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Abstract

The communities of diatoms associated with some aquatic plants in two polluted water
courses in the Nile Delta were identified. Three types of hydrophytes, Eichhornia crassipes (Mart.)
Sloms, & Pistia stratiotes L. as floating hydrophytes; Ceratophyllum demersum L., and Chara sp. as
submerged and Persicaria salicifolia (Willd) (Assenov) as emergent species have been distingushed.
Relationship between the microalgae and the present hydrophytes were studied.

Forty-six diatom taxa were identified and most of them can be used as indicator of freshwater
pollution. Bacillaria paxillifer, Gomphonema spp., Nitzschia palea, N. lorenziana, Synedra ulna,
Navicula viridula, Cyclotella meneghiniana were the predominant species. Results indicated that
pennate forms dominated the centric one. The taxonomic composition of epiphytic diatoms was more or
less similar on the different plants during the investigation period. Eichhornia crassipes, Ceratophylium
demersum and Chara sp. hosted higher number of individuals of associated diatoms. However, lower
numbers of individuals were recorded on the emergent species P. salicifolia.

The physical and chemical characteristics of the water samples were also analysed and
correlations between the occurrence of diatoms and the selected plants in relation to the prevailing
environmental parameters were performed. Some heavy metals like Cu and Pb exhibit highly positive
correlation with the dominant diatom species as well as diversity index. Nevertheless, water temperature
and NH,—N showed high negatively correlation with the total number of diatoms.

Introduction

Epiphytes are the assemblage of organisms, which develops on submerged plants
(Moss, 1980). Some epiphytes are attached to some aquatic plants in particular on their
submersed parts, while others are only loosely associated (Round and Hickman, 1971). For
many years the attached microalgae to the surface of aquatic plants in wetlands have been
ignored as quantitatively studies. Evidence is now that these algae not only productive but can
often serve as regulators of nutrient cycling in many fresh waters in particular wetlands
(Wetzel, 1993). Not only does the recycling of resources allow very high efficiencies of use
of imported resources, but the uptake, assimilation and retention of nutrients are high within
the aquatic ecosystem. Hence, an accumulation of nutrients occurs in the attached
communities, which results in rapid and maximum retention of loads entering the ecosystem.
(Grimshaw et al., 1997).

Diatoms are the most abundant and species rich primary producers in rivers,
occurring in all habitats (Round, 1991). They are particular potential for assessments of
aquatic bio-diversity and water quality (Cox, 1991). Furthermore, diatoms have been used
to provide as measure of the effects of organic and inorganic compounds (e.g. pesticides
and metals) effluents in aquatic ecosystem (Stevenson & Lowe, 1986). Diatoms dominate
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the epipyte community (Ayyad, 1980;; El-Khatib, 1991; Nawanko & Akinsoji, 1992; Cox,
1991).1t is favoured over algae by their size and form,

In Egypt, unfortunately studies on the diatoms associated with aquatic plants are
few e. g. (Ayyad, 1980 and El-Khatib, 1991). The major objective of the present study
was to survey and identify various diatoms associated with some different aquatic plants
and to relate their diversity to possible environmental factors. In addition to these about,
there are good fundamental reasons to examine diatom community on aquatic plants.
There remains a long-standing controversy about whether plant surface and architectures
significantly affect epiphytic community structure. Some authors note similarities in
epiphytic communities among macrophytes (Cattaneo & Kalff, 1979; Fontaine & Nigh,
1983 and El-Khatib, 1991). By contrast, others have recorded variation in epiphytic flora
among plant hosts, speculating that macrophyte tissue might provide a specific chemical
environment with effects on nutrients (Blindo,1987).

Materials and Methods

Study Area
Two polluted water courses in the north-eastern section of the Nile Delta (Damietta

district) were selected for the present study (Fig. 1). These water courses receive sewage
effluent and large loads of nutrients especially Nand P from agricultural activities and
domestic sewage. Large amounts are also leached from the decomposed aquatic plants on the
sides of the water courses.

The study area lies in the Nile Delta of Egypt, with warm weather (20-35°C) and
mild winter (10-20°C). Rainfall varies from 102 mm/yr, the mean evaporation varies between
2.6 mm/day and 8.1 mm/day. Relation humidity varies from 69% during summer to 89%

during winter.

Plant Material
Five macrophytes formed distinct largely mono specific stand in the irrigation and
drainage in the Nile Delta (Damietta district) were selected for this study. The submerged

Ceratophyllum demersum L., Chara sp., the free floating Eichhornia crassipes (Mart.) Sloms
and Pistia stratiotes L., the emergent species Persicaria salicifolia (Willd). Asseno v.

Samples were collected during winter, spring and summer. 100 gm of each fresh
plant part were taken. Each fresh weight washed well with constant volume of distilled water.
The attached diatoms were removed mechanically by shaking vigorously in water according
to Foester and Schliching, (1965) and preserved in Lugol's (I, KI,). The diatomaceous
material was cleaned by sedimentation and centrifugation at 3000 RPM. The residue was
washed several times with distilled water until it become free from Lugol’s. The
carbonaceous matter was then removed by boiling in a mixture of sulphuric acid and
potassium dichromate (3:1). The mixture was repeatedly washed with dist. water till it
become acid free. Each sample was settled in a one ml chamber and counted with an inverted
microscope. Identification of diatoms was according to Prescott, (1961), Hendey, (1964) and
Hustedt, (1937). The counted epiphytic diatoms are expressed as a number of species X

10¥/gm.

Egypt. J. Phycol. 1, 2000.
-212-



Diatom communities associated with some aquatic plants in Nile Delta.

€ E
MEDITERRANEAN SEA

Port Said

Major canals

Minor canals 1
Major drains  ~" """ Suez| A30°N
3
9 4km {
pi

Fig. (1): Location of the investigated area
Water Analysis

Water samples for physico-chemical data were collected at the same time as plants.
Water pH was determined using a combined pH meter digital Model 5986. Chemical

analyses were carried out according to APHA, (1992). Temperature was measured in situ
with a mercury thermometer.

Data Analysis

The diversity index components based on Shannon-Winner (1949) information was
calculated. Correlation matrix was also applied between the physico-chemical parameters and
using Statistic program ver. 5 used epiphytic diatoms on each plant.

Results

Water Quality

The physico-chemical parameters of the two selected sites are presented in Table(1).
The highest water temperature 36 °C was recorded in summer and the lowest one was
observed in winter 17.6 °C. pH values shifted toward alkaline situations in both canals (6.5 -
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7.8). Chemical Oxygen Demand ranged between 5.5 mg O, L and 18 mg O, L' giving its
maximum during summer at site 2. NO;-N concentrations varied between 298 pg L™ at site 1
in winter and 2500 pg L in summer at site 2. NH,-N levels varied between 1.09 mg L' at
site 1 in winter and 25.30 mg L in summer and spring at site 2. PO4-P concentration ranged
between 1.30 mg L in summer and 3.50 mg L in winter. Fe values varied between 1.04 in
site 1 in spring and 2.40 mg L' in summer. Manganese content varied between a minimum of
69.30 pg L" at site 1 and 710 mg L" in summer at site 2. Zinc levels fluctuated between 74
pg L in winter at site 1 and 330 pg L in spring at site 2. Pb concentration showed its
maximum occurrence of 123 pg L in summer and spring at site 2. Cu ranged between 23
pgL’ in winter at site 1 and 140 pg L in site 2 at summer. Cd levels varied between a
minimum of 2.26 pg L at site 1 and 15.30 pg L in spring at site 2. Generally the average
values of chemical parameters at site 2 were much higher than those recorded at site 1.

Associated Diatoms

Occurrence of the identified diatoms on the selected parts are presented in Table 2,
and their percentage abundance are presented in Fig. 2. A total of 46 diatom species
comprising three centric and fourty-three pennate forms were recorded. The most common
epiphytic diatom species on the selected aquatic plants were Bacillaria paxillifer (O.F. Mull)
Hendey. Gomphonema were represented by G. gracile, G. olivaceoum Kiitz, and G.
paravulum (Kiitz). The latter species was the commonest one. Navicula viridula var.
avenaceae (Breb.) Grun., Synedra ulna var. ulna (Nitzsh.) Ehr. and Nitzschia palea which
was not recorded on Chara sp during the investigated period. The percentage abundance of
these diatoms is represented in Fig. 2. Bacillaria paxilifer occurred on all the selected plants
with maximum value of 300 X 10” cells/gm on C. demersum and forming of 53% of the total
diatoms abundance in winter at site 2 (Fig. 2,b). Navicula viridula var. avenaceae also was
recorded on all studied plants reaching its highest value (80 X 10 cells gm™) occurred on
Chara sp in winter at site 1 (Fig. 2,e). It formed 8.6% of the total diatom. Nitzschia palea was
observed on all the selected plants except Chara sp.

Other diatom species appeared with an abrupt increrase on some selected aquatic
plants and contributed high percentage abundance. On E. crassipies, Aulocosira granulata
var. granulata and Stauronies anceps Ehr. formed about 38% and 15.2% of the total diatoms
respectively. Also on Chara spp, Calonies permagna, Navicula dicephala, Navicula pygmaea
and Nitzschia obtusa var. scalapelliformis contributed about 29.38%, 10.75%, 12.37% and
21.51% of the total diatoms respectively. Gyrosigma spencrii was more dominant on P.
stratios which formed 15.87% of the total diatoms.

The highest values of species diversity (2.9 bits ind") were recorded on E. ceassipes
and P. stratiotes while the minimum (1.0) recorded on P. salicifolia.

Egypt. J. Phycol. 1, 2000.
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Fig. 2. Continued: The percentage abundance of the most dominant
diatoms on selected aquatic plant
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Fig. (3): Distribution of the total numbers of Diatoms at the selected plants.

Egypt. J. Phycol. 1, 2000.
217




Mona M, Gaballah er al.

ol o] o 0 0 0 0 0 0 0 0 0 0 0 0 o] o 10 0 ‘uny) (Ioyg) sdxoryduv piyaszjuvyy
ool oo 0 0 0 0 0 0 0 0 0 0 10 Z0o| o 0 0 10 (Ws' M) wruoow "5
ool o[ o 0 0 0 0 0 0 0 0 0 0 0 [ Zo [ os 0 z Ay 110uads DUSISOIAD
ojfofJololsv ol z 0 0 [sol #» 1 0 0 | o [4 [ 0 Y (q9uAT) wnozovaro 5
ofol €] o v 0 [ €1 [34 0 [ 8t z |8t ]Jzolt1o]| szl <t | sz | o [ ‘Y wnnaund “iva wnpnaind o
: - 210
ojo} o} sl € 0 0 0 o [r1of{ z |rolcofzof z S 0 09 € wngpaouD] 108 St usus.isow
ojfofl o] o0 0 0 0 0 0 0 [10] o 0 0 o] o [1o| 10 0 “ds puounsy
ool o] o0 € 0 9 [cii| o 0 0 0 0 0 4 0 0 10 0 Ay sypao-siauoidiq
olol ol ols8o]l o SI 0 0 0o [10] 0 0 0 0 0 0 10 [4 wis'\ (qig) vajos vamaydoroud)
o{of oo 0 0 [ o 0 0 0 0 0 o 1ol 10| 0 0 1o | o ZnY siuffo 5
o{o] oo v 0 [ 10 0 0 0 0 0 0 0 [ 60] o [so{ vo 0 “unn (Uaqoy) 1110530 bjjaquids
olol oo o {10l 1 0 [4 1of€oflzolro| ¢ €0 ] 0 1 [ 0 4y pymuzonid 5
olofl ol o100 co 0 0o ] 80fzo] 1o o 0 6 0 ol £0 0 10 V1O 9403103 $13U0336))
oflolT ol ol #v0 ] o 0 0 10] 0 0o [zo[ o [sa 0 0 0 0 0 U winjpioog )
o{ofJ ol ols0o] ol co 0 0 0 0 0 0 I 0 0 0 0 0 331D (1ieq) pusvwuad siaucioy)
cistzzl v Jzor ] o | 2o | 1wl | 11 9 3 € [ oc € [ooe| 06 | 81 0S | 9%l | AspuaH (10N "J°0) 42/ijjixwd viipjjiong
ololzol ol to | 0o | o 0 o 1o v |zo] o 0 10]zo| o 0€ 0 2y smynoipad “10a spac "y
ofofJro{ ] s9] 0| 10 0 0o JzoJzo[vo] o 0 0 10| 0z | 1z 0 BY stuuofovafjos vioyduy
o{olzz] o 0 0| 10 0 1080 [zo| 1 0 {ooc{ Zo| 6 10 | 1o | s8I IYSSBIY DID4ISO4 “4DA DUDIYODY
o{olrol o 0 0] 10 0 v1 [ s0 | 0O 0 [10] © 0 01 0 ) 0 Ziny owsiSsnuld P
ofolrol o 0 0 [ Lo ] vi 1 zo[1o 10!l 0 0 0 0 10 | 08 0 BY sadiaaiq Sayiuvuyoy
wU—NS-UA sojeuuag Sojeuusq
ool oT o ve 0 0 ¥ [4 0 0 0 0 0 0s | o1 0 | £ze 0 ZNY  DUDIUIYSIUIU D]12]10]IK )
ofoloTlo 0 0 0 0 v | o o [1olsol 10| 0 0 0 | 9sI 0 BV suvLva "y
ofof o I 0 0 0 0 0 vyi {81 |11 0 0 0 o | ozl 9 0 “unig (I9Y7) pippnuvis viisooDmy
saenua) WO—F:—_UU sajenua)
pnf1l1Tm 1 1 1 I 1 1 i} 1 1 1 i} 1 1 1] 1 swoel(]
|lalaolx oo Q al o o) m| =
« : - : @ T k : @ ‘ c > a fa x &
SISl S|s | 213|815l s{&|3)8 ]3| |E]|GES
TI5]§1)8 8 | = g g S 8 LI O g g 2 3 5
=12 12 = e S s s )8 808
Jawumg suudg TN uoseag

swos ui syuejd syyenbe aay oY) uo porsad Apnys ay3 1940 papaodrar (w3/ 01 X sjenpiaipuj jo ‘oN) swojelp 3nAydids jo 23ua1In3Q "7 qEL

"ZONS =11 ‘T MNS=] "©IPp S[IN 9Y) Ul s351n03 pajnjjod

Egypt. J. Phycol. 1, 2000.

-218-



Diatom communities associated with some aquatic plants in Nile Delta.

g= == = = N = N = g 2t g e o Loz = ) N ~ N
S| &8 181 & S &) 3 2 = N b S IR S S = S b=3 = xapuy sialg
w x s ~ w £ £ o o< ~N w ~N »N ~ ~ ~ (=% [} R
[0 I S O I A B 2 L1 s jpoe | 11|61} T vT | 9t ﬁ_. vl ST | 1T | vt w | L $3192dg Jo ‘oN
v = [~ = s Lot D o s o =2 = ored K 3 bt % =
*lalelaiSi=|siglei8 || E2i8]lslEl2iel=te R
0{ 0 0 o [c1] o 0 0 0 0 0 [ 80 o] o 0 0 0 9Z1 | o T4 $do3UD STPUCINDIS
0] o Jzo[sol cz{solzo] 15 Z | so0o] 8 S 0 0 [l 0 [i4 ov 6 "3 (YoSAIN) buin “ioa oun vipaudy
01 1o 0 0 0 0 80 0 0 0 80 0 0 0 0 0 0 v 0 MY DIDAC DJj3i1ng
ol ztoflo]l ofjofsof o]l olofalolo]of]ofofo|o]a PR—— asn:“wuw
0] 0 0 0 0 0 0 0 €1 0 0 0 0] o T 0 7 0 0 UG S1D[DoS N
0| ¢ 0 [ 80l 80 o 0 0 [ Lol ¢ 1ol esl ol co] 7 Jrol ¢ 31 S “ZInYy DUDIZUIO] N
0ol 0 0 0 0 0o [To] o 0 0 0 0 0| o 0 10 0 S0 | T oy owsis N
o] o f1o] o 0 0 [ st 0 0 0 0 0 0 0 0 0 0 9z 0 wg m paand N
ol ¢ {eo] o 0 0 0 81 | ot [ a1 4 st | T 0 oL | of | €t v8 1C ‘wg A (2any) vappd N
0] ¢ 0 0 0 0 z 0 1 0 0 0 € | 00z | ol 0 0 <l 0 “UNLD) S1U0fi]12d]00S "ADA USTUQO N
0] 0 0 0 0 0 Z 0 €1 0 10 0 0] o 0 0 10 T 0 WS /% (YpIeBY) S1paul] N
ol o 0 0 0 0o | vl 0 1o {vo| o 100 0o | zoJ10] 0 S 0 U DoLIDBUNY N
0 0 0 0 0 0 vl 0 9 90 0 10§ 0 0 0 10 0 01 0 iy (ANY) stsofiff N
0l 10} 0 0 0 0 10 0 0 o 0 80 | 0 0 0 St | T0o 0€ 91 urun (neY) oivdissip N
ol 1ol o 0 0 0 0 0 0 [Zo| o 0 0| o 0 0] 10 9 10 unin p1QIydud DiyISZIN
0 0 0 0 0 0 10 0 0 0 4 10 {0 0 10 0 0 70 0 Ziny pgndnd N
0] o 0] 0 0 0 | <t 0 0 0 0 0 Jofstt| 8 0 0 ¥ 1 oY vovwddd N |
ol o 0 0 0 Jzo] st JZofvo[zo[ 1o zo] ofloor] o ¢ J1o] 0o o ‘ws “m (32R) oppydad1p vnoaoyN
tlaf{zlof olzolsz]| v {cof{oo|l €| v | 9|los]oc]| €| oz | oe oz - s%:ﬂ\.w
z £ 1 ¥ y [1olzol T {tof{vol| v [2 ¥ 0 10 [10o] 11 12 | To 20 DIpIdIa “iva pInplila N
0] o 0 0 0 0 0 0 0 T o f1o{ o] o [4 0 [ 10 2 v uny  porduny N
0o} 7 0 0 0 0 0 0 0 0 0 €0 ] 0] o 0 0 10| €0 o ZI0Y DSOIpDL D[NIIADN
ol 1 1 1] 1 1 1 1] 1 1 i} 1 1 1 i} 1 1 n I swoel(]

‘PONUNU0D T Aqe L,

Egypt. J. Phycol. 1, 2000.

-219-



Mona M. Gaballah et al.

Discussion

In the Nile Delta, the problem of water pollution and the change in water quality in
particular water transparency is one of many interrelated environmental factors e.g. high load
of nutrients especially N and P (Serage,1991), industrial pollution and human activities
(Khedr & El-Demerdash, 1995).

The two water courses are irrigation and drainage canals were characterized by its
high organic matter. COD values ranged between 5.5 and 18 mg O, L, concentrations of
dissolved nutrients in particular NO3;-N, NH.-N and PO,-P were above limits demonstrating
the polluted nature of both canals due to they receive sewage effluent and, large agricultural
activities. Large amounts of these nutrients are leached from the decomposed aquatic plants
on the sides of the water courses (Serage, 1991). Heavy metals concentrations were
comparatively high and its order was Fe > Mn > Pb > Cu > Cd. On the average of the
chemical parameters, drainage canal exhibit high nutrient than irrigation canal.

A total of 46 diatom species were identified, comprising 3 centric and 43 pennate
forms. The majority of the attached diatoms mostly pennate that are attached to plants by
mucus pads, stipes or by direct adherence of frustules. Some diatoms which are common
members of the plankton were often trapped by the roots or held in the tangle of attached
forms. These include Aulacosira granulata (Eher) Sim., A. varians (Ag) and Cyclotella
meneghiniana (Kiitz). The same result was found by (EI-Khatib, 1991).

The chemical characteristics of the two polluted water courses reflecting impression
about the species composition of diatom communities associated with the selected plants.
Most of them are indicators of eutrophic and organically polluted waters (Kazmierz, 1984)
and tolerant to some of heavy metals. They showed a positive significant correlation with
both PO4-P(r= 0.5 to 0.79, at p< 0.05) and Cu & Pb (= 0.63 to 0.88, p< 0.05). In general,
phosphorus tend to be the element controlling the rate of plant growth and is responsible for
eutrophication (Vymazal, 1995). Whitton, (1970) indicated that, Nitzschia palea,
Gomphonema parvulum and Navicula viridula could tolerate Cu concentrations exceeding 1
mgl™ also the occurrence of Syndra ulna and its resistance to municipal sewage and chemical
plant waste was reported by (Turboyski, 1979 & El-Khatib 1991). Bacillaria paxillifer was
recorded on E. crassipes in organically polluted water in Nigeria (Nwankwo & Akinsoji.
1992).

Contradictory results have been reported on the selectivity of epiphytic algal species
with respect to substrate, thus, while some authors found clear difference in species
composition as a function of substrate (Antonie ef a/, 1986 and Gough and Gough, 1986)
Others concluded that most algae are non selective and note similarities in epiphytic
communities among macrophytes in eutrophic waters (Cattaneo & Kallf,1979 and Fontaine
& Nigh, 1983).

The results of the present investigation are in a good agreement with the latter
standpoint, since the species composition of associated diatoms (Fig. 2) was more or less
similar on the selected plants and they are more correlated to characteristics of the two
polluted water courses. In this respect, Ayyad,1980; El-Khatib, 1991 and Tesoin & Tell.
(1996) reported that, different macrophytes from the same location host very similar algal
assemblage. Confirming to the previous results, Cattaeno et al., (1998) indicated that, the
species composition of the epiphytic algae was more closely correlated to water
characteristics rather than the plant type. On the other hand, the abrupt increase of
Achnanthus hauckiana var. rostrata, Navicula pygmyeae, N. dicephala and Nitzschia obtusa
var. scalapelliformis than the classical dominant species on Chara sp in addition to the
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absence of a Nitzschia palea may be related to inhibitors formed by basiphyte (Round,1981).
Two sulpher compounds were extracted from Charales inhibiting a Nitzschia palea (Antonie
et al., 1980) and this may support the first standpoint.

With regard to the total species and diatom individual’s E. crassipes, C. demersum,
Chara and P. stratios hosted higher numbers as compared with P. salicifolia (Table 2). This
is may be explained by the physical nature of the host plant (Round, 1981) and architecture
(Cattaeno ef al., 1998). The morphology of the root net of the floating plants e.g. E. crassipes
and P. striotes also the dissected leaves of the Chara and leaves of C. demersum form bowl-
shaped whorls net tightly together particularly near the tip of the stem all together
representing a more efficient epiphyton retaining trap. While the emergent P. salicifolia had
a smooth surface tended to it having a few number of associated diatoms, in connection with
this information, the smooth stips of Laminaria digitata has few epiphyte relative to the rough
stipe of L. hyperborea (Round, 1981).

Shading of macrophytes may blay an important role in distribution of epiphytic
diatoms distribution (Grimshow et al., 1997). P. salicifolia occurred beside the bank of the
water courser, while floating as well as submerged occurred in the middle of the water bodes
where irradiance was higher (Serag, 1991) with promote the proliferation of these
microorganisms. The less number of diatoms individuals may be explained by some
inhibitory substance from the host plant to epiphyte (Anthoni et al., 1980).

From the quantitative point of view, the total number of diatoms individuals and
species were summer (Fig. 3.) as compared with that of winter. This is may be explained by
the seasonal variables especially water temperature, NH,-N level and grazing. Our results
demonstrate that the maximum value of water temperature and NH4-N occurred in summer
(Table 1), also the total number of diatoms was highly negatively correlated with water
temperature and NH,-N (r = -0.8 and —0.54, p < 0.05 respectively). Confirming our result
Patrick et al. (1968) found that an average temperature of 34 °C to 38 °C resulted in a shift of
the dominance in the algal flora from diatoms to blue-green algae or may be due to a rapid
rise of zooplankton Vymazal (1995).

Conclusion

* The majority of associated diatoms on the selected plants include those species that have
been associated with eutrophytic and organically polluted sewage water.

e The watercourses of Nile Delta were rich in nutrients which support growth on many
aquatic macrophytes and epiphytic diatoms.

o The decrease and increase of the number of diatoms on selected macrophyte pilants
depend on; the physical nature of the plant, and architecture. The more varied morphology
resulted in a higher diversity and individuals of associated diatoms. The absence of some
diatom species may be due to inhibitory substances excreted from the host plant.

¢ The seasonality variables especially temperature and ammonia control the distribution of
epiphytic diatoms.

e This study demonstrates a strong effect of aquatic plant species and architecture on the
development of epiphytic diatoms and could be used in fish culture and water
management.

o The obtained results based on macrophytes and associated diatoms will be usefui for the
general guideline for monitoring the organic pollution in the irrigation and drainage Canal
in the Nile Delta.
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