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ABSTRACT Inthis investigation, am attemipt hias heen
made to study the seasomal variations of epiphytic microd-
lora, especially diatoms, attached Lo the adventitious roots
af water hyacinth growing in lotic waters polluted by ur-
bam and agro-industrial wastes. Epiphytic algas were large-
Iy represented by Bacillariophyceas, Chlorophyceas, Eu-
glemophyceae, and Cyanchacteria in the decreasing order
of abundance. A total of 59 genera belonging o above al-
gal groups were recorded. Although, qualitatively diatoms
ranked second to green algas, quantitatively their relative
perceniage iotodal algal population was the highesi through-
out the periad of investigation and anained mazima during
spring. The dominant forms were Navicula, Nitzschia,
Swmedra, Fragilana, Cyclofella and Gomphorema at vari-
oug sites. Data were subjecied 1o analysis of community pa-
rameders wig., Shannon-Weinar index (H™) and Morisita's
similarity index, as also correlations between the epiphyl-
i diatoms and environmental variables,

INTRODUCTION

The role of periphytic communities in mon-
ioring entrophication and pollution has attract-
ed the attention of limnologists since past two
decades (Lowe, 1974; Lange-Bertalot, 1979,
Goldshorough and Robinson, 1985; Sabater et
al., 1987, Watanbe et al., 198%; Nather Khan,
1990; Rushforth and Brock, 199]; Nwankwo
and Akinsoji, 1992; Miiller, 1994). However,
most of the earlier studies on water guality eval-
ution as also seasonal variations include expo-
sure of artificial substrates for penphytic colo-
nization in free-water column {(Castenholz,
1960 Saldeckova, 1962; Patrick 1973; Blinn,
1986; Sabater et al., 1987). In comparision, a
few investigations have been conducted to study
seasonal periodicity of algal assemblages on
natural substrates & g., floating and submerged
macrophytes, rocks etc.

The objective of this study was to investigate
the seasonal variations in abundance as well as
specics composition of algal assemblages with
special reference to dintoms epiphytic on float-
ing macrophyte Eichhornid crassipes growing
in lotic waters and relate them with physico-
chemical parameters.

MATERIALS AND METHODS

Study Sifes

These investigations were conducted in a
sub-tropical basin of river Yamuna and an az-
sociated drain-Majafgarh deaan. River Yamuona
flows for 48 kms through the city states of Del-
hi from north w south, leaving the city near
Okhla barrage. The river has an average depth
of 1.25 m and breadth varies between 201-446)
m along the course (Fig. 1), Najafoarh drain and
16 other draing of various catchment areas dis-
charge untreated sewage and agro-industrial
wasies directly into the river Yamuna. As are-
sult, various stages of eutrophication are noticed
in the drains as also in the river basin. Four sta-
tons were selected for this study. Stations A
and B were located on the westem bank of nv-
er Yamuna. Stations C and I were sttuated on
Majafgarh drain, which alone contributes 5 1%
of untreated BOD load into the river Yamuna,

Methods of Analysix

Water samples for the analysis of physico-
chemical parameters and epiphytic diatoms at-
tached 1o the roots of water hyachinth were col-
lected once every month for a year. Procedures
adopted for the analysis of chemical parameters
viz., bardness, chlorides, alkalinity, silica,
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Fig. 1. Map depicting river Yamuna through its conrse in the Natjonal Capital Territory of Delhi showing
lecation of varloos drains and sampling stations viz., A, B, C, and D
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ortho-phosphates, nitrites, BOD, COD, DO
were according to Standard Methods (APHA,
1989) and nitrates according to Fresenius etal,
{1987). For epiphytic samples, water hyacinth
plants were collected with minimum distur-
bance. A method was standardised for the quan-
tfication of epiphyton on the roots of water
hyacinth. Roots were detached from plants and
taken in proportionaie amont of filtered water
sample ina beaker and shaken vigorously, Cells
were counted in Sedgewick-Rafier cell. Resulis
have been expressed as number of cells/root
unit (for details refer Kaur, 1991; Kaor and
Mehra, 1994). Diatoms were identified using
frustule size, shape, and ornamentation (Tiffa-
ny and Britton, 1952; Desikachary, 1959;
Krammer and Lange-Bertalot, 1986, 1988,
1989),

Data Analysis

Drata were subjected to Shannon-Welner in-
dex (H'). Similarity in genera among vanous
seasons at different stations was determined
using Morisita's similarity index. The distribu-
tion of epiphytic diatoms were correlated with
physico-chemical variables and other epiphyt-
ic algal groups using computer programme by
Krebs (1989).

RESULTS

Temperature at all the stations ranged be-
tween 15" and 34°C. pH of the water ranged
from neutral to slightly alkaline at the study
sites. Conductivity was highest at station C and
it ranged between 1310 and 1630 pScm,
whereas at other stations it varied from 510 and
#20 pScm. In all the stations water was gen-
erally hard, During the study period, [0 was
absent at stations C and D, whereas at stations
A and B it remained within a low range. Muaxi-
mum concentration of chlorides was recorded
during winter at stations A, B and C and during
monsoon at station . The concentration of sil-
icates was high at all the sampling sites and re-
corded maxima during winter. Higher concen-

trations of nitrates were recorded in all the sam-
pling sites and they attained maxima during
winter at stations A and I, and during spring at
stations B and C. Relatively higher concentra-
tions of ortho-phosphates were observed at sta-
tons C and D, BOD was high ot all the stations
and recorded maxima during monsoon. Range
of variations for the selected environmental
variahles are shown in table 1.

The averages of some of the selected physi-
co-chemical parameters were subjécted to the
weight scorg of Crude Pollution Index
{DeZwart, 1991) to ascertain water quality.
Drata analysis revealed that quality of water al
stations A, B and C varied from moderately 1o
highly polluted during the study period, where-

Table i: Range of variations in physlco-chemibcal
characteristics i the sindy sites

Sradions! A A i fi]
Paransiers

Templ 16-30  15-31.5 18532 19534
pH 7378 58-7.8 T3.8.% 7216
[N 1848 0.8-1.4 Q 0
Conductivity, $T0.790  §75-740 1310-1630  510-820
wiem’

TOT. HARD. 183218 1a0.230 230-350  151-128
Chlcrides 42.105 3703 13.2-1932  3E4-1%4
Silicates TAIRS 52304 b330 R-21.2
Mitrales G1-1.086 01-089  021-028 DA%
Phosphates  0.1&6-0.87 043-085  100-138 055136
BOD, IL4-8T2  ¥4-Te0 51.3-126 431186

Results other than tempereraure, pH and conductivity,
are expressed in mgll. [TOT, HARD.-Total hardmess]

as station D continued to be highly polluted
throughout the period of investigation,
Epiphytic algae on the roots of water hya-
cinth were largely represented by Bacillario-
phyceae, Chlorophyceae, Cyanobacteria and
Euglenophyceae. A total of 5% penera of algae
have been identified, of which 18 belonged w
digtoms, 29 to green algag, 6 to blue-green al-
gae and remaining to euglenoids. Although,
gualitatively diatoms ranked second to green
algae, quantitatively they were most abundant
at all the stations during the period of investi-
pation, An analysis of epiphytic distom popu-
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lation from different stutions revealed that their
abundance varied markedly during different
seasons (Figs. 2-5).

Maximum diversity in diatom population
was recorded at station A, whereas maximum
density was observed at station C. Howewver,
among all the stations, peak for diatom popu-
lation was recorded during spring. Maxima with
1310 diatomsfroot unit and 1945 diatomsiroo
unil were recordied at stations A and B, respec-
tively (Figs. 2,3). The most commaon forms
were Fragilaria, Pinnularia, Cymbella, Gom-
phonema, Melosira and Tabellaria (Table 2).
Among the eight taxa recorded from each of the
remaining two stations, Gomplionema, Nitzs-
chia, Cyclotella, and Stauroneis with 2135 di-
atomsroot unit contributed o maximaat station
C, whereas Epithemia, Nirzschia, Cyclotella,
and Fragilaria contributed to the peak with
1985 diatoms/root unit at station [ (Table 2,
Fig. 5.

Species diversity of epiphytic diatoms
ranged between 1.4 and 3,48 at station A, be-

Table 2: List of epiphytic distoms and thelr relative
ashundance during the period of investiga-
tom. [- =absenl; x =rare; % sirequeni;
xxx=very fPeguent; ¥xxx =abundunt)

Stanions

A i N n
Cwclofella AX KX LR ERKX
Cymbella x IX - L3 ]
Digdeurna X - LR -
Epithemia - - - AEE
Fragilaria EES EXX REE EK
Fruitulia % x - X
Gomphonema  axx %3 AXE ]
Cryrosigma KX EES 2xx AEE
Cromphoresis x LS .
Melosira X ix ix EXE
Meridion . . X x
Meawvicula ix KX i EAK
Merdiwm x X IRX EXX
Nitzschia in FE1 TARX EENX
Pinpularia K XX 331 x
Skturoneis L3.51 XX ANE LT
Surirella 31 X A%E 31
Fwmedra n EXK RRER b33
Tabellaria L3 ix EE AKX

PARMINDER EAUR AND MARESH K. MEHRA

tween 2.1 and 3.0 at station B, between 1.8 and
2.7 at station C and between 2.5 and 2.9 at sta-
tion I (Fig. &).

Comparison of epiphytic diatoms during dif-
ferent seasons among four stations revealed that
miaximum similarity was recorded between sta-
tions A and B during autumn and monsoon,
between stations B and I during spring and
between stations A and C during summer (Ta-
ble 4.

Correlations between epiphytic biotaand en-
vironmental variables revealed that weak to
strong negative correlation existed between

Table 3: Correlation coefMicient analysis of toial epi-
phytic dintoms with physico-chemical pa-
rumeters and hetween distons and epiphyi-

ic Mora
Seiracmns

A R N I¥
A. Physice-Chemical parameters
Tenuperature -501* L or il b1 A
pH -B20* . TI* B 4 LU Il L
Chlorides - S43ee L
B.O.D, ST64T 634 . - 52544
B, -N - GE]* d1 B T1C L el
PO, -P G44% | 524 FBdT 6RS®
Si0, T4 Sedr 7410 AR0*
B. Epiphytic Flora
Chlorophyceas TA5e S95==

Cyanobacteria Sl Has= TRG= T45=

Buglenophycese  936% 905+ Sa7e hle®
Total Algae 042% a10= ROz Rag=

Lewvel of significance :  * = at 1% kevel
e oo 5% kevel
- = mo sigaifcant

diatoms and temperature, [0, pH, C1, BOD,
whereas positive correlations were recorded
with conductivity, PO,-P, total algae, Chloro-
phyceae and Cyanobacteria (Table 3).

DISCUSSION

The physico-chemical characteristics of Riv-
er Yamuna have been studied in detadl during
last 30 years (Rai, 1962, 1974a, b, Mathur,
1965; Kundra et al., 1977; Subramanian and
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Fig. 2. Seasonal variathons in the total epiphytic algal cells highlighting the relative abund of ditoms at
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Fig. 3, Seasonsl variations in
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Fig. 5. Seasonal variations in the total epiphytic algal colls highlighting the relative abundance of diatoms ai
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Table 4: Similarity Index of the epiphytic distoms
among four statlons doring different sea-
sons, Bold values indicate maximum simi-
larities between the stations

Sedsons Sranions’ A B i i
i Frarions
Autumn A 1.01

B Bl 101

C k] el 1.1

[ 12 52 AL 1ol
Winter A 1.01

B A3 1.02

C il £ 1.0

(] 52 55 A3 1.0
Spring A 1001

B 16 1.0M

i 50 A5 1.00

D A4 E 54 1.0
Summer A 1.0

" 55 1.01

C 57 B 1.00

I 40 34 2R (1]
Monsoon A 1.1

B A1 1.01

[N 23 il | 1.01

(] A o7 | [

Sitsywnd, 1984, Bhargava, 1985; Trivedi et
al., 1985, Khurshid, 198%; Menon, 19940} and
that of Majafgarh drain by Bulusu and Sharma
(1966) and Dakshini and Soni (1979, 1982), A
comparison of the present dat with those of
eariler studies indicates that water quality has
further deweoriated at both the sites. Although,
the nutrient load in the segments of iver Yamo-
na asalso in Majafgarh drain has increased, they
still support a rich and diverse biote commu-
nity, Recent studies conducted by DeZwart
(1991) revealed that as a result of above physi-
co-chemical changes, the composition of plank-
ton populations have also undergone significant
variations during last thirty years.

Earlier studies on species composition and
seasonal dynamics of phytoplankion were
made on river Yamuona at Delbo (Rai, 1962,
1974 b; Hortobagyi. 1969). These studies re-
vizaled that diatoms dominated the phytoplank-
ton followed by green and blue-green algae. In
addition, seasonal progressions involving basi-



B4

cally year-round predominance of diatoms with
short pulse of green algae have also been repor-
ed in Asian rivers (Kundra etal., 1977; Trivedi
etal., 1985; Nather Khan, 1990 and Nwankwo
and Akinsoji, 1992), European rivers (Swale et
al., 1969; Kiss, 1984; Simm, 1985; Descy,
1987, and Avstralian rivers (Chessman, 1985),

In the present study, it was observed that
among the periphytic algal communities, qual-
itatively green algae dominated the epiphytic
assemblages on the roots of waler hyacinth,
whereas nemerically diatoms were more pro-
dominant throughout the investigation. This is
in confirmity with earlier reports of Mwankwo
(1984, 1986). Similiar observations have also
been made with reference to other macrophytes
Le., Lemnaa minor (Goldshorough and Robin-
som, 1985}, on Pistia sp. (Nwankwo and Akin-
saji, 1988), Potamogeton sp. (Cattaneo and
Kalff, 1978), Phragmirtes australis (Miiller,
1994 and on artificial substrates (Castenholz,
1960, Cataneo and Kalff, 1978, Nather Khan,
199073,

During this investigation, it was ohserved
that among the epiphytic algal community, di-
atoims recorded maxima during spring atall the
stations. This is in concurrence with observa-
tions of Kiss { 1984) in river Hungary, Goldshbor-
ough and Robinson (1985) in Delta marsh, Can-
ada, Watenbe etal, ( 1988), Acs and Kiss (199])
in river Danube, Hungary, Nwiankwo and Ak-
insoji (1992) on coastal waters in Nigeria and
Buczko and Acs (1994) in Danube river.

Lund {1950, Lange-Bertalot ( 19749), Sabater
etal. (1987) and Nather Khan (19907 have ob-
served that following spring maxima, diatom
population declined at the onsct of summer,
which have been attributed to exhaustion of
dissolved silica. In our swdy also, decline in
diatom population during summer was due
lowering of dissolved silica levels.

Seki et al. (198%) reported that forms like
Fragilaria, Melosira and Svnedra were the
most abundant diatoms during the growth pe-
rind of water hyacinth, In owr study, predomi-
nance of above forms was observed during sum-

PARMINDER KAUR AND MNARESH K. MEHRA

mer, which 15 the growth period of macrophyte
under observation.

Seasonal periodicity in the composition as
also abundance of distoms have been recorded
ot different stations and this can be correlated
to the changing physico-chemical profiles of
sampling sites. Our observations are in accor-
dance with those of Lowe (1974), Lange-Ber-
talot (1979), Kiss (1984), Sabater et al. (1987),
Nather Khan (1990), and Miiller (1994).

Sabater etal, (1987, 1988) and Biggs ( 19849)
recorded negative correlations of epiphytc di-
atoms with temperature, DO, Si0,-5i and pos-
itive correlations with PO,-P and conductivity.
Similar correlations have been recorded in this
study also.

The use of epiphytic diatoms in monitoring
water quality bas been well documented in lit-
erature. Attempt has been made in this study o
analyze the composition of epiphytic diatoms
in relation o water guality, Patrick and Hohn
(1956) had observed that due tw organic pollu-
tion, rare and intolerant species do not survive,
whereas more tolerant species tend o become
exclusively dominant. In our study also centain
tolerant forms of diatoms viz., Nizschio, Cyelo-
tella and Syaedra were recorded from all the
stations, but they were more predominant at sta-
tions on Majafgarh drain which has a regular
inflow of unireated sewage,

During the period of investigation, species
diversity was low in the highly polluted stations
on Majafgarh drain. Similar observations have
been reported by Dakshini and Soni (1979,
1982).

Sabater et al. {1987}, Nather Khan {1990},
and Mwankwo and Akinsoji (1992) have listed
some species of diatoms as indicators of water
quality. Some of these waxa have also been re-
corded in the present study.

CONCLUSIONS

I. Seasonal changes of epiphytic diatoms on
the roots of water hyacinth were recorded at
all the stations during spring season.
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2, Differences in species diversity at stations
could be related o changes in water guality,

3. Some diatom genera reported to act as bio-
indicators were recorded in this study also.
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