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Patterns of frequency, biodiversity and seasonality of fungi-like organisms and true zoosporic
fungi in relationship with some abiotic factors of two water bodies exposed to various effluents at
Assiut Governorate (Upper Egypt) were investigated. Thirty-four species related to ten genera were
isolated from the El-Zinnar irrigation canal and the El-Ibrahimia canal, which receive treated sewage
water and the industrial effluents of a factory for oils and detergents, respectively, using the baiting
technique during four seasons (from winter 2017 to autumn 2018).

The highest fungal diversity was recorded during winter, followed by autumn and spring,
whereas summer was the lowest in species diversity. Achlya, Dictyuchus, Allomyces and Pythium
were the prevalent genera, whereas Brevilegnia and Pythiopsis were the least frequent ones. Some
fungal taxa were present throughout the year while others were highly restricted, occurring in only
one season. The species composition and community structure of the heterotrophic straminipiles
and true zoosporic fungi varied in spatial distribution and exhibited seasonal variations, probably in-
fluenced by particular abiotic water characteristics, sampling site and season.

Sites which directly receive either treated sewage water or industrial effluents were the poorest
in straminipiles and true zoosporic fungi, and can be regarded as stressful environments where some
abiotic parameters were excessive. Seasonality and biodiversity of the surveyed organisms are
mainly dependent on water temperature, conductivity, most of the determined cations and anions,
but pH did not exhibit any considerable impact. It is assumed that the existence of some fungal taxa
at polluted sites may have a potential source of fungi beneficial for bioremediation and xenobiotic
transformation.
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Khallil A.M., Ali E.H., Hassan E.A., Ibrahim S.S. (2020): Biodiverzita, prostorové
rozloZeni a sezonalita heterotrofnich straminipil a zoosporickych hub ve dvou ka-
nalech s pritokem odpadnich vod v okoli Asijutu (Horni Egypt). — Czech Mycol.
72(1): 43-70.

Prace prinasi vysledky sledovani frekvence vyskytu, diverzity a sezonality houbam podobnych
organismu a pravych zoosporickych hub ve vztahu k abiotickym faktortim ve dvou kanalech v Asijut-
ském guvernoratu, kde jsou vystaveny pusobeni riaznych odpadnich vod. Technikou odbéru s vyuzi-
tim navnad byly v zavlazovacim kanalu El-Zinnar, kam usti vytok z ¢istirny komunalnich odpadnich
vod, a kanalu El-Ibrahimia, kam pritékaji pramyslové odpady z tovarny na vyrobu oleju a ¢isticich
prostiedki, béhem ¢tyt roénich obdobi (zima 2017 az podzim 2018) zjistény celkam 34 druhy z 10

rodu.
Nejvyssi diverzita byla zjiSténa v zimé, mensi na podzim a na jare, a druhové nejchudSim

nejméné byla zastoupeny Brevilegnia a Pythiopsis. Zatimco vyskyt nékterych druhi je rovnomérny
po cely rok, vyskyt jinych je omezeny v krajnim piipadé i na jediné obdobi. Druhové sloZeni
a struktura spolecenstev heterotrofnich straminipil a zoosporickych hub se méni v zavislosti na
prostorovém rozloZeni jejich vyskytu a sezéonnich zménach; pravdépodobné se zde skladaji vlivy
abiotickych vlastnosti vody, umisténi odbérového mista a ro¢niho obdobi.

Nejchudsi na straminipila a zoosporické houby jsou mista, kam piimo pritéka zpracovana
odpadni voda nebo pramyslové odpady; zde 1ze mluvit o stresovém prostiedi, kde nékteré abiotické
parametry dosahuji nadmérnych hodnot. Faktory, které vyrazné ovliviuji sezonalitu a biodiverzitu
sledovanych organismu, jsou zejména teplota vody, konduktivita, vétSina zjiSténych kationtt
a aniontd, zatimco pH nema nikterak zjevny vliv. Na zakladé pritomnosti nékterych druht i ve
znecisténych mistech lze predpokladat, Ze zde je mozné hledat dobré bioindikatory a pripadné
i houby vyuzitelné pro bioremediaci a odbouravani cizorodych latek.

INTRODUCTION

Zoosporic fungi, which were all well known to Sparrow (1960), are not a mono-
phyletic group and include taxa which are now known to have very diverse
phylogenetic histories (Baldauf 2008, Gleason et al. 2017a). Based on cellular
ultrastructure, molecular phylogeny, biochemicals, and physiological character-
istics, Straminipila (Hyphochytriomycota, Oomycota, and Labyrinthulomycota)
are not considered to be true fungi (Alexopoulos et al. 1996, Beakes et al. 2014),
despite sharing many ecological functions, trophic strategies, morphological and
physiological characteristics with true fungi and often inhabiting similar environ-
ments. Straminipila, which are different from true fungi, are treated as fungi-like
organisms, whereas uniflagellate zoosporic fungi (chytrids and related groups)
and the Opisthosporidia group (rosellids and aphelids) are treated as true fungi
(Karpov et al. 2014). Anyway, in studies dealing with these groups together
(aquatic oomycetes and true zoosporic fungi) the common term “zoosporic
fungi” is used to cover both groups and simplify the terminology (Czeczuga &
Muszynska 2004).
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Seventy-one percent of the earth’s surface consists of water, but only 0.6% of
it is freshwater. Freshwater resources are becoming increasingly scarce in many
arid and semi-arid countries due to climate changes, economic growth, urbanisa-
tion and a growing human population. Consequently, utilisation of treated munic-
ipal wastewater and other effluents in irrigation of agricultural lands could be
considered when its disposal is being planned particularly in arid and semi-arid
regions. Besides sewage water which enters irrigation canals, also some indus-
trial effluents characterised by a complex and diverse composition of organic
and inorganic pollutants including strong acids, metallic ions, and polyaromatic
hydrocarbons (PAHSs) enter irrigation water (Selvarajan et al. 2019). The dis-
charge of huge amounts of toxic heavy metals and organic pollutants into the
aquatic environment resulting from human activities and industrial manufactur-
ers has adverse impacts on aquatic ecosystems (Khallil & Abdel-Sater 1992, El-
Hissy et al. 2001, Khallil et al. 2002, Turkar et al. 2011, Liu et al. 2017, Assress et al.
2019). These pollutants generally decline both the richness and activities of mi-
crobial species (Manahan 2000). Recently, awareness of the need to dispose of
various wastes (e.g. municipal sewage water, industrial and agricultural wastes)
beneficially and safely is rising. Aquatic ecosystems are subject to fluctuations in
environmental parameters, mainly due to seasonal changes, agricultural, indus-
trial and human activities. The changes in distribution, species composition and
structure of the mycobiota assemblages in terms of ecosystem dynamics appear
to be dependent on fluctuations in abiotic factors (Sparrow 1968, Shearer et al.
2007, Marano et al. 2011).

As a consequence, the use of various recycled industrial effluents and treated
wastewater for irrigation is rising, particularly in urban areas of developing coun-
tries including Egypt. Physical, biological and chemical methods are necessary
for treatment of sewage water and other effluents before they are reused and
draining into irrigation systems to avoid serious environmental hazard. The fun-
gal biodiversity of various water habitats is still a subject of ongoing research.
The occurrence and diversity of fungi in wastewater and water bodies exposed to
various effluents provide valuable insights regarding the adaptation and potential
involvement of these organisms in bioremediation processes (Selvarajan et al.
2019). Several intensive studies concerning the incidence, periodicity and bio-
diversity of heterotrophic straminipiles and true zoosporic fungi in relation to
non-polluted and polluted water characteristics have been published worldwide
(e.g. Suzuki 1960, Sparrow 1968, Logvinenko 1970, Czeczuga et al. 1997, Shearer
et al. 2007, Marano et al. 2008, Gleason et al. 2010a, 2010b, DiLeo et al. 2010,
Nascimento et al. 2011, Wang et al. 2012, Niu et al. 2017, Khomich el al. 2017, Li &
Wu 2018, Henderson el al. 2019).

In Egypt, although many investigations into zoosporic fungi occurring in the
Nile system have been made (e.g. El-Hissy & Khallil 1989a, Khallil 1990, Khallil et
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al. 1993), insufficient attention has been paid to the biodiversity, spatial distribu-
tion and seasonal occurrence of zoosporic fungi in water areas exposed to differ-
ent effluents (e.g. Khallil & Abdel-Sater 1992, El-Hissy et al. 2001, Khallil et al.
2002, Nasser et al. 2002, Ali 2007, Abd El-Zaher et al. 2017). Thus, the present in-
vestigation represents an attempt to bridge this gap and aims to monitor the
biodiversity, spatial distribution and seasonal fluctuations of heterotrophic
straminipiles (fungi-like organisms) and true zoosporic fungi inhabiting two wa-
ter bodies receiving treated sewage water and industrial effluents from oils and
detergents factory in relation to some physicochemical water characteristics.

MATERIAL AND METHODS

Study area and sampling sites. The Assiut wastewater treatment
plant was constructed in 1957 and is located about 5 km southwest of the city of
Assiut (about 365 km south of Cairo) near the village of Arab El-Madabegh. Its ca-
pacity is about 30,000 m*/day. Domestic wastewater is discharged from houses,
institutions, carwashes, commercial businesses and similar facilities. This dis-
charge includes human and animal urine and faeces, and so-called grey water
originating from washbasins and bathrooms. It is coloured, looks dirty and con-
tains a certain amount of soluble or insoluble substances, organic and inorganic
compounds. The wastewater is subjected to a series of successive treatment
stages (includes physical, chemical and biological treatments as well as sludge
removal) in the municipal plant and eventually the treated wastewater is col-
lected in a basin and discharged into the El-Zinnar canal, which is a significant
water resource for irrigation. Six surface water samples were collected season-
ally from the El-Zinnar canal (Fig. 1A); one sample from the basin in which the
treated sewage water is collected (ZN,), and five samples from successive sites
(ZN,~ZN;) of the main stream over c. 2 km (at approximately 500 m intervals).
Two sites (ZN, and ZN,) are located south of the plant, upstream, and can thus be
considered as a control, one site (ZN,) receives treated sewage water directly
from the collection basin, and two sites (ZN; and ZN,) are located north of the
treatment municipal plant, downstream. At sites ZN; and ZN,, discharged wastes
are progressively diluted.

The oils and detergents factory (Nile Company, Bani-Qurra) is located c. 40 km
north of the city of Assiut (c. 325 km south of Cairo). The factory produces
powder detergents (Savo-Randy), liquid detergents (Savonil-Desent), toilet soap,
laundry soap, margarine, edible oils as well as different sorts of oil. The factory
effluents are released directly into the main stream of the El-Ibrahimia irrigation
canal (the longest irrigation canal in Egypt, extending about 360 km and repre-
senting the main source for irrigation in the central Egypt governorates). Five
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Fig. 1. Diagrams illustrating the sampling sites on El-Zinnar irrigation canal (A) receiving treated
sewage water (Arab El-Madabegh, Assiut Governorate) and the sampling sites on El-Ibrahimia irriga-
tion canal (B) receiving industrial effluents of the oils and detergents factory (Nile Company, Bani-
Qurra, Assiut Governorate).

surface water samples were collected seasonally from five water sites (IB,—1B;)
over a length of about 2 km (at c¢. 500 m intervals) on the El-Ibrahimia canal
(Fig. 1B). Two sites (IB, and IB,) were located south of the factory, upstream, one
site (IB,) receives factory effluents directly, and two sites (IB, and IB;) are situ-
ated north of the factory, downstream. Thus, the two sites IB, and IB, can be
considered as controls, the third site (IB,) is directly polluted with industrial
effluents and at the last two sites (IB, and IB;), the discharged wastes are subject
to progressive dilution.

Samples collection. Surface water samples were collected seasonally
from the different sites in the two described study areas (El-Zinnar and El-
Ibrahimia canals) during four seasons from winter 2017 to autumn 2018. Water
samples were collected seasonally in 300 ml sterile glass bottles (three bottles for
each site) containing sterilised sesame seeds serving as baits. For limnological
characterisation of the water, surface water samples were collected concomi-
tantly using a one-litre bottle. Water samples were directly taken to the labora-
tory and analysed for selected physical and chemical characteristics as well as
for the recovery of heterotrophic straminipiles and true zoosporic fungi.

Physicochemical analysis of water samples. The water tempera-
ture was measured in situ using a laboratory thermometer (liquid mercury in
glass tube), pH and water conductivity were measured ex situ using a combined
pH and conductivity meter (Jenway Model 3450 conductivity/pH meter). The
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contents of organic matter were chemically estimated based on Jackson (1958).
Sodium (Na"), potassium (K"), calcium (Ca*"), magnesium (Mg>"), chloride (CI"),
phosphate (POf"), nitrate (NO,"), sulphate (SO42‘) and bicarbonate (HCO, ) were
determined according to APHA (1998).

Isolation and identification of heterotrophic straminipiles
and true zoosporic fungi. Straminipiles and true zoosporic fungi (to sim-
plify the term, both groups together are further referred to as zoosporic fungi or
zoosporic taxa) were isolated from the collected water samples using the baiting
technique (Sparrow 1960) with sesame seeds which had been proved to be the
best bait in previous studies (Khallil 1990, El-Hissy & Khallil 1991). Surface water
samples were poured under aseptic conditions into Petri dishes (9 cm in diame-
ter) containing 10 sesame seeds each and then the Petri dishes (3 replicates)
were incubated at 20 + 2 °C for 24 hours (El-Hissy & Khallil 1989a). The colonised
baits were transferred to other Petri dishes, supplemented with chloramphenicol
(250 mg/l) to suppress bacterial growth (Roberts 1963). The dishes were incu-
bated at 20 + 2 °C and examined daily for the growth and identification of zoo-
sporic taxa, then the colonised baits were transferred to new Petri dishes with
sterilised distilled water to refresh the growth of the zoosporic fungi. For deter-
mination of fungal populations, the fungal species appearing in one water sample
was counted as one colony (CFU). These organisms were grown on sterile culture
media: GP (10 g glucose, 1 g peptone, 15 g agar and 1000 ml deionised water) with
addition of 0.2 g penicillin, 0.1 g streptomycin sulphate and 0.02 g vancomycin af-
ter autoclaving). The recovered taxa were purified and preserved by multiple
transfers to new substrates due to difficulties in culturing on agar media.

The identification of zoosporic fungal genera and species was performed
based on morphological and culture characteristics according to Coker (1923),
Johnson (1956, 1971, 1977), Waterhouse (1956, 1968), Sparrow (1960), Scott
(1961), Seymour (1970), Karling (1977), Natvig (1987) and Johnson et al. (2002).
Some fungal isolates did not form sexual reproductive structures and were there-
fore identified to the genus level. The fungal cultures were maintained on the pre-
viously mentioned media and stored at 8-12 °C and sub-cultured every 2-3
months. The number of isolation cases (NIC) and occurrence remarks (OR) of
each recovered zoosporic taxon was calculated from the total number of
collected water samples (44).

Canonical correspondence analysis. In order to reveal the correla-
tion of the determined abiotic factors with particular species occurrence, Canon-
ical Correspondence Analysis (Legendre & Legendre 1998) was used. CCA was
applied using PAST (Paleontological Statistics) Software version 3 developed at
the University of Oslo, Norway.
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RESULTS AND DISCUSSION

PHYSICOCHEMICAL CHARACTERISTICS

The results of the physicochemical characteristics of the surface water sam-
ples collected from the two experimented water bodies are summarised in Tab. 1.
Water temperature, conductivity, organic matter contents and major cations and
anions (Na', K*, Ca™, Mg”*, CI', HCO, , PO,”, SO,” and NO,") noticeably varied
depending on water body, sampling site and season.

As shown in Tab. 1, the water temperature varied (from 19.0 °C to 33.1 °C)
according to the sampling season, with the highest values during the summer
whereas the lowest temperatures were measured in winter and spring. The pH
values were slightly to moderately alkaline (fluctuated between 7.30 and 8.99)
and did not show any variations according to the sampling season, water site or
water body. The other parameters (Tab. 1) mostly had the highest values in water
samples collected from either the main source of effluents or from the sites di-
rectly exposed to these effluents, regardless of sampling season or water body
examined. These water sites were ZN, (collection basin of treated sewage water)
and ZN, (receiving treated sewage water directly) in the case of El-Zinnar canal
and IB, (receiving effluents of the oils and detergents factory) in the case of El-
Ibrahimia canal. It seems that most of these effluents were diluted at the other
sites downstream and did not differ much. The highest levels of the above-men-
tioned parameters at these sites may refer to the insufficient and imperfect pro-
cessing which may cause adverse effects and pollution of irrigation water
systems.

Assress et al. (2019) indicated that the concentrations of some metals were
unevenly distributed over the wastewater treatment plants and showed relatively
high concentrations of Ca**, Cu®*, Mn*, Ni’* and Zn®" in the influent and Ca®",
Cu™, Fe**, Mn™, Ni*" and Zn”" in the effluent wastewater samples. Selvarajan el al.
(2019) recorded relatively low values of some parameters (conductivity, Ca™,
Mg*, Na', K, Si*", PO,”, SO,”, NO,") in samples of wastewater collected from
five industrial plants, among which a factory for the production of lead-acid auto-
motive batteries. Variable results were obtained by several authors dealing with
the same topic (Ferreira et al. 2010, Abd El-Zaher et al. 2017, Niu et al. 2017).
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Tab. 1. Lowest values (L), highest values (H) and means (M) of some physicochemical features of
water samples collected from six sites in El-Zinnar canal (ZN) and five sites in El-Ibrahimia canal
(IB) during four seasons (from winter 2017 to autumn 2018).

Seasons Winter Spring

Water bodies IN IB IN IB
Parameters L H M L H M L H M L H M
Temperature (°C) 2000 215 21.0| 21.0] 23.0( 22.0] 19.0f 20.0 19.3| 20.0 21.0| 20.5
pH 7.7 85| 82| 87| 9.0 89| 81 87| 85h| 84| 86| 85
Conductivity (pS/ecm) | 357.0| 1485.0| 593.3| 338.0| 730.0| 428.2] 24.0| 759.0|265.0| 181.5 | 184.8 183.7
Organic matter (mg/l) 9.0| 294| 151| 6.5| 12.4| 104] 2.0| 91.2| 26.0| 6.2 11.3| 8.7
Na’ (mg/1) 38.9( 172.0( 64.9( 39.0 92.0( 50.9| 43.3| 139.0f 62.9| 34.1| 58.7| 43.4
K" (mg/) 2.2 30.5| 10.3| 4.0 48| 44| 69| 27.7| 16.1| 5.1{218.0| 52.7
Ca™ (mg/1) 60.0| 116.0| 79.3| 61.0| 98.0( 72.6{100.0| 180.0|128.0| 76.0|134.0 97.2
Mg™ (mg/1) 122 97.2| 64.0| 34.0( 60.8| 48.1| 36.5| 79.0| 55.3| 48.6] 69.3| 57.6
CI' (mg/1) 105.0( 227.5({150.2| 96.3|168.0|118.7]175.0| 371.0|258.0| 140.0|248.0| 181.0
HCO, (mg/1) 420.9| 844.9|502.2| 366.0| 610.0 [ 466.7| 162.7 329.4(206.0( 135.5| 183.0| 160.8
NO, (mg/1) 43| 16.1| 10.6| 3.9| 17.9( 9.7 43| 50.7| 27.0( 6.1 69.7| 30.3
PO,” (mg/l) 09| 148| 39| 08| 201 50| 12| 304| 135 10| 8.0 33
S0,” (mg/) 51.6| 105.0| 68.0 21.7|211.0( 76.1| 12.0| 338.7| 91.4| 46.7)106.6| 65.6
Seasons Summer Autumn

Water bodies IN IB IN IB
Parameters L H M L H M L H M L H M
Temperature (°C) 33.00 33.1| 32.9| 32.8| 33.1| 32.9| 31.4| 325| 32.1| 31L8| 32.8| 32.3
pH 75 8.0 7.8 84| 85| 84| 173 81| 7.7 79| 85| 83
Conductivity (pS/em) | 323.0| 1401.0| 527.7| 300.0| 315.0 | 305.4] 334.0| 1152.0| 549.8| 327.0 | 485.0 | 363.8
Organic matter (mg/l) 38| T71.0| 275| 15.0| 33.0| 22.8] 79| 53.2| 22.1| 29| 187 9.2
Na' (mg/1) 36.0| 150.0| 61.8| 36.8| 44.0( 40.3| 29.4| 111.0| 51.1| 25.3| 45.4| 31.0
K" (mg/) 72| 34.0[ 16.6] 47| 3L2| 11.6| 3.7 17.7| 74| 26| 39| 34
Ca™ (mg/l) 52.0( 114.0 65.3| 42.0 62.0| 50.4| 60.0| 126.0{ 81.2| 66.7|112.0| 91.8
Mg" (mg/1) 48.0| 64.4| b4.6| 425 60.0| 47.6] 68.7| 90.5| 82.4| 46.6| T44| 62.7
CI' (mg/1) 112.0( 203.0{133.4|102.0{ 128.0| 111.8]280.0| 385.0|312.7| 263.0| 315.0| 290.5
HCO, (mg/1) 234.0 458.0|281.8|154.0(220.0]172.3| 103.7| 204.0| 142.3| 97.6|128.1|116.5
NO,” (mg/1) 9.2 67.9] 29.3| 3.7 92| 64| 25.1| 37.9| 31.2| 245| 38.0| 31.1
PO,” (mg/) 03| 399 7.9 02| 36.0 10.8] 13.4| 33.4| 22.0| 18.9| 36.7| 234
S0,* (mg/1) 45| 349.0| 73.2| 49.7| 87.0( 71.0| 142.3| 291.0|184.2( 136.9|183.6| 153.5

50



KHALLIL A.M. ET AL.: HETEROTROPHIC STRAMINIPILES AND TRUE ZOOSPORIC FUNGI AT ASSIUT (EGYPT)
OCCURRENCE OF HETEROTROPHIC STRAMINIPILES AND TRUE ZOOSPORIC FUNGI

General overview

The obtained data (Tab. 2) elucidate the diversity, frequency and seasonal varia-
tions in heterotrophic straminipiles and true zoosporic fungi assemblages inhabit-
ing two interesting aquatic habitats. Thirty-four species (28 identified species
and six unidentified non-sexual ones) assigned to ten zoosporic genera (nine
straminipile genera and only one genus of true zoosporic fungi) were gathered
from the two water bodies during four seasons (from winter 2017 to autumn 2018).
All the recovered zoosporic taxa recorded in the current investigation had been re-
ported previously with different frequencies from various water areas in Egypt
(e.g. El-Hissy and Khallil 1989a, Khallil 1990, Ali 2007) and in different geographical
regions (e.g. Sparrow 1960, Karling 1977, Czeczuga & Proba 1987, Marano et al.
2008). Czeczuga et al. (1997) gathered 109 fungal species from 36 lakes and 4 rivers
in the western Suwalki Lake District in Poland and correlated them with some
abiotic factors. Czeczuga et al. (2007) isolated 88 species [41 true zoosporic fungal
species and 47 fungus-like organisms (straminipiles)] on fruit tree petals floating
in water. Ali (2007) isolated 34 species and five unidentified ones belonging to
ten zoosporic fungal genera from 84 polluted water samples, collected randomly
from various polluted water sites on the River Nile (Delta region, Lower Egypt).
Nascimento et al. (2011) recovered 32 taxa of zoosporic fungi from 48 water sam-
ples collected from various water areas (Brazilian Cerrado). Our findings revealed
that most of the monitored parameters exhibited a conspicuous positive or nega-
tive impact on occurrence, richness and species composition of straminipiles and
true zoosporic fungi particularly at sites which receive the effluents directly.

Tab. 2. Seasonal variations and frequency of occurrence of straminipiles and true zoosporic fungi re-
covered from six sites in El-Zinnar canal (ZN) and five sites in El-Ibrahimia canal (IB) during four
seasons (from winter 2017 to autumn 2018).

The occurrence is given as number of isolation cases (NIC), i.e. number of sampling sites at which
the genus or species was recorded. Counts for genera represent numbers of sites with occurrence of
the genus (regardless of the number of its species) at particular sites.

OR = Occurrence remarks: H = high occurrence, more than 40% of total number of samples; M = mod-
erate occurrence, 20 to <40% of total number of samples; L = low occurrence, 10 to <20% of total num-
ber of samples; R = rare occurrence, less than 10% of total number of samples.

Seasons Winter Spring Summer Autumn Total | OR

Water bodies ZN | 1B | ZzN | B | ZN | 1B | zN | 1B | NIC

True zoosporic fungi

Allomyces 4 0 2 3 3 4 0 1 17 M
A. anomalus Emers. 3 0 1 0 1 4 0 0 9 M
A. javanicus Kniep 0 0 1 2 1 1 0 0 5 L
A. macrogynus Emers. & Wilson 1 0 2 2 1 0 0 1 7 L
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Seasons Winter Spring Summer Autumn Total | OR
Water bodies N | B [z [ B [ an | B | 2n [ B | NC
Straminipiles
Achlya 6 0 4 2 2 1 3 5 23 H
A. americana Humphrey 0 0 0 2 0 0 0 0 2 R
A. dubia Coker 1 0 2 1 0 0 0 0 4 R
A. flagellata Coker 3 0 3 0 0 0 0 0 6 L
A. prolifera Nees 1 0 0 0 0 0 0 0 1 R
A. proliferoides Coker 3 0 1 0 2 1 2 3 12 M
Achlya sp. 3 0 1 0 2 1 3 5 15 M
Aphanomyces 2 0 2 0 4 1 0 1 10 M
A. laevis de Bary 2 0 2 0 2 1 0 1 8 L
Aphanomyces sp. 0 0 1 0 2 1 0 0 4 R
Aqualinderella fermentans Emers. & Weston 0 1 0 2 1 2 1 0 7 L
Brevilegnia sp. 0 0 0 0 0 1 1 0 2 R
Dictyuchus 1 4 3 3 3 1 2 3 20 H
D. carpophorus Zopf 0 0 0 0 0 0 0 1 1 R
D. magnusii Lindst. 0 1 0 0 1 0 0 1 3 R
D. monosporus Leitg. 0 0 1 1 0 0 0 0 2 R
D. sterilis Coker 1 4 3 2 3 1 2 2 18 H
Phytophthora 3 0 3 1 0 0 3 2 12 M
P, cactorum (Lebert & Cohn) Schrot. 0 0 0 0 0 0 1 0 1 R
P, fragariae Hickman 0 0 1 1 0 0 0 1 3 R
P, inflata Caros. & Tucker 2 0 1 0 0 0 1 0 4 R
Phytophthora sp. 1 0 2 0 0 0 1 2 6 L
Pythiopsis cymosa de Bary 0 0 0 0 0 0 0 1 1 R
Pythium 1 4 1 0 1 4 3 2 16 M
P, irrequlare Buisman 0 1 1 0 0 2 2 1 7 L
P rostratum E.J. Butler 0 1 0 0 0 0 1 0 2 R
P thalassium Atkins 0 3 0 0 0 2 0 1 6 L
P ultimum Trow 0 0 0 0 1 0 0 0 1 R
P, vexans de Bary 1 0 1 0 0 0 0 0 2 R
Pythium sp. 1 0 0 0 0 0 1 0 2 R
Saprolegnia 5 4 0 0 0 0 0 0 9 M
S. anisospora de Bary 1 0 0 0 0 0 0 0 1 R
S. diclina Humphrey 4 0 0 0 0 0 0 0 4 R
S. ferax (Gruith.) Kutz 4 1 0 0 0 0 0 0 5 L
S. furcata Maurizio 3 0 0 0 0 0 0 0 3 R
S. parasitica Coker 0 4 0 0 0 0 0 0 4 R
Saprolegnia sp. 2 2 0 0 0 0 0 0 4 R
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Seasonal fluctuations

The highest biodiversity (24 species, 8 genera) was recorded during winter,
followed by autumn (18 species, 9 genera) and spring (18 species, 7 genera),
whilst during summer the lowest species diversity (14 species, 7 genera) was re-
corded. Our results revealed that water temperature was one of the main limiting
factors governing the seasonal occurrence of zoosporic fungi. It is concluded
that low or moderate temperatures are more favourable for zoosporic fungi.

This is in accordance to the findings by many authors (e.g. Klich & Tiffany
1985, El-Hissy & Khallil 1989a, 1991, Khallil et al. 1993, 1995, Osman 2004, Muhsin
2012), who indicated that temperature plays an important role governing the fre-
quency, diversity and seasonal variations in aquatic fungi. In agreement with our
results, Rattan et al. (1980) recorded maximum seasonal fluctuations of sapro-
legniaceous fungal taxa in winter whilst the minimum was in summer. In consis-
tency with these suggestions, El-Hissy et al. (1982) also reported that the periods
richest in zoosporic fungal genera and species were months with low or moder-
ate temperatures while the summer months were the poorest. Within a water
temperature range of 15-36 °C, Misra (1982) and Marano et al. (2008) also re-
vealed that the highest frequency of zoosporic fungi was recorded at the lowest
temperatures. In agreement with our results, the data by Lartseva (1987) evi-
dence that the maximum diversity of saprolegnial fungi (except for Achlya spe-
cies) was observed in a temperature range of 12.2 to 18.0 °C. Pires-Zottarelli
(1990) revealed that the highest occurrence of Saprolegniaceae was in the dry
season (with the lowest air temperatures). Voronin (2008) reported that tempera-
ture is an important factor governing the development and occurrence of
zoosporic fungi and strongly influences the concentration of dissolved oxygen in
water. With increasing temperature, the amount of dissolved oxygen decreases
and consequently the fungal occurrence is impacted negatively. The rarity or dis-
appearance of zoosporic fungi during summer is mainly due to an increase in wa-
ter temperature and other related hydrological factors (Waterhouse 1942).

In contrast, Srivastava (1967) in India recorded a maximum abundance, distri-
bution and diversity of water moulds during the summer season. Paliwal & Sati
(2009) elucidated that the highest number of zoosporic fungal taxa was recorded
during spring and rainy season (14.4-16.5 °C), whilst the lowest number of
zoosporic taxa was recorded during winter (below 12 °C). However, Sparrow
(1968) stated that water temperature seemed to be important for some zoosporic
fungal species while the abundance of others appeared to be independent of temper-
ature. Khulbe (1991) elucidated that higher temperatures during summer and low
temperatures (below 15 °C) during winter were unfavourable for the majority
of aquatic fungi. Our findings however do not entirely agree with the observation
by Roberts (1963), who found two periods of water moulds incidence, one in
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autumn and another in spring. Dick & Newby (1961) found higher species diver-
sity and seasonal occurrence of zoosporic fungi during the spring and autumn
seasons. Nair & Bhat (2016) observed that the monsoon season is the best for re-
covering water moulds followed by the post monsoon and summer. This incon-
sistency may be ascribed to the difference in temperature of the various geo-
graphical regions investigated.

Considering that zoospores are probably involved in different food webs
(Gleason et al. 2008), the number of competitors (due to a higher number of con-
sumers such as rotifers, nematodes and protozoa) rise when temperature in-
creases, which may be a possible explanation for the low abundance, species di-
versity and occurrence of zoosporic fungi recorded under these circumstances.
Moreover, several investigations have suggested that the seasonal variations of
Saprolegniaceae are correlated with temperature (Srivastava 1967, Alabi 1971,
Misra 1982 and Nascimento et al. 2011). El-Hissy & Khallil (1989b) indicated that
zoosporic fungi tolerate higher salt concentrations at lower temperatures. Some
fungi are unable to colonise baits due to interspecific competition or the prefer-
ences of some species for substrates other than the baits present in the samples.
Also. some fungal taxa are not easily recognizable or have not been characterised
well as to bait preferences (Lozupone & Klein 2002).

Some genera (Achlya, Allomyces, Aphanomyces, Dictyuchus and Pythium)
were represented throughout the year but others were highly restricted and ap-
peared in only one season such as Saprolegnia (present only in winter) and
Pythiopsis (present only in autumn). The same pattern was recorded for some
other species (Tab. 2). Similarly, many authors suggest that the growth and devel-
opment of zoosporic fungi depend on the season: some taxa develop mainly and
predominate during cold seasons, but others during warm seasons (Sparrow
1968, El-Hissy & Khallil 1989a, 1991, Dasgupta & Rachel 1990). Milovtzova (1935)
noted that species of Saprolegnia dominate during spring, whereas Achlya spe-
cies predominate in autumn in water bodies situated in the vicinities of Kharkov.
Roberts (1963) classified 27 recovered zoosporic taxa into three categories, Win-
ter species (13 taxa), Summer species (6 taxa) and Constant species (8 taxa)
which were represented throughout the year. Alabi (1971) indicated that some
straminipile species were found in all seasons (e.g. Achlya debaryana) whereas
others appeared in winter only (e.g. Achlya orion). In agreement with our find-
ings concerning the variation in certain zoosporic taxa in dependence of temper-
ature, Manoharachary (1981) classified zoosporic fungi into low-temperature
species, moderate-temperature species, constant species and high-temperature
species. Furthermore, Gupta and Mehrotra (1989) also divided zoosporic fungi into
four groups according to their dependence on temperature: fungi preferring low
temperatures of 14.2 to 18.0 °C, low to moderate temperatures of 14.2 to 30.0 °C,
moderate to high temperatures of 21.4 to 34.8 °C, and eurythermic species (14.2
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to 34.8 °C). According to both studies, most fungal taxa preferred low or moder-
ate temperatures, while others were present throughout the year, and few ap-
peared in summer in which the temperature was relatively high.

Occurrence and diversity of particular genera and species

Achlya (5 identified and 1 unidentified species), Dictyuchus (4 species),
Allomyces (3 species) and Pythium (5 identified and 1 unidentified species) were
the most prevalent genera (52.27%, 45.45%, 38.64% and 36.36% of total number of
samples, respectively), whereas Brevilegnia and Pythiopsis (one species for
each) had the least frequent occurrence (4.55% and 2.27% of total number of sam-
ples, respectively). The remaining genera (Phytophthora, Aphanomyces, Sapro-
legnia and Aqualinderella) showed a moderate or low seasonal occurrence
(15.91-27.27% of total number of samples). In contrast, El-Hissy et al. (2001) re-
ported that Saprolegnia was the most prevalent genus at sites receiving indus-
trial effluents of the Kima fertiliser factory (Aswan, Upper Egypt). Yanna et al.
(2002) found Saprolegnia, Dictyuchus, Achlya and Aphanomyces to be domi-
nant genera in Hong Kong. Osman (2004), also in contrast to our results, reported
that Pythium and Aqualinderella were the most prevalent genera at sites polluted
with sewage. Voronin (2008) recorded that Achlya, Saprolegnia and Dictyuchus
had the highest seasonal occurrence. Conversely, several authors who studied
the incidence of water moulds (straminipiles and true zoosporic fungi) in fresh-
water habitats of the River Nile system (El-Hissy et al. 1982), in brackish water
habitats of several Egyptian lakes (El-Hissy et al. 2004) and in polluted waters
with industrial fertiliser effluents (El-Hissy et al. 2001) revealed that Saprolegnia
was one of the most prevalent genera. In some lotic aquatic ecosystems (Buenos
Aires Province, Argentina), Marano & Steciow (2006) reported that Achlya,
Aphanomyces, Dictyuchus, Olpidiopsis, Phytophthora, Pythium, Rhizophlyctis
and Saprolegnia were the most prevalent genera.

Achlya, Saprolegnia and Pythium exhibited the broadest species spectra
(each was represented by five identified species and unidentified isolates)
whereas Aqualinderella, Brevilegnia and Pythiopsis had the narrowest species
spectra (each was represented by only one species). Similarly, El-Hissy and
Khallil (1989a) reported that Achlya and Saprolegnia frequently had the highest
species spectra in various water bodies. In disagreement with our results, Ali
(2007) reported that Achlya did not have the highest species spectrum and eluci-
dated that Pythium (8 species) had the broadest spectrum of species diversity.
However, in accordance with our results, he reported that Saprolegnia (7 spe-
cies) was among the genera with the broadest spectrum of species diversity and
Aqualinderella (only one species, A. fermentans) had the narrowest spectrum in
polluted water drainages across the Nile Delta region (Lower Egypt).
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Regarding particular species, Dictyuchus sterilis (40.91% of total number of
samples), and Achlya proliferoides (27.27% of total number of samples) were the
prevalent species, exhibiting the highest frequency of occurrence among the
identified species and also emerged from both experimented water bodies irre-
spective of sampling season. The remaining species recovered (Tab. 2) had mod-
erate, low or rare frequencies (2.27-20.45% of total number of samples). On the
contrary, Ali (2007) recorded that Saprolegnia delica and Dictyuchus carpo-
phorus were the commonest zoosporic fungal taxa particularly in hyper-polluted
waters with heavy metals. Czeczuga et al. (2007) reported that Rhizophydium
cornutum, R. globosum (true zoosporic fungi), Aphanomyces irreqularis,
A. laevis, Saprolegnia litoralis, Pythium butleri, P. inflatum, P. tardicrescens
and P. ultimum (straminipila) were the commonest species. Moreover, Kiziewicz
(2012) recovered 21 species related to 8 genera of zoosporic fungi from river
springs (Poland), and indicated that Achlya apiculata, Aphanomyces laevis,
Catenophlyctis variabilis, Dictyuchus monosporus, Pythium debaryanum and
Saprolegnia ferax were the prevalent taxa.

INFLUENCE OF ENVIRONMENTAL FACTORS

General assessment

The water samples collected from sites ZN, and ZN, in El-Zinnar canal and IB,
in El-Ibrahimia canal were the poorest in fungal occurrence, abundance and di-
versity. The frequency and dominance of zoosporic fungi were conspicuously re-
duced in these stressful environments as compared with other less polluted sites.
The low diversity of zoosporic fungi at these sites may be explained by changes
in some ecological factors of these water sites resulting from the increase of wa-
ter salinity levels and relatively high values of most other abiotic parameters de-
termined (e.g. water conductivity, concentrations of CI', Ca**, Mg*, Na', K',
HCO,, PO,”, SO, and NO,"). These sites can be regarded as stressful or extreme
environments in which the values of one or more abiotic factors are much higher
than those considered normal for the growth and survival of zoosporic fungi.

Many authors (e.g. Ali 2007, Godlewska et al. 2009, 2012, Gleason et al. 2010a)
have supported this suggestion. These polluted sites were the poorest in zoo-
sporic fungi. Similarly, Godlewska et al. (2009, 2012) and Ali (2007) indicated that
less polluted sites seemed to have a higher species diversity than moderately to
heavily polluted ones. El-Hissy & Khallil (1989a) and Gleason et al. (2010a) re-
ported that most water moulds are unable to grow and survive in extreme envi-
ronmental conditions because wall-less zoospores are susceptible to osmotic,
mechanical and temperature shocks, and depend on water for dispersal (Gleason
et al. 2008). In consistence with our results, Marano et al. (2008) revealed that
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trends in frequency, abundance and distribution of zoosporic organisms dis-
played a correlation with temperature, nitrite, nitrate, ammonia, sulphate and
phosphorus. Nascimento et al. (2011) recorded that some physicochemical pa-
rameters such as temperature, calcium and phosphorus were found to be corre-
lated with distribution, species composition and abundance of zoosporic fungi,
and consequently, spatial changes and seasonality of these parameters can also
affect community structure (Srivastava 1967, Misra 1982, Czeczuga & Proba 1987).
Conversely, several studies have indicated and suggested that some zoosporic
fungi are adaptable to stressful and extreme environmental conditions and are
able to survive for many years (e.g. Gleason et al. 2012). In this respect, some
zoosporic fungi have a stress-tolerant strategy under stressful environmental cir-
cumstances and rather than facing extinction, they have the capability to grow
slowly and reproduce for at least part of their life history (Gleason et al. 2010a).

Influence of organic matter contents

The organic matter contents of the collected water samples ranged from 2.0
to 91.2 mg/l, with the highest levels frequently at sites which receive effluents di-
rectly. These sites were the poorest in zoosporic fungi. Our results are entirely in
contrast with the findings by many authors, who reported that water samples
rich in organic matter contents were almost the richest in zoosporic fungi (Spar-
row 1960, Karling 1977, Misra 1982, El-Hissy & Khallil 1989a, Shearer et al. 2007,
Ali 2007, Voronin 2008). This inconsistence may be attributed to interactions with
other limiting abiotic factors such as high water temperature, high salinity levels
and high concentrations of some cations and anions. In this respect, Kirk et al.
(2001; cit. sec. Voronin 2008: 342) stated that levels of dissolved organic matter
represent an important factor influencing the abundance and occurrence of
zoosporic fungi, and revealed that with the increase of organic matter contents,
the number of fungal taxa also increases but only if salinity and temperature are
relatively low. The high levels of organic matter which accompany pollutions
reduce the abundance and diversity of water moulds even to full extinction
(Harvey 1952, Tan & Lim 1984). However, Kiziewicz & Kurzatkowska (2004)
stated that when the content of pollutants exceeds the range of tolerance for the
respective taxa of zoosporic fungi, it delimits their occurrence. This is probably
the reason why the lowest number of zoosporic fungi was found to grow in
eutrophic water.
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Influence of pH

The pH values of the water samples did not exhibit any regular pattern ac-
cording to seasons or locality and were generally slightly to moderately alkaline,
exhibiting a relatively narrow range (between 7.30 and 8.99). So, pH did not ex-
hibit any considerable influence on seasonality and biodiversity of straminipiles
and true zoosporic fungi, at least in the present study. This is in accordance with
results recorded in various water bodies by El-Hissy et al. (1982) and El-Hissy &
Khallil (1989a). Similarly, Gupta & Mehrotra (1989) observed that pH was an in-
significant factor concerning the abundance and occurrence of water moulds. Ali
(2007) stated that the pH values of polluted water (8.36-11.15) had no influence
on the species composition and occurrence of water moulds. Zoosporic fungi
have been recovered frequently growing on different substrates in water habitats
of extremely low pH but never in habitats of extremely high pH values (Sparrow
1960, Gleason et al. 2010b). Conversely, Khulbe (1980) concluded that the inci-
dence of water moulds was related to pH values and recorded a rich fungal popu-
lation in some lakes of the Nainital region (India) with a pH of 7.3 to 8.8. Several
water moulds can tolerate an increase or decrease in pH by forming dormant
structures (Sparrow 1968, Gleason et al. 2010b, 2017b). Consistently, Voronin
(2008) revealed that zoosporic fungi may be recovered from water bodies with
variable pH values. In contrast to our finding, Lund (1934) distinguished water
moulds inhabiting water environments into five groups, from highly acid to con-
stantly alkaline with a wide pH range (from 3.5 to 8.4). Suzuki (1960) concluded
that acidic waters contain fewer zoosporic fungal taxa. DiLeo et al. (2010) stated
that pH seemed to be the primary driver of water mould abundance in the field,
and the abundance of zoosporic fungi was significantly reduced with increasing
pH of the naturally acid water of the pine barrens and a reduction in the pH of the
impacted water improved the conditions, consequently raising fungal abun-
dance. It has been reported that pH has a complex impact not only on mycelial
growth, reproduction, enzyme activity and zoospore activity, but also affects the
availability of calcium, potassium, phosphorus, iron, copper and zinc salts (such
as copper sulphate and zinc sulphate) and the form in which nitrogen is present
(Smith et al. 1984). Furthermore, the pH values of the River Teign upstream (pH
5.4-6.0) exhibited an impoverished mycobiota compared to the less acidic (pH
7.0-7.2) downstream section (Shearer & Webster 1985). However, in Turkey,
Dubey (1990) found that alkaline waters are favourable for more genera and
species of zoosporic fungi. Moreover, Dubey et al. (1994) isolated more taxa of
zoosporic fungi from six streams with a high pH than from those with a low pH.
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Influence of water conductivity and contents of some cations and anions

Water conductivity, which is directly related to the concentration of ionic sol-
utes, exhibited great variations and fluctuated between 24 and 1485 pS/cm de-
pending on water body, sampling site and season (Tab. 1). The highest values of
water conductivity were recorded at sites ZN, and ZN, in El-Zinnar canal and IB,
in El-Ibrahimia canal (which receive wastes and industrial effluents directly).
Similarly, slightly lower or higher conductivity values were recorded in effluent
wastewater samples in Turkey (Tanyol & Demir 2016), in South Africa (Assress et
al. 2019), and in China (Wang et al. 2012).

The poorest samples of zoosporic fungi collected from aquatic sites were
found to have higher values of either conductivity or the cations and anions mea-
sured. Our results indicate an adverse impact of high salinity levels on diversity,
abundance and seasonal occurrence of zoosporic fungi. This is in agreement with
findings by several other authors (El-Hissy & Khallil 1989a, Ali 2007). In this re-
spect, El-Hissy & Khallil (1989b) and other physiological studies revealed that
high salinity levels progressively reduced mycelial growth rate, zoospore germi-
nation, sexual reproduction and respiration rate of water moulds. However,
Gleason et al. (2006) reported that several species of true zoosporic fungi
(Chytridiomycota) could survive various salt contents. Voronin (2008) stated that
fungi tolerate higher salt concentrations at lower temperatures. Some investiga-
tions revealed that the number of zoosporic fungi could be influenced by sul-
phate concentration (Czeczuga & Muszynska 2004). Czeczuga et al. (2002) re-
vealed that the species diversity of zoosporic and Ingoldian fungi depends on
sulphates, calcium and to a lesser degree on the concentration of chlorides, and
reported that both sulphates and chlorides occur in large amounts in polluted
and polytrophic waters. Similarly, Czeczuga et al. (2007) stated that the concen-
tration of sulphates represents a major environmental factor influencing the
abundance and occurrence of zoosporic fungi in freshwater habitats (negative re-
lation irrespective of water habitats studied). Of straminipilous organisms, only 12
species of Saprolegniales were recovered from surface waters with sulphate val-
ues ranging from 20.98 to 46.89 mg.1", whereas a relatively large group of repre-
sentatives of Pythiales (32 Pythium spp. and 1 Phytophthora sp.) were recorded
(Czeczuga et al. 2007). Similarly, El-Hissy & Khallil (1989a) reported that sapro-
legniaceous fungi are more sensitive to water salt levels in comparison with
pythiaceous fungi. Many authors described that pH, salinity, temperature, dis-
solved organic matter, total nitrogen, electrical conductivity, NO, and total phos-
phorus are factors driving the structure of microbial communities in different
habitats (Wang et al. 2012, Chan et al. 2017, Khomich et al. 2017, Li & Wu 2018).
High values of some pollutants have the potential to exert selective adverse impact
on fungal diversity and abundance. Some studies suggest similar conclusions
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(Somboonna el al. 2012, Lee et al. 2017). Czeczuga & Proba (1987) recorded
a positive correlation between the abundance and species diversity of water
moulds and Mg, but other investigations did not support such a relationship
(Misra 1982, Czeczuga et al. 1990). Nascimento et al. (2011) revealed that values
of total fungal abundance varied depending on season, recording the highest oc-
currences during the dry season; this is in accordance with other studies from
tropical regions (Alabi 1971, Pires-Zottarelli 1990). This is probably due to re-
markably the lowest values of temperature, chloride content and conductivity,
and high values of dissolved oxygen. Chrést & Siuda (2006) and Godlewska et al.
(2009) reported that water samples with low levels of ammonium, organic nitro-
gen, phosphates, chlorides and sulphates were the richest in zoosporic fungi.
Muszynska et al. (2014) found that the species diversity of zoosporic fungi de-
pended largely on such hydrochemical parameters as CO,, nitrites, nitrates, am-
monium nitrogen and phosphates, showing a negative correlation, whereas pH
and O, correlated positively with the diversity of the studied microorganisms.

Correlation between abiotic factors of stressed sites and species occur-
rence

The physicochemical parameters of water samples varied depending on water
body, sampling site and season. Most of the abiotic parameters (Tab. 1) had the
highest values at sites which receive effluents directly, regardless of sampling sea-
son or the water body examined and these sites were consequently almost the
poorest in zoosporic fungi. From this it follows that the richness and species com-
position of zoosporic fungi were negatively influenced by most of these parame-
ters. It is interesting to note that we isolated some zoosporic species from stressful
sites receiving effluents, therewith having the highest recorded values of conduc-
tivity as well as cations and anions. In this respect, Pythium vexans and Pythium
sp. were isolated from site ZN, (collection basin of treated sewage) in El-Zinnar ca-
nal, whereas Dictyuchus monosporus and Pythiopsis cymosa were isolated from
site IB, in El-Ibrahimia canal (receiving effluents of the oils and detergents fac-
tory). The occurrence of these fungal species at polluted sites provides valuable in-
sights regarding their adaptation and their potential in bioremediation processes.
These species could have a predictive role as bioindicators of aquatic ecosystem
pollution and might play important roles in pollutant degradation, organic decom-
position, and transformation of xenobiotic compounds.

Some studies have correlated the distribution and occurrence of zoosporic
fungi and other water-inhabiting fungi with the characteristics of some water
bodies exposed to either wastewater or various industrial effluents and provided
nearly similar results. In this respect, Khallil & Abdel-Sater (1992) recorded the
highest values of conductivity, total soluble salts, phosphate, sulphate, chloride,
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calcium and magnesium at sites which are directly exposed to industrial
effluents of the Manquabad Superphosphate Factory (Assiut, Egypt). Nasser et
al. (2002) recorded similar findings in water samples collected from sites ex-
posed to effluents of the Kima fertiliser factory (Aswan, Upper Egypt). Similarly,
the data assembled by Kirgizbaeva (1976) showed that some zoosporic fungi
were very poorly represented in polluted water areas. Stjerma-Pooth (1957) re-
corded that Achlya prolifera was the dominant in wastewater from a manu-
factory of wood fibre wallboard. Harvey (1952) recorded some representatives of
Aphanomyces in heavily fouled Ohio streams and Brevilegnia diclina was col-
lected from the same watercourse following dilution by rains. Johnson et al.
(2002) stated that some members of straminipiles can tolerate such unfavourable
habitats. Wurtz (1956) stated that members of Saprolegnia (unidentified Sapro-
legnia species) were abundant in sewage water courses polluted by wastes from
sugar and food processing plants. Furthermore, Suzuki (1960) revealed that wa-
ter bodies polluted by municipal wastes harboured several zoosporic fungi and
reported that an unidentified Saprolegnia sp. was abundant along 350 metres of
a river receiving sugar refinery wastes. Cooke & Bartsch (1959) isolated 15 spe-
cies related to Achlya, Dictyuchus and Saprolegnia in waters containing high
levels of domestic and industrial wastes. Cooke & Matsuura (1969) isolated some
unidentified zoosporic fungal species from several locations at a waste stabilisa-
tion pond and adjacent areas: raw sewage, sludge and pond water receiving sew-
age. Logvinenko (1970) recorded some representatives of zoosporic fungi in five
processing stages of a waste treatment plant but Achlya species were completely
missing in the wastewater.

Relationship of abiotic factors with particular species occurrence

It is worth mentioning that the recovered straminipiles and true zoosporic
fungal species showed different responses to some physicochemical characteris-
tics of water (Figs. 2, 3).

The physicochemical parameters of surface water samples collected from El-
Zinnar irrigation canal (Fig. 2) revealed that Na" and NO, had influence on the
occurrence of Allomyces macrogynus, Phytophthora cactorum, Phytophthora
wnflata, Phytophthora sp., Pythium irrequlare, Pythium rostratum, Pythium
vexans and Pythium sp., whereas Allomyces anomalus, Brevilegnia sp.,
Dictyuchus magnusii, Saprolegnia anisospora, Saprolegnia diclina, Saproleg-
nia ferax, Saprolegnia furcata and Saprolegnia sp. correlated with Ca”*, HCO,
and pH. Temperature and pH exhibited a clear relationship with the occurrence
of Achlya dubia, Achlya prolifera, Achlya flagellata, Achlya proliferoides,
Achlya sp., Aphanomyces laevis, Aphanomyces sp., Allomyces javanicus,
Dictyuchus monosporus, Dictyuchus sterilis and Phytophthora fragariae.
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Fig. 2. Interaction of physicochemical parameters and zoosporic fungal composition (CCA) in El-
Zinnar canal (near the village of Arab El-Madabegh).

Parameter abbreviations: Cond = conductivity, OM = organic matter content, T = temperature.
Species abbreviations: Ad = Achlya dubia, Af = A. flagellata, Ap = A. prolifera, Apr = A. proliferoides,
As = Achlya sp., Ala = Allomyces anomalus, Aj = A. javanicus, Am = A. macrogynus, Apl =
Aphanomyces laevis, Aps = Aphanomyces sp., Aq = Aqualinderella fermentans, Bs = Brevilegnia
sp., Dm = Dictyuchus magnusii, Dmo = D. monosporus, Ds = D. sterilis, Pc = Phytophthora
cactorum, Pf = P. fragariae, Phi = P. inflata, Ps = Phytophthora sp., Pi = Pythium irregulare, Pr =
P. rostratum, Pys = Pythium sp., Pv = P. vexans, Pu = P. ultimum, Sa = Saprolegnia anisospora, Sd
= S. diclina, Sf = S. ferax, Sfu = S. furcata, Ss = Saprolegnia sp.

Fig. 3 indicates the relationship between physicochemical parameters of sur-
face water samples collected from El-Ibrahimia canal and occurrence of zoo-
sporic fungal species recovered. HCO, and K" correlated directly with dominance
of Aqualinderella fermentans, Brevilegnia sp., Dictyuchus monosporus, Pythium
rostratum, Pythium thalassium, Saprolegnia ferax, Saprolegnia parasitica
and Saprolegnia sp. On the other hand, the temperature, dissolved organic mat-
ter, CI" and PO43‘ exhibited a relationship with the occurrence of Achlya proli-
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Fig. 3. Interaction of physicochemical parameters and zoosporic fungal composition (CCA) in El-
Ibrahimia canal as affected by industrial effluents of the oils and detergents factory (Nile Company,
Bani-Qurra).

Parameter abbreviations: Cond = conductivity, OM = organic matter content, T = temperature.
Species abbreviations: Aa = Achlya americana, Ad = A. dubia, Ap = A. proliferoides, As = Achlya sp.,
Ala = Allomyces anomalus, Aj = A. javanicus, Am = A. macrogynus, Apl = Aphanomyces laevis,
Aps = Aphanomyces sp., Aq = Aqualinderella fermentans, Bs = Brevilegnia sp., Dc = Dictyuchus
carpophorus, Dm = D. magnusii, Dmo = D. monosporus, Ds = D. sterilis, Pf = Phytophthora
Sfragariae, Ps = Phytophthora sp., Pc = Pythiopsis cymosa, Pi = Pythium irregulare, Pr = Pythium
rostratum, Ps = Pythium sp., Pt = P. thalassium, Sf = Saprolegnia ferax, Sp = S. parasitica, Ss =
Saprolegnia sp.

feroides, Achlya sp., Allomyces anomalus, Aphanomyces laevis, Aphanomyces
sp., Phytophthora fragariae, Phytophthora sp. and Pythiopsis cymosa. More-
over, the occurrence of Achlya americana, Achlya dubia, Allomyces javanicus
and Dictyuchus sterilis was affected by pH and Na’, while conductivity and
some water-soluble ions (Na‘, Ca®", Mg”* and NO,") showed a correlation with
the frequency of Allomyces macrogynus, Dictyuchus carpophorus, Dictyuchus
magnusit and Pythium trregulare.
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Zoosporic taxa variations in both water areas examined

Fungal diversity and occurrence differed between the water bodies exam-
ined. In this respect, Achlya (62.5% of total number of samples, 4 species and one
unidentified taxon) and Allomyces (37.5% of total number of samples, 3 species)
exhibited the highest occurrence in water samples collected from El-Zinnar
canal, whereas Dictyuchus (65% of total number of samples, 4 species) and
Pythium (560% of total number of samples, 3 species) had the highest occurrence
in El-Ibrahimia canal. Achlya proliferoides (33.33% of total number of samples)
had the highest seasonal occurrence in El-Zinnar canal, whereas Dictyuchus
sterilis (456% of total number of samples) had the highest frequency of occur-
rence in El-Ibrahimia canal. Ten fungal species (Achlya flagellata, A. prolifera,
Phytophthora cactorum, P. inflata, Pythium ultimum, P. vexans, Saprolegnia
anisospora, S. diclina, S. ferax and S. furcata) were only recovered from El-
Zinnar canal, but were completely missing in El-Ibrahimia canal. Conversely,
five species of zoosporic fungi (Achlya americana, Dictyuchus carpophorus,
Pythiopsis cymosa, Pythium thalassium and Saprolegnia parasitica) appeared
exclusively in El-Ibrahimia canal water samples. Some genera and species
showed a variable seasonal occurrence (Tab. 2) in both water bodies. These vari-
ations may be ascribed to the difference in the nature of the effluents and in
fungal adaptability.

CONCLUSIONS

The response of the fungal community structure and activity could have a pre-
dictive role in bioindication of aquatic ecosystem pollution. It is concluded that
the presence of some zoosporic taxa or related microbial taxa in some polluted
waters provides valuable insights regarding their adaptation and their potential
in bioremediation processes. These zoosporic species could be applied in pollut-
ant degradation, organic decomposition, and transformation of xenobiotic com-
pounds. Continued research on heterotrophic straminipiles (fungus-like organ-
isms) and true zoosporic fungi is important for increased awareness, understand-
ing and unveiling of their function and ecosystem stability, particularly in this pe-
riod of rapid climate change and of aquatic system pollution that may result from
industrial production and other human activities. Further investigations in this
field should be encouraged and interest in this topic stimulated.
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