
Hydrobiologia 512: 97-108,2004.
P.O. Ang, Jr. (ed.), Asian Pacific Phycology in the 21st Century: Prospects and Challenges.
© 2004 Kluwer Academic Publishers. Printed in the Netherlands.

Early stages of biofilm succession in a lentic freshwater environment
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Abstract

Initial events of biofilms development and succession were studied in a freshwater environment at Kalpakkam,
East Coast of India. Biofilms were developed by suspending Perspex (Plexiglass) panels for 15 days at bimonthly
intervals from January 1996 to January 1997. Changes in biofilm thickness, biomass, algal density, chlorophyll
a concentration and species composition were monitored. The biofi1m thickness, biomass, algal density and
chlorophyll a concentration increased with biofilms age and colonization was greater during summer (March, May
and July) than other months. The initial colonization was mainly composed of Chlorella vulgaris, Chlorococcum
humicolo (green algae), Achnanthes minutissima, Cocconeis scutellum, C. placentula (diatoms) and Chroococcus
minutus (cyanobacteria) followed by colonial green algae such as Pediastrum tetras, P. boryanum and Coleochaete
scutata, cyanobacteria (Gloeocapsa nigrescens), low profile diatoms (Amphora coffeaeformis, Nitzschia amphibia,
and Gomphonema parvulum) and long stalked diatoms (Gomphoneis olivaceum and Gomphonema lanceolatum).
After the 10th day, the community consisted of filamentous green algae (Klebshormidium subtile, Oedogonium
sp., Stigeoclonium tenue and Ulothrix zonata) and cyanobacteria (Calothrix elenkinii, Oscillatoria tenuis and
Phormidium tenue). Based on the percentage composition of different groups in the biofilm, three phases of
succession could be identified: the first phase was dominated by green algae, the second by diatoms and the third
phase by cyanobacteria. Seasonal variation in species composition was observed but the sequence of colonization
was similar throughout the study period.

Introduction

Microbial colonization on hard surfaces is a common
phenomenon in natural aquatic environments which
has both ecological and industrial significance (Ford
et aI., 1989). Submerged surfaces, including sur­
faces coated with toxic paints, are readily colonized
by bacteria and microalgae (Callow, 1986; Cooksey
& Cooksey, 1995), which cause problems to ship
surfaces, cooling systems and other marine-based in­
dustries (Pederson, 1990; Hudson & Burke, 1994;
Udayakumar et aI., 1998). The formation of a primary
biofilm over surfaces favours subsequent colonization
by other organisms and facilitates corrosion. Microal-

gae are among the major components in the freshwater
biofilms (Callow, 1993).

Microalgal colonization has been studied in differ­
ent aquatic environments using various natural and ar­
tificial substrata (Brown, 1976; Hoagland et aI., 1982;
Oernke & Burton, 1986; Acs & Kiss, 1993; Lowe et
aI., 1996). A three dimensional microalgal succession
was observed in biofilms by earlier workers and it
was reported that microalgal succession is analagous
to higher plant succession in terrestial environments
(Hudon & Bourget, 1981; Hoagland et aI., 1982;
Korte & Blinn, 1983; Roemer et aI., 1984). Among
the diatoms, succession process has been found to be
influenced by water velocity, size, immigration and
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reproduction rate of the organisms (Oemke & Bur­
ton, 1986; Steinman & McIntire, 1986; Stevenson &
Peterson, 1989; Acs & Kiss, 1993; Johnson et aI.,
1997).

Most of the earlier studies on microalgal coloniza­
tion on artificial substrata in freshwater environments
have been focused on diatoms. Studies represent­
ing the complete microalgal assemblages are limited.
Moreover, the previous succession studies have been
carried out in lotic systems where water movement is
likely to influence colonization. In the present work,
we have studied the early events of colonization and
succession of the biofilm in an undisturbed lentic
freshwater system, taking into account all the biofilm
components such as green algae, diatoms and cy­
anobacteria, to find out critical changes in microalgal
colonization and succession, which take place during
the early development of biofilm.

Materials and methods

Site description

This study was conducted in an open freshwater
reservoir located at Kalpakkam (22° 33' N, 80° II' E),
60 km south of Madras, on the East Coast of India.
The reservoir serves as the source of cooling water for
a power reactor located in the same campus, and is 1.7
hectares in area, with a maximum depth of 2.3 m at
the overflow level. The reservoir receives water from a
sub soil river bed. The physico-chemical and charac­
teristics of the reservoir water during the study period
was analyzed as per standard methods (APHA, 1989).

Panel preparation and immersion

The colonization and succession of the biofilm were
studied at bimonthly intervals for the period of one
year from January 1996 to January 1997 by suspend­
ing clean Perspex (Plexiglass) test panels of two sizes,
namely small (7 x 3xO.3 cm) for microscopic obser­
vation and large (15 x lOxO.3 cm) for biomass and
chlorophyll measurements. The panels were fastened
on to a stainless steel frame and suspended vertically
0.5 m from the water surface.

Panel analysis

Duplicate panels of both sizes were retrieved period­
ically (i.e. after 1, 2, 3, 4, 5, 7, 10 and 15 days
of exposure). The panels were rinsed with filtered

reservoir water to remove loosely attached planktonic
forms. The small panels were used for the measure­
ment of biofilm thickness and for studying qualitative
and quantitative distribution of biofilm species. After
wiping one side (randomly chosen) of the small pan­
els, the biofilm on the other side was observed directly
under a Nikon Ophitiphot microscope. Biofilm thick­
ness was measured by the method of Bakke & Olsson
(1986). In this method, the distance travelled by the
microscope stage (read off the stage micrometer) is
measured while changing the focus from the base
(biofilm substratum interface) to top of the biofilm.
Thickness measurements were taken from 10 random
fields and averaged to get mean wet film thickness.
Algal density analyses were made at 200x or 400x
magnification; a higher magnification was used for
species identification, when required. The algal den­
sity and species composition were analyzed following
the method of Brown (1976). As per this method,
single cells, colonies and filamentous forms (as the
case may be) were scored as individuals (Sekar et aI.,
1998). The algal species were identified using standard
manuals (Hustedt, 1930; Desikachary, 1959; Phili­
pose, 1967; Prescott, 1978). The total algal density
was expressed as organisms cm- 2 .

The biofilm on the larger panels was scraped
with a soft, sterile nylon brush and made up to a
known volume using distilled water. The samples were
filtered through preweighed 0.45 {Lm Whatman GF/C
filters and the filters were kept in Furnace at 450°C for
a minimum 6 h and again they were weighed and the
biomass was expressed as ash free dry weight (APHA,
1989). Aliquot samples were also filtered through
0.45 {Lm Millipore filters and the chlorophyll was cold
extracted with 90% acetone for 4-6 h in dark. After
the complete extraction, the absorbance of clear su­
pernatant was read at 750, 665, 664 and 630 nm using
Spectrophotometer (Jeffrey & Humphrey, 1975).

Data analysis

The variation in biofilm thickness, algal density, bio­
mass and chlorophyll a with respect to exposure time
in days and between months were compared using one
way and two way ANOVA (Sokal & Rohlf, 1987)
after the data were log transformed. The correlation
between algal density and biofilm thickness, biomass
and chlorophyll a was calculated using Pearsons cor­
relation test. Species diversity was calculated using
the Shannon-Wiener index (H') (Odum, 1971) and
dominance index (D) (Margalef, 1958). Evenness of



Table 1. Water quality parameters (range) as meas­
ured during the study period (January 1996-Janu­
ary 1997)

Parameters

Water temperature °C

pH

Conductivity (JlS cm-I )

Total suspended solids (mg 1-1 )

Secchi disc transparency (m)

Water movement'

Dissolved Oxygen (mg 1-1)

Total alkalinity (mg CaC03 1-1)

Total hardness (mg CaC03 1-1)

Chloride (mg I-I)

Nitrate-N (Jlg 1-1)

Nitrite-N (Jlg 1-1)

Phosphate-P (Jlg 1-1)

Silicate-Si (mg 1-1)

Chlorophyll a (Jlg 1-1)

'Measured with drift buoy.

Range

31.0-33.1

8.0-8.9

249-440

15-20

2.2-2.3

Negligible

7.2-9.2

70-128

58-104

26-58

15-325

1.5-8.8

4-44

1.5-4.2

9.1-32.6
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and January 1996 and 1997. The algal density was
correlated significantly with biomass (r2 = 0.546;
p < 0.05) and chlorophyll a (r2 = 0.768; p < 0.001).

The biofilm biomass varied significantly with
biofilm age (one way ANOVA, F44.84 = 14; P <
0.001) and between months (one way ANOVA, FSO.39

= 2; p < 0.001), but the interaction between ex­
posure time and months was not significant (two way
ANOVA, F1.S4 = 28; P > 0.05). The biomass was
maximal during May 1996 followed by March and
July 1996 and was minimal during September and
November 1996. The biomass was significantly cor­
related with algal density (r2 = 0.55; p < 0.05) and
chlorophyll a (r 2 = 0.934; p < 0.001).

Chlorophyll a also showed similar results as bio­
mass and algal density. The maximum concentration
of chlorophyll was observed during May 1996 and
concentration varied significantly with exposure time
(one way ANOVA, F55.9 = 14; P < 0.001) and months
(one way ANOVA, F64.6 = 2; P < 0.001). The in­
teraction between exposure time and months was also
significant (two way ANOVA, F2.68 = 28; P < 0.05).

species distribution was calculated using the evenness
index of Pielou (1966).

Results

Biofilm characteristics

The data on lirnnological parameters during January
1996-January 1997 are given in Table 1. The changes
in biofilm thickness, density, biomass and chlorophyll
a in biofilms during the same period are given in Fig­
ure 1(a-d). Biofilm thickness varied significantly with
exposure time (one way ANOVA, F25.63 = 14; p <
0.001), however the variation between months or the
interaction between exposure time and months (two
way ANOVA, FO.83 = 28; P > 0.05) were not signi­
ficant. Thickness of the biofilm achieved a maximum
during May 1996 and was minimum during January
1996. Biofilm thickness was significantly correlated
with algal density (r 2 = 0.582; p < 0.05).

Algal density showed significant variations with
exposure time (one way ANOVA, h4.71 = 14; P <
0.001) and between months (one way ANOVA,
F7s.22=2; p < 0.001). The interaction between ex­
posure time and months was also significant (two
way ANOVA, F2.84 = 28; P < 0.001). Density was
highest during May 1996, followed by March and July
1996 and was lowest during September, November

Species composition and sequence of
colonization/succession

The species observed in the biofilms are given in
Table 2. A total of 108 species could be identified
in the biofilms, comprising 20 genera and 38 species
of Chlorophyceae, 22 genera and 41 species of Bacil­
lariophyceae, 17 genera and 26 species of Cyanobac­
teria, 2 genera of Chrysophyceae and I genus of
Dinophyceae. Chlorophyceae, Bacillariophyceae and
Cyanobacteria were the dominant groups of organisms
found on the substratum.

Ankistrodesmus convolutus, A. falcatus, Chloro­
coccum humicolo, Chlorella vulgaris, Closterium sp.,
Cosmarium spp., Scenedesmus spp. and Staurastrum
enorme were the major green algal species observed
during the initial phase, among which Chlorella vul­
garis, Chlorococcum humicolo were relatively more
abundant. Coleochaete spp., Klebshormidium sub­
tile, Oedogonium sp., Pediastrum boryanum, Stigeo­
clonium tenue and Ulothrix zonata were observed
during later phase.

Diatoms such as Achnanthes minutissima, Coc­
coneis spp., Coscinodiscus sp., Gomphoneis oli­
vaceum, Navicula spp., Nitzschia spp. were ob­
served during the early stages in the biofilms. Among
them, Achnanthes minutissima and Cocconeis scu­
tellum were more abundant. During the later phase,
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Table 2. Algal species recorded in the biofilm during the study period

Algal species Days of panel immersion

2 3 4 5 7 10 IS

Chlorophyceae

Ankistrodesmus convolutus Corda + + +
A. falcatus (Corda) Ralfs. + +
Asterococcus limneticus G.M. Smith +
Bulbochaete insignis Pringsh +
Chlorella vulgaris Beijerinck ++ +++ +++ + +
Chlorococcum humicolo (Nag.) Rebenh. + ++ +++ +++ ++ +
Chlorosarcina consociata (Klebs) +

G.M.Smith

Chlamydomonas sp. +
Closterium sp. + + +
Coelastrum microporum Nag + + + +
Coleochaete orbicularis Pringh + +
C. pulvinata A. Br. + +
C. scutata de Breb. + + +
Cosmarium granatum Breb. + +
C. impressulum Elfv. + + + +
C. pyramidatum Breb. in Ralfs. + +
C. reginelli Wille + +
C. subquadratum Nordst. + + + +
C. subtumidium Nordst. + + +
Crucigena quadrata Morren + + +
C. tetrapedia (Kirchn.) W. et. G.S. West +
Klebshormidium subtile (Kirchner) + +

Chodat

Oedogonium sp. + +
Pediastrum boryanum (Turp.) + + + +

Meneghini
p. duplex Meyen + + + +
P. simplex Meyen + + +
P. tetras (Ehr.) Ralfs. + + + +
Scenedesmus abundans (Kirchner) + + +

Chodat
S. acuminatus (Lagerh.) Chodat +
S. bijugatus (Turpin) Klitz. + + +
S. perforatus Lemm. +
S. quadricauda (Turp.) Breb. + + +
S. quadricauda v. quadrispina Chodat + + +
Selenastrum gracile Reinsch + + +
Spirogyra sp. + + +
Staurastrum enorme Ralfs. + +
Stigeoclonium tenue Rabenh. + + +
Ulothrix zonata (Weber et Mohr) Klitz. + + +
Bacillariophyceae

Achnanthes microcephala Klitz. + + +
A. minutissima Klitz. ++ ++ ++ + +
Amphora coffeaformis (Agardh) Klitz. + + + + ++ + + +
A. ovalis Klitz. + + + + + +
Amphipleura pellucida Klitz. +

Continued on p. 101
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Table 2. Continued

Algal species Days of panel immersion

2 3 4 5 7 10 15

Cocconeis disculus Schum + + + ++ + +
C. placentula (Ehr) Cleve + + + + ++ +
C. scutellum Ehr.v. parva Grun. + + ++ ++ +
Coscinodiscus sp. + +
Cyclotella menginiana Klitz. +
Cymbella affinis Klitz. + + + + + ++ +
C. minuta Hilse + + + +
C. tumida (Breb) v. Heurck + + + + ++ ++

Diatoma vulgare Bory +
Diploneis ovalis (Hilse) Cleve + +
Eunotia sp. + + +
Fraglaria construens (Ehr.) Grun. + + + + + + +
F. vaucheriae (Klitz) Peter + + +
Gomphoneis olivaceum (Lyngb.) Klitz. + + + ++ ++ +++ ++

Gomphonema lanceolatum Ehr. + + + ++ ++ +
G. parvulum Klitz. + + + + +
Gyrosigma acuminatum (Kutz.) Rabh. + +
Lichmophora sp. + + + +
Melosira amphigua (Grun.) O.Muller + + +
M. granulata (Ehr.) Ralfs. + +
Meridion circulare (Grev.) Ag. +
Navicula cryptocephala Kutz. + + + + +
N. elegans Wm. Sm. + +
N. krasskei Hust. + + + + + + +
N. pelliculosa (Breb) Hilse +
Nitzschia amphibia Grun. + + + + + ++ ++ ++

N. dissipata (Klitz.) Grun. +
N. frustulum Klitz. + + +
N. microcephala Grun. +
N. ovalis Arnott +
N. palea (Klitz.) Wm. Sm. + + + + + + +
Opephora martyi Heribaud +
Pinnularia subcapitata Gregory + +
P. subleniaris Grun. +
Synedra radians Klitz. + + +
S. ulna (Nitzsch) Ehr. + +
Cyanobacteria

Anabaena circinalis Forti +
Aphanocapsa elachista W. et. G.S. West + + +
Aphanothece Nag. +
Arthrospira Stizenb. + +
Aulosira Kirchner +
Calothrix brevissima West, G.S. + + + + + + +
C. elenkinii Koss. + ++ + + ++

Chroococcus minutus (Klitz.) Nag. ++ + + + +
C. turgidus (Klitz.) Nag. + + +
Cylinderospermum Klitz. +
Gloeocapsa nigrescens Nag. + + ++ + +
Lyngbya birgei Smith + +
Merismophedia glauca (Ehrenb.) Nag. + + + + +

Continued on p. 102



102

Table 2. Continued

Algal species Days of panel immersion

2 3 4 5 7 10 15

M. punctata Meyen + +
Nodularia spumigena Mertens + + + + +
Nostoc commune Vaucher +
N. muscorum Ag. +
Oscillatoria annae Van Goor + +
O. princeps Vaucher ex Gomont +
O. sancta (Klitz.) Gom. +
O. tenuis Ag. + + + ++ +++
Phormidium ambiguum Gom. +
P.foveolarum Gom. + +
P. tenue (Menegh.) Gom. + ++ ++
Rivularia dura (Roth) ex. Born. et. FIah. + + +
Scytomena hofmanii Ag. +
Chrysophyceae (Chrysophyta)

Dinobryon sp. + +
Rhyzochrysis sp. +
Dinophyceae (Phyrrophyta)

Peridinium sp. +

+ = Present; ++ = Frequent; +++ = Abundant. - = Absent.
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Figure 1. Changes in biofilm thickness (a), algal density (b), biomass (c) and Chlorophyll a (d) during the period of study.



diatoms such as Gomphoneis olivaceum, Gomphon­
ema sp. and Nitzschia amphibia were observed more
in the biofilm.

Cyanobacteria such as Aphanocapsa elachista,
Chroococcus minutus, C. turgidus, Merismophedia
glauca, M. punctata were observed during the early
phase, among which C. minutus was dominant. Spe­
cies such as CaIothix, Lyngbya, Oscillatoria, Phor­
midium, Rivularia and Scytonema were observed dur­
ing the later stage and among these, Oscillatoria tenuis
and Phormidium tenue were relatively more abundant.

In general, the biofilm was initially dominated by
Chlorella vulgaris with co-dominance of Cocconeis
scutellum and Chroococcus minutus. This was fol­
lowed by the emergence of Gomphoneis olivaceum
along with Nitzschia amphibia (diatom), colonial
forms such as Pediastrum boryanum, Coleochaete
scutata (green algae) and GIoeocapsa nigrescens (Cy­
anobacteria). The later stages were dominated by
Oscillatoria tenuis and Phormidium tenue, with Nitz­
schia amphibia and Gomphoneis olivaceum forming
important constituents (Fig. 2).

Based on these results, the biofilms species suc­
cession could be divided into three distinct phases.
The first phase (1-4 days) was dominated by green
algae, the second phase (5-7 days) by diatoms and
the third phase (10-15 days) by cyanobacteria. The
percentage composition of each groups varied slightly
with respect to months but the general trend in the
sequence of colonization and succession pattern was
comparable throughout the year (Fig. 3).

Species diversity

The Shannon-Wiener index showed much variation
with exposure time and between months (Fig. 4). Re­
latively higher diversity of organisms in the biofilm
during the early phases of colonization was evident
from the higher Shannon-Wiener values that pre­
vailed during 1-7 days. Evenness index values did not
show much variation with respect to exposure time
throughout the study period, indicating relatively even
distribution of species (Fig. 4).

Discussion

Biofilm thickness, biomass build-up and microbial
density on surfaces are described as functions of
biofilm age (Christensen & Characklis, 1990). Biofilm
thickness is an important parameter since it deter-
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mines the fluid frictional resistance and heat transfer
efficiency when fouling occurs in pipes and heat ex­
changers (Christensen & Characklis, 1990). In the
present study, parameters such as biofilm thickness,
algal density, biomass and chlorophyll a concentra­
tions increased with biofilm age (=exposure time).
This is in agreement with reports by Rao et al. (1997)
and Sekar et al. (1998). Thickness seems to be influ­
enced by the species composition and season as re­
ported by Christensen & Characklis (1990). Biofilms
thickness, biomass, algal density and chlorophyll a
showed variation with respect to different months and
the algal density showed significant correlation with
all other parameters.

The numerical density in the biofilm varied with
age and between months. In general, the number in­
creased up to 5-7 days after which it decreased. The
biofilm was initially dominated by ChIorella vulgaris
with the co-dominance of ChIorococcum humicolo,
Achnanthes minutissima, Cocconeis scutellum and
Chroococcus minutus. Patrick (1976) reported that
prostrate diatoms, such as Cocconeis and Achnan­
thes, colonized surfaces during the initial period of
biofilm development, followed by the attachment
of genera possessing mucilagenous pads or stalks
(e.g. Fragilaria and Synedra). Korte & Blinn (1983)
also observed attachment of Achnanthes minutissima
and Cocconeis placentula during the early phases of
biofilms development, followed by the attachment of
horizontally positioned species such as Gomphonema,
Nitzschia and Cymbella in stream riffle zones. Miller
et al. (1987), while studying diatom succession on
sand grains, found increased attachment of low pro­
file diatoms when compared to stalked diatoms. In
the present study also, attachment of green algae and
low profile diatoms was observed more during the
early stages, whereas long-stalked diatoms, filamen­
tous green algae and cyanobacteria colonized more
during later stages. It has been reported that closely
adhering nature and ability to produce mucilage are
attributes that facilitate easy attachment of these or­
ganisms during the early stages of colonization (Siver,
1977; Hudon & Bourget, 1981; Korte & Blinn, 1983).
It has been reported that certain species of Cocconeis
are highly competitive as epiphytes in the presence
of organic exudates (Tuchman & Blinn, 1979; Siver,
1980).

In the present study, stalked diatoms such as Gom­
phoneis olivaceum, Cymbella tumida, Gomphonema
sp. and the rosette forming diatoms such as Nitzs­
chia amphibia and N. palea were found in increased
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Figure 3. Succession pattern in the biofilms during different months.

numbers after the initial stages (5+ days) ofbiofilm de­
velopment. Hoagland et al. (1982) reported that rosette
forming diatoms such as Nitzschia, Fragilaria and
Synedra colonized the substratum during the later suc­
cessional stages, along with long-stalked diatoms such
as Gomphonema. Korte & Blinn (1983) also observed
greater attachment of Gomphonema, Nitzschia and
Cymbella during later stages of biofilm development.

In contrast, Oernke & Burton (1986) and Steven­
son & Peterson (1989) found that initial (up to 4
days) colonizers were Cymbella minuta and Amphora
sp. in both riffle and pool zones, followed by the
high abundance of Fragilaria vaucheriae and Synedra
ulna in riffles. Cocconeis sp. was dominant in both
the habitats due to their rapid doubling rate whereas
F vaucheriae, Synedra ulna and Cymbella minuta
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Figure 4. Bimonthly variations in Shannon-Wiener, Dominance and Evenness indices during the study period.

dramatically declined with increasing exposure time.
Stevenson & Peterson (1989) stated that species which
dispersed effectively were the initial colonizers while
species which reproduced rapidly were the dominant
forms in the later succession stages. Acs & Kiss (1993)
reported that the pioneer colonists were mostly ar-

aphid diatoms of relatively large size. The large bodied
species have an advantage during immigration, be­
cause they can settle more rapidly on the substratum;
and as a result araphid diatoms are usually more active
immigrants than mono and biraphid ones (Stevenson
& Peterson, 1989). The intermediate stage colonizers



are usually biraphid and monoraphid diatoms with re­
latively small sizes. Small species are fast reproducers
and are better competitors in nutrient rich environ­
ments than larger species and the later colonizers are
slow immigrants, but good competitors for available
nutrients (Sommer, 1981).

The initial colonizers observed in the present study
may be fast immigrants and also fast reproducers,
as compared to the later colonizers. The colonial
green algae such as Pediastrum boryanum, Coleo­
chaete scutata and cyanobacteria such as Gloeocapsa
nigrescens were found colonizing after 5 days due to
their slow imrnigirant nature and growth in biofilm.
The filamentous green algae such as Klebshormidium
subtile, Stigeoclonium tenue and Ulothrix zonata and
cyanobacteria such as Calothrix elenkinii, Oscillatoria
tenuis and Phormidium tenue were found to attach
after 5-7 days of immersion. Most of the filamentous
green algae attach themselves using a holdfast whilst
the cyanobacteria attach to the substrata by production
of mucilage (Scott et aI., 1996) and their growth rate
is very slow as compared to the green algae and di­
atoms. The abundance of cyanobacterial filaments in
the later stages could be related to their slow growth in
the biofilm. Korte & Blinn (1983) also noted the dom­
inance of cyanobacteria in the later stages of biofilm
development. The reduction of early colonizers dur­
ing the later stages is possibly due to the increased
abundance of stalked diatoms and filamentous species,
which restrict light penetration (to underlying species)
or hinder nutrient transport by interrupting passage
of water current to the underlying cells (Oemke &
Burton, 1986).

Stevenson (1986) grouped periphyton community
based on their immigration and growth rate: the pi­
oneers have a high initial abundance but decrease
with time, the relative abundance of the late col­
onizers' increases with time, and the intermediates
have a relatively more stable abundance than the other
groups. In the present study, these three basic types
of organisms could be seen during the three different
phases of biofilm development. Chlorococcum humi­
colo, Chlorella vulgaris, Achnanthes minutissima,
Cocconeis scutellum and Chroococcus minutus were
the pioneer colonizers and the duration of their abun­
dance varied for each species. Filamentous green algae
such as Klebshormidium subtile, Stigeoclonium tenue,
Ulothrix zonata and the cyanobacterial filamentous
forms such as Calothrix elenkinii, Oscillatoria tenuis
and Phormidium tenue were the later colonizers. Colo­
nial forms such as Pediastrum boryanum, Coleocheate
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scutata and Gloeocapsa nigrescens and diatoms such
as Amphora coffeaeformis, Gomphoneis olivaceum,
Nitzschia amphibia, Nitzschia palea were intermediate
colonizers, showing a more stable abundance.

Based on the percentage occurrence, a distinct
three phase succession could be observed. The first
phase was dominated by Chlorophyceae, the second
phase by Bacillariophyceae and the third by cyanobac­
teria. This study showed that, in the low energy
lentic freshwater environment in which it was car­
ried out, biofilms development progressed in such a
way that it was initially dominated by unicellular and
small colonial green algae, cyanobacteria and hori­
zontally positioned diatoms. It was followed by large
colonial green algae and cyanobacteria and vertically
positioned rosette and long stalked diatoms. The late
phase community was mainly composed of filament­
ous green algae and cyanobacteria. Earlier work (Rao
et aI., 1997) in the same fresh water environment
has shown that chemical conditions within the biofilm
matrix, especially those relating to the nutrient dy­
namics, undergo changes depending on the age of
the biofilms. Using light and dark experiments Rao et
ai. (1997) conclusively showed that photosynthesising
components in the biofilms (microalgae and cyanobac­
teria) profoundly influence nutrient chemistry within
the biofilms. It would be quite interesting to see how
changes in species composition, brought about by
successional changes, would influence the nutrient
conditions within the biofilms matrix and how this, in
turn, would further influence the biofilms progression.
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