of cells where
they are in contact with each other flattened dedduter free sides are strongly
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curved. The intercellular spaces are about haldihmeter of the cells or larger.
Cells are 12.01 pm in diameter and colony is 44u4?in diameter.

Phillipose, M.T. 1967, p. 229, Fig. 136.
Collection No: DLS201253, Accession No: 001979

Genus:Nephrocytium Naegeli, 1849

Order:Chlorococcales

Family: Oocystaceae
Genus:Nephrocytium
Speciesagardhianum, lunatum

Nephrocytium agardhianum Naegeli

Plate - 29b
Cells are uniform with rounded ends and usuallgalonies of 4, 8, or rarely 1, 2
or 16 cells, within a gelatinous envelope. Thescatk arranged somewhat spirally
in young and irregularly in old colonies. Cells d@®.21 pum long, 9.42 um in

diameter, and colony is upto 51.67 pm in diameter.

Phillipose, M.T. 1967, p. 189, Figs. 190, a, b.
Collection No: DLS201288, Accession No: 02014

Nephrocytium lunatum W. West
Plate - 29d

Cells are half moon to sickle-shaped with one swlevex and the other concave
and ends pointed. Cells are spirally arranged wiéim ellipsoid to oblong hyaline
gelatinous envelope to form 4-8 celled coloniedlsGae 12.47 um long, 5.63 pm

in diameter. Colonies are 47.56 um long and 34@&%goad.

Phillipose, M.T. 1967, p. 189, Fig. 103.
Collection No: DLS201288, Accession No: 02014
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Genus Lagerheimia Chodat 1895

Order:Chlorococcales
Family: Oocystaceae
Genus:Lagerheimia
Specieswratislawiensis

Lagerheimia wratislawiensis Schroder

Plate - 26e

Cells are solitary, free floating, spherical, thtrdral and ellipsoidal or sub
spherical with broadly rounded poles. Cell walldicate but distinct and slightly
gelatinized on the surface. Cells are with subpotdroth subpolar and equatorial
setae (bristles). Setae are with a distinct tubesghich is sometimes dark brown
at the base. In many of the cells there were tworcplasts, each with a well
defined pyrenoid. Cells are 9.14 um long withouingp5.42 pum in diameter
without spine and spine is 16.01 um long.

Smith, G.M. 1926, p. 180. pl. 12, Figs. 10-14.
Collection No: DLS201270, Accession No: 001996

Genus: Oocystis Naegeli in A. Braun, 1855

Order:Chlorococcales

Family: Oocystaceae

Genus:0ocystis

Specieselliptica, gigas, lacustris, solitaria

Oocystis eliptica W. West

Plate - 24a, b
The species is usually in 4-8 celled colonies wvitie envelope narrow rarely
solitary. Cells are usually free-floating, solitawy enclosed within the expanded
mother cell membrane to form temporary coloniedlsCare elongate-ellipsoid,
about two times as long as broad and with broaoiiywded ends which are not
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thickened. Cells are 20.87 um long, 16.08 um amditer and colony is 46.73

um in diameter.

Phillipose, M.T. 1967, p. 186, Fig. 100.
Collection No: DLS201272, Accession No: 001998

Oocystis gigas Archer
Plate - 24c

It is usually in colonies of 2-4 cells. The enveddp round and narrow. Cells are
broadly ellipsoid, longer than broad with the ersadly rounded and not
thickened. Cells are 22.16 um long, 18.56 um imeizr and colony is 40.36 pm

long.

Phillipose, M.T. 1967, p. 183, Fig. 94a.
Collection No: DLS201275, Accession No: 002001

Oocystis lacustris Chodat

Plate - 24d
Cells are ellipsoid with somewhat pointed endsualboe times longer than broad
and usually broad in 4-8 celled colonies with paladules. Cells are 14.07 um
long and 7.15 pm in diameter. Eight-celled colormies 62.89 um long and 48.67

pum in diameter.

Phillipose, M.T. 1967, p. 181, Fig. 90.
Collection No: DLS201249, Accession No: 001975

Oocystis solitaria Wittrock

Plate - 24e
Cells are solitary or in colonies of 2, 4 or 8 sadhclosed within the old mother
cell wall and are ovoid to ellipsoid, thick walleshd with markedly thick polar

nodules. Cells are 37.07 um long and 23.92 pmamdter.

Phillipose, M.T. 1967, p 180, Fig. 89.
Collection No: DLS201241, Accession No: 001967
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Genus: Gloeotaenium Hansgirg, 1890

Order:Chlorococcales
Family: Oocystaceae
Genus:Gloeotaenium

Speciesloitlesbergerianum

Gloeotaenium loitlesbergerianum Hansgirg
Plate - 29¢

Colony is broadly ellipsoid in front view and obtpnn side view. Cells are
spherical to ovoid and completely filling the spanside the mother cell wall.
The gelatinous bands are broad. Cell wall is tlanll lamellated. Chloroplast is
parietal, filling the cell and is with or without@yrenoid. Cells are 29.65 pm in

diameter and colonies (2-4) celled are 77.85 pdiameter.

Phillipose, M.T. 1967, p. 178, Fig. 88.
Collection No: DLS201288, Accession No: 002014

Genus: Palmellococcus Chodat, 1894

Order:Chlorococcales
Family: Oocystaceae
GenusPalmellococcus
Speciessaccharophilus

Palmellococcus saccharophilus (Krueger) Chodat

Plate - 25f
Cells are ellipsoid, ovoid or rarely spherical, iogkical or pear shaped. Cell
membrane is thin, colorless and slimy. The mateiés @re with one to several
discoid or plate-like chloroplasts which are getigrdevoid of a pyrenoid and
structure of chloroplast is often masked by theuamdation of reddish oil within
the chloroplast. Cells are 36.11 pum long and 23.3B in diameter. Cell
membrane is up to 2.77 um thick.

111



Phillipose, M.T. 1967, p. 176, Fig. 86.

Kant, S. and Gupta, P. 1998, p. 84, pl. 84 Fig. 2.
Kumar, S. 2005, p. 106, pl. 10, Figs. 8, 10
Collection No: DLS201280, Accession No: 02006

Genus:Planktosphaeria, G. M. Smith 1918

Order:Chlorococcales
Family: Chlorococcaceae
Genus:Planktosphaeria

Speciesgelatinosa
Planktosphaeria gelatinosa G. M. Smith 1918
Plate - 28c, d

It is a free-floating colony of spherical cells coactly grouped within a
mucilaginous, homogeneous envelope. In colonies ¢blds may become
somewhat loosely arranged also, but usually theycksely clustered. The single

parietal cup-shaped chloroplast is present. Cedid8.38 um in diameter.

Prescott, G.W. 1951, p. 240, pl. 53, Fig. 23.
Collection No: DLS201286, Accession No: 002012

Genus:Actinastrum Lagerheim, 1882

Order:Chlorococcales

Family: Scenedesmaceae

GenusActinastrum
Specieshantzschiihantzschivar.fluviatile, lagerh

Actinastrum hantzschii Lagerheim

Plate - 17f
Colonies are of 4 or 8 radially arranged cells, stimes joined together to form
multiple colonies and are spindle-shaped, 3-6 tiagetng as broad. The middle

of cell is twice as broad as the apices, apicesatiemuated or slightly rounded.
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Cells are 18.66 pm long, 2.90 um in diameter andnies are 33.15 pm in

diameter.

Kant, S. and Gupta, P. 1998, p. 89, pl. 92, Fi. 1
Collection No: DLS201253, Accession No: 001979

Actinastrum hantzschii var. fluviatile Schroeder
Plate - 17h

This variety is colonial, planktonic, composed ofl@l truncate-fusiform or
basidia-like cells, sometimes cigar-shaped with aobite poles, radiating in all
planes from a common center. A variety differingnfrthe typical in the cells are
sharply pointed. Cells are 45.45 um long and 3@7udiameter.

http://www.algaebase.org/search/species/detail/?

Collection No: DLS201273, Accession No: 001999
Actinastrum lagerh Lagerh

Plate - 179
Colonies are of 4 or 8 radially arranged cells siormes joined together to on
multiple colonies, spindle-shaped, 3-6 times ag las broad. The center of cells
is elongate-cylindrical, tapering slightly to abtlygruncate ends. Cells are 49.74
pm long and 2.75 um in diameter.

Kant, S. and Gupta, P. 1998, p. 89, pl. 92, Fiy. 1
Toppo K. 2007, p. 1, pl. 6, Fig. 1.
Collection No: DLS201278, Accession No: 02004

Genus: Ankistrodesmus Corda, 1838

Order:Chlorococcales
Family: Selenastraceae
Genus:Ankistrodesmus

Speciesfalcatus falcatusvar. spirilliformis, falcatusvar.radiates, spiralis
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Ankistrodesmus falcatus (Corda) Ralfs

Plate - 17d, e
Cells are acicular to narrowly fusiform with thedsntapering to acute spines,
usually in fasciculate bundles of 2-4-8 or moreeTtells are rarely solitary
usually not enclosed within a mucilaginous enveldpells are 48.65 - 52.11 um

long and 2.74 - 4.53 um in diameter.

Phillipose, M.T. 1967, p. 211, Figs. 121 a, e.
Collection No: DLS201269, Accession No: 001995

Ankistrodesmus falcatus (Corda) Ralfs var. spirilliformis G. S. West
Plate - 17c

Cells are solitary, spirally curved and with poth&nds. Cells are 46.82 pm long

and 2.86 um in diameter.

Phillipose, M.T. 1967, p. 213, Fig. 121, b.
Collection No: DLS201272, Accession No: 001998

Ankistrodesmus falcatus (Corda) Ralfs var. radiates (Chodat) Lemmermann
Plate - 17a

Cells are in radiating bundles, straight or curv€élls are 51.42 um long and

1.48 pm in diameter.

Phillipose, M.T. 1967, p. 213, Fig. 121, d.
Collection No: DLS201278, Accession No: 02004

Ankistrodesmus spiralis (Turner) Lemmermann
Plate - 17b

Cells are acicular with acute apices, in coloniegsoially 4-8-16 rarely two. Cells
are spirally twisted round one another in the medegion, but free at the ends.

Cells are 43.96 um long and 2.59 pm in diameter.

Phillipose, M.T. 1967, p. 209, 210, Fig. 119, d.
Collection No: DLS201275, Accession No: 002001
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Genus: Selenastrum Reinsch, 1867

Order:Chlorococcales
Family: Selenastraceae
Genus:Selenastrum

Speciesgracile
Selenastrum gracile Reinsch

Plate - 29a
Colonies are free floating made up of 4-8-16 celtsially without an outer
mucilaginous envelope. Sometimes several suchpgrgmined together to form
larger colonies containing as many as hundred oerpells. Cells are lunate to
sickle-shaped and quite narrow in proportion tolémgth. The apices of cells are

acutely pointed rarely bifid. Cells are 24.57 umgand 6.56 pum in diameter.

Phillipose, M.T. 1967, p. 219, Fig. 128.
Collection No: DLS201255, Accession No: 001981

Genus Kirchneriella Schmidle, 1893
Order:Chlorococcales
Family: Selenastraceae
GenusKirchneriella

Speciescontortavar.elegans, lunaris

Kirchneriella contorta var. elegans (Playfair) Komarek

Plate - 20b
Colonies are free-floating with lunate to sicklexpbd, curved or spirally twisted
cells showing pointed or rounded ends. Cells leselto each other with an
irregular arrangement within the homogenous geadasnenvelope. Colonies are
of 4, 8, 16 or 32, cells in gelatinous sheath. Gelly is long, strongly curved or

twisted. Cells are 9.42 um long and 3.42 pum in eizm

http://www.algaebase.org/search/species/detail/?

Collection No: DLS201251, Accession No: 001977
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Kirchneridla lunaris (Kirchner) K. Moebius

Plate - 20a
Colonies are spherical to ellipsoid within an owjetatinous envelope. Cells are
irregularly within the envelope in groups of four eight, flattered and crescent-
shaped with pointed ends and about twice as long@sd. Cells are 10.09 pum

long, 6.12 um in diameter and colonies are 59.64udmlameter.

Phillipose, M.T. 1967, p. 222, Fig. 131.
Toppo, K. 2007, p. 75, pl. 7, Fig. 3.
Collection No: DLS201272, Accession No: 001998

Genus: Micractinium Fresenius, 1858

Order:Chlorococcales

Family: Micractiniaceae
Genus:Micractinium

Speciespusillum pusillumvar. elegans

Micractinium pusillum Fresenius

Plate - 20c
Colonies are quadrate, tetrahedric and pyramidate %8-16 or more cells
arranged in groups of four, each group being quadrsa pyramidate. Cells are
spherical with a thin firm cell membrane and witlear more (2-5) long hyaline
setae, which are not thickened at the base, frarother free surface. Cells are
6.37 um in diameter and setae are 43.41 um loedyrapto 60 um, and are 1.62
pm broad at the base.

Phillipose, M.T. 1967, p. 104, Fig. 29
Collection No: DLS201271, Accession No: 001997
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Micractinium pusillum Fresenius var.elegans G. M. Smith

Plate - 20d, e
A free-floating coloney of 4-16 spherical celle arranged in a pyramid or in a
square, groups of 4 in association with other simgroups. The free walls are
beset with 1-5 finely tapering setae. A varietyfatihg from the typical by having
more numerous and longer setae on the free wattseatells. The setae are 3-5 in
number. Cells are 7.02 um in diameter and setad4add . m long.

Prescott, G.W. 1951, p. 288, pl. 66, Fig. 7.
Collection No: DLS201284, Accession No: 02010

Genus: Monoraphidium Komarkova-Legnerova, 1969

Order:Chlorococclaes
Family: Selenastraceae
Genus:Monoraphidium
Speciesgriffithii

Monoraphidium griffithii (Berkely) Komarkova-Legnerova

Plate - 22c
The algae are unicellular, not embedded in mucilageelope. Cell body is
elongated spindle in shape helically twisted, gtrabr curved sharply pointed at
both ends. Cell walls are smooth. Cells are 42.62 lpng and 3.60 pm in
diameter.

Komarkova-Legnerova, J. 1969, p.75-144: http://walgaebase.org/search/genus
Collection No: DLS201274, Accession No: 02000

Genus: Pediastrum Meyen, 1829

Order:Chlorococcales

Family: Hydrodictyaceae

Genus:Pediastrum

Species:angulosumboryanumvar. longicorne, duplewar. reticulatum, duplex

var. clathratum, tetras, tetragar. tetraodon
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Pediastrum angulosum (Ehr.) Meneghini
Plate - 16e

Colonies are without perforations, usually singlgelred and round, elliptical or
kidney-shaped, sometimes large and two-layered switall irregular perforations.
The internal cells are 4-6 angled, broader thamy laith the outer side slightly
sinuous. Marginal cells are broad, outer face Hiyggbmarginated, lobes with or
without short processes. Cell wall is hyaline, geish or reddish, sometimes
thickened and with reticulate ridges, rarely smamticoarsely granulate. Colonies
are 8-128 celled with variable arrangement of cellells are 11.18 um long,
12.56 um in diameter and colonies are 87.55 pniaimekter.

Phillipose, M.T. 1967, p. 118, Fig. 39, g.
Collection No: DLS201292, Accession No: 002018
Pediastrum boryanum var. longicorne Reinsch
Plate - 15b

Colonies are circular to oval and usually of 16{B&ely 4-8 or upto 128) cells
arranged in concentric rings without intercellldgaces. Inner cells are polygonal
with straight sides. Outer face of marginal cedislightly to deeply emarginate
and with two short processes ending in stumpy spi@ell wall is usually
granulate, sometimes smooth. Cells are 11.05 pm bh41 um in diameter, and
sixteen-celled colonies are up to 60.03 um in diteamélorns (processes) are 5.07
pum long.

Phillipose, M.T. 1967, p. 119, Fig. 40, b.
Collection No: DLS201253, Accession No: 001979

Pediastrum duplex var. reticulatum Lagerheim
Plate - 16¢

Cells are H-shaped with sides of processes of malrgells nearly parallel. The
intercellular spaces are large and oval. Cells2&x&2 um long, 20.57 um in
diameter, and 16 celled colonies are 95.12 pmameéiter.

Phillipose, M.T. 1967, p. 124, Fig. 43, g.
Collection No: DLS201274, Accession No: 02000
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Pediastrum duplex var. clathratum (A. Braun) Lagerheim
Plate - 16f

Cells are with deeply emerginate sides and withedamtercellular spaces than in
Pediastrumduplex Colonies are 8-64 celled. Cells are 20.20 pm,ld&g30 um
in diameter and diameter of colony is 63.82 um.

Phillipose, M.T. 1967, p. 123, Fig. 43.
Collection No: DLS201288, Accession No: 002014

Pediastrum tetras (Ehr.) Ralfs
Plate - 16d

Colonies are rectangular, oval or circular of 4e8-1-32) cells without

intercellular spaces. The marginal cells are dididgo two lobes by deep linear
to cuneate incision on the outer side reachindn¢oniddle of the cell. Each lobe
Is truncate, slightly emarginated, or further deddinto two lobes. Inner cells are
4-6 sided with a single linear incision. Cells &@87 pm long, 16.70 um in

diameter and colony is 26.15 um in diameter.

Phillipose, M.T. 1967, p. 128, Fig. 45.
Collection No: DLS201288, Accession No: 002014

Pediastrum tetras var. tetraodon (Corda) Hansgirg
Plate - 16a

Colonies are 4-8-16 celled. The incision of cedlsléep with the lobes adjacent to
the incision of the marginal cells that are vergmmunced. Cells are 13.29 um

long, 10.05 pm in diameter and colony is 36.57 pmiameter.

Phillipose, M.T. 1967, p. 129, Fig. 45, d.
Collection No: DLS201271, Accession No: 001997
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Genus: Scenedesmus Meyen, 1829

Order:Chlorococcales

Family: Scenedesmaceae

Genus:Scenedesmus

Speciesabundansabundansvar.longicauda, acutiformis, arcuatus, armatuer.
dispar, armatusvar. boglariensis f. bicaudatus, armatusvar. bicaudatus,
bijugatus var. graevenitzii, denticulatyscumbricus, denticulatusar. australis,
dimorphus, obliquus, opoliensis, perforates, quealnda, quadricaudavar.

westii, quadricaudaar.longisping quadricaudavar. quadrispina,serratus
Scenedesmus abundans (Kirchner.) Chodat

Plate - 2b, 4c, 5f
Colonies are usually 2 - 4 celled, rarely eightezkhnd arranged in a linear series.
Cells are ovoid to oblong-ovoid. The external calls with one or more median
lateral spines from the outer face in additiongmas from the four corners of the
colony and internal cells with 1-2 spines from pwes. Cells are 9.70 um long

and 6.00 um in diameter with 4.43 um long spine.

Phillipose, M.T. 1967, p. 279, Figs. 184 a-d.
Collection No: DLS201273, Accession No: 001999

Scenedesmus abundans var. longicauda G. M. Smith 1916a
Plate - 2a

Cells are smaller than the typical, with relativédynger spines. Cells are 10.62

pm long and 3.42 um in diameter with spines 6.93qng.

Prescott, G.W. 1951, p. 274, pl. 62, Figs. 4, 5.
Collection No: DLS201229, Accession No: 001955
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Scenedesmus acutiformis Schroeder 1897
Plate - ba

Cells are arranged in a single series of 4 (2-8%jfdrm-elliptic, with poles
sharply pointed. The inner cells are with a siniglelal longitudinal ridge and
outer cells are with 2-4 longitudinal ridges. Calte 25.12 um long and 10.44 pym

in diameter.

Prescott, G.W. 1951, p. 275, pl. 62, Figs. 6, 7.
Collection No: DLS201274, Accession No: 02000

Scenedesmus arcuatus Lemmermann
Plate - 5d, e

Colonies are usually eight celled rarely 4 or 16rved and with intercellular
space. Cells in eight celled colonies are in twaese oblong ovoid, sometimes
slightly angular at the base due to mutual pressGedl wall is smooth and
without teeth or spines. Cells are 10.62 pm londy 282 um in diameter, colony

is 22.44 um in diameter.

Phillipose, M.T. 1967, p. 256, Figs. 166, a-c
Collection No: DLS201289, Accession No: 02015

Scenedesmus armatus (Chodat) G. M. Smith. var.dispar Nov.
Plate - 4a

Colonies are four celled with the cells arranged isub alternating series. Cells
are oblong-ellipsoid with broadly rounded ends anth a delicate longitudinal
rib extending from pole to pole. Each terminal ecglvith a fairly long outwardly
oblique spine from one pole, a shorter erect aghdly curved spine from the
opposite pole and a third very short outwardly ciied spine near the same pole.
The long and short spines of one terminal cell aternating with those of the

other terminal cell. The internal cells are withshort recurved spine from
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alternating poles. Cells are 15.61 pm long and @20in diameter. Polar spines
are 6.53 um long and lateral spines 1.72 um long.

Phillipose, M.T. 1967, p. 261, 265, Fig. 171, I.
Collection No: DLS201286, Accession No: 02012

Scenedesmus armatus (Chodat) G. M. Smith var. boglariensis Hortobagyi f.
bicaudatus Hortobagyi

Plate - 2e

This variety differs from the type in all the celssessing well developed
longitudinal ribs extending from pole to pole. Tiiles are smooth or with slightly

undulate margin. Terminal cells are with a fairgnd) spine from each pole,

usually from the outer edge of the pole, one ofgpmes somewhat straight and
the other slightly curved. The internal cells afthaut spines or with small spines
from the pole. The colony is 2-4 celled, flat omsimes slightly curved, and

with the cells arranged in a linear series.

In case of forma the colonies are four to eightecklCells are with prominent
longitudinal ribs which are smooth or rugged. Teertinal cells are with a long
spine from the outer edge of one their poles aedsthines of the two terminal
cells are alternating with each other. The othde @b the terminal cells and the
poles of internal cells are without spines or wotte. Cells are 16.25 um long,

4.89 um in diameter and with spine 10.50 pum long.

Phillipose, M.T. 1967, p. 264, Figs. 171 g, |, f.
Collection No: DLS201262, Accession No: 001988

Scenedesmus armatus (Chodat) G. M. Smith var. bicaudatus (Guglielmetti)
Chodat

Plate - 3¢

Colonies are usually two to four celled. Cells atdong-ellipsoid with acute
spices and arranged in a linear series. Termirlld ase with a long spine from
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each pole. All cells are with a median lateral itundjnal rib. The variety differs

from the type in having a long spine from one o ffoles of the terminal cell
only and the spines of the two terminal cells dse alternating with each other.
The longitudinal ribs are usually seen only inititernal cells. Cells are 13.39 um

long and 4.62 pm in diameter with spinel2.79 pnglon
Phillipose, M.T. 1967, p. 262, Figs. 171 d, f, m.
Collection No: DLS201284, Accession No: 02010

Scenedesmus bijugatus (Turpin) Kuetzing var. graevenitzi (Bernard) comb.

Nov.
Plate - 2h, 4e

Colonies are flat or slightly curved of 2-4-8 calsanged in a single linear series.
Cells are oblong-ellipsoid to ovoid with the end®duly rounded. Cells are
fusiform, ellipsoid, oblong-ellipsoid to ovoid withbtuse poles and arranged in an
alternating series with adjacent cells in contady @long a short portion of their
length. Cells are 18.75-20.45 um long, 8.68-9.51 iprdiameter and colony is
48.39 um in diameter.

Phillipose, M.T. 1967, p. 254, Figs. 164 a, b.
Collection No: DLS201288, Accession No: 02014

Scenedesmus cumbricus (G. M. Sm.) Chodat
Plate - 2c

Colonies are circular arranged in two tiers andscate also circular. Cells are

11.91 pm long and 7.76 pum in diameter.

Toppo, K. 2007, p. 87, pl. 8, Fig. 15.
Collection No: DLS201268, Accession No: 001994
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Scenedesmus denticulatus Lagerheim
Plate - 29

Colonies are usually four-celled with the cellsaaged in a cruciate to sub
alternate manner. Cells are ovoid-oblong to elighsmith 1-4 (usually 2) teeth
from each pole. Teeth sometimes are absent fronendef the inner cells. Cells

are 13.85 um long and 6.93 um in diameter.

Phillipose, M.T. 1967, p. 268, Fig. 176 b.
Collection No: DLS201268, Accession No: 001994

Scenedesmus denticulatus Lagerheim var. australis Playfair

Plate - 3a
Colonies are two to four celled. Cells are arranigea single linear series, oblong
cylindrical with more or less rounded ends and waitte (very rarely two) short
teeth from the poles of all cells. Cell membransasewhat thick. Cells are 20.69

um long and 7.76 pm broad. Teeth are 1.94 um long.

Phillipose, M.T. 1967, p. 268, Figs. 176 1, h.
Collection No: DLS201272, Accession No: 001998

Scenedesmus dimor phus (Turpin) Kuetzing
Plate - 4d

Colonies are 4-8 celled with the cells arranged Imear or sub alternating series
(eight-celled colonies always in sub-alternatinges3. Cells are 26.23 um long

and 7.76 um in diameter and colony is 51.44 pmameter.

Phillipose, M.T. 1967, p. 249, Figs. 164 a, c.
Collection No: DLS201256, Accession No: 001982

Scenedesmus obliquus (Turpin) Kuetzing
Plate - 5b

Cells are fusiform with delicately pointed apicesa linear or alternating series.
The inner cells are asymmetric, outer cells arateior symmetric. The cell-wall

124



Is smooth without spines. Cells are 29.28 pm lamdy/420 pm in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 123, pb3Fig. 370.
Collection No: DLS201274, Accession No: 02000

Scenedesmus opoliensis P. Richter

Plate - 3e
Colonies are two to four celled with cylindrical $abfusiform cells and arranged
in a linear series. The adjacent cells are in @irdaly along about a third of their
length. Internal cells remain tumid in the mediagion and attenuated towards
the ends. Terminal cells are often narrower andreatangular. Poles of all cells
are semi truncate to rostrate, sometimes endirgnénor two very short spines.
Poles of terminal cells are with a long, more @sleecurved spines. Cells are

18.10 um long and 3.97 um in diameter with spin®@m long.

Phillipose, M.T. 1967, p. 276, Figs. 181 a, b.
Collection No: DLS201285, Accession No: 02011

Scenedesmus perforates Lemmermann 1904

Plate - 2d
Cells are sub rectangular with convex end walls emacave lateral walls, thus
forming biconvex intercellular spaces. The endscefl the colony bears a single
long curved spine at each pole arising from theeoof the cells and the outer
lateral walls of the end cells are straight. Calis 14.31 pm long and 5.45 pm in

diameter with spine 20.98 um long.

Prescott, G.W. 1951, p. 279, pl. 46, Figs. 24, 25.
Collection No: DLS201262, Accession No: 001988

Scenedesmus quadricauda (Turpin) Brebisson

Plate - 3b, 4b, f
Colonies are usually four-celled, sometimes 2 ocefled. Cells are oblong

cylindrical with rounded ends and arranged in @dmseries. Poles of terminal
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cells possess a long, more or less straight orecuspine. Cell wall is smooth and
without ridges. Cells are 17.45 um long and 6.83ipdiameter with spine 13.06

um long.

Phillipose, M.T. 1967, p. 284, Fig. 187.
Collection No: DLS201253, Accession No: 001979

Scenedesmus quadricauda (Turpin) Brebisson var. westii G. M. Smith
Plate - 3d
Colonies are usually four to eight celled. Cells 46.16 pum long and 6.00 pum in

diameter with spine 14.45 um long,

Phillipose, M.T. 1967, p. 286, Figs. 187, h-I.
Collection No: DLS201285, Accession No: 02011
Scenedesmus quadricauda (Turpin) Brebisson var. longispina (Chodat) G. M.
Smith

Plate - 2f
Colonies are usually 2-4 celled, rarely 8 celledll€are ovoid to cylindrical with
the cells narrower than in the type and the spipesportionately longer,
compared to the length of the cells. Internal selinetimes possess very short
delicate spines from some of their poles. Cells &9 pm long, 5.08 um in
diameter and with spine 14.89 um long

Phillipose, M.T. 1967, p. 285, Figs. 187 b, c.
Collection No: DLS201274, Accession No: 02000

Scenedesmus quadricauda (Turpin) Brebisson var. quadrispina (Chodat) G.
M. Smith

Plate - 5¢
Colonies are usually 2-4 celled. Cells are broadiyid and about twice as long as
broad. Poles of terminal cells are with a singlershecurved spine. Cells are
17.27 um long, 6.28 um in diameter and with spin@3.@m long

Phillipose, M.T. 1967, p. 285, Fig. 187 d, j.
Collection No: DLS201293, Accession No 02019
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Scenedesmus serratus (Corda) Bohlin
Plate - 3f

Colonies are four celled. Cells are oblong ovoithviiuncate or tapering ends, in
contact with adjacent cells for the greater partthadir length. Terminal cells
possess a single uninterrupted row of small spax¢ending from pole to pole.
Internal cells are with two such rows. Apices of aklls are with 3-4

denticulations. Cells are 18.84 um long and 7.48udiameter.

Phillipose, M.T. 1967, p. 268, Fig. 174.
Collection No: DLS201284, Accession No: 02010

Genus:Bulbochaete Agardh 1817
Order:Oedogoniales
Family: Oedogoniaceae
Genus:Bulbochaete

Speciesmirabilis
Bulbochaete mirabilis Wittrock 1817

Plate - 22f
Filaments remain usually attached, branched andridweches are unilateral. The
vegetative cells are uninucleate, normally widenupyvards. The basal cell is
ordinarily the only one capable of division in fation of main axis, first new
cell forming a long tubular bristle with swollen |btlike base, subsequent cells
intercalated between basal cell and next one abbre.terminal cell of each
branch always furnishes with a bristle. Cells afe82 um long and 20.36 pm in

diameter with 75.48 um long spine.

Tiffany, L.H. and Britton, M.E. 1952, p. 50, pl. 1Big. 95.
Collection No: DLS201265, Accession No: 001991
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Genus:Uronema Lagerheim, 1887
Order:Chaetophorales
Family: Chaetophoraceae
Genus:Uronema
Speciesconfervicolum

Uronema confervicolum Lagerheim

Plate - 20f
Filaments are long, unbranched uniseriate, sligtilyed and consisting of many
cells constricted at septa. The cells are cyliradyislightly longer than broad. The
apical cell is acuminating with pointed apex thaynbe straight or bent and basal
cell is narrow and long. Each cell is with one |laate chloroplast occupying a
part of the cell. Cells are 12.47 pm long and @ &®in diameter.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 46, pFigs. 3, 4.
Collection No: DLS201264, Accession No: 001990

Genus Ulothrix Kuetzing, 1833
Order:Ulotrichales
Family: Ulotrichaceae
GenusUlothrix
Speciesaequalis

Ulothrix aequalis Kuetzing 1845

Plate - 21e
Filaments are very long, unbranched, not apicatlgnaated, with special hold
fast cell generally attached in some species fleatifg in later stages. The
vegetative cells are composed of cylindrical cetlsometimes barrel-shaped and
are without constrictions at the cross walls. THanfents form bright green
masses in shallow waters of several lakes and swang@ scatter among other
algae. Cells are 21.09 um long and 12.80 pum in eliem

Prescott, G.W. 1951, p. 96, pl. 6, Figs. 1.
Collection No: DLS201272, Accession No: 001998
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Genus: Oedeogonium Link 1820

Order:Oedogoniales

Family: Oedogoniaceae

Genus:Oedeogonium

Speciesintermedium, undulaturin senegalense

Oedeogonium species Link

Plate - 41c
The filaments are attached, unbranched (sometineesning free-floating in
age). Cells are cylindrical or enlarged towardsahterior end, where one or more
ring-like scars resulting from cell division areuafly apparent. The swollen
female cells (oogonia) are present at maturity, torseveral in each filament. The
male cells (antheridia) are either short, compantdike cells, each bearing one
or two antherozoids, occurring in filaments the easize as those which bear the
oogonia, or minute male filaments growing epiphsitic on the female plants.
The fertilization is by the entrance of an antheidzhrough a pore or lid of the
oogonium wall resulting oospore of various shages;ounded by a wall of two

or three layers, which may be smooth or variousigodated.

In the identification ofOedeogoniunspecies, the size of the vegetative cells, the
shape and size of the oogonia, the form and decorat the oospore wall and the
location the of the antheridial cells are the monportant differentiating and
specific characters.

Oedeogonium intermedium Wittr. Ex Hirn
Plate - 41d
The oogonia are alternating with vegetative calld antheridia are intercalary far

away from oogonia. Cells are 15.70 um in diameter.

Kant, S. and Gupta, P. 1998, p. 114, pl. 37, 1@)5.6, 1, 2.
Collection No: DLS201275, Accession No: 02001
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Oedeogonium undulatum (de Breb.) A. Braun in DeBary f.senegalense
(Nordst.) Hirn 1900

Plate - 41a, b
The vegetative cells are capitellate and posseassddlations, except the basal
cell which is elongate and smooth.

f. senegalense (Nordst.) Hirn 1900
The vegetative cells possess 3 median undulatiodsch somewhat narrower
proportions than in the typical plant. Cells arel®2um long and 19.07 pm in

diameter.

Prescott, G.W. 1951, p. 209, pl. 40, Figs. 3, 5.
Collection No: DLS201247, Accession No: 001973

Genus: Chaetosphaeridium Klebahn, 1892

Order:Coleochaetales
Family: Chaetosphaeridaceae
Genus:Chaetosphaeridium

Chaetosphaeridium specieKlebahn

Plate - 24f
Thallus consists (Branched filaments) of globose flask-shaped cells and
sometimes appears as gelatinous colony of unicEiidls are enclosed by a
colorless sheath which forms a neck through whitdng seta extends. Each cell
bears a single sheathed hair or seta and in casaltofed clones, it has been
observed that they produce more than one hair @ér@ne or two plate like,
parietal massive chloroplasts each with single pgickare present per cell. Cell is

16.16 pum in diameter.

Prescott, G.W. 1951, p. 130, pl. 14.
http://www.algaebase.org/search/genus/detail/
Collection No: DLS201232, Accession No: 001958
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Genus: Rhizoclonium Kuetzing, 1843

Order:Cladophorales
Family: Cladophoraceae
Genus:Rhizoclonium

Specieshieroglyphicum
Rhizoclonium species Kuetzing

Plate - 41e
The green alga is fresh water or marine, filamesitecoarse and wiry, unbranched
or with 1-2 celled rhizoidal branches, slightly mot at all constricted at septa.
Cells are multinucleate and cell wall is thick dachellate. Chloroplast is parietal,

reticulate with several pyrenoids.

Rhizoclonium hieroglyphicum (Ag.) Kuetz

Plate - 41h, 42a
The filaments are long, wiry, unbranched, uncorséd at septa. Cells are long,
cylindrical and multinucleate. Chloroplast is p#aleand reticulate with several
pyrenoids, rhizoids are primary, long and colowlédsrmed from the direct
prolongation of the lower and of filaments. Celie 449.68 um long and 56.98

pum in diameter.

Prasad, B.N. and Misra, P.K. 1992 Il. p. 56, pFigs. 7, 8.
Collection No: DLS201276, Accession No: 02002

Genus:Zygnema C. A. Agardh, 1824

Order:Zygnematales
Family: Zygnemataceae
GenusZygnema
Speciescollinsianum
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Zygnema species C. A. Agardh

Plate - 41g
The filaments are simple with cells 1-9 diametersgl usually with 2 distinctly
stellate chromatophores (rarely in some cells ledgh with a prominent central
pyrenoid, connected by a cytoplasmic isthmus caimtgithe nucleus. Cells are

39.03 um long and 18.62 pum in diameter.
Collection No: DLS201272, Accession No: 001998

Zygnema collinsanum Transeau
Plate - 41f

The filaments are simple with long cells, usuallythw?2 distinctly stellate
chromatophores, each with a prominent central mydgnconnected by a
cytoplasmic pyrenoid, connected by a cytoplasmithnisis containing the

nucleus. The vegetative cells are 36.76 pm longl@88 um in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p.136, pl. 4Bigs. 428, 429.
Collection No: DLS201272, Accession No: 001998

Genus: Pleurotaenium Naegeli, 1849
Order:Desmidiales
Family: Desmidiaceae
GenusPleurotaenium

Speciesehrenbergii

Pleurotaenium ehrenbergii (Brebisson) DeBary
Plate - 21c

Cells are 15-30 times longer than wide, elongatajght, slightly constricted in
the middle and possess sinus a shallow depresBimnsemicells are cylindric,
somewhat variable in form, lateral margins sligtgttenuated, particularly in the
apical region, with a distinct basal inflation aatiove it 1-2 (rarely more)
undulations, apices are truncate with rounded mardbearing a ring of 7-10

conical or rounded tubercules. Cell-wall is colsslepunctuate or smooth. Cells

132



are 412.77 um long, 26.22 yum in diameter, isthmu®2um and apices 18.95

um wide.

Tiffany, L.H. and Britton, M.E. 1952, p. 180, pb 5-igs. 607, 608.
Collection No: DLS201288, Accession No: 02014

Genus: Closterium Nitzsch 1817
Order:Desmidiales
Family: Desmidiaceae
Genus:Closterium
Speciesacutum braunii, ehrenbergij gracile, moniliferum parvulum venus

lunulaf. biconvexumpunctulatum

Closterium acutum (Lyngbye) Brebisson

Plate - 189
Cells are 5-33 times longer than wide, slightlyveat. The outer margin has 30-
60 degrees of arc, inner margin is not tumid aralgally attenuated to the acute
apices. The cell wall is smooth, colorless. Theesiére concave or slightly
convex, ends concave, angles produced into coprogctions. Cells are 188.86
pm long, 9.70 um in diameter and apices 3.23 pnewid

Tiffany, L.H. and Britton, M.E. 1952, pl. 52, Fig55.
Collection No: DLS201282, Accession No: 02008

Closterium braunii Reinsch
Plate - 18h

Cells are 16-22 times longer than wide, very shigbtirved and median portion is
cylindric, not tumid, tapering abruptly to obtusetyund and slightly recurved
apices. The cell wall is yellow to brownish with64eostae consisting of double
rows of punctate. The wall between costae is ilatyuporous or with 6-10 more
or less distinct striations. Cells are 731.93 pumgJo65.16 um in diameter and
14.55 um broad at the apex.

Tiffany, L.H. and Britton, M.E. 1952, p. 176, plL5Fig. 541
Collection No: DLS201263, Accession No: 001989
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Closterium ehrenbergii Mengh

Plate - 18f
Cells are longer than broad, moderately curvedgrimmargin concave but inflated
in the middle, gradually attenuated obtusely rodndeices. The cell wall is

smooth. Cells are 202.44 um long and 39.16 pmamdier.

Tiffany, L.H. and Britton, M.E. 1952, p. 172, pR 5-ig. 558.
Toppo, K. 2007, p. 113, pl. 13, Fig. 3.
Collection No: DLS201289, Accession No: 02015

Closterium gracile Breb

Plate - 18d
Cells are linear, longer than broad, almost sttafgh about 2/3 of length. The
margins are parallel gradually narrowed to the sbtapices. The cell wall is

smooth and colourless. Cells are 182.21 pm longeadid um in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 174, p#4 1Fig. 3.
Toppo, K. 2007, p. 113, pl. 14, Fig. 3.
Collection No: DLS201282, Accession No: 02008

Closterium moniliferum (Bory) Ehrenberg

Plate - 18b
Stout is 6-7 times longer than broad and moderatetyed. Cells are uniformly
narrowed to the obtusely rounded apices. Cell walkmooth and terminal
vacuoles are with numerous moving granules. Ce#s285.07 um long, 36.95
pm in diameter and apices 7.20 pum wide.

Tiffany, L.H. and Britton, M.E. 1952, p. 172, pR 5-ig. 549.
Collection No: DLS201290, Accession No: 02016

Closterium parvulum Naegeli
Plate - 18c
Cells are 9-15 times longer than broad, stronglyed, inner margin not tumid,

gradually attenuated to the acutely rounded apiCe$.wall is smooth, colorless
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or rarely yellowish brown. Cells are 93.18 pm lo8g24 um in diameter and
apices 2.82 um wide.

Tiffany, L.H. and Britton, M.E. 1952, p. 173, plL 5~ig. 543.
Collection No: DLS201291, Accession No: 002017

Closterium venus Kuetzing ex Ralfs
Plate - 18e

Cells are small, 9-10 times longer than broad nsfiyocurved, outer margin with
155- 170 degrees of arc and inner margin curveel dister. Cell is gradually
attenuated to acute or sub acute apices. Cellig/aginooth. Cells are 81.55 pm

long, 11.08 pm in diameter and apices 1.94 um wide.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 119, gl. Rig.s.18.
Tiffany, L.H. and Britton, M.E. 1952, p. 173, plL5Fig. 542
Gerrath, J.F. and John, D.M. 1998, p. 206, pFi§s. 6-9
Collection No: DLS201275, Accession No: 02001

Closterium lunula (Mull) Nitzsch f. biconvexum (Schmidle) Kossinskaja

Plate - 18i
Cells are oval to obtuse, upper end is much broadérattenuated at the top, the
lower end is longer and rounded. Cells are 39.04lqng, 11.83 um in diameter

and 3.23 um broad at the apex.

Kant, S. and Gupta, P. 1998, p. 130, pl. 119, Fig.
Collection No: DLS201249, Accession No: 001975
Closterium punctulatum Breb.

Plate - 18a
Cells are 10-11 times longer than broad, lateraigma almost straight and
converging from centre to narrow acute apices. @eall is smooth. Cells are

559.27 um long, 55.62 um in diameter and 12.59 poadat the apex.

Collection No: DLS201263, Accession No: 001989
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Genus:Penium Brebisson, 1844
Order:Desmidiales
Family: Desmidiaceae
Genus:Penium
Speciesmargaritaceum

Penium margaritaceum (Ehrenberg) Brebisson

Plate - 42b
Cells are 6-12 times longer than wide, cylindric smbfusiform, very slightly
attenuated to the truncately rounded apices. Call 8 reddish brown with
longitudinal rows of minute granules. Cells are ¥B83-um long and 12.50-26.0

um in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 176, plL 5~ig. 540.
Collection No: DLS201224, Accession No: 001950

Genus: Euastrum Ehrenberg
Order:Desmidiales
Family: Desmidiaceae
Genus:Euastrum
Speciesdenticulatumvar.rectangular, insulare, interminugr. burmense

spinulosum, sublobaturar. sumatranum

Euastrum denticulatum (Kirchh.) Gay. var. rectangular West and G. S. West
Plate - 23b
Cells are small with deep constrictions. Semi-cattsthree lobed, polar lobes are
short and broad with deep medium incision. Theamagles are furnished with
short spines and lateral lobes bilobulate. Celés 38.85 pum long, 24.63 um in

diameter and with 4.43 pum isthmus.

Prasand, B.N. and Mehrotra R.K. 1977a, p. 70,,dH@ 74.
Collection No: DLS201280, Accession No: 02006
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Euastrum insulare (Wittr.) Roy
Plate - 23e

Cells are small, slightly longer than broad withelar and closed sinus. The basal
angles are narrowly rounded, lateral margins diyghgtuse, deeply concave to
form the expanded polar lobes. The apical angles@inded, apex is recurved
with a shallow median depression and its vertidalwis elliptical. Cells are
26.51 pm long, 16.90 um in diameter and with 3.51sthmus.

Dwivedi, S. 2001, p. 120, pl. 12, Fig. 5.
Taylor, W.R. 1934-1935, pl. 39, Fig. 5.
Collection No: DLS201280, Accession No: 001975

Euastrum interminus (Nords.) Turner var. burmense West
Plate - 23c

Cells are small, slightly wider than long, deepbnstricted. The semicells are 5
lobed, each lobes furnished with 4-5 small acuteesy) polar lobes are small with
a shallow median notch and angles furnished witkettio four small spines. Cell
wall is granulated in the polar and lateral lobed aach semicell is with two big
pyrenoids. Cells are 62.43 um long, 49.59 um irmeéigr and with 8.59 um

isthmus.

Prasad, B.N. and Misra, P.K. 1992 I, p. 231, pl. Rig. 10.
Dwivedi, S. 2001, p. 121, pl. 12, Fig. 7.
Collection No: DLS201280, Accession No: 02006

Euastrum spinulosum Delphy
Plate - 23a

Cells are rather small, slightly longer than brodekgply constricted. The sinus is
narrow and linear. The semi-cells possess fivedpkseral lobes rounded and
furnished with 5-6 small and acute spines, polaelare small, broadly truncate
with a shallow median notch and angles furnisheth ihree small and acute

spines. Cell wall is granulating within the potard lateral lobes, each semi-cell
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is with a rounded central protuberance consistingvo rows of relatively larger
granules. Cells are 58.83 um long, 52.64 pm in dtemand with 14.59 um

isthmus.

Scott, A.M. and Prescott, G.W, 1961, p. 132.
Toppo, K. 2007, p. 123, pl. 15, Fig. 3.
Collection No: DLS201275, Accession No: 02001

Euastrum sublobatum Breb var. sumatranum Scottet Prescott

Plate - 23d
Cells are small, slightly longer than wide withdar and closed sinus. The basal
angles remain narrowly rounded, lateral marginsadmgost straight and slightly
divergent for about one and half of the height tdaeply concave to form the
expanded polar lobe. The apical angle is broadiynded, apex is recovered with
median depression and vertical view is ellipti€2élls are 23.83 pm long, 16.90

pum in diameter and with 3.42 pm isthmus.

Dwivedi, S. 2001, p. 122, pl. 12, Fig. 6.
Scott, A.M. and Prescott, G.W. 1961, pl. 14, Fid.
Collection No: DLS201265, Accession No: 001991

GenusMicrasterias C. A. Agardh

Order:Desmidiales

Family: Desmidiaceae
GenusMicrasterias
Speciespinnatifida, radians

Micrasterias pinnatifida (Kuetz.) Ralfs Formae.

Plate - 19f
Cells usually solitary, medium size, deeply coesdd and sinus is with apical
portion linear and outer open. Semi-cells are lolw@d deep, radial and widely
open, polar lobe with sub-parallel sides showintusely emarginated and

somewhat expanded apex with furcated, acuminateeraky. Each lobe has
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incision and lobules are with furcated, acuminateegnities. Cell wall is smooth.
Cells are 60.21 pm long, 74.44 um in diameter atidnus is 11.36 pum.

Turner, W.B. 1892, p. 91, pl. 5, Fig. 6, a.
Scott, A.M. and Prescott, G.W. 1961, p. 51, pl.28, 1.
Collection No: DLS201273, Accession No: 001999

Micrasterias radians Turner
Plate - 19e

Cells are also of medium size, sub-circular, vesgaly constricted and sinus is
with apical portion linear and outer open. Semlscaere five lobed with deep,

radical and widely open, polar lobe with sub-palalides showing retusely
emarginated and expanded apex with furcated, a@ienegxtremity. Each lateral
lobe is divided into two lobes by incision as deepbetween polar and lateral
lobes and lobules are with furcated, acuminateeextres. Cell wall is smooth.

Cells are 128.73 um long, 119.85 pum in diameteristhanus is 15.42 pm.

Toppo, K. 2007, p. 126, pl. 15, Figs. 9.
Collection No: DLS201272, Accession No: 001998

Genus:Cosmarium Corda 1834

Order:Desmidiales

Family: Desmidiaceae

Genus:Cosmarium

Species: auriculatum, botrytis botrytis var. mediolaeve, candianunvar.

depressum, capense, connatum, contractunjacobsenii, granatum, leave,
lundellii, margaritatum, moniliforme, pseudogranatu polygonum,pardalis,

perfissum,pseudobroomei, pachydermurar. minus, phaseolusvar. omphalum,
portianum, punctulatum, pygmaeum, quadrumeniforme retusiforme,
subtumidum subgranatum var. borgei subimpressulum,vermae, turpinii,

subundulatum
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Cosmarium auriculatum Reinsch

Plate - 11b
Cells are small, constriction not deep and sinwshaptwards with rounded apex.
Semicells are elliptical and sides having 5-undoifet with sharp and pointed
ridges, apex is narrow and straight. Cell wallhwgunctuations arranged in
transverse series. Cells are 56.15 pum long, 55r@3nudiameter and isthmus is
27.15 pm.

Toppo, K. 2007, p. 138, pl. 19, Fig. 7.
Prasad, B. N. and Misra, P. K. 1992 Il, p. 1532¢l. Fig. 14.
Collection No: DLS201264, Accession No: 001990

Cosmarium botrytis Menegh

Plate - 7a, 8f
Cells are of medium size, slightly longer than lbr@ath deep constriction, sinus
narrowly towards apex and slightly open outwardemicells are sub-semi-
circular with sides crenate, apex truncate witls Esaight margin. Cells are 52.64

pum long, 48.02 um in diameter and isthmus is 18hl

Kant, S. and Gupta, P. 1998, p. 135, pl. 117, Big.
Toppo, K. 2007, p. 140, pl. 21, Fig. 7.
Collection No: DLS201272, Accession No: 001998

Cosmarium botrytis Menegh var.mediolaeve W. West

Plate - 9e
Cells are of medium size, slightly longer than loko@onstriction deep, semi-cells
semi-circular with sides crenate, apex truncaté Vess straight margirCells are
54.30 um long, 46.27 um in diameter and isthmu3114m

Prescott, G.W. 1937, p. 205, pl. 2, Figs. 2, 3.
Collection No: DLS201290, Accession No: 002016
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Cosmarium candianum Delp. var. depressum Croasd

Plate - 11f
Cells are elongate with relatively broader apiced d@eep constriction, sinus
linear. Cell wall is smooth. Cells are 34.82 umgpB8.60 um in diameter and

isthmus is 9.24 um.

Kumar, S. 2005, p. 143, pl. 18, Fig. 11.
Therezien, Y. 1985, p. 526, pl. 9, Fig. 2.
Collection No: DLS201249, Accession No: 001975

Cosmarium capense De Toni

Plate - 9b
Cells are of medium size, semi-cells semi-circunus narrowly linear and
close. Cell wall is punctate. Cells are 76.28 jomg| 60.03 pm in diameter and
isthmus is 26.69 um.

Toppo, K. 2007, p. 141, pl. 19, Fig. 8.
Collection No: DLS201273, Accession No: 002017

Cosmarium connatum Breb. Ex Ralfs

Plate - 8c
Cells are rather small, moderately constrictedynmts broad, sinus very widely
open. Semi-cells are transversely sub-elliptic Wwithad and flat apex. Cell wall is
finely scorbiculate. Each semi-cell is with a clojglast disposed in relation to two
large pyrenoids. Cells are 70.10 um long, 50.70ipmiameter and isthmus is
38.05 pum.

Gontcharov, A.A., Watanabe, M. and Watanabe, M.8891 pl. 3, Fig. 1.
Toppo, K. 2007, p. 142, pl. 17, Fig. 2.
Collection No: DLS201276, Accession No: 002002
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Cosmarium contractum Kirchn. f. jacobsenii (Roy) W. et G. S. West

Plate - 7e, 9c
Cells are of medium size, a little longer than lbrodeeply constricted, sinus
broadly open outwards. Semi-cells are circular egltlwall is smooth. Cells are
31.12 pm long, 24.66 um in diameter and isthm&sa8um.

Toppo, K. 2007, p. 143, pl. 23, Fig. 4.
Collection No: DLS201274, Accession No: 002000

Cosmarium granatum Brebisson
Plate - 9a

Cells are longer than wide, elliptic, deeply coiostd, sinus linear, slightly
dilated at the apex. Semicells are truncate-pyratajdasal angles rounded, sides
straight, slightly convex or rarely slightly coneavsubparallel at the base and
converging toward the apex, upper angles are ob#ugk apex is narrowly
truncate and straight. The vertical view is ellipéind lateral view of semicell is
elliptic-ovate. Cell-wall is finely punctate. Cellse 40.08 pm long, 29.28 pum in
diameter and isthmus is 6.74 um wide.

Tiffany, L.H. and Britton, M.E. 1952, p. 186, pB5-ig. 565.
Collection No: DLS201272, Accession No: 001998

Cosmarium leave Rabenh
Plate - 6f

Cells are sub-pyramidal with apex slightly retusehie middle. Cell wall is finely

punctate. Cells are 27.52 um long, 24.75 um in diamand isthmus is 6.19 pum.

Yamagishi, T. and Kanetsuma, Y. 1990, p. 48, pFig. 15
Toppo, K. 2007, p. 152, pl. 17, Fig. 12.
Collection No: DLS201273, Accession No: 001999
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Cosmarium lundéllii Delphy
Plate - 8e

Cells are of medium size, sinus open outwards, -seits are sub circular with
rounded basal angles and truncate apices. Cellisvatiorbiculate and top view is
elliptic. Cells are 68.82 um long, 53.51 um in deen and isthmus is 21.22 pum.

Prescott, G.W. 1931, p. 121, pl. 31, Fig. 26.
Collection No: DLS201280, Accession No: 002006

Cosmarium margaritatum (Lund.) Roy et Biss
Plate - 9d

Cells are rather large 1.3-1.4 times longer thaoadyr deeply constricted.
Semicells are sub-rectangular, apex and sidestlgligbnvex, basal and apical
angles broadly rounded. Cell wall is uniformly muéated with punctae between
them (34-38 granules seen round the margin). @ed<63.54 um long, 51.90 um

in diameter and isthmus is 16.07 pum.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 165, Bl.Rgs. 3.
Collection No: DLS201280, Accession No: 002006

Cosmarium moniliforme (Turpin) Ralfs
Plate - 6e, 7f, 11c

Cells are deeply constricted, sinus acute and widpen. Semicells are circular
or subcircular in all views. Cell wall is smoothelG are 34.45 pm long, 22.90

pum in diameter and isthmus is 10.07 pum.

Tiffany, L.H. and Britton, M.E. 1952, p. 184, pB5-ig. 577.
Collection No: DLS201256, Accession No: 001982
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Cosmarium pseudogranatum

Plate - 10b
Cell are small, semicells broadly truncate exhigjtrather prominently convex
sides and truncate-rounded apex. Cell wall is nelgupunctate. Cells are 37.31

pum long, 25.95 pum in diameter and isthmus is 6183

Prasad, B.N. and Misra, P.K. 1992 Il, p. 175, fl.Rg. 22.
Collection No: DLS201275, Accession No: 002001

Cosmarium polygonum (Naeg.) Arch

Plate - 8b
Cells are small, slightly longer than broad, deepbnstricted, sinus narrow.
Semicells are broadly hexagonal, angles roundetkrala angles slightly
pronounced, sides and apex faintly retuse. Celliwamooth Cells are 20.23 um

long, 19.12 pm in diameter and isthmus is 4.25 pum.

Prasad, B.N. and Misra, P.K. 1992 |l, p.171, pl.R2g. 11.
Collection No: DLS201290, Accession No: 002016

Cosmarium pardalis Cohn 1874
Plate - 7d

Cells are deeply constricted, sinus gradually apgrirom a dilated extremity.
Semicells are reniform. Cell wall is granulated gnainules arranged in horizontal
and indistinct vertical series. Cells are 60.58 lpny, 51.26 um in diameter and

isthmus is 14.50 um.

http://www.algaebase.org/search/species/detail
Scott, A.M. and Prescott, G.W. 1961, p. 64, pl.2§, 1, 2.
Collection No: DLS201289, Accession No: 002015
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Cosmarium perfissum G. S. West

Plate - 7c, 11a
Cells are small, somewhat broad, dumble shapedhtlsli broader than long,
deeply constricted, sinus narrowly opening outwa8#sni-cells are with concave
sides and cell wall is minutely punctate. Cells 2892 um long, 22.72 um in

diameter and isthmus is 10.07 pum.

Scott, A.M. and Prescott, G.W. 1961, p. 65, pl.2§, 98.
Toppo, K. 2007, p. 162, pl. 18, Figs. 11.
Collection No: DLS201241, Accession No: 001967

Cosmarium pseudobroomei Wolle

Plate - 11e
Cells are small about as long as a broad, veryldeemstricted, sinus narrowly
linear with dilated extremity. Semicells are oblamegtangular with rounded
angles and slightly convex sides and apex. Cell peésesses small and solid
granules arranged in somewhat curved, horizonti¢sevith 21-31 seen at the
margin of each semicell. The side-view is semidacwand top view is oblong
with sub parallel sides. Cells are 49.32 um long48 pum in diameter and

isthmus is 10.16 pm.

Prasad, B.N. and Misra, P.K. 1992 II, p. 17328l Figs. 6, 11, 12.
Turner, W.B. 1892, p. 66, pl. 9, Fig. 41.
Collection No: DLS201267, Accession No: 001993

Cosmarium pachydermum E. E. Lund var. minus

Plate - 7b
Cells are large, slightly longer than broad, deeggstricted, sinus linear with a
dilated apex. Semi-cells are sub-circular with rdeped apex. Cell wall is
punctate with big punctations. Cells are 65.02 pngJ 50.42 um in diameter and
isthmus is 22.07 um.

Toppo, K. 2007, p. 162, pl. 21, Fig. 2.
Collection No: DLS201284, Accession No: 002010
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Cosmarium phaseolus Breb. var. omphalum (Schaarsehm.) Racib

Plate - 10g
Cells are small, nearly as long as broad. Sems-e@e## semi-circular with swollen
apices, each semi-cell with the one chloroplast anel pyrenoid. Cell wall is
punctate. Cells are 23.37 pum long, 21.80 um in diamand isthmus is 8.03um.

Scott, A.M. and Prescott, G.W. 1961, pl. 31, Fig.
Toppo, K. 2007, p. 163, pl. 16, Fig. 7.
Collection No: DLS201290, Accession No: 002016

Cosmarium portianum Archer

Plate - 10f

Semicells are circular, ellipsoid, reniforme and serface is granulated. Cells are
33.15 um long, 26.04 um in diameter and isthm@s5g pm.

Turner, W.B. 1892, p. 59, pl. 8, Fig. 51.
Collection No: DLS201273, Accession No: 001999

Cosmarium punctulatum Brebisson

Plate - 8d

Semi cells are truncate to sub-semicircular or dplvapeziform with deep
constriction, lateral margin crenate and apex dyomdncate. Cells are 35.83 pm
long, 29.74 pm in diameter and isthmus is 8.50 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 188, p¥4 5Fig. 592
Prasad, B.N. and Misra, P.K. 1992 I, p. 176 28l. Fig. 21.
Collection No: DLS201280, Accession No: 002006

Cosmarium pygmaeum W. Archer

Plate - 10e

Cells are very small, a little longer than broaéeply constricted, sinus narrowly
linear. Semi-cells are oblong, hexagonal, basalapidal angles are sharp, apex
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widely truncate with straight margin and centereath semi-cell is with a faint
protuberance. Cell wall is smooth. Cells are 121@long, 12.38 pm in diameter
and isthmus is 2.40 um.

Turner, W.B. 1892, pl. 8, Fig. 20.
West, W. and West, G.S. 1908, p. 73, pl. 71, FAgs31.
Toppo, K. 2007, p. 168, pl. 16, Fig. 14.
Collection No: DLS201249, Accession No: 001975
Cosmarium quadrum Lundell

Plate - of
Cells are about as long as wide or slightly longgradrate in outline, deeply
constricted, sinus linear and slightly dilated ke tapex. Semi cells are sub
rectangular, basal angles rounded, apical angleadly rounded, sides almost
straight or slightly convex, apex usually slightBtuse, sometimes straight. The
lateral view of semicell is subcircular and vertiggew is oblong —elliptic, the
sides are straight and parallel. Cell-wall is gtated and the granules are
arranged in decussating oblique series and somdegmtdistinct vertical series,
34-37 showing at margin of each semicell, slighéigiuced in middle of the apex.

Cells are 74.71 pum long, 60.95 pm diameter andnigghis 21.70 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 193, pB5Fig. 580.
Collection No: DLS201288, Accession No: 002014

Cosmarium reniforme (Ralfs) Arch

Plate - 6b
Cells are of medium size, slightly longer than br@ath deep constriction, sinus
narrow and linear with widely dilated extremity.nfieells are reniform and cell
wall is granulated, granules are fairly regulamirantal and in indistinct vertical
series (about 25-31), granules seen at margins&naicell. Cells are 57.54 um

long, 47.93 um in diameter and isthmus is 13.85 pum.

Prasad, B.N. and Misra, P.K. 1992 Il, p.181, pl.28. 8.
Collection No: DLS201282, Accession No: 002008

147



Cosmarium retusiforme (Wille) Gutw
Plate - 11d

Cells are small, slightly longer than broad, hexsgowith deep constrictions,
sinus narrowly linear with dilated apex. Semi-celgh upper part of lateral
margins are converging and retuse, apices faietlyse with rounded apex. Cell
wall is thick and smooth. Cells are 39.06 um log@,61 um in diameter and

isthmus is 8.77 pum.

Scott, A.M. and Prescott, G.W. 1961, p. 68, pl.E3, 15.
Toppo, K. 2007, p. 171, pl. 16, Fig. 17.
Collection No: DLS201256, Accession No: 001982

Cosmarium subtumidum Nordst
Plate - 6¢

Cells are of medium size, slightly longer than lbko@emi-cells are semi-circular,
sinus linear and open and cell wall is smooth. até 39.16 um long, 33.34 um
in diameter and isthmus is 8.50 pm.

Toppo, K. 2007, p. 117, pl. 21, Fig. 8.
Collection No: DLS201280, Accession No: 002006

Cosmarium subgranatum var. borgei

Plate - 8a
This variety belongs to a group of small sized casanmarked by a smooth cell
wall with (in frontal view) an undulate margin. Seslls are about pyramidal in
outline and undulations of the margin are prettggular. Varietyborgeidiffering
in broader, more flattened cell apices. Cells arés2 um long, 23.0 um in
diameter and isthmus is 5.73 um.
Coessel, P.F.M and Meesters, K.J. 2007:
http://www.algaebase.org/search/genus/detail
Collection No: DLS201289, Accession No: 002015
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Cosmarium subimpressulum Borge
Plate - 6d

Cells are longer than wide with deep constrictismus narrow and linear.
Semicells are transversely rectangular in lowet, gggramidate-truncate above,
apex is prominent, sides parallel below, attenuatediard, crenate with four
crenations on each side, in part acute and neamtyifig right angles. The vertical
view is elliptic with a broad inflation on each sidnd lateral view of semicell is
ovate, apex truncate, tumid in the middle on badbss Cell wall is smooth. Cells
are 38.97 um long, 27.61 pm in diameter and isthsd20 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 186, p4 5-ig. 588.
Collection No: DLS201272, Accession No: 001998

Cosmarium subundulatum Wille
Plate - 6a

Cells are of medium size and are longer than brdadply constricted, sinus
narrowly linear. Semi-cell is sub-circular and oglll is crenate. Cells are 40.36
pum long, 30.66 um diameter and isthmus is 7.39um.

Prescott, G.W. 1937, p. 211, pl. 4, Figs. 2, 16.
Collection No: DLS201274, Accession No: 002000

Cosmarium turpinii Brebisson
Plate - 10a

Cells are slightly longer than wide, very deeplystoicted, sinus narrowly linear
with a slightly dilated apex and somewhat open awmtww Semicells are
pyramidate-trapeziform, rapidly converging from radd base with basal angles
rounded, sides concave especially above, apicalesingptuse, apex slightly
retuse. The lateral view of semicell is ovate watlgranulated inflation on each
side near the base having rounded apex. The Meviea is narrowly elliptic,
with a pair of adjacent granulate tumors at thedieicbn each side. Cell-wall is
densely granulated with granules irregularly areahgslightly reduced in size
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toward the center, with a pair of small, centrahtws arising from a common
base, covered with large irregularly arranged dgesywand surrounded by a small
ill-defined clear space. Cells are 59.60 um lon@,28 um in diameter and
isthmus is 13.47 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 191, p¥4 5~ig. 593.
Collection No: DLS201280, Accession No: 002006

Cosmarium vermae B. N. Prasad et R. K. Mehrotra
Plate - 10d

Cells are small, slightly longer than broad, sligitonstricted, sinus linear and
closed. Semi-cells are trapeziform with sides uatdal, sharply angled, forming
projecting lobes at angles having side lobes wehkgh lobe and undulation
furnished with three - four granules and apex igghy undulated. Cells are
26.78 um long, 21.61 um in diameter and isthm&s48 pum.

Prasad, B.N. and Mehrotra, R. K. 1977a, p. 68plQ,, 3, Fig.s, 46, 82.
Collection No: DLS201275, Accession No: 002001

Genus: Arthrodesmus Ehrenberg, 1838
Order: Desmidiales
Family: Desmidiaceae
Genus:Arthrodesmus
Speciespctocornis

Arthrodesmus octocornis Ehrenberg

Plate - 26a
Cells are solitary, usually small and as long amby generally compressed and
bilaterally symmetrical in front view. The mediaonstriction is pronounced with
widely open to linear sinus. Semicells are gengraiangular and are rarely
elliptic, sub-trapeziform or sub-rectangular witkimple, straight or curved spine
on lateral angles. Cell wall is without any ornatagion. The lower spines of the
two semicells are so convergent that they overligity at their tips. Cells are
32.78 um long with spines, without spines 19.76 long and diameter with
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spines are 33.80 pum, without spines 16.72 pm dhohiss is 4.53 um.

Scott, A.M. and Prescott, G.W. 1961, p. 77, pl.@8s. 9-12
Collection No: DLS201281, Accession No: 02007

Genus: Staurastrum Meyen 1829
Order:Desmidiales
Family: Desmidiaceae
Genus:Staurastrum
Speciesarachnevar. sumatranumguspidatumdickiei var. circulare, furcatum,
gemelliparum, gladiosum, gracilgracile f. iyengar, granulosum, hexacerum,
kalapanii, longibrachiatumvar. intermedium, pachyrhynchumseudotetracerum,

punctulatum, retusumhynchocepssetigerumtetracerum

Staurastrum species Meyen
Plate - 14a

Cells are variable in size, usually longer thanadrgexcluding processes) and
bilaterally symmetrical in front view with mediaromstriction usually deep,
generally with acute sinus and narrow isthmus. iSeis are cylindrical,
ellipsoid, triangular, hexagonal, campanulate, ltjatm or trapiziform, with the
angles frequently produced into processes of diffesizes usually showing some
sort of ornamentation and terminating in bi orurdate acute processes. Cell wall
is smooth, punctuate, scrobiculate, granulate,iciéate, clothed with spines or
verrucae, with one kind or combination of theseaanantations. The top view is

usually triangular or 4-8 angular but may be upteahgular.
Collection No: DLS201252, Accession No: 001978
Staurastrum arachne Ralfs var. sumatranum Scott and Prescott
Plate - 14d

Cells are small, longer than broad (excluding thecesses) depressed,
constriction shallow with an acute notch. Semicealle somewhat broadening
towards the slightly convex apex. The short andrgmated processes are tipped
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with 2-3 minute spines and the top view shows fivecesses. Cells are 35.23 um
long, 15.61 pum in diameter without processes an@&4m in diameter with

processes.

Scott, A.M. and Prescott, G.W. 1961, p. 110, p].F§. 7.
Collection No: DLS201241, Accession No: 001967

Staurastrum cuspidatum Breb

Plate - 13i

Cells are little longer than broad, deeply constd¢ sinus opening widely and
with apex broadly rectangular, isthmus narrow,aegtilar, greatly elongated and
semicells are fusiform. The ventral margin is dlighconvex and the dorsal
slightly concave, the lateral angles are acutetamdinating in a straight, acute
spine. The spines are parallel, convergent or derr The vertical view is
usually triangular rarely quadrangular, sides coac@ach with a straight spine,
cell wall is smooth. Cells are 21.98 um long, 1848 in diameter and isthmus is
4.62 um.

Scott, A.M. and Prescott, G.W. 1961, p. 197, pl.Fg. 3.
Collection No: DLS201275, Accession No: 02001

Staurastrum dickiel var. circulare
Plate - 13e

Cells are small circular slightly longer than brpadmicells are semicircular with
open sinus. The vertical view is usually triangwéth concave sides, each with a
straight spine. Cell wall is smooth. Cells are 374n long, 32.88 um in diameter

and isthmus is 4.22 um.

Dwivedi, S. 1967, p. 150, pl. 16, 17, Figs. 12, 8.
Turner, W.B. 1892, pl. 16, Figs. 5a, b.
Collection No: DLS201267, Accession No: 001993
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Staurastrum furcatum (Ehrenb.) Breb
Plate - 15d

Cells are small, slightly longer than broad, deepinstricted and acute sinus.
Cell wall is smooth and each semi-cell is with nmfd processes. The vertical
view is triangular with angles continued into shandcesses ending in a spine and
sides with a pair of bifid processes on each lateeagin. Cells are 26.41um long
with spines, without spines 18.19 um long, diamefién spines are 25.86 um and

without spines 11.73 pm and isthmus is 7.39 um.

lyengar, M.O.P and Bai, V. 1940, p. 93, Fig. 75.
Toppo, K. 2007, p. 199, pl. 27, Fig. 11.
Collection No: DLS201281, Accession No: 02007

Staurastrum gemelliparum Nordst
Plate - 13d

The processes of these algae were tipped withsfreees. However, the vertical
view of these cells was clearly triangular with el concaved margins between
the processes. Cells are 29.92 um long with proaedsl8.75 um long without
process, 32.32 um in diameter with process and21jdr@ in diameter without

processes.

Gontcharov, A.A. 1997, p. 75, Fig., 45.
Collection No: DLS201266, Accession No: 001992

Staurastrum gladiosum Turner

Plate - 14e
Cells are of medium size, about as long as broasligintly longer than broad,
sinus acute and not very widely open. Semi-celés @liptic reniform and cell
wall is uniformly covered with stout spines, morel@ss arranged in circles and
scattered further away. The vertical view is trialag with sides slightly concave

and angles broadly rounded, about 6-8 spines dm &de. Cells are 27.98 um in
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diameter without spines, 36.94 um in diameter wpimes, 25.77 um long and
having 5.61 um long spine.

lyengar, M.O.P. and Bai, B.V. 1940, p. 92, 94, Figs 73.
Collection No: DLS201280, Accession No: 002006

Staurastrum gracile Ralfs

Plate - 15b
Cells are deeply constricted, sinus with an acyiexaand opening widely,
isthmus narrow. Semicells are broadly triangular ctgp-shaped with dorsal
margin slightly concave to convex with a row of #neanarginated verrucae. The
angles are continued in processes of variable hewdich are slightly alternated
and horizontal. The vertical view is triangulare thides are slightly concave and
angles continued in straight processes. Cell vgallith an intramarginal row of
pairs of granules and the center without ornamematthe processes with
transverse rings of granules and terminating iadtor four small spines. Cells are
44.88 um in diameter, 32.23 um with long and istbmg20.23 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 199, pb5Fig. 613.
Collection No: DLS201290, Accession No: 002016

Staurastrum gracile Rolfs. f.iyengar et Vimala Bai

Plate - 15f
Cells are small, about 1.5 times longer than brodd slight constriction in the
form of an acute notch. Semicells are slightly biing towards the faintly convex
apex and the upper angles produced in to moreserherizontally disposed long
processes tipped with three minute spines and sigomiany concentric series of
denticulations. The top view is triangular. Celts 49.30 um in diameter without

process, 36.02 um with process, 33.06 um long sthchus 8.40 um broad.

Dwivedi, S. 2001, p. 151, pl. 16, Figs. 6, 13.

lyengar, M.O.P. and Bai, V. 1941, p. 96, Figs. &-6

Prasad, B.N. and Misra, P.K. 1992 Il, p. 197, pl.Rigs. 14, 18
Collection No: DLS201273, Accession No: 001999
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Staurastrum granulosum (Ehrenberg) Ralfs

Plate - 14c
Cells are small, almost as long as broad, deepigtdoted, sinus open with sub
acute apex. Semicells are more or less obsemiaireuth convex apex, lateral
angles scarcely rounded and furnished with acuieesp The top view is
triangular with slightly retuse median portion. Cehll is granulated, granules
minute, arranged in concentric series near thedasngles and scattered in the
middle portion. Cells are 28.81 um long and 31.68ip diameter.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 197, pl.Rigs. 20, 22.
Collection No: DLS201241, Accession No: 001967

Staurastrum hexacerum Turner

Plate - 13h
Cells are small, slightly broader than long, deegwnstricted, sinus open. Semi-
cells are sub-triangular with both margins beingwex and tapering towards the
angles, forming very short processes ending in eBa@pines. Cell wall is rough
with tiny granules arranged in concentric serielse Vertical view is triangular
with lateral margins concave. Cells are 25.30 png/adiameter with processes
30.20 pm, without processes 23.83 um in diamet@isthmus 7.57 pum.

lyengar, M.O.P. and Bai, V. 1940, p. 93, Figs.53,61.
Toppo, K. 2007, p. 201, pl. 28, Fig. 14.
Collection No: DLS201274, Accession No: 02000

Staurastrum kalapanii B. N. Prasadet P. K. Misra

Plate - 13a
Cells are small, slightly longer than broad, deegwgstricted with open sinus and
acute angles. Semi-cells are narrowly cuneate lamddntral margin is somewhat
more convex than dorsal margin. The lateral angies round and upwardly

turned. The top view is triangular with concaveesidCell wall is finely punctate
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with punctuations arranged in concentric seriesi@ldhe angles. Cells are 18.66
pm long, 15.79 pum in diameter and isthmus is 5.45um

Prasad, B.N. and Misra, P.K. 1992 Il, p. 156, pR,IFigs. 8, 8a.
Collection No: DLS201269, Accession No: 001995

Staurastrum longibrachiatum (Borge) Gutw. var.intermedium lyengar and
Bai

Plate - 15c
Colony is single, medium sized, fairly constrictsthus widely open. Semi-cells
are truncated gradually and attenuated towardsplk& with four big verrucae at
the apex, two big in the center and two small dhegiside. The angles of the
semi-cells produced into long hollow slender preesswith sharply denuate
upper and lower margins with ends of the procebgascated, short verrucae at
the base of the process on each side of the sdisi-Eke vertical view is elliptic,
poles continued into long processes with slightigulate margins and about four
verrucae in the top view. Cell wall is punctatell€are 26.04 um in diameter
without process, 68.06 um in diameter with procgs$¥.59 um long, and
isthmus is 7.76 pm.

lyengar, M.O.P and Vimla, B. 1941, pl .91, Figs, 80, 81.
Toppo, K. 2007, p. 202, pl. 28, Figs. 1, 4.
Collection No: DLS201290, Accession No: 002016

Staurastrum pachyrhynchum Nordst

Plate - 154e
Cells are as long as broad, deeply constrictedyssopen and acute angled.
Semicells are sub elliptic with dorsal margin sglgn convex and angles
thickened, obtusely rounded and slightly producdith & faint upward tilt. The
top view is triangular showing convex sides. Cedllvis smooth. Cells are 29.37

pum long and 27.15 um in diameter.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 198, pl.Rigs. 19, 21.
Collection No: DLS201280, Accession No: 002006
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Staturastrum pseudotetracerum (Nordst.) W. et G. S. West
Plate - 15a

Cells are very small, slightly broader than lormcluding the processes), deeply
constricted, sinus widely open and broadly trianguh outline. Semicells are

cuneate and apex nearly straight or faintly conleberal angles produce to form
strongly divergent processes, tipped with 3 minspgnes and furnished with

many indistinct concentric rings of sub acute glaswuThe top-view is triangular

with slightly concave sides. Cells are 10.71 pumglof2.01 pm in diameter

without processes, 22.44 um in diameter with preegsind isthmus is 4.06 pm.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 14, pFi3, 8.
Collection No: DLS201277, Accession No: 002003

Staurastrum punctulatum Breb

Plate - 14b
Cells are solitary, consists of two semicells joity a central isthmus. Semicells
are showing a radial symmetry about their verteealks so triangular in apical
view. Semicells are sub rhomboidal-elliptical angper and lower margins are
almost equally convex with angles acutely rounded aternating with adjacent
semicells, deeply constricted, sinus open and sugéed. Cell wall is with
concentric series of granules around angles. @e#s30.94 um long, 28.08 pm in

diameter and isthmus is 9.79 um.

Ralfs, J. 1848, pl. XXIV, Fig. 1.
Collection No: DLS201267, Accession No: 001993

Staurastrum retusum W. B. Turner

Plate - 14f
Cells are small, as long as broad, very deeplytdotesd, sinus narrowly linear
with a slightly dilated extremity. Semicells areodty pyramidate-trapeziform
with angles little rounded and lateral marginsigtra convex, or concave, apex
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very slightly concave. The vertical view is triatey angles rounded and sides
are concave. Cells are 31.77 um long and 35.3hdameter.

Turner, W.B. 1892, p. 121, pl. 13, Fig. 13b.
Collection No: DLS201265, Accession No: 001991

Staurastrum rhynchoceps Kreig. 1933

Plate - 139
Cells are small, slightly longer than broad. Inntroview it differs in the
possession of a ring of minute sharp teeth abowk miow the isthmus. In
vertical view differs in the longer and more slengecesses which are gracefully
curved in a clockwise direction. Cells are 36.48 |omgy, 28.17um in diameter
with processes and isthmus is 8.59 um.

Scott, A.M. and Prescott. G.W. 1961, p. 105, p).FH@s. 8, 9.
Collection No: DLS201275, Accession No: 002001

Staurastrum setigerum Cleve
Plate - 13b
Cells in vertical view are radiating, triangulardaguadrangular with numerous

spines. Cells are 30.29 um in diameter and witB8 fum long spine.

Anand, N. 1998, p. 58, Fig. 183.
Toppo, K. 2007, p. 207, pl. 28, Fig. 12.
Collection No: DLS201265, Accession No: 001991
Staurastrum tetracerum Ralfs

Plate - 13c
The front view shows four slender diverging proesswhich are entire at the
apex and end view compresses with a process atesd@amity.Cells are 18.10
um long, 12.93 um in diameter without processes925n diameter with
processes and isthmus is 4.06 pum.

Ralfs, J. 1848, p. 226, pl. XXXV.
Collection No: DLS201264, Accession No: 001990
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Genus: Staurodesmus Teiling, 1948

Order:Desmidiales
Family: Desmidiaceae
Genus:Staurodesmus

Speciescuspidatus

Staurodesmus species Teiling
Plate - 13f

Cells are solitary, small to medium sized, with lklva or deep median
constriction (isthmus) where semicell walls overlde end view of cell is
elliptical or more commonly triangular or multiangu Cell angles each with
single stout or tiny spine, small granule or celllwincrassation. Cell wall is
elsewhere unornamented but with scattered poresughr which a broad
gelatinous sheath often produced. Cells are 40mM3gng, 36.57 pm in diameter

and isthmus is 3.39 um. Spines are um 9.52 long.
Collection No: DLS201267, Accession No: 001993

Staurodesmus cuspidatus (Brebisson) Teiling
Plate - 26b

Cells are little longer than broad, deeply constd¢ sinus opening widely and
with apex broadly rectangular, isthmus narrow, aegtilar, greatly elongated.
Semi cells are fusiform, ventral margin slightlyngex, the dorsal convex slightly
concave, lateral angles acute and terminatingsimaaght, acute spine. The spines
are parallel, convergent or divergent. The vertigcalv is usually triangular rarely
quadrangular, sides concave each with a straighé s@ell wall is smooth. Cells

21.98 um long, 18.75 um in diameter and isthmu2 g1@.

Scott, A.M. and Prescott, G.W. 1961, p. 89, pl.Fg, 13.
Toppo, K.2007, p. 197, pl. 25, Fig. 3.
Collection No: DLS201280, Accession No: 02006
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Genus Desmidium C. A. Agardh, 1824
Order:Desmidiales
Family: Desmidiaceae
Genus:Desmidium
Speciesbengalicum

Desmidium bengalicum Turner

Plate - 43b
Cells are small, usually broader than long and etjosunited into straight
filaments embedded in thick gelatinous sheath, haigdnstriction is shallow,
sinus open. Semicells are narrowly elliptic withagght or slightly retuse apices
and more or less convex sides. Cell wall is smoG#ills are 19.76 um long,
24.57 pum in diameter and isthmus is 21.98 pum.

Prasad, B.N. and Misra, P.K. 1992 Il, p. 203, pl.Rig. 514.
Collection No: DLS201265, Accession No: 001991

Genus: Spondylosium Breb.
Order:Desmidiales
Family: Desmidiaceae
Genus:Spondylosium
Speciesnitensvar.triangular f. javanicum planum

Spondylosium nitens (Wall) Ach. var. triangular Turner f. javanicum Gutw

Plate - 22d
Cells usually small, or of medium size and uniteddng filaments which are
generally not twisted and lacking gelatinous she&tblls are almost slightly
longer than broad, moderately constricted, sintenopith rounded to sub-acute
angles. Semi-cells are oblong to triangular wiilghdly protruding and rounded
apex and broadly rounded lateral angles. Cell isadmooth. Cells are 32.14 pum

long, 25.21 pm diameter and isthmus is 8.31 um.

Toppo, K. 2007, p. 215, pl. 29, Fig. 14.
Collection No: DLS201266, Accession No: 001992
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Spondylosium planum (Wolle) W. and G. S. West

Plate - 22e
Cells are slightly wider than long, compressed,pteeonstricted, sinus widely
open with the apex broadly rounded, isthmus nartovited in filaments without
a gelatinous sheath, not twisted. Semi-cells atengpeelliptic with ventral margin
more rounded than the dorsal, lateral margins lyaadinded, apices flat, region
of contact between adjacent cells very broad. Téréical view is oblong-elliptic
and cell wall is smooth. Cells are 9.60 pum long9@Qum diameter and isthmus is
6.56 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 201, pb5-ig. 625.
Collection No: DLS201264, Accession No: 001990

Genus Sphaerozosma Corda ex Ralfs, 1848
Order:Desmidiales
Family: Desmidiaceae
Genus:Sphaerozosma
Speciesfiliforme

Sphaerozosma filiforme Ralfs

Plate - 22a
Cells united in short or long filaments, small, qoessed (biradiate) with deep
median constriction (isthmus). Each semicell apsxwith pair of rod-like
processes serving as anchor points for pieces iofapy wall holding cells
together in a filament. Apical processes arisirggeltogether or widely separated.
Cell walls with pores often arranged in horizonta oblique lines. One

chloroplast per semicell, with central pyrenoidli€are 13.39 um in diameter.

Coesel, P.F.M and Meesters, K. J. 2007.
Ralfs, J. 1848: http://www.algaebase.org/searchigen
Collection No: DLS201280, Accession No: 02006
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Genus: Xanthidium Ehrenberg ex Ralfs, 1848

Order:Desmidiales

Family: Desmideacae

GenusXanthidium

Speciesacanthophorum, antilopaeuwar. polymazum

Xanthidium acanthophorum Nordst

Plate - 28e
Cells are solitary, slightly compressed (biradiatéh deep median constriction
(isthmus) where semicell walls overlap and furnisketh a series of numerous
spines along the outer margin. The semi cell cestrmaore or less inflated and
sculptured by granules or large scrobicles. Cell igascattered with cylindrical
pores through which a narrow or broad gelatinouwsashis secreted. Cells are
36.66 pm long, 31.95 pum in diameter, isthmus i2 @it and spines are 8.31 um

long.

Scott, A.M. and Prescott, G.W. 1961, p. 79, pl.38,Fig. 12.
Collection No: DLS201288, Accession No: 02014

Xanthidium antilopaeum (Breb.) Kutz. var. polymazum Nordst
Plate - 28f

It is marked by hexagonal semicells the apicallatetal angles of which as a rule
are furnished with two stout spines each, dispmsitf the marginal spines and
the central pattern of scrobiculae. Cells are ®fLih long, 51.62 um in diameter,

isthmus is 16.53 um, and spines are 8.68 um long.

Turner, W.B. 1892, p. 184, pl. XIIl, Fig. 1.
Collection No: DLS201241, Accession No: 001967
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2.2.2 Cyanophyceae

Cyanophyceae comprises of prokaryotic organismgulpoly called blue
green algae and due to the nature of their cell, wall structure and capacity to
fix the atmospheric nitrogen, these are also knoaen cyanobacteria. The
cyanophyceaen members can be broadly classifiedcmtcoid and filamentous
forms, which may be unicellular or multicellular,itiout true nucleus and
chromatophore. Protoplasm differentiated into pgeerpl zone with
photosynthetic pigments (chromatoplasm) and certadburless portion with
generative centroplasm. The assimilatory pigmergschlorophyll, phycocyanin,
phycoerythrin, carotenoids. Cell contents are Ilgiteen, olive green or yellowish
brown. Cell wall is thin or after gelatinization ryethick, colourless or often

yellow to brown, blue or violet colored.

Genus Dactylococcopsis:
Order:Chroococcales
Family: Chroococcaceae
Genus:Dactylococcopsis
Speciesacicularis

Dactylococcopsis acicularis Lemmermann 1900, Ber. D. Deutsch

Plate - 22b
A free-floating colony (rarely solitary) acicular straight cells with extremely
finely pointed poles, inclosed by a wide gelatin@melope. Cell contents are
nearly colorless to light blue-green and homogese@ells are 60.40 um long

and 4.71 um in diameter.

Prescott G.W. 1951, p. 463, pl. 105, Figs. 1, 2.
Collection No: DLS201258, Accession No: 001984
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Genus: Gloeothece Nag. 1849

Order:Chroococcales
Family: Chroococcaceae
GenusGloeothece

Speciesrupestris, samoensigar. major
Gloeothece rupestris (Lyngb.) Bornet

Plate - 33b
Cells are ellipsoidal to cylindrical, straight cerit and 1.5 times as long as broad,
the contents are mostly blue green, 2-4 rarelydgetteer in oval to subglobose
colonies. The envelopes are colorless or browrtisheaperipheries, lamellated or
unlamellated. Cells are 9.05 pm long, 6.56 um amditer and colonies 26.32 um

in diameter.

Desikachary, T.V. 1959, p. 127, pl. 25, Fig. 4.
Collection No: DLS201288, Accession No: 02014

Gloeothece samoensis Wille var. major Wille
Plate - 33a

Cells are ellipsoidal, yellowish or bluish greenround colonies, often many
uniting, mostly 2-4 in a common envelope. The eopelis colorless sometimes
colored brownish and unlamellated. Cells withouwtagh are 10.90 um long and

10.99 um in diameter. Colony is 49.41 um in diamete

Desikachary, T.V. 1959, p. 128, pl. 23, Fig. 3.
Collection No: DLS201288, Accession No: 02014

Genus: Gloeocystis Naegeli, 1849
Order:Chroococcales
Family: Chroococcaceae
GenusGloeocystis
Speciesampla
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Gloeocystis ampla Kuetzing

Plate - 33c
Cells are ovoid, enclosed in unstratified gelatsxeheath and colonies are usually
fragmenting. Cells are 12.38 um long and 10.34 pdiameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 21, pl. Big. 23.
Collection No: DLS201288, Accession No: 02014

Genus: Gomphosphaeria Kutz., 1836
Order:Chroococcales
Family: Gomphosphaeriaceae
Genus:Gomphosphaeria
Speciesnaegeliana

Gomphosphaeria species

Plate - 33e
Colonies are ellipsoidal or cordate, rarely subgks) seldom very spherical,
often in groups of four but also in 2 - 8, withwithout individual envelopes and
are arranged in a hollow spherical mucilaginous s@imming colony, attached
to radially arranged, branched mucilaginous stallels are 4.71 um in diameter
and colony is 51.44 um in diameter.

Desikachary, T.V. 1959, p. 148, pl. 28.
Collection No: DLS201272, Accession No: 001998

Gomphosphaeria naegeliana (Unger) Lemmermann, Kryptogamenflora der
Mark Brandenburg

Plate - 33d
Colony is spherical or ellipsoidal, reniform oreigularly shaped with broad radial
mucilage stalks. Cells are oval or ellipsoidal selly arranged, with gas vacuoles,
often with indistinct individual mucilaginous eneekes. Cells are 4.89 um long,

4.43 um in diameter and colony is 47.84 um in digme

Desikachary, T.V. 1959, p. 147, pl. 28 Figs. 9,23,
Collection No: DLS201272, Accession No: 001998
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Genus: Merismopedia Meyen, 1839

Order:Chroococcales
Family: Chroococcaceae
Genus:Merismopedia
Speciesglauca

Merismopedia glauca (Ehrenberg) Nag. / Kuetzing

Plate — 33¢g
Colonies are mostly small with 16-32-64 cells. €ellre oval or spherical,
homogenous, closely arranged, pale blue-green,ifigrmectangular colonies.
Cells are free floating, arranged in a in a singlane within homogeneous

mucilage. Cells are 4.53 pm in diameter and coler89.25 pum in diameter.

Desikachary, T.V. 1959, p. 155, pl. 29, Fig. 5.
Tiffany, L.H. and Britton, M.E. 1952, p. 334, plL 9ig. 1052.
Collection No: DLS201273, Accession No: 001999

Genus. Chroococcus Naegeli, 1848
Order:Chroococcales
Family: Chroococcaceae
Genus:Chroococcus
Speciesminutes, turgidusar. maximus, tenax, schizodermaticus

Chroococcus minutes (Kutz.) Nag

Plate - 25d
Cells are spherical or oblong, single or in groap2-4, light blue-green. Sheath
is not lamellated and is colorless. Cells withagheare 12.38 um in diameter and
without sheath 9.60 pm in diameter. Colonies arg2Rm long and 30.66 pm in

diameter.

Desikachary, T.V. 1959, p. 105, pl. 26, Fig. 15.
Collection No: DLS201274, Accession No: 02000
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Chroococcus turgidus var. maximus (Kutz.) Nygaard
Plate - 25a, e

Cells are spherical or ellipsoidal single or inwgws. Cells in groups of 2-4 or 8
are blue-green, olive green or yellowish and sheattolorless, much lamellated
in the inner portions. Cells without sheath arel58n in diameter and with
sheath 9.05 um in diameter. Colonies are 35.83lpnmg and 27.61 pm in

diameter.

Desikachary, T.V. 1959, p. 102, pl. 26, Fig. 8.
Collection No: DLS201272, Accession No: 001998

Chroococcus tenax (Kirchn.) Hieron
Plate - 25c

Cells are mostly in groups of 2-4, sometimes 8dlGe-green or olive coloued.
Sheath is colorless or yellow to brown, very thaskd very distinctly lamellated
with 3 - 4 lamellae. Cells without sheath are 13un6in diameter and with sheath

23.83 um in diameter.

Desikachary, T.V. 1959, p. 103, pl. 26, Figs. 7, 16
Collection No: DLS201280, Accession No: 02006

Chroococcus schizoder maticus West
Plate - 25b

Cells are in groups of 2-4, blue-green, sheatheitoy to brown, very distinct,
lamellated, with 5-10 lamellae, and outer layetsmbroken. Cells without sheath
are 8.03 um in diameter and with sheath arel4.68inudiameter. Colony is
35.92 um in diameter.

Desikachary, T.V. 1959, p. 103, pl. 26, Figs. 17.
Collection No: DLS201281, Accession No: 02007
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Genus Coelosphaerium Naegeli, 1848
Order:Chroococcales
Family: Gomphosphaeriaceae
Genus:Coelosphaerium
Speciescollinsii

Coelosphaerium collinsii Drouet and Daily

Plate - 34b
Colony is microscopic, many-celled, spherical, dvand constricted. Cells are
ovoid to obcylindric, blue-green or yellowish greemithout pseudovacuoles.
Gelatinous matrix is diffluent. Cells never formtenxsive water-blooms. Cells are
5.26 um long, 3.51 um in diameter, and coloneyi8@ um in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 332, p09-ig. 1044.
Collection No: DLS201274, Accession No: 02000

Genus Microcystis Kutzing, 1846
Order:Chroococcales
Family: Chroococcaceae
Genus:Microcystis
Speciesaeruginosa

Microcystis aeruginosa Kutz

Plate - 33f
Colonies when young are round or slightly longaanttbroad, solid, when old
becoming clathrate, with distinct hyaline colomalicilage. Cells are spherical or
elongated, many in spherical, ellipsoid or irregylaoverlapping or net-like
colony generally with gas-vacuoles. Cells are Be@mming and often with
attached daughter colonies. Cells are in homogeneolourless mucilage and
individual envelopes are absent. Cells are mostiyy \densely arranged. It is
generally found in plankton forming water-bloomssitagnant waters. Cells are
5.91 um in diameter.

Desikachary, T.V. 1959, p. 93, pl. 17, 18, Fig2,16, 10.
Collection No: DLS201253, Accession No: 001979
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Genus Trichodesmium Ehrenberg, 1830:

Order:Nostocales
Family: Oscillatoriaceae
Genus:Trichodesmium
Specieslacustre

Trichodesmium lacustre Klebahn

Plate - 34c
Trichomes are straight, cylindrical without sheailranged in parallel and
forming free floating bundles, or flocculent masseet attenuated or slightly
attenuated. The end cells are rounded, not capitaks are shorter than broad

and short barrel-shaped. Cells are 6.46 um londl@rkb pum in diameter.

Desikachary, T.V. 1959, p. 246, pl. 42, Figs. 16,22
Collection No: DLS201251, Accession No 001977

Genus:Lyngbya Ag., 1824
Order:Nostocales
Family: Oscillatoriaceae
Genuslyngbya
Species:birgei, contorta

Lyngbya birgei Smith, G. M

Plate - 349
Filaments are straight, seldom coiled, free flaatiBheath is firm, colorless and
mostly unlamellated, seldom lamellated. Trichomaas constricted at the cross
walls, ends are rounded, not attenuated, not ¢apit@ells are shorter than broad
and sometimes with gas vacuoles. Cells are 2.62lqng and 20.36 pm in

diameter.

Desikachary, T.V. 1959, p. 296, pl. 50, Figs.723.
Collection No: DLS201248, Accession No 001974

169



Lyngbya contorta Lemm

Plate - 34f
Filaments are single, free floating and regulanbyradly coiled with delicate,
nearly circular coils. Sheath is narrow and coksleCells are not restricted at the
cross walls and granulated with a single granulavithout them. The end cells
are rounded and not attenuated. Cells are 4.57opg) 65.81 um in diameter and

colony is 99.64 um in diameter.

Desikachary, T.V. 1959, p. 290, pl. 48, 50, Figsh,?.
Collection No: DLS201292, Accession No: 02018

Genus Phormidium Kutz., 1843:

Order:Nostocales
Family: Oscillatoriaceae
GenusPhormidium

Speciespurpurascens
Phormidium purpurascens (Kutz.) Gomont

Plate - 34e
Thallus is compact, leathery and purple to brotvmislet. Thallus is attached by
the lower side or floating in water with torn margi Trichome is cylindrical,
strongly bent, entangled, not constricted at thesswalls, ends are not
attenuated, dark violet. Sheath is more or ledtudiit. Cells are nearly quadrate
or upto nearly two times longer than broad and <nealls are marked by two
granules on either side, end-cells are roundectalyptra is absent. Cells are 4.43

pum long and 2.49 um in diameter.

Desikachary, T.V. 1959, p. 262, pl. 44, 45, Figd. 1
Collection No: DLS201289, Accession No: 02015
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Genus: Anabaena Bory, 1822

Order:Nostocales
Family: Nostocaceae
Genus:Anabaena

Speciesdoliolum, circinalis
Anabaena doliolum Bharadwaja

Plate - 32a
Thallus is soft mucilaginous and pale blue-greenchbme is single, free
swimming, straight, curved or slightly coiled. Gelire slightly tapering at the
ends with conical apical cell possessing almoshtedi apex, cells are barrel-
shaped, as long as broad or a little longer ortshdnan broad. Heterocysts are
barrel shaped and formed near the heterocystslmtimeen the heterocysts. Cells

are 6.28 pm in diameter. Heterocyst is 8.96 um by 7.48 um in diameter.

Desikachary, T.V. 1959, p. 410, pl. 78, Figs. 3, 22
Collection No: DLS201294, Accession No: 02020

Anabaena circinalis Rabenhorst ex Born. et Flah

Plate - 32b
Filament is frothy, floating, circinate and seldstraight mostly without a sheath.
Cells are barrel-shaped or spherical, somewhatteshdinan broad, with gas
vacuoles. Heterocyst is subspherical and sporesyéingrical, sometimes curved.
The ends are rounded, ordinarily away from the roetest. Cells are 7.02 pm
long and 6.19 pum in diameter. Heterocyst is 8.62 lpng and 9.02 pm in

diameter.

Desikachary, T.V. 1959, p. 414, pl. 77, Fig. 2.
Collection No: DLS201278, Accession No: 02004
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Genus Arthrospira Stizenberger, 1852

Order:Nostocales
Family: Oscillatoriaceae
GenusArthrospira
Species:jenneri

Arthrospira jenneri (Kuetz.) Stizenberger

Plate - 32c
Trichomes are blue-green, multicellular, cylindtjo&ithout sheath, scattered or
gregarious, loosely coiled and not tapering towelapices. Cells are quadrate,
granular and terminal cell is rounded, calyptrasealh. Cells are 3.71 um long and

6.15 um in diameter.

Prescott G.W. 1951, p. 481, pl. 108, Figs. 22, 12.
Collection No: DLS201295, Accession No: 02021

Genus: Aphanizomenon Morren

Order:Nostocales
Family: Nostocaceae
Genus:Aphanizomenon
Species:flos-aquae

Aphanizomenon flos-aquae (Linn.) Ralfs ex Born. et Flah

Plate - 32d
Trichomes are in a bundle, seldom single, stragghbent and forms feathery,
plate- like or spindle-shaped bundles. Heterocysts nearly cylindrical and
spores are cylindrical with rounded ends away ftbenheterocyst. Cells are 2.83
pum long. Heterocyst is 6.72 um long, 4.87 um imditer and spores are 22.86

pum long and 5.89 um in diameter.

Desikachary, T.V. 1959, p. 359, pl. 107, Fig. 6.
Collection No: DLS201278, Accession No: 02004
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Genus Spirulina Turpin em. Gardner, 1827
Order:Nostocales
Family: Oscillatoriaceae
Genus:Spirulina
Speciesmeneghiniana

Spirulina meneghiniana Zanard. ex Gomont

Plate - 34d
Trichome is flexible, multicellular cylindrical, regularly spirally coiled and
bright blue-green forming a thick blue-green thalllihe sheath is absent and the
terminal cell is rounded without calyptras. Cells @.92 um long and 4.51 pum in

diameter.

Desikachary, T.V. 1959, p. 195, pl. 36, Fig. 4, 8.
Collection No: DLS201293, Accession No: 02019

Genus: Oscillatoria Vaucher 1892
Order:Nostocales
Family: Oscillatoriaceae
Genus:Oscillatoria

Species:chalybeagchlorina, curviceps, irrigua, formosa, granulatenbsa

Oscillatoria chalybea Mertens in Jurgens 1822

Plate - 35b
Trichomes are aggregated to form a dark blue-gpésmm mass and straight for a
portion of their length but much entangled and domes spirally twisted,
gradually tapering toward the apex. Trichome forendlat or spongy free-
swimming thallus, sheath absent, rarely with a nwréess very delicate sheath,
motile mostly by a creeping movement causing rotatn the longitudinal axis.
Cells are not granular and apical cell is conicahwa smooth unthickened outer
membrane. Cells are 8.60 pm in diameter and 4.9%pm

Prescott, G.W. 1951, p. 468, pl. 109, Fig. 89
Collection No: DLS201294, Accession No: 02020
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Oscillatoria chlorina Kuetzing

Plate - 35d
Cells are with scarcely granulose protoplasm. Tigls are straight or bent, not
apically tapering and not constricted at pellucrdl aingranulated cross-walls,
yellow green, end cell is rounded and without othékening, forming very thin,

yellow-green masses. Cells are 6.10 pm long and|6n3 in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 344, p¥ 9Figs. 1088, 1089.
Collection No: DLS201295, Accession No: 02021

Oscillatoria curviceps C. A. Agardh 1824

Plate - 35a
Trichomes forms an expanded blue-green plant madssaaight for at least a
portion of their length, twisted and much entangkzhrcely tapering to the apex.
The apical cell is broadly rounded, not capitatgheut a calyptra. Cells are not
constricted at the cross walls, which may be gm@eulTrichomes always form

floating clots. Cells are 3.78 um long and 19.49ipmiameter.

Prescott, G.W. 1951, p. 487, pl. 108, Figs. 17, 18.
Collection No: DLS201292, Accession No: 02018

Oscillatoriairrigua (Kutz.) Gomont

Plate - 35f
Thallus is blackish blue-green and trichome istligluish purple, when dried
hyaline or pale blue, straight, flexuous, not tosd, apex is slightly attenuated,
subcapitate and straight. Cells are quadrate véfitasordinarily not granulated
and apical cell is convex, with an evident thiclketioaiter wall. Cells are 6.74 um

long and 5.73 pm broad.

Desikachary, T.V. 1959, p. 224, pl. 42, Figs. 743,
Collection No: DLS201293, Accession No: 02019
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Oscillatoria formosa Bory 1827

Plate - 35¢g
Trichomes are aggregated to form a dark blue-gmant mass, straight and
rather firm, curved and slightly tapering toware thpex. Cells are granular with
apical cell conical, not capitate and without aypata. Cells are 4.16 um long and

4.16 um in diameter.

Prescott, G.W. 1951, p. 487, pl. 109, Figs. 10, 11
Collection No: DLS201289, Accession No: 02015

Oscillatoria granulate Gardner 1927
Plate - 35c

Trichomes are aggregated to form an expanded piass, straight or somewhat
curved, especially at the apex, which is slighttgsuated. The apical cell is not
capitate and without a calyptra. Cells are 3.60lpmy and 4.71 pm in diameter.

Prescott, G.W. 1951, p. 487, pl. 109, Fig. 12.
Collection No: DLS201292, Accession No: 02018

Oscillatoria limosa Ag. Ex Gomont

Plate - 35e
Thallus is dark blue-green to brown. Trichome igenor less straight, dull blue-
green, brown or olive-green, not constricted at ¢hess-walls, or only slightly
constricted. The cross walls are frequently graedlaand end-cell is flatly
rounded with slightly thickened membrane. Cells 20678 pm in diameter and
5.63 um long.

Desikachary, T.V. 1959, p. 206, pl. 42, Fig. 11.
Tiffany, L.H. and Britton, M.E. 1952, p. 344, pB9-ig. 1076.
Collection No: DLS201294, Accession No: 02020
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4.2.3 Eugleanophyceae

Cells are solitary, variously shaped, motile (byame of flagella or
amoeboid movement) or rarely epiphytic, or formimgnobile dendroid colonies,
uninucleate, with 1-3 flagella or rarely none. Tpmtoplast may be naked or
enclosed either within a wall or a lorica. The dariconsists of a transparent,
colorless gelatinous material that becomes opagdecaloured yellow or brown
with age due to impregnation with iron salts. Thetgplast is colorless or
pigmented and the outer portion is differentiatedaaflexible or rigid periplast
that is frequently ridged or striate. There may asingle forward projecting
flagellum with a basal bifurcation, or two flagelldthout a bifurcation and both
projecting forward, or one forward and the othailitng. An eyespot is present in

most of the pigmented species and in some of tlegless ones.
Genus:Phacus Dujardin, 1841

Order:Euglenales

Family: Phacaceae

Genus Phacus

Speciesanacoelusrsar.undulata, acuminatus, anacoelus, longicauda

Phacus anacoelus var. undulata Skvortzow

Plate - 30b
Cells are broadly ovoid, produced posteriorly irgtolong (or short) sharply
pointed caudus, oblique to the longitudinal axistioé cell, anteriorly broadly
rounded but slightly bilobed because of the gujketove. The margin of the cell
is with 2-3 bulges and 1 large centrally locatedapg/lon disc is present,
pigment-spots are usually present. Cells arel0f®0long and 81.64 pum in

diameter.

Prescott, G.W. 1951, p. 397, pl. 87, Fig. 3.
Collection No: DLS201294, Accession No: 02020
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Phacus acuminatus Stokes 1855a

Plate - 30d
Cells are suborbicular in outline, broadly roungedteriorly, with a short, blunt
apiculation and paramylon bodies are 1-2 ring tlises. Cells are 20.69 um long

and 16.53 um in diameter.

Prescott, G.W. 1951, p. 396, pl. 88, Fig. 4.
Collection No: DLS201264, Accession No: 001990

Phacus anacoelus Stokes 1888

Plate - 30a
Cells are broadly ovoid, narrowed abruptly postdyido form a short caudus,
which turns to the left and paramylon bodies af dicular plates. The lateral
margins of cells are with 2-3 creases or folds gnr@dmembrane convex between

the indentations. Cells are 35.19 um long and 3idn diameter.

Prescott, G.W. 1951, p. 397, pl. 87, Figs. 7, 8.
Collection No: DLS201292, Accession No: 02018

Phacus longicauda (Ehrenb.) Dujardin 1841

Plate - 30c
Cells are broadly ovoid to pyriform, tapering gratiyiposteriorly to form a long,
straight, sharply pointed caudus and anteriorlyatlp rounded. The flagellum is
shorter than the cell in length and paramylon bmdysually in the form of a
single large (or small) circular plate. Cells a&82 um long and 38.42 um in

diameter.

Prescott, G.W. 1951, p. 397, pl. 87, Figs. 7, 8.
Collection No: DLS201269, Accession No: 001995

177



Genus:Lepocinclis Perty, 1849:

Order:Euglenales
Family: Phacaceae
GenusLlepocinclis

Speciesfusiformis, fusiformisar.minor

Lepocinclis fusiformis (Carter) Lemmermann 1901

Plate - 30e
Cells are broadly fusiform or pyriform, slightly qatuced posteriorly to form a
blunt basal point and membrane is spirally striafBge reserve food is in the
form of two to several large paramylon bodies (dec plates), the two together
sometimes nearly encircling the cell and flagellisrabout as long as the cell,
chloroplasts are numerous parietal digeslls are 37.22 um long and 25.21 um

diameter.

Prescott, G.W. 1951, p. 406, pl.89, Figs. 1-4.
Collection No: DLS201293, Accession No: 02019

Lepocinclis fusiformis var. minor

Plate - 30f
Cells are broadly elliptical and anterior pole ighout an obtuse nipple, opening
of apical channel and posterior pole is slightlyratated. The pellicle is rigid,
hyaline, striae very delicate difficult to see andnerous chloroplasts are present.
The paramylon bodies are 2, lateral ring-shapedls @Gee 39.25 um long and
25.58 um in diameter. The variety differs from tiypical species in its cell

dimensions and without caudal process.

http://www.algaebase.org/search/genus/detail/
Collection No: DLS201295, Accession No: 002021
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Genus: Trachelomonas Ehrenberg, 1835

Order:Euglenales

Family: Euglenaceae
GenusTrachelomonas
Specieshispidavar.coronate

Trachelomonas hispida var. coronate Lemmermann
Plate - 31g

In this genus euglenoid cells are enclosed inma §elatinous shell which has an
opening for the flagellum. The test is brown, oftepaque, or tan to nearly
colorless, according to the amount of iron compauddposited in it. The test
may be smooth or decorated with spines, wartsculetions, punctaions, or
combinations of these. The protoplast inside ishlyignetabolic and has the
general features of the euglenoids. There is Jeliag, a red pigment-spot, and
numerous ovoid disc-like chloroplasts which may éhgwrenoids. Cells are
oblong-oval and flagellum aperture is surrounded abghort collar with the
margin bearing a circle of spines. The cell walluisformly beset with short
spines and test is 32.60 pum long and 21.16 pmaimelier.

Prescott, G.W. 1951, p. 414, pl. 83, Fig. 30.
Collection No: DLS201290, Accession No: 02016

Genus: Euglena Ehrenberg, 1838
Order:Euglenales
Family: Euglenacae
GenusEuglena
Speciesacus, acuyar. tigida, deses, proxima, spirogyra
Euglena species

Plate - 31h

Cells are mostly free-swimming, rarely creepingsifirm, cylindrical, or ovate,
usually round in cross section but rarely slightittened. The posterior end is

either rounded or produced, sometimes extendirgyarfine point or caudus, the
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anterior end usually narrowed and sometimes couspsly two-lipped. The
periplast is either firm, giving the cell a rigitiape, or soft and pliable, the cell
are metabolic and constantly changing shape imasements. When firm, the
periplast is decorated with fine spiral striatimmgows of granules. A gullet and a
reservoir are in the anterior end from which arigesingle flagellum of variable
length. The chloroplasts are variable, either neugrovoid discs, a few ribbon-
like bands, or, rarely, star-shaped plates, sonestimith pyrenoids, which are
embedded in the chloroplast and protrude from eitside. Chlorophyll is
sometimes masked by an abundance of brick-red aovdkled haematochrome,
usually only temporarily present and incident ttenmse illumination. The food
reserve is paramylon body in the form of a few éaogy numerous small rods,
plats, rings, or discs. A pond often appears bratkbecause of the production of

haematochrome in the cells when exposed to inteyige

Euglena acus Ehrenberg 1838
Plate - 31e, f

Cells are elongate spindle-shaped, produced podtemto a long, fine tapering
point, narrowed and truncate at the anterior erite Membrane is indistinctly
spirally striated and chloroplasts are numerous-like. The paramylon bodies
are two to several long rods. It is almost at owemtifiable by the narrow and

very long, rigid cell. Cells are 114.79 um long d&&156 um in diameter.

Prescott, G.W. 1951, p. 390, pl. 85, Fig. 28.
Collection No: DLS201289, Accession No: 02015

Euglena acus var. rigida Huebner 1886

Plate - 31d
Cells are rigid spindle-shaped but narrow and eltag tapering abruptly
posteriorly into a sharply pointed tail-piece. Tggramylon bodies are in the form

of two long rods (rarely more numerous small roadsid chloroplasts are
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numerous, plate-like and ovoid bodies, sometimesvsig a spiral arrangement
within the cell. Cells are 123.75 um long and 1Qu84 in diameter.

Prescott, G.W. 1951, p. 391, pl. 85, Fig. 27.
Collection No: DLS201290, Accession No: 02016

Euglena deses Ehrenberg 1835
Plate - 31c

Cells are highly metabolic, twisting and turningntiouously. The cells are
elongate-fusiform or subcylindric, posteriorly tapg rather abruptly to a short,
blunt tip and membrane is finely striated. The ohpdasts are numerous, disc like
and paramylon bodies are several to many rodsrajuglength. Cells are 102.79

pum long and 12.10 um in diameter.

Prescott, G.W. 1951, p. 392, pl. 85, Fig. 20.
Collection No: DLS201294, Accession No: 02020

Euglena proxima Dangeard 1902

Plate - 31a
Cells are metabolic, fusiform, narrowed posteridgdya blunt tip and periplast is
spirally striated. The chloroplasts are numeroasgularly shaped discs and
paramylon bodies are also numerous small rodsesedtithroughout the cell.

Cells are 66.12 pm long and 17.92 pm in diameter.

Prescott, G.W. 1951, p. 394, pl. 85, Fig. 25.
Collection No: DLS201295, Accession No: 02021

Euglena spirogyra Ehrenberg 1838

Plate - 31b
Cells are somewhat metabolic, elongate-cylindricd atwisted, narrowed
posteriorly and extended into a sharp, bent t&it@i The periplast is brownish,
spirally striated with alternating rows of largedasmall shining granules. The
chloroplasts are numerous disc like and paramytmhds are flattened rings, one
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anterior and one posterior to the central nucl€edls are 173.07 um long and

19.49 um in diameter.

Prescott, G.W. 1951, p. 394, pl. 86, Fig. 15.
Collection No: DLS201294, Accession No: 02020
4.2.4 Bacillariophyceae

The members belonging to this class are popularbmwk as diatoms. The
plants are basically unicellular and in some cémEpme pseudo filamentous or
aggregated into colonies. The cell wall of diatamsnpregnated with silica. The
diatoms cell is also known as “Frustule” and thessification of diatoms is based
on the pattern of ornamentation on the wall offtlustule. The cells have either
bilateral or radial symmetry. The frustules are posed of two halves,
“Epitheca” and “Hypotheca” and the connecting girtdands. The valve surface
has several types of markings. Punctae are regubarirregularly arranged to
form striae. Costae are elongated thickening offtbstule wall due to heavy
deposition of silica. Valves of some diatoms hanepening or fissure along the
apical axis called raphe. The presence of raphi#soabsence on the walls of
diatoms has been one of the features in the ideatidn of diatoms and

distinguishing the different genera.
Genus Amphora Ehrenberg, 1840

Order: Thalassiophysales

Family: Catenulaceae

Genus Amphora
Speciescoffeoeformivar. africana

Amphora species Ehrenberg

Plate - 36b
Cells are usually sessile with concave faces atthch girdle view and broadly
elliptic in outline, with truncate ends. The girsllare usually separated by several
punctate or striate intercalary bands. The valves lanate, longitudinally
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asymmetric and transversely striate. The axiatfisl strongly excentric, nearer
the concave side of the valve and raphe is giblwotisits central nodule close to
the concave margin. Cells are 33.53 um long ant9lj2m in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 274.
Gupta, R.K. 2005, p. 178, pl. 54, Fig. 10.
Collection No: DLS201219, Accession No: 001945
Amphora coffeoeformis Agardh var. africana Fritzsch and Rich

Plate - 36a
Valves are arcuate on the dorsal margin and straighthe ventral margin. The
ends are pronouncedly capitate and slightly betwanals. The dorsal side bears
slightly divergent punctate striae and the venside is structure less. Cells are
38.70 um long, 12.01 um in diameter and striael @#&9 in 10 um.

Venkataraman, G. 1939, p. 334, 342, Fig. 105.

Collection No: DLS201223, Accession No: 001949
Genus Achnanthes Bory

Order:Achnanthales

Family: Achnanthaceae

GenusAchnanthes

Speciescoarctatavar.parallela

Achnanthes coarctata var. parallela Venkat

Plate - 36¢
Valves are occasionally free-floating and solitagually attached by gelatinous
stalks or united in bundles forming ribbon-like @ales, rarely into filaments. The
girdle view is rectangular or curved longitudinapgrticularly at centreValves
are linear with broad rounded ends and marginrissi parallel in the middle,
raphe is straight, axial area broad. Cells arandity punctate and raidial on the
raphe valve. Cells are 42.57 um long, 9.88 um bevatlstriae are 10-12 in 10
pm.

Kant, S. and Gupta, P. 1998, p. 150, pl. 170, 28, 128, Figs. 7, 5, 5, 6.
Collection No: DLS201217, Accession No: 001943
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Genus Caloneis Cleve 1894

Order:Naviculales
Family: Naviculaceae
Genus:Caloneis

Speciessilicula
Caloneissilicula Ehrenberg Cleve
Plate - 39¢g

Cells are solitary, free floating or attached ohrearged aquatics. In girdle view,
are somewhat rectangular and intercalary bandsabeent. In valve view,
symmetrical to the apical and transverse axis, Ilysuaith convex sides
sometimes have marginal folds. The central nodales distinct straight or
slightly bent unilaterally and terminal fissuresially distinct, straight or curved.
Valves are linear and biconstricted with apicesndmd. Axial area is narrow,
broadening to a transverse fascia with lunate #mntlgs on either side of the
central area. The raphe is lateral and archedtkflighhe striae are radiate to
parallel. A fine longitudinal line is present. Ge#ire 83.15 um long and 18.47 um

broad.

http://www.algaebase.org/search/genus/detail/
Collection No: DLS201210, Accession No: 001936

Genus Gamphonema C. A. Agardh, 1824

Order:Cymbellales

Family: Gomphonemataceae

GenusGamphonema

Speciesacuminatum, constrictum, truncatum, telegraphicum
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Gamphonema acuminatum Ehrenberg

Plate - 37c
Cells are usually epiphytic on the ends of dichaiosly branched gelatinous
stalks, sometimes sessile, sometimes solitary aed-floating. Valves are
generally cuneate, expanded near the apex anddasedianly, with cuneate and
acute apex and with evidently attenuated base aXia area is linear, narrow and
central area is large, often indefinitely limitediwan isolated dot. Cells are 44.77
pm long, 11.37 um in diameter and striations aré3.@h 10 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 272, pR,7Figs. 830.
Collection No: DLS201214, Accession No: 001940

Gamphonema constrictum Ehrenberg

Plate - 37b
Cells are longer than broad, valves are clavatestdoted below the broad
rounded apical pole, with attenuated basal polee &kial area is narrow and
central area is broad and irregularly defined vétllot on one side. Cells are
54.03 um long, 7.85 um in diameter and transvergsiens are 10-12 in 10 um,

Tiffany, L.H. and Britton, M.E. 1952, p. 271, pR,7Fig. 839.
Collection No: DLS201208, Accession No: 001934

Gomphonema truncatum Ehrenberg 1832

Plate - 37d
Valves are clavate with the center tumid, a cocisbn at the head pole and then
the apex is capitate, broadly rounded and the ot is rounded. Axial area is
straight, expanded on either side of the axial aeform a “bow-tie” shaped
central area. A single, rounded external stigmaniogeis present in the central
area. The raphe is lateral and undulate with eatgoroximal ends dilated and
distal ends curved onto the mantle in the directipposite the stigma. Striae are
radiate, indistinctly punctuate. Cells are 37.77 lang, 15.52 um in diameter and
striae are 10-12 in 10 pm.

www.http://research.calacademy.org/research/diatenses/index.asp
Collection No: DLS201209, Accession No: 01935
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Gomphonema telegraphicum Kutzing

Plate - 37a
Frustules are cuneate with apices slightly widedate, base is acute and stipe is
long with 2-3 valves at the end. Cells are 38.97lgmg, 9.14 um in diameter and
striae are 8-10 in 10 um area.

Das, S.K. and Adhikary, S.P. 2012, p. 160-1823pFig. 79.
Collection No: DLS201217, Accession No: 001943
Genus Synedra Ehrenberg, 1830
Order:Fragilariales
Family: Fragillariaceae
Genus:Synedra
Species:capitata delicatissima, dorsiventralis, ulpailna var. contracta, ulna
var.amphirhynchus, tenera

Synedra capitata Ehrenberg
Plate - 38d

Cells are much elongated, solitary and broadlyaline girdle view. The valve is
conspicuously linear with nearly parallel edges aodneate ends. The
pseudorpahe is narrowly linear, central area isalisunot evident. Cells are
247.27 um long, 12.80 um broad and striations & & 10 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 236, pB6rig. 722.
Collection No: DLS201256, Accession No: 001982

Synedra delicatissima W. Smith
Plate - 38f

Frustule is linear, narrow, elongated, solitary atchight. The middle area is
slightly wider and attenuated towards the apicesfoion rostrate end. The
striations are not clearly visible in fresh materfaells are 130.49 um long and
5.08 um in diameter.

Das, S.K. and Adhikary, S.P. 2012, p. 160-1822pFig. 59.
Collection No: DLS201262, Accession No: 001988
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Synedra dorsiventralis Mueller

Plate - 38c
Cells are solitary and valves are irregularly @éltipivith narrowed but broadly
obtuse ends (some-times nearly rostrate). The psgailde is narrow, linear and
central area is conspicuous, usually excentriclsGek 81.18 um long, 6.56 um

in diameter and striae are 13- 17 in 10 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 236, pB6rig. 712.
Collection No: DLS201222, Accession No: 001948

Synedra ulna (Nitzsch) Ehrenberg
Plate - 38b

Cells are linear in girdle view with widened extigas and solitary. The valves
are linear to linear-lanceolate, gradually narrow@asard the ends, with broadly
rounded poles. The pseudoraphe is narrowly lingtdr gentral area varying and
often absent. Cells are197.63 um long, 9.60 umamelter and strations are 8-12
(mostly 10) in 10 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 237, pB&rig. 713.
Collection No: DLS201272, Accession No: 001998

Synedra ulna (Nitzsch) Ehr. var. contracta Qstr
Plate - 38a

Valves are solitary, linear with concave marginsl avedge-shaped attenuated
rostrate ends. The axial area is narrow, lineaduatly widening towards centre.

The striae are thick, lineate, parallel in the nleddut strongly radiate towards

apices. Cells are 93.00 um long, 4.43 um in diansetd striae are 10 in 10 um.

Dwivedi, S. 2001, p. 237, pl. 63, Fig. 713.
Collection No: DLS201289, Accession No: 02015
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Synedra ulna (Nitzsch) Ehrenberg var.amphirhynchus (Ehrenberg) Grunow.
Synonym Synedra amphirhynchus Ehrenberg

Plate - 38e

Valves are slender, linear, straight and at theremtbw and suddenly constricted
to form capitate end. The striation is distinctrgblel, absent at the middle and
many times longer than broad. Cells are 86.62 g,16.28 um in diameter and

striations 9-12 in 10 um area.

Das, S.K. and Adhikary, S.P. 2012, p. 160-1822 pFig. 61.
Collection No: DLS201250, Accession No: 001976

Synedra tenera W. Smith

Plate - 39a
Valves are linear, narrowly lanceolate with roundeals. The pseudorpahe is
thin, narrow, formed by the union of axial and cahtirea and central area is
absent. Cells are 129.94 um long, 3.60 um dianaetérstriae are 8-10 in 10 pm

area.

Prasad, B.N. and Srivastava, M.N. 1992, p. 1624l Fig. 22.

Das, S.K. and Adhikary, S.P. 2012, p.160-182, pFig. 60.

Collection No: DLS201283, Accession No: 002009
Genus:Cymbella C. A. Agardh, 1830

Order:Cymbellales

Family: Cymbellaceae

Genus:Cymbella
Species:affinis asperalanceolata, parva, tumida

Cymbella affinis Kuetzing

Plate - 40f
Cells are solitary and free-floating or attachedhat ends of gelatinous stalks or
confined within little branched gelatinous tubeshnparallel sides in girdle view
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and smooth girdles, without intercalary bands. ¥alhare quite asymmetric,
semilanceolate to semi elliptic, convex dorsallgn@ave to straight ventrally,
with rostrate, rounded poles. The raphe is exaenandulate toward the central
nodule. The axial area is narrow and slightly melgiavidened. Cells are 37.48

um long, 16.07 um in diameter and transverse stnistare 9-12 in 10 um.

Tiffany, L.H. and Britton, M.E. 1952. p. 279, pB,7Fig. 856.
Collection No: DLS201288, Accession No: 02014

Cymbella aspera (Ehrenberg) Cleve

Plate - 40i
Valves are asymmetric, semilanceolate, dorsallyverwnand ventrally straight
with a slight median expansion and poles are byoadlinded. The raphe is
excentric somewhat curved and widened betweenehtat nodule and the polar
nodules. The axial area is very broad, sharply neefi with little central
expansion without isolate dots. Cells are 112.391gmy, 28.72 um in diameter

and 7-9 striae are in 10 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 279, pB,7Fig. 858.
Collection No: DLS201285, Accession No: 02011

Cymbella lanceolata (Ehrenberg) Van Heurck

Plate - 49¢g
Valves are quite asymmetric, naviculoid, dorsatipwex, ventrally concave with
a median expansion. The raphe is excentric, naae medianly curved. The
axial area is narrow, with slight median expansod no isolated dots. Cells are
148.23 um long, 26.97 um in diameter and 9-16estar& in 10 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 280, p#,7Fig. 872
Collection No: DLS201257, Accession No: 001983
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Cymbeélla parva (W. M. Smith) Cleve

Plate - 40e
Valves are semi-lanceolate, convex in dorsal siesightly concave in ventral
side with gradually attenuated ends, raphe exacerdxial area narrow and
without isolated dots. Cells are 86.72 um long9&5.4m in diameter and striae
are 10-12 in 10 um.

Tiffany, L.H. and Britton, M.E. 1952, p. 279, p#,7Fig. 874.
Collection No: DLS201201, Accession No: 001926

Cymbella tumida (Brebisson) Van Heurck

Plate - 40h
Valves are asymmetric and curved, broadly navidylavith rostrate poles,
convex dorsal sides and straight or slightly conventral sides having a median
expansion. The raphe is excentric and axial are@wawith central area large,
round, with a ventrally placed prominent isolatext. dCells are 80.35 um long,
23.55um in diameter and striations are 8-10 stndd® pum.

Tiffany, L.H. and Britton, M.E. 1952, p. 278, pH#,7Fig. 860.
Collection No: DLS201218, Accession No: 001944

Genus: Cyclotella Kuetzing, 1834

Order:Thalassiosirales
Family: Stephanodiscaceae
Genus.Cyclotella
Speciesmeneghiniana

Cyclotella meneghiniana Kuetz
Plate - 36d

Cells are solitary or colonial within a gelatinoesvelope, small, circular,
rectangular in girdle view, in valve view discoiglliptical and radially

symmetrical, central zone smooth. The ornamentattbnvalve is in two
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concentric regions, outer zone is radially striatepunctate and inner zone is
smooth or irregularly and finely punctate. Cellge 42.47 um in diameter and

costae are 7-8 in 10 pum.

Tiffany, L.H. and Britton, M.E. 1952, p. 218, pB5Fig. 60.
Collection No: DLS201220, Accession No: 001946

Genus:Eunotia Ehrenberg, 1837

Order:Eunotiales

Family: Eunotiaceae
GenusEunotia
Speciesmonodonparallela

Eunotia monodon Ehrenberg

Plate - 37e

Cells are free-floating or epiphytic, solitary amited valve to valve into chains.
Frustules in girdle view are broadly rectangulad am valve view are linear,
slightly arched, convex on dorsal side, graduallyrowing towards ends, ventral
margin is slightly concave. The ends are slightinstricted on the dorsal side,
rounded. The raphe is thin, distinct and striaecai@se lineate, somewhat more
closely placed near apices. Cells are 41.56 pm, @89 pm in diameter and
striae are 12-13 in 10 um.

Prasad, B.N. and Misra, P.K. 1992 II, p. 201, pl.Rig. 3.
Tiffany, L.H. and Britton, M.E. 1952, p. 240, p4 6Fig. 732.
Collection No: DLS201217, Accession No: 001943

Eunotia parallela Her
Plate - 37f

Valves are long almost straight with parallel masgand having slight inflation
near the rounded ends and terminal nodules ance raph small, distinct. The

striae are coarse, lineate, distinct, paralleltadidy placed in the middle
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becoming comparatively dense towards apices. @eis/7.02 um long, 7.11ym
in diameter and striae are 10-15 in 10 um.

Prasad, B.N. and Srivastava, M.N. 1992 |, p. 1832% Fig. 2.
Collection No: DLS201293, Accession No: 02019

Genus: Cocconeis Ehrenberg, 1835; Grunow, 1868

Order:Achnanthales
Family: Cocconeidaceae
Genus:Cocconeis

Speciesplacentula
Cocconels placentula Ehrenberg

Plate - 36f
Cells are solitary, epiphytic upon submerged agsi@nd especially upon slow-
growing filamentous algae. The septa are incompeie intercalary bands are
absent. Cells flat or slightly curved; Valves sndlliptical, valve with raphe not
seen, rapheless valve bears distinctly punctatkalha arranged striae, pseudo-
raphe distinct, narrow and linear. Cells are 3@ long, 27.71 um in diameter

and 23-25 striae are in 10 pm.

Tiffany, L.H. and Britton, M.E. 1952, p. 241, pH4 6Figs. 734,735.
Collection No: DLS201255, Accession No: 001981

Genus:Fragilaria Lyngbye, 1819; Rabenhorst, 1864

Order:Fragilariales

Family: Fragilariaceae

GenusFragilaria

Speciesbhiceps crotonensis, capucina, intermedrar. robusta
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Fragilaria biceps (Kutzing) Lange-Bertalot: Basionym Synedra biceps
Kutzing 1865

Plate - 40b

Frustules in girdle view are linear, rectangulaalves are linear with parallel
sides, gradually tapering ends, striae coarse #@tohal, ends slightly capitate,
striae absent in one side of the middle region #redefore with a unilateral
central area. Cells are 136.31 um long and 4.0®yoad.

Das, S.K., Bhakta, S. and Adhikary, S.P. 201052, Bl. 4, Fig. 101.
Collection No: DLS201250, Accession No: 02014

Fragilaria crotonensis Kitton
Plate - 40c

Cells are united medianly into ribbon-like bandsd® often touching. The valves
are narrowly linear, somewhat widened medianly ahghtly enlarged at the
poles. The pseudorpahe is narrow with a rectangaatral area. Cells are 42.04
pm long, 5.53 pm in diameter and 15-18 striae mdipm.

Tiffany, L.H. and Britton, M.E. 1952, p. 232, pR 6Fig. 703.
Collection No: DLS201203, Accession No: 001928

Fragilaria capucina Desmazieres

Plate - 40d
Synonym Fragilaria capucinavar. lanceolataGrunow, Fragilaria capucinaf.
lanceolata(Grunow in Van Heurck) HustedEragilaria capucinaf. lanceolata
(Grunow) Skabichevshii.

Valve are linear, united laterally forming free dtong ribbon shaped colonies,
rectangular elongated cells, bilaterally symmetriaad pseudorapahe present.
Cells are 62.80 um long and 9.97 um in diametersémae are 10-12 in 10 um.

Das, S.K. and Adhikary, S.P. 2012, p. 160-1822 pFig. 53.
Collection No: DLS201250, Accession No: 001976

193



Fragilariaintermedia Grun. var. robusta Venkataraman

Plate - 40a
Frustules in girdle view are linear, rectangulanjted together to form long
bands. The valves are linear with parallel sidas gradually tapering ends, ends
slightly capitates. The striae are coarse andndisand on one side absent in the
middle region and therefore with a unilateral caharea. Cells are 136.96 pum
long and 9.42 pm in diameter.

Venkataraman, G. 139, p. 306, Figs. 27, 42.
Dwivedi, S. 2001, p. 160, pl. 23, Fig. 1.
Collection No: DLS201221, Accession No: 001947

Genus:Hantzschia Grunow, 1880

Order:Bacillariales
Family: Bacillariaceae
GenusHantzschia

Hantzschia species Grunow

Plate - 36e
Valves are solitary, free floating or attached abreerged aquatics and in girdle
view are elongate, rectangular somewhat attenuaibedyalve view are
dorsiventral symmetrical on the trans apical axis fymmetrical in apical axis,
linear to linear-lanceolate with margin usually eex, ventral margin concave,
biaccurate or straight. The ends are usually prediuostrate to rostrate capitate
and raphe of each valve in a keel near the vemtaagin so that both keels on the
same side of the longitudinal axis. Sometimes rapheith carinal dots opening
towards the interior of the cells and keel is patetwith short marginal or
extended as transverse-costae lines. The valvacguid striated. Cells are 125.42

pum long and 15.98 um in diameter.

Tiffany, L.H. and Britton, M.E. 1952, p. 288.
Collection No: DLS201241, Accession No: 001967
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Genus:Nitzschia Hassall, 1845
Order:Bacillariales
Family: Bacillariaceae
GenusNitzschia
Speciesacicularis
Nitzschia acicularis (Kutzing) W. Smith 1835 Plate - 39h

Cells are solitary, free-floating, isopolar, bilaty symmetrical. Cells sometimes
densely clustered in simple or unbranched gelasirtobes and show elongate-
rectangular or sigmoid girdle view. Cells usually in valve view and isolated

valves always in valve view. Valves are bilateraiymmetrical elongate with a

linear to linear-lanceolate body. Transverse staia@ Raphe system are invisible
in the light microscope. In a frustule, the raplstems of the two valves lie on
opposite sides (nitazschioid symmetry). Cells &&® pum long and 4.16 um in
diameter.

Smith, W. 1853, p. 43.
Collection No: DLS201294, Accession No: 02020

Genus:Rhopalodia Mueller, 1895
Order:Rhopalodiales
Family: Rhopalodiaceae
Genus:Rhopalodia
Speciesgibba
Rhopalodia gibba (Ehr.) O. Mueller

Plate - 39d

Frustules are usually solitary and free-floatingrogroups, linear with medianly
inflated sides narrowing towards the broadly rouhdeds, valve is linear, dorsal
side arcuate and ventral is straight but bent etetids, ends are acute. Cells are
189.78 um long, 23.37 um in diameter and stria& anel0 pum.

Dwivedi, S. 2001, p. 173, pl. 22, Fig. 14.
Tiffany, L.H. and Britton, M.E. 1952, p. 283, pb,7Fig. 884.

Collection No: DLS201281, Accession No: 02007
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Genus:Navicula Bory, 1822; emend. Cleve, 1894

Order:Naviculales
Family: Naviculaceae
Genus:Navicula

Speciescryptocephaloides, radiosa, viridis
Navicula species Bory

Plate - 39f
Cells are generally solitary and free-floating, stimes aggregated into
irregularly radiating clusters, rectangular in ¢grdiew with smooth girdles and
without intercalary bands. The valves are elongaeally attenuated toward
capitate, rounded or rostrate poles. The axiall fielnarrow with distinct, straight
raphe and polar and central expansions and smallule® The transverse

striations are sometimes somewhat medianly radial.

Navicula cryptocephal oides Hustedt

Plate - 39b
Valves are linear-lanceolate with somewhat abruptbnstricted produced
rounded ends. The raphe is thin and straight vathinal fissures curved. The
axial area is narrow, linear central area is fawhide, rounded or slightly
guadrate. Cells are 39.53 um long, 9.05 um in dianend striae are 12-14 in 10

pum.

Kant, S. and Gupta, P. 1998, p. 159, pl. 123, Big.
Collection No: DLS201274, Accession No: 02000

Navicula radiosa Kuetz
Plate - 39c

Valves are linear, lanceolata, gradually tapermgibre or less pointed ends. The

transverse striations are coarse, lineate andlrdde central area is broad and

196



elliptical. Cells are 75.45 um long, 12.10 um iardeter and striae are 10-12 in
10 pum.

Tiffany, L.H. and Britton, M.E. 1952, p. 255, pl7 6~ig. 780.
Collection No: DLS201272, Accession No: 001998
Navicula viridis Kutzing

Plate - 39e
Frustules are linear oblong, rectangular in valewvand slightly attenuated
towards the apex. The apices are rotundatus. @&llg4.05 um long, 11.08 pm in

diameter and striae are 8-12 in 10 pm.

Das, S.K., Bhakta, S. and Adhikary, S.P. 201054, Bl. 4, Fig. 113.
Collection No: DLS201203, Accession No: 001928

4.2.5 Rhodophyceae

The Rhodophyceae or red algae are multicellulaamsgns ranging from
simple branched to macroscopic thalli. Vegetatiekscare uninucleate as well as
multinucleate with peripheral distribution of cytapm. Chromatophores may be

single bearing single pyrenoid without starch sheat

Genus: Glaucosphaera Korsh.
Order:Glaucosphaerales
Family: Glaucosphaeraceae
Genus:Glaucosphaera
Speciesvacuolata
Glaucosphaera vacuolata Korsh.

Plate - 23f

Cells are solitary with numerous contractile vaesolCells are uninucleate with
numerous pseudocilia present. The multiplicatioredf is by vegetative division

of the cell. Cells are 23.73 um in diameter.

Kant, S. and Gupta, P. 1998, p. 76, pl. 91 Fig. 9.
Collection No: DLS201286, Accession No: 02012
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PLATE 2

10.62 pm

\Zﬁ\.% m

a: Scenedesmusibundansvar. longicauda b: Scenedesmusbundans,c: Scenedesmusumbricus d:
Scenedesmuygerforatus e: Scenedesmumatusvar. boglariensisf. bicaudatusf: Scenedesmuguadricauda
var.longisping g: Scenedesmugenticulatush: Scenedesmusjugatusvar. graevenitzii



PLATE 3

a: Scenedesmus denticulatwar. australils b: Scenedesmusguadricauda c: Scenedesmuarmatus var.
bicaudatusd: Scenedesmugiadricaudavar.westii e: Scenedesmugpoliensisf: Scenedesmiserratus




PLATE 4

a: Scenedesmusarmatus var. dispar, b and f: Scenedesmusguadricauda
c: Scenedesmusbundansd: Scenedesmusimorphus e: Scenedesmusijugatusvar.
graevenitzii




PLATE 5

a: Scenedesmuacutiformis b: Scenedesmusbliquus c: Scenedesmuguadricauda
var.quadrispingd and e Scenedesmwscuatus f: Scenedesmwabundans




PLATE 6

a: Cosmariumsubundulattumb: Cosmariunreniforme ¢: Cosmariumsubtumidumd:
Cosmariunsubimpressuluge: Cosmariunmoniliforme f: Cosmariumaeve




a: Cosmarium botrytis b: Cosmarium pachydermumvar. minus c: Cosmarium
perfissum d: Cosmarium pardalis e: Cosmarium contractum f. jacobsenij
f: Cosmariummoniliforme



PLATE 8

a: Cosmariumsubgranatumvar. borgei b: Cosmariumpolygonum c: Cosmarium
connatumd: Cosmariunpunctulatume: Cosmariumundellii, f: Cosmariumbotrytis



PLATE 9

34.91 pm

1
0 pm

a: Cosmariumgranatum b: Cosmarium capense: Cosmariumcontractumf. jacobsenij d:
Cosmariummargaritatum e: Cosmariumbotrytis var.mediolaevef: Cosmariumguadrum



PLATE 10

a: Cosmariumturpinii, b: Cosmariumpseudogranatumc: Cosmariumregnellii var.
minimum d: Cosmariumvermae e: Cosmariumpygmaeumf: Cosmariumportianum
g: Cosmariunmphaseoluar.omphalum



PLATE 11

a: Cosmariumperfissum b: Cosmariumauriculatum c: Cosmariummoniliforme d:
Cosmariumretusiforme e: Cosmariumpseudobroomeif: Cosmariumcandianumvar.
depressum




PLATE 12

a: Tetraedrontrigonum b: Tetraedrongracile, c: Tetraedrontumidulum d: Tetraedron
muticum e: Tetraedronminimumf. apiculatum f: Tetrasporalubrica, g: Tetraspora
lamellose



PLATE 13

a: Staurastrum kalapanii b: Staurstrum setigerum c: Staurastrum tetracerum
d: Staurastrumgemelliparum e: Staurastrumdickiei var. circulare, f: Staurodesmusp.,
g: Staurastrunrhynchocepgsh: Staurastrumrhexacerumi: Staurastruncuspidatum



PLATE 14

a: Staurastrum sp., b: Staurastrum punctulatum c¢: Staurastrum granulosum
d: Staurastrumarachnevar.sumatranume: Staurastrungladiosumf: Staurastrunretusum




PLATE 15

a: Staturastrumpseudotetracerupb: Staurastrumgracile, ¢: Staurastrumlongibrachiatum
var. intermedium d: Staurastrumfurcatum e: Staurastrumpachyrhynchumf: Staurastrum
gracilef. iyengar




PLATE 16

a: Pediastrum tetras var. tetraedron b: Pediastrum boryanum var. longicorne
c: Pediastrumduplex var. reticulatum X 400, d: Pediastrumtetras e: Pediastrum
angulosumf: Pediastrunduplexvar. clathratum




PLATE 17

a: Ankistrodesmudalcatus var. radiatus b: Ankistrodesmusspiralis, ¢: Ankistrodesmudalcatus var.
spirilliformis, d and e: Ankistrodesmusfalcatus f: Actinastrum hantzschii g: Actinastrum lagerh,
h: Actinastrumhantzschiivar.fluviatile, i: Asterococcuimneticus



PLATE 18

5§59.27 pm 33.26 nm

255.07 pm

202.44 pm

 182.21 pm :
\>
H 14.55 um@ 10 pm
/‘ "

10 pm

S

65.16 pm
—A

SSInal e SR

39.04 pm

731.93 pm @

a: Closterium punctulatumX 200, b: Closterium moniliferum X 400, c: Closterium
parvulum d: Closterium gracile, e: Closterium venus f. Closterium ehrenbergij
g: Closteriumacutum h: Closteriumbraunii X 100,i: Closteriumlunulaf. biconvexum



PLATE 19

128.73 pm

a and d: Coelastrumsphaericum b and c: Coelastrummicroporum e: Micrasterias
radiansX 400,f: MicrasteriaspinnatifidaX 400



a: Kirchneriella lunaris X 400, b: Kirchneriella concortavar. elegans c: Micractinium
pusillum d ande: Micractiniumpusillumvar. elegansf: Uronemaconfervicolum



PLATE 21

a. Cylindrocapsa conferta X 400, b: Cylindrocapsa geminellavar. minor, c:
Pleurotaeniumehrenbergii X 100, d: DichotomosiphortuberosusX 400, e: Ulothrix
aequali« X 400, f: Mougeoti: sphaerocarp X 40C



PLATE 22

-t -~
T

Cen e

T -
g &

a: Sphaerozosmdfilliforme, b: Dactylococcopsisacicularis c¢: Monoraphidium
griffithii, d: Spondylosiunmitensvar.triangular f. javanicum e: Spondylosiunplanum
f: Bulbochaetenirabilis X 400,g: Characiumacuminatum



PLATE 23

P
C.2

52.64 pm

a: Euastrumspinulosum b: Euastrumdenticulatumvar. rectangulare c: Euastrum
interminus var. burmense d: Euastrumsublobatumvar. sumatranum e: Euastrum
insulare f: Glaucosphaeraacuolata



PLATE 24

a and b: Oocystiselliptica, c: Oocystisgigas d: Oocystis lacustris e: Oocystis
solitaria, f: Chaetosphaeridiurap.



PLATE 25

9.05 pm Q O

35.83 pm
/ 0 35.92 nm
8.03 nm

27.61 pm @

9.60 pm

p—
l—{ @ \\ |
12.38 pm /

30.66 pm

g

22.72 pm

10 pm
e e

19.12 pm

27.71 pm

16.07 pm 36.11 pm

a and e: Chroococcusturgidus var. maximus b: Chroococcusschizodermaticusc:
Chroococcugenax d: Chroococcusninutesf: Palmellococcusaccharophilus



PLATE 26

a: Arthrodesmusctocornis b: Staurodesmususpidatusc: PandorinamorumX 400,
d: Eudorinaeleganse: Lagerheimiawratislawiensisf: Goniumpectorale



PLATE 27

a: Tetrastrumheteracanthumb: Crucigeniatetrapedia c: Crucigeniarectangularis
d: Crucigeniacrucifera e: Polyedriopsisspinulosaf: Trochisciaaciculifera



PLATE 28

a: Coenococcugplanctonicus b: Coenococcugpolycoccusc and d: Planktosphaeria
gelatinosae: Xanthidiumacanthophorunf: Xanthidiumantilopaeumvar. polymazum



PLATE 29

a: Selenastrum gracile, b: Nephrocytium agardhianum c: Gloeotaenium
loitlesbergerianum d: Nephrocytiumlunatum X 400, e and g: Dictyosphaerium
pulchellum f: Dictyosphaeriunreniformef. major



PLATE 30

a: Phacus anacoelus b: Phacus anacoelusvar. undulatg c: Phacus longicauda
d: Phacus acuminatyg: Lepocinclisfusiformis f: Lepocinclisfusiformisvar. minor



PLATE 31

117.56 pm

a: Euglenaproxima b: Euglenaspirogyra c: Euglenadesesd: Euglenaacus var.
rigida, e andf: Euglenaacus g: Trachelomonasispidavar.coronatg h: Euglenasp.



PLATE 32

a: Anabaena doliolum b: Anabaena circinalis, c: Arthrospira jenneri
d: Aphanizomenofios-aquae



PLATE 33

a: Gloeothecesamoensivar. major, b: Gloeothecaupestris c: Gloeocystisamplag d: Gomphosphaeria
naegelianae: Gomphosphaeriap.,f: Microcystisaeruginosag: Merismopediglauca




PLATE 34

a: Merismopedia glauca b: Coelosphaeriumcollinsii, c: Trichodesmiumlacustre d: Spirulina
meneghiniana 400, e: Phormidiumpurpurascensf: LyngbyacontortaX 400,g: Lyngbyabirgei X 200



PLATE 35

a: Oscillatoria curviceps X 200, b: Oscillatoria chalybea X 400, c: Oscillatoria
granulate d: Oscillatoria chlorina, e: Oscillatoria limosg f: Oscillatoria irrigua,
g: Oscillatoriaformosa



a: Amphoracoffeoeformisvar. africana, b: Amphorasp.,c: Achnanthegoarctatavar.
parallela, d: Cyclotellameneghinianae: Hantzschiasp.,f: Cocconeiplacentula



PLATE 37

15.52 pm

@ 37.77 pm

10 pm

S

=
7.11 pm

41.56 pm

a. Gamphonematelegraphicum b: Gamphonemaconstrictum c: Gamphonema
acuminatumd: Gamphonemé&uncatum e: Eunotiamonodonf: Eunotiaparallela



PLATE 38

I H 1.85 pm

10 pm

93.00 pm F4.43 pm

i

\ 197.63 pm

H
5.08 pm

6.28 pm

> 2
247.27 pm 86.62 pm 130.49 pm

a: Synedraulna var. contractg b: Synedraulna, c: Synedradorsiventralis d: Synedra
capitataX 400,e: Synedraulna var.amphirhynchusf: Synedradelicatissima



PLATE 39

100pm __
——}

b

9.05 pm

39.53 pm

@ 75.45 um

10 pm

Uiy
11.08 pm
|

L 44.05 pm

18.47 pm W

=

4.16 pm

189.78 pm

5178 pm

a. Synedratenerg b: Naviculacryptocephaloidesc: Navicularadiosa d: Rhopalodia
gibba e: Naviculaviridis, f: Naviculasp.,g: Caloneissilicula, h: Nitzschiaacicularis
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capucina e: Cymbella parva, f: Cymbella affinis, g: Cymbella lanceolata h: Cymbella tumida

a: Fragilaria intermediavar.robusta b: Fragilaria biceps c: Fragilaria crotonensisX 400,d: Fragilaria
i Cymbellaaspera




PLATE 41

]
24.58 um

a and b: Oedeogoniumundulatum f. senegalensec: Oedeogoniumsp. X 100,d: Oedeogonium
intermediume: Oedeogoniunsp. onRhizocloniunmsp.,f: Zygnemacollinisanum g: Zygnemasp. X 400,
h: RhizocloniumheiroglyphicumX 200



PLATE 42

a: RhizocloniumheiroglyphicumX 100, b: Peniummargaritaceum c and f: Spirogyrasp. X 200,d:
HydrodictyonreticulatumX 200, e: Spirogyrasp. X 100g: Epiphytic Gamphonemap. onRhizoclonium
sp. X 200,h andi: Dimorphococcusunatus



PLATE 43

a: Botryococcusbraunii, b: Desmidium bengalicumc and d: Golenkinia radiata,
e: Unidentified,f: Tetrallantoslagerheimii g: PediastrunduplexX 400



4.3 Screening of algal isolates for lipid content
4.3.1 Nile red technique for the preliminary screring of lipids

Thirteen microalgal species were successfully mditind maintained at
Algology Laboratory, NBRI-Lucknow for further stiefi. Twelve of them were
green algae and one belonged to cyanobacteriae (4t Among the green algae
majority belonged to genuScenedesmusAll the thirteen microalgae were
subjected to neutral lipid observations qualitdsivigo confirm the presence of
lipids) using fluorescent microscope for the prétiany screening as shown in the
Plate 45. After staining the algal samples witheNiked, strong fluorescence
emissions (yellow gold) were detected in almostth# green algae and no
fluorescent signal was found in case of blue gredgae Aphanothece
microscopica. In particular S. dimorphus, S. quadricauda, Chlorella and
Chlamydomonasp. yielded strong fluorescence emissions and uardscence
were detected in case of blue green algae.

4.3.2 Quantification of total lipids by gravimetric method

The lipid contents of different microalgal specisslated from the six
different sites of Dal Lake are presented in thél@d?2. The percentage of oil
yields of these microalgal isolates were expresesettrms of dry biomass by
slight modifications of Folch method (1957). Thegaemtage of oil content of all
microalgal isolates ranged from 4.63-30.99 per .céiite results showed that two
green algaeS. dimorphusand S. quadricaudp were found to accumulate the
highest amount of lipids (30.99 and 28.61% respelstj compared to other
microalgal isolates. The other oleaferous microalgéth decreasing order of oil
per cent areéS. armatusvar. major (23.96%),Chlamydomonasp. (22.61%)S.
armatus(21.54%),Chlorella sp. (19.76%). The lowest oil content was observed
in Aphanothece microscopi¢d.63%).
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Table-12 :

Percentage lipid yields in different micoalgal isolates

S. : qulection Algal Algal oil .
No. Name of Microalgae Site from  biomass (Mg) Oil (%)
Dal Lake (mg)

01 Scenedesmus bijugatus DLS-I 38.1 4.7 12.33
02 S. armatus DLS-III 115.8 24.95 21.54
03 S. armatuwar. bicaudatus  DLS-VI 119.4 9.4 7.87

04 S. bijugatus DLS-V 39.7 7.1 17.88
05 S. dimorphus DLS-II 51.3 15.9 30.99
06 Chlamydomonasp. DLS-1I 87.1 19.7 22.61
07 S. armatuwar. major DLS-IV 104.8 114 10.87
08 S.armatusvar.major DLS-I 142.3 184 12.93
09 S. armatuwar.major DLS-1II 120.3 22.75 18.91
10 S. armatuwvar.major DLS-II 108.9 26.1 23.96
11 S. quadricauda DLS-V 30.4 8.7 28.61
12 Chlorellasp. DLS-V 50.1 9.9 19.76
13 Aphanothece microscopica DLS-VI 49.7 2.3 4.63
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PLATE 44

Pure cultures of different microalgae:
a: Scenedesmus dimorphis Scenedesmus quadricayda Scenedesmus armatus Scenedesmus armatus
var. bicaudatuse: Chlamydomonasp, f: Scenedesmus bijugafug Chlorella sp., h: Scenedesmus armatus
var. major, i: Aphanotheceae microscopica



PLATE 45

Nile red fluorescent yellow gold emissions by diffet microalgae showing presence of lipids:-

a: Chlamydomonasp., b: Chlorella sp., c: Scenedesmus armatuar. major, d: Scenedesmus armatuar.
bicaudatus e: Scenedesmus armatus Scenedesmus bijugatug. Scenedesmus dimorphus Scenedesmus
quadricauda



4.4  Growth measurement of two promising microalgae by
spectrophotometric method

The maximum absorbance was inspected by scanniogtare sample
between 400 and 1100 nm and the highest absorlpsadéevalue obtained at 680
nm was then used to measure the optical densishasn in the Figs. 6 and 7.
Therefore, growth of both the species was readim wavelength. The specific
data pertaining to the growth measurements of testetl microalgaeS.
dimorphusandS. quadricaudas shown in Fig. 8. During the whole experiment,
the measurements of the OD values at 680 nm wete dotriplicates and the
mean + standard error (+SE) was calculated and @Des in tabular form were
converted into growth curve using GraphPad Prisstafstical software. The plot
clearly shows distinct phases of a typical growthve of two microalgae where
the growth reached a stationary phase ofi day of incubation and during the
investigations it was found that both the spedme®/é well in the BBM media.
During all the phases of growth curve it has beleseosed thaS. quadricaudas
slightly fast growing as compared & dimorphusinitially the cultures showed
gradual growth rate and from th® day onwards, both the species had significant
increase in total number of cells. As evident g/ ghowth curve, both the species
show lag phase of 5 days and of @ay both the cultures showed signs of
exponential phase. During the stationary phasejimaxr growth was found i.
quadricaudawith OD of 3.37 compared with initial reading of084 and
minimum growth was found its. dimorphuswith OD of 2.97 compared with

initial reading of 0.045.
4.5 Estimation of photosynthetic pigments

The photosynthetic pigments of two algal speciesewdetermined by
DMSO method using two different set of formulaevpded by Arnon, 1949 and
Wellburn, 1994. The comparison of pigment conceiatnais presented in the
Table 13.
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Table-13:  Chlorophyll estimation (mg g fw) in two microalgae by using two different set bequations

Microalgae (Chl-a) (Chl-b) Total Chl Total Carotenaids Total pigment

Chlorophyll concentration as estimated by Wellbeguations, 1994

S. d(if;g;phus 11.609 (+0.131)  4.447 (x0.042) 16.056 (+0.173) 758.(+0.109) 19.806 (+0.064)

S. q‘if‘gg)ca“da 16.711 (+0.0891)  5.447 (+0.1181)  22.158 (+0.0297) .944 (+0.0212)  27.099 (+0.0085)

S. d(i[gg;phus 6.008 (+0.625)  0.796 (0.476)  6.803 (+1.100)  0.4Z0.008)  7.274 (+1.109)

S. qlzfgg)callda 8.015 (+0.0262) 1.168 (+0.597) 8.701 (+0.110) 0.680009) 9.713 (+0.561)

(xSD) = Standard deviation
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-@- Scenedesmus quadricauda

-©- Scenedesmus dimorphus

Time (Days)

Fig. 8 : Growth curve of two microalgae under bath mode



By using Wellburn equations total photosyntheticgnpents were
maximum in S. quadricauda(27.099 mg @) as compared t&. dimorphus
(19.806 mg §). In case of Arnon formulae, total photosynthetigments were
also maximum inS. quadricaudg9.713 mg &) as compared t&. dimorphus
(7.274 mg ).

The results show that by using Wellburn equatioagimum chlorophyll-
a (16.711 mg§), chlorophyll-b (5.447 mg, total chlorophyll (22.158 mg¥)
and total carotenoids (4.941md)gvere reported i$. quadricauda.On the other
hand minimumchlorophyll-a (11.609 mg1), chlorophyll-b (4.447 mg, total
chlorophyll (16.056 mgd) and total carotenoids (3.750 mg)gvere reported in
S. dimorphus.

Similarly, maximum chlorophyll-a (8.015 mg'y chlorophyll-b (1.168
mg g%, total chlorophyll (8.701 mg™§ and total carotenoids (0.530 mg)gvere
reported in S. quadricaudaand minimum chlorophyll-a (6.008 mg 9,
chlorophyll-b (0.796 mg ¢, total chlorophyll (6.803 mg 1 and total
carotenoids (0.471 mg™y were reported inS. dimorphusby using Arnon

formulae.

Overall in both the tested microalgal species thet@synthetic pigments
were reported maximum by applying Wellburn (1994juaions, while as

minimum pigments were reported by Arnon (1994) folae as shown in Fig. 9.
4.6 Estimation of total protein content of two micoalgal species

The data (mean values with SE) in the Fig. 10 shibhvesprotein content
(% wiw) in S. dimorphusand S. quadricaudaThe results show that maximum
total protein content was found B\ quadricauda(13.026%) and the minimum

concentration was found B. dimorphug8.284%) (Table-14).
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Table-14:  Total protein content in two microalgalspecies

Aliquot of Protem_ Protein . Mean
. content in Protein .
Microalgae sample OD 750nm . content Protein
(mi) lauot — qgmry ) (%)
(H9)
0.1 0.048 24 240 7.101
S. dimorphus 8.284
0.1 0.064 32 320 9.467
0.1 0.075 37.5 375 12.544
S. quadricauda 13.026
0.1 0.071 35.5 355 13.509
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S. dimorphus (Arnon, 1949)

301
E= S. dimorphus (Wellburn, 1994)
271 g= s. quadricauda (Arnon, 1949)
244 N S. quadricauda (Wellburn,1994)
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Fig. 9: Chlorophyll estimation in two microalgal gecies by using two
different set of equations: Arnon, 1949 and Wellbun, 1994
equations



(Protein %)

S. dimorphus S. quadricauda

Fig. 10 : Total protein content of two microalgaspecies

S. dimorphus S. quadricauda

Fig. 11 : Comparison of lipid content in two diffeent methods using
same solvent



4.7  Comparison of lipid content in two different méhods using same
solvent

The lipid content of two promising algal speciesswestimated by two
different methods (Folch, 1957 and Soxhlet, 187%ing same solvent
Chloroform: Methanol (2:1) and the comparison mealues of oil content are
presented in the Table 15. In Folch method 30.9%@et oil content was reported
from S. dimorphudrom 51.3 mg of algal biomass while as 28.61 pet eeas
reported from 30.4 mg of algal biomass from ®equadricaudaln Soxhlet
extraction 27.29 per cent oil was reportedsindimorphugrom 7889.3 mg algal
biomass while as 24.75 per cent oil was reportewch 8856.7 mg of algal biomass
in S. quadricaudaln both the species the maximum oil content wasnteg by
Folch extraction method while as minimum oil cottemas extracted by Soxhlet
method (Fig. 11).

4.8 Fatty acid estimation using GC and GC-MS

Fatty acid (FA) profile of two microalgal strairs. dimorphusand S.
quadricaudawas determined and the results are presented ifahle 16. Fatty
acid composition was calculated as percentage eotdtal fatty acids present in
these two microalgae determined from the peak aré&asthe two tested
microalgae the dominant fatty acids in both thecsgsewere oleic acid (18:1),
palmitic acid (16:0), linoleic acid (18:2) and lieaic acid (18:3) and cis-10-
heptadeceoic acid (17:1). The total amount of faitid methyl ester of th8.
dimorphuswas 86.2 per cent and that 8f quadricaudavas 85.7 per cent with
13.8 per cent and 14.3 per cent hydrocarbons andentified respectively.
Myristoleic acid and pentadecanoic acid were abseBt quadricaudawhile as
arachidic acid, gadoleic acid, eicosapentaenoid acd heneicosanoic acid were
found to be absent in both the species. The mostirdmt fatty acid inS.
dimorphuswas oleic acid (21.1%) followed byalmitic acid (18.9%), linoleic
acid (13.1%), linolenic acid (8.9%), cis-10-heptaet@c acid (7.1%), margaric
acid (6.3%) and the fatty acids present in leastentrations were behenic acid
(0.1%) and myristic acid (0.4%). Also similar trem@s seen irs. quadricauda
with most dominant fatty acids oleic acid (26.2%) followed byalmitic acid
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Table-15:  Comparison of lipid content in two diffeent methods using same solvent

Folch method Soxhlet method
Microalgae f 4 alaal f 4 aloal
Amount of Dried alga . . Amount of Dried alga .
culture biomass Algﬁg;) L (?A; I) culture biomass Algﬁlgg I Oil (%)
(ml) (mg) (ml) (mg)
S. dimorphus 80 51.3 15.9 30.99 150000 7889.3 2152.9 27.29
S. quadricauda 80 30.4 8.7 28.61 150000 8856.7 2191.9 24.75
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Table-16 :

Fatty acid profiles (%) of two microalgd strains

S. Fatty acid Carbon chanedesmus Sceneqlesmus

No Skeleton dimorphus quadricauda

1  Myristic acid 14:0 0.4 0.5

2 Myristoleic acid 14:1 1.6 -

3  Pentadecanoic acid 15:0 0.9 -

4  Palmitic acid 16:0 18.9 17.8

5 Palmitoleic acid 16:1 2.4 15

6 Hexadienoic acid/ 16:2 2.8 4.5
Hexadecadienoic

7  Hexadecatrienoic 16:3 2.2 3.6

8 Heptadecanoic acid/ 17:0 6.3 3.9
Margaric acid

9 Cis-10-Heptadeceoic acid 17:1 7.1 7.1

10 Stearic acid 18:0 0.4 0.5

11  Oleic acid 18:1 21.1 26.2

12 Linoleic acid 18:2 131 13.8

13 Linolenic acid 18:3 8.9 6.0

14  Arachidic acid 20:0 - -

15 Gadoleic acid 20:1 - -

16 Eicosapentaenoic acid 20:5 - -

17 Heneicosanoic acid 21:0 - -

18 Behenic acid 22:0 0.1 0.3

19 Lignoceric acid 24:0 - -

20 *HC and Ul 13.8 14.3

*HC and Ul-Hydrocarbons and Un-identified, (-) Netected
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(17.8%), linoleic acid (13.8%), linolenic acid (80, cis-10-heptadeceoic acid
(7.1%) and palmitoleic acid (4.5%). The fatty agssent in least concentrations
were behenic acid (0.3%) followed by myristic afdb%) as shown in Fig. 12.

4.9 Quality parameters of microalgal oil for biodiesel production

The quality parameters of microalgal oil obtaineani both the species
for biodiesel production are presented in the TalFle The degree of unsaturation
(DU), cetane number (CN), iodine value (IV) and@dfication value (SV) folS.
dimorphuswere 86.2, 50.46, 116.74 and 179.40 respectivihe DU, CN, IV
and SV forS. quadricaudavere 90.6, 51.04, 115.71 and 177.40 respectiveig. T
values obtained for the concentrations of saturafatly acids (SFAS),
monounsaturated fatty acids (MUFAs) and polyunsagar fatty acids (PUFAS)
are also presented in the Table 17. In cas8.aimorphughe total amount of
SFAs, MUFAs and PUFAs were 27, 32.2 and 27 per mspgectively. While as
in S. quadricaudahe total amount of SFAs, MUFAs and PUFAs were 288
and 27.9 per cent respectively.

4.10 Characteristics of microalgal oil obtained fron two tested microalgae

The micro algal oil obtained fror8. dimorphusand S. quadricaudaby
Soxhlet extraction method was subjected to physh@mical analysis and results
are presented in Table 18.

The colour (physical appearance) of oil obtainednfiooth the microalgal
species was dark dull yellow green from plate XXXihen compared with the
colour standards and nomenclature of Ridgway’'sZ).91

The dynamic viscosity of oil obtained fro8. dimorphusand of S.
guadricaudawas found to be 0.539 Pa s and 0.673 Pa s as shdiva Table 13.

The density of oil extracted fro®. dimorphusvas 0.980 g ctand that of
S. quadricaudavas 1.014 g ¢t

The visual inspection test is a visual comparis@thod used to determine
the odour of microalgal oil and its solubility inater. Both the microalgal species
were insoluable in water and shows oily and fistiguo.
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Table-17 :  Quality parameters of oil from two micraalgae for biodiesel production

Microalgae DU (%) CN! V2 SV SFAs MUFAs  PUFAs References
S. dimorphus 86.2 50.457 116.745 179.392 27 32.2 27 Preseny stud
S. quadricauda 90.6 51.039 115.714  177.352 23 34.8 27.9 Presady st
Chlorellaspecies 74.1 56.7 65 217.8 - - - (Francisebal.,2010)
Peanut 113.1 53 97 - - - - (Rama al.,2009)

DU, degree of unsaturation; CN, cetane numberiddfine value; SV, saponification value (mg KOH g
Minimum limit CN of European standards (EN 1421%)-4
“Maximum limit of IV of European standards (EN 14234120 g 4 100 g".
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Table-18:  Characteristics of microalgal oil obtaired from two tested

microalgae
Values
Parameters = ----oomemeemsmeeme
S. dimorphus S. quadricauda
Density (g c&) 0.980 1.014
Viscosity (Pa s) 0.539 0.673

Physical appearance

Solubility in water

Odour

Dark dull yellow-green Dark glellow-green

Insoluble Insoluble

Oily & fishy Oily & fishy
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Chapter -5
DISCUSSION

5.1 Physico-chemical characteristics of Dal Lake viar samples
5.1.1 Temperature

The surface water temperature of all the studyssitaealed that the
seasonal temperature significantly varied with nmmaxn temperature being
exhibited during summer season (24.28-256) followed by autumn season
(20.90-21.58C) and minimum temperature being exhibited duririgtev season
(12.53-14.10°C) followed by spring season (16.18-16.3%L). The temperature
recorded during the summer and autumn season wasuop for the normal
growth and survival of aquatic organisms as phyokions recorded during our
study also showed peak growth and abundance ire thes seasons. Pawar
(2010) reported that water temperature influent¢ws dghemical and biological
activity besides growth of aquatic organisms. Hosvdemperatures of winter and
spring season were not found suitable for mosthef phytoplanktons except
diatoms as shown in diversity and distribution E&sbB to 6. Boyd (1979) found
that temperature plays a pivotal role for the growaind survival of aquatic
organisms. Kanueet al. (2013) also reported that water temperature is an

important factor that controls the energy relatiopst different trophic levels.
5.1.2 pH

Natural water is usually alkaline due to the preseof high concentration
of carbonates. Considerable fluctuations in pH lsarobserved in natural water
during day, season to season and within years beaafuexposure to the air and
other related biological activities (Mushtag al., 2013). The data regarding the
pH of the water at different sites of the lake estsm exhibited similar
fluctuations in the pH during the different seasmisthe year. The lake is
characterized by highly alkaline pH during springlQ-8.88) as well as in the

summer season (7.69-9.47). Although, during thetewiiseason there are not

210



much evident changes in the pH (7.38-7.97), budtirer seasons, DLS-II shows
highest values of pH compared to other sites. énpilesent study it was reported
that during summer and autumn months blue greeaedigcrocystis aeruginosa
was found abundantly forming blooms at this sitbe Tolooms absorb more
carbon dioxide which in turn shifts pH to alkalisele because the pH of natural
waters is highly influenced by carbonate system @aron dioxide is one of the
components of carbonate system. This alkaline raigthe pH might also be
attributed to the geological features of the catehincomprising of a karewa bed,
composed of calcium carbonate rock and some o#i&s & high proportions
(Khanet al.,2012).

Such an alkaline pH may also be due to the contisaiution of the lake
waters with the main Telbal stream and other sgt@ams which in fact are also
the sources of water in Dal Lake. This is in confiy with the conclusions also
drawn by Harrel (1973). The continuous inflow oftera into the different basins
of the Dal Lake might increases pH to alkaline sidger all, the pH recorded
being in alkaline range indicates that the lakevedl buffered throughout the
study period and indicates productive nature ofewaibdy as also reported by
Garget al.(2010).

5.1.3 Chemistry of lons

Conductivity is a measure of capacity of substamcsolution to conduct
electric current. Electric conductivity (EC) depengbon the quantity of dissolved
salts present in water and also nutrient loadingheflakes (Guptat al., 2008).
Conductivity is also closely related to lake typeing low in mountain lakes and

high in valley lakes, especially in non-drainageety (Kaul, 1977).

The relatively higher electric conductivity, totdlssolved solids, total
hardness and total alkalinity values recorded fraites DLS-V and DLS-VI
during all the seasons in the present study igatad to the presence of nutrient

load released into the Dal Lake due to various higgree of anthropogenic
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activities in the catchment area such as domestistevwater, waste disposal,
agricultural runoff and geological nature of dragaabasin particularly at sites
DLS-V (Nagin) and DLS-VI (Ranawari). Shastreeal (1991) and Kanuet al.
(2013) also reported that high level of conducyiveflects the pollution status as
well as trophic levels of the lake and rivers. Thsults also show that the lake
shows medium level of electric conductivity, totidsolved solids, total hardness
and total alkalinity during spring as well as summseason. These medium values
are attributed to moderate levels of various anams cations and might be due to
the self purification phenomenon of the lakes by ihflow of the waters from
different streams and precipitation during these $@asons.

In most natural waters bicarbonates and some toradsnates are present
in appreciable amounts. Their salts get hydrolysedsolution and produce
hydroxyl ions consequently raising the pH. Reductio the bicarbonate content
of the alkalinity at the time of algal blooms (suemseason) is attributed to the
uptake of carbon by the bottom vegetation and tinggplanktons which also
leads to change in the calcium content of watehs,(2096). The alkalinity values
led to the lake waters being included within tharth water type” of Moyle’s
(1945) lake typology.

Total hardness in water is the sum of the conceotrs of alkaline earth
metal cations (e.g., Ca Mg'™). In most freshwaters nearly all the hardness is
imparted by the calcium and magnesium ions whiah iar combination with
bicarbonates and carbonates (temporary hardneas)fegm sulphates, chlorides
and nitrates. When free carbon dioxide and bicaatemare removed from water
by photosynthesis the carbonates get precipitasechaxl. The determination of
this parameter helps us in deciding the use patienvater. Both calcium and
magnesium are important for growth of plants tthesrtconcentration is lower at
the time of peak development in algae (Mir and Kaoch1982). Calcium in the
form of water soluble calcium formate is utilized the formation of sheaths of

blue green algae and magnesium is responsiblehfrhealthy pigmentation
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(Fogg, 1953; Munawar, 1974). Calcium and magnesicomcentration of
freshwater bodies of Kashmir valley has been aasmtiwith the thick population
of plankton, especially Cyanophyceae (Bhat and ®a2@03) and it is attributed
to the predominance of lime rich rocks in the cateht area (Khaet al., 2004).
In our study luxuriant growth of algae was alsorfduuring summers resulting in
lower concentrations of total hardness. The studyp aevealed that not only
carbonates and bicarbonates of Ca and Mg but hé&o gulphates and chlorides

contributed to the hardness of water in the prelsdoet

In general, higher ionic concentration in winteddawer in summers in
the lake water is also largely governed by thetiditueffect of snow melt waters
during summers (Jeelani and Shah, 2006). The laakres in summer with a
considerable increase in spring, autumn and wimigy also be attributed to the
uptake of these ions by plants, as in our studyt mibthese sites were covered by
phytoplanktons in summer. Over all, our resultsiareonformity with the results
of Jeelani and Shah (2006) and Musheaal. (2013). In our study the seasonal
trend of electric conductivity, total alkalinityptal dissolved solids and total
hardness values being higher in winter seasonithaommer. Similar trend was
also observed by Yaqodat al.(2008).

5.1.4 Key nutrients

Total phosphorus in freshwater comprises of solubetive phosphate,
polyphosphate, soluble and insoluble organic phosph In recent times,
increased use of detergents with long chain polgphate compounds and the use
of water bodies as receptacles for waste dispoaaé hresulted in excessive
phosphorus loading of aquatic systems, causinghitation. For the living
organisms, phosphorus is ecologically most impore@ment. Orthophosphates
which are readily taken up by the phytoplanktorewnftieplete rapidly becoming
the first limiting nutrient. In eutrophic lakes higophosphorus content supports an
increased level of primary production till nitrogbacomes limiting. This has far

reaching ecological implications on the distribatioand diversity of

213



phytoplankton (Adoniet al., 1985). Phosphorus compounds are present in
fertilizers and in many detergents. Consequertigy fare carried into both ground
and surface waters with sewage, industrial waste$ storm run-off. High
concentrations of phosphorus compounds may produsecondary problem in
water bodies where algal growth is normally limitag phosphorus and in such
situations the presence of additional phosphoruspooinds can stimulate algal
productivity and enhance eutrophication procesBestfam and Balance, 1996).
Phosphate is present in the water body in orgamiciaorganic forms. Various
human activities including disposal of sewage, kbofd and industrial waste
generally enhances the content of phosphate inr\wathy.

The data on the concentration of phosphates redaati®arious sites in
different seasons show that its levels were highesummer and autumn season
compared to other seasons with Ranawari site (DDS¥hibiting highest value
of 1.80 and 1.45 ppm and Char Chinar site (DLS\Iibh lowest value of 0.47

and 0.38 ppm respectively in both the seasons.

Nitrate is the most oxidized form of nitrogen amdain important plant
nutrient. Due to its higher mobility as compared diher vital nutrients, its
concentration in freshwaters apart from autochthengroduction is largely
regulated by wastewater loading, agricultural réiaofd ground water inputs. In a
system approaching higher trophic levels the organaterials or metabolic
wastes descend to deeper waters, where nitrogechvdaes not get lost to the
sediments is remineralized to nitrates via badteoieidative processes by
nitrifying bacteria (Adonet al.,1985).

The results on the concentration of nitrates reswrdt various sites in
different seasons show that maximum contents wieserged in summer season
with Ranawari site (DLS-VI) exhibiting highest valwf 3.95 ppm. Similarly the
lowest concentration of nitrates in the same seasmreported in Char Chinar

site (DLS-III) showing a value of 1.13 ppm. The arasamples collected in the
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autumn season also exhibited increased levelsti@tes ranging from 0.86 ppm
at DLS-Ill to 2.75 ppm at DLS-VI.

The elevated concentrations of nutrients during mem autumn and
especially at Ranawari site (DLS-VI) may be atttdulito the application of
fertilizers in vegetable gardens, paddy fields tedawithin and around the
catchment area of lake. The use of detergents,ssaag sewage etc emanating
from the houseboats, hotels, restaurants and btakers living within and along
its catchment area has resulted in appreciable at®@i nitrate and phosphate
within the lake. The present observation is in clatgp conformity with the
findings of Mushtacet al. (2013). Zuber (2007) also found that phosphatedbuil
up in the Mansar Lake is due to inflow of fertiligdrom the agricultural fields in
the catchment area of the lake. Yag@ablal. (2008) also found that in the valley
lakes the problem of pollution is mainly due to iéidd of major plant nutrients
derived from human wastes and agricultural acésittc. Vya®t al. (2006) and
Pandit and Yousf (2002) also found that nitrate phdsphate enters the lakes
through domestic wastewater, accounting for theslacated eutrophication and
the augmented concentration of phosphate and enitnratakes also resulted in
enhanced phytoplankton productivity. In our studyig the summer and autumn
seasons green and blue green algae were also iim@ppreciable amounts as in
these two seasons at all the sites nutrients veenedfin higher amounts. Sharma
(2004) also reported that each 400 g of phosphateusages about 350 tones of
algal slime. The increase of phosphate in sumnem@so associated with the
increase in temperature, the rising temperatureeases the regeneration of
phosphorus from the sediment and littoral zone. Téwhuction in winter and

spring may be due to slower regeneration as shatédir and Kachroo (1982).

Silicate is the soluble reactive form of silica, igfh is an important
structural constituent of the body of diatomsslbiften found dissolved in natural
waters in considerable quantities and shows maskadonal variations (Adoet

al., 1985). Silicon is one of the most abundant elemrerthe earth’s crust and
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most important element which aid the developmemtiaiom shells. Silicon in the
lake is derived from rock weathering (lithogeniadadiatoms (biogenic) (Jeelani
and Shah, 2006). During the investigations it wasntl that silica is the most
abundant ion in the lake. Seasonally highest vatdieslicates were recorded in
summers and lowest in winters and overall Ranaw#da (DLS-VI) shows
elevated concentrations of silicates in all therfeaasons. The highest values
recorded may be due to the decomposition of alumirsilicate minerals in rocks
as also reported by Mushtaq al. (2013). The reduction in the silica content
depends on uptake of silica by the diatoms (Mir Kadhroo, 1982) as diatoms in
present study were found abundant at DLS-VI duringnters especially
Gamphomena,Navicula and Cymbella species. The data also shows that
consumption of silicates by diatoms was maximunmwinter as compared to
summers. These results were similar to Sarwar (1@8® found that the silica
content in the lake water gets depleted as it kertaup by the abundance of
diatoms. However, Mir and Kachroo (1982) reportegligible consumption of

silica by nanoplanktons in the same season.

On the basis of the physico-chemical charactesigifiserved in the lake it
may be concluded that the environmental conditibthe Himalayan Dal Lake
ecosystem is deteriorating. The evidence shows tlieatiake water is basic in
characteristics especially at DLS-VI, DLS-V and DD\S The key nutrients that
contribute to cultural eutrophication of water Eglsuch as phosphate and nitrate
were high in concentrations. Due to anthropogentwiies within the lake and
catchment area appreciable quantities of wastem fluman settlements,
houseboats, hotels, agricultural fields and orchare being directly dumped into
the lake and these events are directly respon&iblthe ecological disturbances

of the lake ecosystem.
5.2  Algological studies

Algal taxonomy with diverse families is of greaadnostic importance in

floristic analysis as well as basic and appliedeatp of research (Medvedeva,
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2001). Besides searching for some potential oleaterlgal flora of Kashmir
Himalaya an attempt has also been made to devetiztaabase of algal flora of
Kashmir Himalaya with the help of modern tools achniques. As a part of the
data base information the present investigationbegs carried out from the six
different sites of Dal lake ecosystem coveringtladl lake basins, which will help
in preparing algal distributional map and identifie site specific algal species.
Based on its geographical position Dal lake ecesysdlso enjoys the richest and
the most diverse biodiversity among the other frasiter lakes of Kashmir
Himalayas and also in the Indian subcontinent. lrFrester algal floristic
exploration of the lake revealed very interestingl axciting results. In the
present investigation morphotaxonomic characteirgersity and distribution of
fresh water algae along with the physicochemicalkratteristics of each site has
been analysed. The study shows that a total ofl@dl genera, 217 species, 41
varieties and 8 forma have been recorded fromithsites of Dal Lake ecosystem
(Table 7).

From the results it is clear that out of 217 spethe maximum number of
species (149) belongs to Chlorophyta with 30 viemsetand 8 forma. The
Chlorophycean algae of Dal Lake is best represemtesummer and autumn
months and lowest in the winter followed by sprisgason (Table 8). The
dominance of Chlorophycean algae during the sunamérautumn seasons could
be attributed to increasing and favourable tempesabesides enhancement in
phosphorus and nitrate concentrations. Kant andi$ac(1977) and Ganat al
(2010) also reported a Chlorophycean peak durimgnser months in Kashmir
Himalayan lakesOedeogoniumSpirogyraandRhizocloniumwere found in fresh
waters throughout the year almost at all the sksssummer approaches these
vegetative forms reaches to the reproductive stagiesilar reproductive stages
during summer months in these algae were founchénrésearch of Dwivedi
(2001). Among the Chlorophyceae, the maximum sge@eorded are 30 species

of Cosmarium,18 species oftaurastrum13 species oScenedesmusvhere as
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the minimum and rarely recorded arPalmellococcus saccharophilus,
Oedeogonium undulatumsenegalensandSphaerozosma filiforme.

Diatoms occupy a wide range of ecological nichesodB, 1959, 1965;
Moss, 1972) which probably account for their ocenae in all the studied sites.
In the class Bacillariophyceae, 30 species andrieti@s were recorded showing
their peaks of standing crop during winter monthise most dominant species
recorded were&Ssynedra, Cymbella and Gamphonenibe diatoms showed their
peaks by remaining dominant in the lake during girseason (Table 11), which
could be attributed to the fact that they are ablgrow under the condition of
weak light and low temperatures which are lessablet for other algae. These
findings are in conformity with the findings of Mawar (1974) and Ganat al.
(2010). In the present study the reduction in tiieates was also found during
winter months which also support our results. As Bhd Kachroo (1982) also
found that the reduction in the silica content awseon uptake of silica by the
diatoms as these organisms were found in abundiurggg winters as compared
to other seasons. The observations made by Nawiyall (1996), Pareelet al.
(2011) and Bhatnagar and Bhardwaj (2013) also std@easonal distribution of
members of Bacillariophyceae following winter>sumprmaonsoon trend. These
results are thus in conformity with our findingsgaeding diatoms. Kant and
Kachroo (1973) also reported peak abundance oflBacphyceae during winter

in the Dal and Nagin Lakes.

The data also reveals that Cyanophyceae is the ldmgest class with 28
species and 2 varieties (Table 9). The abundanceyafiophyceae during the
summer and autumn months indicates the eutrophioenaf water body (Lin,
1972). The cyanophyceae showed their peaks dadumgner and autumn seasons
with the maximum standing crop especially at sitesSBVI. The possible reasons
behind this result may be the favourable tempegatatkaline pH, low water
volume and availability of nutrients which creafastourable condition for better

propagation of this group of phytoplankton. The dwnt species of
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cyanophyceae wda3scillatoria. Ganai and Parveen (2013) also fo@sillatoria
spp., the most abundant amongst cyanophyceae imrWake in their study
during March, 2007 to February, 2008. The Pres@ficme pollution tolerant
blue green algakke Microcystis aeruginosand Oscillatoriaspp can be used as
indicator species for polluted habitats, as theseies were recorded from those
sites having high concentration of pollutants. Bhessults are in accordance with
the findings of Bhatnagar and Bhardwaj (2013).

MicroalgaeMicrocystis aeruginosavas found abundantly at site DLS-II
during the summer and autumn months indicatingrafeg toxic nature of water
as this alga contains neuro and hepato toxins. tdkie nature ofMicrocystis
aeruginosawas reported by Bishoet al. (1959), Al-Jassabi and Khalil (2006)
and Ahmed (2009). Protenious algggirulinawas common at sites of DLS-IV,
DLS-VI which indicates that the algae is able tdetate the high level of
pollutants as these sites contain appreciable djigasnof nutrient load (Tables 3,
4, 5 and 6). The high tolerance limit®pirulinaplatensisin various toxicants and
pollutants was also reported by Loetkal. (2013) and is in conformity with our

results.

Euglenoid algae form a relatively large and divagssup but few species
are truly planktonic (Wetzel, 1983). Among the Ergiphyta 4 genera, 9 species
with 4 varieties were found in appreciable numbarsite DLS-VI during the
autumn season (Table 10). Increasing temperatuteaaoumulation of organic
loads from catchment area, autothonous and alloogh@rganic load, sewage,
clear sun-shine, temperature may be the possibsons for the dominance of

euglenophyceae in autumn months (Munawar, 1972).

The study also shows that class Rhodophyceae wastgpic in its
representation of having only one taxon nam@laucosphaeravacuolata
reported from Hazratbal site (DLS-IV). This is amneecord reported in India and

Kashmir Himalayas to the phycological studies (€ahl).
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Inspite of the heavy load of pollutants from vasactivites (as discussed
in water chemistry) the dominance of green alga@ds getting diminished,
although almost all the blue green algae showenl tlwninance at those sites
receiving heavy load of pollutants. The water a§ tlentic fresh water body is a
prime example of a natural ecosystem severely teffielby pollution. These algal
assemblages can be regarded as ‘models’ that evidif lgreat value in providing
baseline data for future monitoring and for assesthe effects of anthropogenic

pollution.
5.3 Lipid studies of different microalgae (qualitatve and quantitative)

The Nile red technique has also been previouslgessfully applied to a
number of microalgae for the rapid determinationimtis (Cookseyet al., 1987;
Lee et al., 1998; and Elseyet al., 2007). In our study the lipid droplets of
microalgae emitted yellow-gold fluorescence in tbells under fluorescent
microscope and these lipid globules are the sigr&lequate lipids present in the
studied algae (Plate 45). Our current findingsveedl supported by the previous
research carried out by Cooksetyal. (1987) and Leet al. (1998) who reported
the Nile red technique as useful tool for the ragetermination of lipids in algae.

The maximum lipid content was reported $ dimorphus(30.99%)
followed by S. quadricaudg28.61%) and these microalgae were isolated from
the fresh water samples of sites DLS-1Il and DLSOr results are in conformity
with the results of Becker (1994) and Gouveia ahde®a (2009) who found that
Scenedesmus dimorphpgssess 16-40 per cent of the lipid content. Afsoase
of Scenedesmus quadricauddphapatra (2006) and Goswami (2011) reported
19.9 and 31 per cent lipid content. The seasontdrnvehemistry of these two sites
also reveals that these two sites are less pollasedompared to others and the
high lipid content might be due to non-toxic natofethe fresh waters and less
nitrate and phosphate present in these sites. dserén lipid content during
nutrient limitations can be explained by the faattmany microalgae under stress

conditions alter their lipid synthesis pathway amtumulates large amount of

220



lipids to sustain adverse conditions (Sharptaal., 2012). Another possible
explanation for this could be that, nitrogen is @ssential component of protein
synthesis. During nitrogen starvation, the ovegatiwth and cell division of the

cell impairs.

The data also shows that the minimum lipid contelas reported in
Aphanothece microscopicg4.63%), S. armatus var bicaudatué/.87%), S.
armatus var. major (10.87%). All these microalgal species were found
comparatively in the more polluted sites of ouresesh work. The low lipid
content might be due to the toxicity of the polhttaand appreciable amounts of
nitrate and phosphate in these sites which migletedse their lipid content.
Previous studies have also demonstrated that dpident in some microalgae
increases during different cultivation conditionscls as nitrogen deprivation
(Hsieh and Wu, 2009), and salt concentration (Araatj al., 2011). The lipid
content ofChlorella spp typically ranges between 28 and 32 per cent on dry
weight basis (Chisti, 2007). However, our isolaséchin yielded up to 19.76 per
cent. Chisti (2007) also reported that oil cont@ninicroalgae is usually between
20 and 80 per cent. In our study, many microalgalirss exhibited high lipid
content, therefore it may be possible to increlsé tipid content by optimizing
growth determining factors such as the control ibfogen level, light intensity,

temperature, salinity, C{xoncentration and harvesting procedure.
5.4  Growth measurement of microalgae by Spectrophommetric method

In the present research work the two green miceo&@genedesmus
dimorphusand Scenedesmus quadricaudeere chosen for the study because, it
was found that both the species accumulate mordslips compared to other
microalgal species. In spite of huge differenceshim climatic conditions of the
places where collection has been done and the plheee all the experimental
research work was carried out, both the microakjemved luxurious growth in
the BBM media, which reveals its flexible natureaitapt the wide range of the

environmental conditions.
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As shown in the Figs. 6 and 7 maximum absorbance inspected by
scanning the culture samples and the highest afnscebvalue was then used to
calibrate the curve of algal density. Standard in@st to estimate algal
concentration include direct cell counts, chlordplepntent measurement and
absorbance (EPA, 1994). When spectrophotometricabrdance is the chosen
method, a reading wavelength of 750 nm is usua@tpmmended (EPA, 1994,
Eatonet al; 1995) although values of 680 nm (Geisal., 2000) and 687 nm
(Valer and Glock, 1998) have also been used. Thakes are correlated to the
light absorbance of chlorophyll. Fig. 1 and 2 prgsethe pattern of light
absorbance fo8. quadricaudandS. dimorphuscreened between 400 and 1100
nm. In both the microalgal species peaks could b&ewed with the highest
absorbance obtained at 680 nm, representing theelerayth of maximum
sensitivity to quantify thes8cenedesmusamples. Therefore, growth of both the
species was read in this wavelength.

Under suitable conditions and sufficient nutrientscroalgae can grow
profusely (Chisti, 2007). Fig. 8 shows the growtlrve among the examined
microalgal species grown autotrophically duringdB#s of batch cultures using
BBM media, indicating the enhanced growth rate esponding with incubation
time. The growth curve pattern of both the micraalgshowed similar patterns
depicting log, lag and stationary phase. Growtle natone important way of
expressing the relative ecological success of speiti adapting to its natural
environment or the experimental environment impagaah it. The growth curve
of S. quadricaudaand S. dimorphuswas determined from parallel cultures
starting from inoculums. Microalgal growth is ditigcaffected by the availability
of nutrients, temperature, light and pH (Xen al, 2012). The present study
revealed that cell growth started from thedhy itself and reached its maximum
at 14" day of the culture. The growth rate 8f quadricaudavas fastest and
higher as compared t8. dimorphusSimilar results were also observed in the

culture of Nannochloropsis salinand Chlorella marina byMuthukumaret al.
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(2012). Our results indicate that both the micrabkpecies are suitable for high-
density culture.

5.5 Pigment estimation in two promising microalgady using different
equations

The result of the chlorophyll content $ quadricaudaandS. dimorphus
are presented in the Table 13. In the present ndse&erk DMSO was used as a
solvent as compared to acetone because DMSO isisupe acetone for the
extraction of chlorophyll from green algae. Shaafl Lium (1976) reported that
DMSO is superior to acetone giving 2-60 times machorophyll depending on
the algal species. Also, as no maceration of aigalie is required, chances of
losing chlorophyll due to filtration step (acetomethod) are totally eliminated.
Moreover acetone does not extract all the majormpigs completely
(Lichtenthaler, 1987)

The extraction of chlorophyll depends upon manydiclike solvent type
(Porraet al.,1989), solvent impurity (Garcia and Nicolas, 1998&issue type and
degree of maceration (Shinaeb al., 1996) and the equations used to calculate
Chl- concentration (Wellburn, 1994; Porra, 2002% Byguations used to calculate
Chl- concentration might also influence the reshiésause the absorption spectra
of Chl-a and Chl-tare different in different types of equations. Walh (1994)
has presented accurate extinction coefficientsraleyant simultaneous equations
for use with various solvents including DMSO (Por2802). However, in the
present study two different sets of equations pledi by Arnon (1949) and
Wellburn (1994) using DMSO as a solvent were usedcélculations. The data
revealed that the maximum photosynthetic pigmenerewestimated with
Wellburn equations and minimum pigments were caltea with Arnon’s
formulas. Our results are in conformity with theuks of Wellburn (1994) and
Tait and Hik (2003). The much-quoted equations aiok (1949) to determine
individual levels of Chl-a an€hl-b in 80 per cent acetone in water are stillduse

by many researchers despite the fact that theynaceurate and that particular
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solvent mix has many disadvantages (Wellburn, 1994 Arnon’s equations
will give inaccurate results for DMSO (Porra, 20G#)d several studies have
modified Arnon’s equations and most importantly betn (1994) provided

equations that give accurate results. There arey measons for this inaccuracy
including the poor resolution of the spectrophottarseof the 1940’s but the main
problem is the solvent itself.

Chlorophyll content decides the photosynthetic Hta particular strain.
Changes in chlorophyll level are probably contmblées algal density and climatic
factors (light and temperature). Photosyntheticigficy of microalgae is directly
related to its growth and hence biofuel productidsing the Wellburn equations
in our study the Chl-a content $ quadricaudavas reported to be 16.711 mg, g
while as inS. dimorphusChl a was found to be 11.609 mg.dhe Chl-a content
was highest in both the species, as the photofagsite tested microalgae contain
Chl-a. However Chl-b also augments the overall rfsoent signal and enables
green algae to perform the photosynthesis. Oultseare well supported by Kong
et al. (2011) who reported the Chlorophyll content of 78g g* in C. vulgaris
under photoautotrophic nutritional modes. Carotés@re important components
of photosynthetic apparatus of vegetative cellvisgras additional pigments
(Giovannoni et al., 1988). They protect chlorophyll molecules agaipkbto
destruction and oxidation by molecular oxygen (Kky, 1979). Appreciable
amounts of carotenoids were also present in bahrtitroalgal species and the
total carotenoids ir5. quadricaudaand S. dimorphuswere reported 4.941 and
3.750 mg & respectively. The total photosynthetic pigmentsSinquadricauda
and S. dimorphuswvere 27.099 and 19.806 mg" gespectively. Shaabaet al.
(2011) also found the total chlorophyll contentstioé identified algae during
summer 2007 from 9.66 to 23.0 mg lkespectively comparing with the total
chlorophyll contents in other seasons using DMS®estd. The Chl-values of
Shaabanet al. (2011) support our pigment values. In our studyhbtte

microalgal species possess appreciable amountsotdgynthetic pigments which
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Is due to the fact and obvious due to its enorngvas/ith as shown in its growth

curve (Fig. 8).
5.6 Estimation of total protein content of two micoalgal species

The Lowry method is one of the most accurate methfod quantifying
proteins (Peterson, 1979). Intracellular protein ba determined accurately only
if all of it is accessible to the reagents usethm Lowry method. The cells must
therefore be pretreated to release all the cellplatein. Pretreatments typically
involve disrupting the cells by physical or chenhicaeans (Barbarino and
Lourenco, 2005). Milling a cell slurry in presenct glass beads or other fine
ceramic particles is known to be one of the mofacéfe methods of releasing
intracellular proteins from even the hardiest otmbial cells (Chisti and Moo-
Young, 1986). However lysis buffer and ultrasonmatwas used in our study to
lyse the cell walls and disrupt the microalgal €t release the proteins. Chisti
and Moo-Young (1986) also found that ultrasonicatis another effective
method of disrupting cells. Lysis buffer was usedfdcilitate the extraction of

proteins by Lopeet al.(2010).

For a given algal species, the intracellular cotregion of protein
depends on the growth phase (Loureatal.,1998). In our batch cultures, all the
biomass samples came from stationary phase betaeiggrowth phase also has
an impact on the ease of cell disruption, with dipgrowing cells likely to be
less robust than slow growing or stationary-phasis ¢Chisti and Moo-Young,
1986). Therefore, lysis buffer and ultrasonicatisnexpected to be critically
important for ensuring that all the intracellulaotin is released from the latter

type of cells.

The total protein content i. quadricaudaandS. dimorphusvas13.026
and 8.284 per cent respectively. Becker (1994)dabatS. dimorphupossess 8-
18 per cent proteins which support the results. él@n, in the present study the

proteins reported 5. quadricaudavere less. On the other hand Becker (1994)
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reported 47 per cent proteins in the same organ@fferri (1983) claimed that
the culture conditions such as temperature, ligtensity and pH etc were known
to change the protein content of the blue greeaedlg platensisas the same case
might be in our organisi8. quadricauda.
5.7  Comparison of lipid content in two different meéhods using same

solvent

The two different methods were employed for theaetion of lipids from
the tested microalgae. The lipid extracted by Foottraction method was
comparatively higher than the Soxhlet method asveha the Fig. 11. From the
results it is clear thab. dimorphusandS. quadricaudayielded 30.99 and 28.61
per cent of lipids respectively by Folch methodweéwer, in Soxhlet method the
contents were 27.29 and 24.75 per cent respectiVély effectiveness of Folch
extraction method may be due to the fact thatvblves completely mechanical
cell wall disruption step. Convertt al. (2009) applied different method of lipid
extraction on microalgaBlannochloropsis oculatand Chlorella vulgaris As a
result of his study he concluded that, the comimnabf ultrasound with Folch
extraction method was the most effective lipid astion method. Shept al.
(2009) recovered the lipid contents@fdimorphusndC. protothecoidethrough
several methods with the solvent system etianol/hexane (1:1, V/V). By
applying sonication method 21.0 per cent and bgatlisoxhlet extraction 6.3 per
cent lipid content was recovered froé dimorphus However in case ot€C.
protothecoidesl0.7 per cent of lipid content was achieved by gisonication

and 5.6 per cent by direct Soxhlet extraction.

In the present study ultrasonication was also disedell wall disruption.
As per our findings also during the experimentatkvib was found that Soxhlet
extraction method was time consuming, labour intengequires more energy
and large amount of biomass which was also stulyedligh and Dyer (1959)
and Elseyet al. (2007).
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5.8 Fatty acid estimation using gas chromatography(GC) and gas
chromatography - mass spectrometry (GC-MS)

The fatty acid profile ofS. dimorphusand S. quadricaudagrown under
large scale cultivation using indigenously madetpbioreactor is shown in Fig.
12. In the aspect of biodiesel, the fatty acid (pp9file is considered to be the
most important as that of the total fatty acid eomt The FA profile of both the
microalgae reveals the appreciable amounts of FA warbon chain length of
C16 and C18. In the two tested microalgae, oleid €.8:1), palmitic acid (16:0),
linoleic acid (18:2), linolenic acid (18:3), cis-10-heptadeceoic acid (17:1),
margaric acid (17:0) were also the most dominamak previously reported that
oleic acid, palmitic acid, stearic acid and linateacid were recognized as the
most common fatty acids contained in biodiesel {Kep2008).The properties of
biodiesel are highly influenced by the FA profiletibe algae. In a previous study
carried out by Leet al. (2010) the most commonly synthesized fatty acideha
carbon chain lengths that range from C16 to C18ilai to those of higher plants.
Moreover palmitic, stearic, oleic and linolenic @xiwere recognized as the most
common fatty acids contained in biodiesel. In thespnt study these fatty acids
were also present in the two tested microalgaes With high oleic acid content
have been reported to have a reasonable balarnfcelpincluding their ignition
quality, combustion heat, oxidative stability, vasey and lubricity, which are
determined by the structure of their componenyfasters (Knothe 2008). In our
study the two isolates also contain appreciable uentsoof oleic acid content
making it suitable feedstock for the production gdod quality biodiesel.
Prabakaran and Ravindran (2012) concluded that grttueir tested microalgal
species,Scenedesmusp. showed the highest oleic acid content. AlsoeXal.
(2006) studied the fatty acid composition of algail from Chlorella
protothecoidesising GC analysis.

According to European standards EN 14214, for aalidiodiesel the
percentage of linolenic acid (C18:3) and polyunsdgad FA £4 double bond)

should not increase 12 and 1 per cent respect{@&byveia and Oliveira, 2009;
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Pereiraet al., 2013). In our study the linolenic acid contribu&8 and 6.0 per
cent of the FAME foiS. dimorphus and S. quadricaydehereas, polyunsaturated

FA with >4 double bond were completely absent.

However, it should be considered that all thesaratteristics are
primarily dependent on the microalgal strain (Roman al., 2000) and culture
conditions employed. Techniques for the presermatd the biomass are also
important (Zepkeet al., 2008). Over all the two tested microalgae are thst b
suitable for the production of good quality biodikes

5.9  Quality parameters of oil for biodiesel produdbn

Degree of unsaturation (DU) is sum of the massesayfounsaturated and
polyunsaturated fatty acid and it is one of theantgnt properties that influence
the oxidative stability of biodiesel (Franciseb al., 2010). Presence of large
guantities of polyunsaturated (more than one dollged) FAME negatively
affects the oxidative stability of the biodieseledto the fact that they contain
reactive sites which are susceptible for free @dattack. FAME profile obtained
from both the microalgal species alsontains appreciable amount of saturated
and monounsaturated FAMEs which shows its suitaiaire to be a good
biodiesel fuel. The long chain saturated and mosatutated FAMEs are most
suitable for biodiesel as they improve oxidativabdity without greatly affecting
cold flow properties of biodiesel (Chen al., 2012; Demirbas, 2009; Wahlen
al., 2013).

Cetane number (CN) is also one of the important fueperties of
biodiesel which is highly influenced by the FA plef(Table 17). High cetane
value is the indicator of better combustion, lowaus oxide (NOx) emission, less
occurrence of knocking and easier start-up of endgknoth, 2012 and Arias-
Penarandset al., 2013). Diesel fuel with large quantities of sateda and
monounsaturated FAMEs have high value of CN. Theimum cetane value of
ASTM D6751, European (EN 14214) and National Petnoi Agency (ANP 255)
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standards are 47, 51 and 45 respectively (Fran@sed., 2010). In the present
study, the values of CN calculated f8r dimorphusand S. quadricaudavere in

accordance with the standards reported (Table 17).

lodine value (IV) is used to determine the unsdiminaof biodiesel oil,
more the double bond in the fatty acid chain, highe IV for that oil (Knoth,
2012). European biodiesel standard EN 14214 spedifie maximum limit of IV
to be 120 g 4100 ¢*, whereas, Germany’s standard DIN 51606 and South
African standards SANS 1935 for IV are 115 and §4B 100 g* respectively.
Higher IV of the biodiesel oil may results in thelymerization of glycerides and
deposition of lubricant in the engine (Francistal.,2010). Study performed by
Predojevicet al. (2012) on sunflower oil, however suggest thathbiglV does
not necessarily indicate the unsuitability of ak fbiodiesel. Several promising
biodiesel feedstock sources such as soyabeanpwanfseed oil and linseed oil
has higher IV (128, 132 and 184.5) values, whichndb satisfy the European
biodiesel standards (Giakoumis, 2013; Raeioal.,2009). In the present study as
shown in the Table 17, the IV values®fdimorphuand S. quadricaudahows
that, oil from both the microalgae is much bettediesel source in comparison to
soybean, sunflower seed and linseed oil.

The saponification value (SV) is the measure ofigndms of potassium
hydroxide (KOH) required to completely saponify ogeam of oil. The SV is
inversely proportional to the molecular mass otyfacids. The main aim of
calculating SV is to calculate the CN of the bicgle The European and Serbian
biodiesel standards have not included the SV &staicted property of biodiesel
oil (Predojevicet al.,2012). In the present study the SV fardimorphusandS.
quadricaudawere less as compared to the S\Caforellasp.(217.8 mg KOH
g') calculated by Franciscet al. (2010). However, these values were more or
less comparable to the results of Stardewl. (2010) who reported SV value of

173.56 inChaetocerospecies.
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5.10 Characteristics of microalgal oil obtained fron two tested microalgae
5.10.1 Density

Relative density is the density of the componemhgared to the density
of water and is used to calculate the flow andosgg properties and to judge the
homogeneity of oils. The density of both the mitgah oils in our study was
higher than 0.900 g gcand may not pass EN Standard 14214, which spedHi
density at 15°C to be 0.860-0.900 g'cXu et al. (2006) reported 0.864 kgt
density of biodiesel obtained fro@hlorella protothecoidesThe higher densities
of our oils indicate that transesterification sigpequired to minimize the density
because of presence of high amounts of hydroxgresbanforet al. (2009) also
found that the presence of high amounts of hydr@sgers may be associated
with higher density. Stanlegt al. (2010) extracted oil fronChaetoceros species
and found it highly dense with density of 1.305 Ig"nin view of their high values
of density parameter they found that microalgalobtained from the same algae

can be efficiently used for biodiesel production.
5.10.2 Viscosity

Viscosity is defined as the resistance to sheaflaw and is highly
dependent on temperature. It also describes thevimetof a liquid in motion near
a solid boundary like the walls of a pipe. The pree of strong or weak
interactions at the molecular level can greatleefthe way the molecules of an
oil or fat slide pass each other, therefore afifiectheir resistance to flow (Sanford
et al.,2009).

In the present investigation both the microalgigd exhibited the highest
dynamic viscosities. Stanlest al. (2010) extracted oil fron€haetocerospecies
and also found it highly viscous. One possiblesogafor this observation is that
these two oils contain high concentrations of hygiroontaining fatty acids that
are capable of forming hydrogen bonding (Firest@8)6). The high viscosity

can increase injector fouling, cause carbon depasitcylinder walls and exhaust
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ports and cause fuel system problems such as fdlegging. The higher
viscosities of our microalgal oils indicate thatrisesterification step is required to
minimize the viscosity because of presence of lagiounts of hydroxyl esters
and to make this algal oil suitable for biodieseduction. Kumaret al. (2014)
also reported the highly viscous oil (0.3 Pa shaas rate of 500”3 obtained
from the consortia of algae collected from natusater bodies of Himachal
Pradesh. Kerschbaum and Rinke (2004) measured dynasnosity of rapeseed
oil at shear rate of 420.3'$rom 323.15 K upto 258.15 K and found viscosity
continuously increases from 23.2 mPa s up to 488 mf®hich indicates that, at
the lower temperatures viscosity of algae oil beesrhigher. Similar findings
were reported in algal oil, 5-30 times viscous tltfaat of Cashew nut oil, Palm
Kernel and Peanut oil (Davis, 2009; Latinwo, 2010).

5.10.3 Colour

The Fat Analysis Committee colour method determthescolour of oils
and fats by comparing them with colour codes amthddrds. However in our
study we have used colour codes and standardsdgfingy’s (1912). The dark
dull yellow green colour of algal oil might be dte the presence of abundant
dark fats as algal oil obtained from Soxhlet extoac was not subjected to
transesterification process. Transesterificatiomcess removes the glycerol
content from fatty acids of the algal oil which aasult in the shifting of colour.
Sanfordet al. (2009) also carried out colour determination indsel obtained
from various feedstocks and he also found dark ifathe feedstocks obtained
from algae. Our results of colour standards matdh that of Sanfordet al.
(2009) as he also found that during the esteriticateactions, all fats and oils

appeared to shift in colour.
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Chapter — 6
SUMMARY AND CONCLUSION

The present study concludes that their@mwental condition of the
Himalayan Dal Lake is deteriorating at an acceéstatte. The evidences show that
the lentic ecosystem is alkaline in nature andpttodlem of pollution is mainly due
to addition of major nutrients especially nitratedlghosphate derived from human
wastes, detergents, fertilizers, agricultural atés etc by direct drainage from
nearby residential areas and from inner side hurhabitation particularly
houseboats and floating gardens. These anthropogetivities seem to be directly
responsible for the chemical pollution of the lad® pollutants are being directly
dumped into the lake. The nutrients have been lghie§ponsible for an increase in
organic production and the overall deterioratiowater quality. In conclusion, the
lake is productive and is supporting diverse andregable numbers of
phytoplanktons especially Chlorophyta, CyanophytBacillariophyta and
Euglenophyta. The Chlorophycean algae of Dal Lala@ewbest represented in
summer and autumn months and lowest in the wirdbowed by spring season.
Bacillariophyceae showed their peaks of standimg curing winter months while
as Cyanophyceae showed their peak abundance dunmger and autumn seasons
and in case of Euglenophyceae autumn season wagrédle. A total of 91 algal
genera comprising of 217 species, 41 varieties&ifarma were identified during
the study.Among the thirteen isolated microalga@cenedesmudimorphusand
Scenedesmuguadricaudawere found to be the most promising microalgaetlier
production of good quality biodiesel as both thecsps possess fast growth and
contains appreciable amounts of lipids (30.99% 28161%) and fatty acids (FAME
86.2% and 85.7%). The growth analysis pattern ef¢htwo robust algae in the
BBM media show that both the species are fast grgveind are also suitable for
high-density culture. The high amount of total pegits were calculated when
Wellburn equations were applied and Arnon’s equatiere found to be inefficient
when using DMSO as a solvent in both the specig€scehedesmu&olch method
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was found to be more efficient as compared to Saxhlterms of oil extraction as in
the former one there is complete mechanical dignpdf Scenedesmusells.The
fatty acid methyl ester (FAME) profiles showed tHaith the species possess
appreciable amounts of major FA with carbon chamgth of C16 to C18 making
them suitable feedstock for the production of gooelity biodiesel. The quality
parameters of both the microalgal oils like degoéeinsaturation, cetane number,
iodine value and saponification value were withhre tlimits of international
standards respectively. The physico-chemical chewniatics of oil obtained from
these two tested microalgae colour, density and viscosity were too high ahdl
not pass the standards. The highly dense and \d@soibal of both the microalgae
reveal that transesterification is an importantpste minimize these physico-
chemical characteristics of the oil and conversobrthe algal oil into biodiesel.
Overall, our research programme concludes that thetlspecies dbcenedesmume
the best potential isolates for producing high myddiodiesel. However, more in-
depth studies needs to be carried out to asceftaimore oleaferous algae of the
Dal Lake ecosystem as the lake is having tremendwoolegical diversity and
optimization of various growth conditions of miclgae are required for the higher
lipid production to yield good quality biodiesel.
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