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Abstract:

This study focused on benthic algae (epipelic and attached algae on concrete lining stream) in Bani-
Hassan stream in Holly Karbala, Irag. The qualitative and quantitative studies of benthic algae were done by
collecting 240 samples from five sites in the study area for the period from December 2012 to November
2013. Also, the environmental variables of the stream were examined in term of temporary and spatial. The
results showed that the stream was alkaline, hard, oligohaline and a well aerated. The total nitrogen to the
total phosphorus (TN: TP) ratio indicates nitrogen limitation. 129 species of benthic algae belonging to 57
genera were identified. Bacillariophyceae (diatoms) was the predominant taxon (95 species) followed by
Chlorophyceae (16 species), Cyanophyceae (14 species), Euglenophyceae (3 species) and Pyrophyceae (one
species). Some genera were found throughout the study period: Nitzschia, Navicula, Cymbella,
Gomphonema, Surirella, Cocconeis, Aulacoseira, Oscillatoria, Lyngbya, Spirulina, and Scenedesmus. Site 3
recorded the highest total number of algae in spring 2013, and the lowest total humber was at site 5 in
Autumn 2013. The chlorophyll-a concentration did not match the total number of algae.

Keywords: Benthic Algae, Epipelic Algae, Concrete lining stream, Lotic Ecosystem.

Introduction:

Algae can be found in all aquatic systems, The epipelic algae is defined as free — living
and are the most diverse assemblage of organisms in aquatic sediments [9].
that can be sampled easily and identified readily to The study of epipelic algal ecology was

species or varieties [1]. Attached algae has a pioneered in freshwater habitats by Round [9, 10,
significant function in aquatic systems that involve 11, 12, 13]. Bellinger et al. [14] used benthic
stabilization of sediments, regulation of nutrient  diatoms as bioindicators in five African tropical
cycling, and primary production [2]. They are  streams. This study demonstrated that the benthic
useful as indicators of aspects of water quality, algae and diatoms reflect the quality stream status.
including nutrients, organic enrichment dissolved Leelahakriengkrai and Peerapornpisal [15] showed
oxygen and pH [3, 4, 5]. the relation between some diatomic species and
Oeding and Taffs [7] recommended  water quality in Ping River, Northern Thailand .
epilithic diatoms as bioindicators of water quality of ~ The Epipelic algae species are indicated by their
rivers in Australia and Chessman et al. [8] produced functional groups regarding their tolerance and
a diatom index to evaluate the effect of human sensitivity level to different combinations of
impact on Australian rivers on a broad scale. Tas physicochemical and biological properties of
and Yilmaz [2] used algae as bioindicators in their ~ aquatic systems [16]. The diversity of epipelic
study of Cimil stream, Turkey. They found that the algae, trophic structure, productivity and nutrient

stream changed from oligosaprobic to f-o- levels are important factors in determining and
mesosaprobic conditions monitoring the pollution rate in the aquatic systems
"Department of Biology, College of Science for Women, [17]. Venkatachalapathy and Karthikeyan [18]
University of Baghdad, Iraq explained the importance of using diatoms as
“Department of Biology, College of Science, University  Biomonitoring in the aquatic river system. Also
of Babylon, Iraq they reviewed the applications of diatoms in aquatic
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Science, University of Karbala, Irag. There are man . . L.
b . e . y previous studies of epipelic
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marshes of Iraq, While Al- Lami [20] studied the
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upstream region of the Euphrates River. Al-Saadi
[21] worked on the Al —Dagara River, Hassan et al.
[22] on the Al-Hilla river, and Salman et al. [23] on
the Euphrates River in the middle of Iraq.
Moreover, Khadhim et al. [24] studied the spatial
and temporal variation of epipelic algae in Neel
stream. While Hassan et al. [25] studied Epipelic
algae along the Euphrates River between Hindiya
and Manathira cites. The diatomic epipelic algae in
Al-Shamiyah River were examined by Hassan and
Shaawiat [4]. Hassan et al. [26] revealed that the
higher number of benthic algae recorded on
artificial substrate in the Tigris River. All these
studies refer to diatoms as dominant species
followed by Chlorophyceae, Cyanophyceae and
Euglenophyceae, respectively .

A few years ago studies have been performed on
Bani-Hassan stream. These studies are concerned
with phytoplankton and physic-chemical variations
[25, 27].

There was no environmental basic data on the Bani-
Hassan stream before and after concrete lining; this
stream is important since it irrigates an area of
194200 acres. The justifications of this study are to
fill up the gaps of information on the stream;
moreover, to compare the response of benthic algae
communities structures gradually from the upstream
to the downstream.

Materials and Methods:
Study area :
The study sites are located in the south — western
part of the Euphrates River (Fig. 1). The stream is a
branch from the right side of the Euphrates River on
Al-Hindiya Barrage with length 65km, 44.500 km
inside Karbala province. Five sites were selected
along the Bani-Hassan stream in the period from
December 2012 to October 2013 (Table 1). Site 1
located after Al-Hindia barrage which represented
the upstream. Site 2 is over 11.3 km distance from
Sitel. While, Site 3 and 4 are located on 10km and
19 km from Site 2, respectively. Site 5 represents
downstream and located over 7km from Site 4.
Only Sites 1land 2 are without concrete lining.
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Figure 1. Map of the study sites in the Bani-
Hassan stream.

Table 1. Sampling sites GPS values and

topography.

Site  Longitude Latitude .

No. (East) (North) Characters of sites

1 440154420 327433gr  opstreamand
agriculture
residential

019195 N omnin - Agricultural and

3 44°12'25.5 32°32'49.7 residential

4 aae15 492" 3pe2gor  Adicultraland
residential
Down stream,

5 44°16 ' 32.5" 32°24'24" agricultural and

residential
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Physical and chemical properties

Sampling for environmental parameters and benthic
algae were collected monthly, from five sites during
the period of December 2012 to November 2013.
All results were expressed seasonally.

Environment variables were measured as follows:
temperature, water flow, pH, electric conductivity
(EC), salinity, total dissolved solids (TDS), total
suspended solids (TSS), dissolved oxygen (DO),
biochemical oxygen demand (BODs), Total
Alkalinity, Total Hardness, calcium (Ca™),
magnesium (Mg*?), sulfate measured according to
APHA [28]. Total nitrogen was measured according
to Mackereth et al. [29]. Total phosphorus measured
according to Eisenreich et al., [30]. Sediment
texture and total organic carbon (TOC) were
measured according to [31, 32], respectively.

Benthic Algae:

Due to different substrates of the studied stream, the
term of benthic algae is used in this study to express
both the epipelic and epilithic algae attached to the
concrete lining. The sample of epipelic algae was
taken from each site using a spatula for scraping off
from the surface of the clay within area 50m? and 3-
5 mm. These samples were stored with little of
stream water in a polyethylene container and taken
away from light in the lab. After 5-6 hours, the
sample was mixed after removing the excess water
and taking 40g from the sample and transferring
into a petri dish. Each petri dish was covered by a
lens cleaning tissue and left for 24 hours. Then the
tissue was taken off and put in a vial with a few
drops of Lugol's iodine for the qualitative and
quantitative studied. While for Chlorophyll-a the
tissue was put in a vial and kept in -20 °C until
determined chlorophyll-a concentration. Epilithic
algae was collected by scraping the upper layer of
concrete surface which is covered by stream water
and their deposit sediment. Then the sample was
placed in a clean bottle and added a few drops of
Lugol's iodine, another set of bottles without
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fixation for chlorophyll-a determination. A total
of 180 samples collected from five study sites for
benthic algae quantitative and qualitative studies.
The counting of algae was done according to Eaton
and Moss [33] and identified through several
references [34, 35, 36, 37]. Chlorophyll -a
concentration was estimated according to Eaton and
Moss [33]. The diversity of benthic algae in the
study sites was quantified using the Shannon —
Weaver index [38], Richness index [39] and the
presence of algal species at the study sites was
measured according to the method of Chandler [40].
Canonical Correspondence correlation (CCA) [41]
was used to illustrate the relationship between
benthic algae and environmental variables.

Results and Discussion:

A total of 180 samples was collected monthly for
physicochemical parameter study. The results were
expressed on a quarterly basis. Table 2 illustrates
the range of mean values of the studied parameters
and Fig. 2 and 3 show the spatial and seasonal
variation of these parameters. The lower values of
air and water temperatures were recorded in winter
while the higher values were in summer. The
lowest water flow in the stream (0.27 m/min) was
registered in the summer and the highest value (0.83
m/min) was in winter. Also, a significant spatial and
temporal variation were observed in water flow
(p<0.05). The results show that the stream water
was a high alkalinity with a narrow range of pH
value (7.40-8.48). The Iragi aquatic systems have
been characterized by its alkaline and buffer [42,
43, 44, 45, 46, 47]. This narrow range of pH is due
to the buffering capacity [48]. Alkalinity was a
common feature in Iragi aquatic systems because of
the plentiful of the bicarbonate salts in water, which
was affected by many factors such as temperature;
CO, and waste water [20, 42].

The stream is considered as oligohaline [49] and
recorded the highest value of T.D.S and T.S.S as a
result of raising water levels in the winter season
[5]. The stream was well aerated, very hardness
with a high concentration of calcium unlike the
magnesium values and this is consistent with other
studies [43, 44, 50]. The nutrient concentration
ranged as follows: 0.31-092 mg/l, 0.038-0.39 mg/I,
0.47-3.2 mg/l and 131.53-222.11 mg/l for TN, TP,
silicate and sulphate, respectively. According to
TN: TP values of the stream might be limited by
nitrogen [51]. The texture of the stream sediment
was silt-clay, and there is a significant relationship
between the size of granular deposits with the
concentration of total organic carbon. This
relationship is observed in this study. The highest
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value of organic carbon was recorded on the site 4
which was characterized by texture (silt -clay)
possibly due to their large surface area and has an
affinity with organic carbon [52].

A total of 129 species of Epipelic algae was
identified in the stream. These algae (57 genera)
belonged to five classes: Bacillariophyceae,
Chlorophyceae, Cyanophyceae, Euglenophyceae
and Dinophytceae (Table 3).

Bacillariophyceae was the vast majority and
represented (72- 82%) of Benthic algal composition
(Figure 4). Chlorophyceae ranged between (6-13
%), and Cyanophyceae were 10-13%, whereas,
Euglenophyceae recorded a lower number of
species during this study. Although one species was
registered for Dinophyta, this is consistent with
many of the local studies [24, 25, 44]. No clear
differentiation in Benthic algae was recorded due to
a different substrate. This result agrees with Winter
and Duthic [53] report. They indicated that the
composition of the Epilithic, Epiphytic and Epipelic
habitat in the studied streams (two tributaries of the
Grand River, Ontario, Canada) was not always
different.

The dominant classes were Bacillariophyceae with
36 species. The dominance of diatoms might be due
to their ability to tolerate the alteration in the
environment [54]. Salman et al. [45]) noted the
dominance of Epipelic diatoms and followed by
Chlorophyceae, Cyanophyceae, and
Euglenophyceae. Khadhim et al. [24] reported 56
epipelic algae in one of Euphrates branches. This
result was also reported by Hassan et al. [25] in the
Euphrates River in a region between two cities.
Hassan and Shaawiat [6] noted the dominance of
pennate diatom (92.59% of total identified diatoms)
in an Al Shamiyah River in lraq. These results are
in agreement with the present study. The high
number of the pennate diatom in contrast to the
centric is usually recorded in freshwater systems
[55], in many Iraqgi freshwater systems [23, 42, 46,
56], the dominance of diatom algae also recorded in
different river systems [57, 58].

The study results show different genera and species
number (Table 4) among the study sites. Site five
recorded the lowest number of genera and species
(30 genera and 62 species) while Site 4 recorded the
highest number of genera and species (43 genera
and 84 species). Which might be due to the
different sediment texture of each site and also the
exposure of these sites to different pollutant, and
availability of nutrients and predation by other
organisms [59].
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Table 2. Range of mean values of physicochemical parameters during the study period in Bani-
Hassan stream.

Parameters Sites
1 2 3 4 5
Air temperature 123327 15-29.67 16.67-31.33 18-34.33.18 185-37.67
(°C) (19.67+2.04) 22.67+2.21) (24.33+2.08) (26.92+2019) (28.79+20.57)
Water temperature 12.67-28.5 12.83-28.36 13.33-28.6 13.46 -28.9 13.37-29
(°C) (21.10£1.87)  (20.99+ 1.83) (21.47+ 1.81) (21.72+ 1.83) (220.04+ 1.81)
Efg{tjﬂgﬂvi y(EC) 10871299 1060-1333 1067-1269 1079-1272 1062-1291
(uS/em) (117358+32.61)  (117472+36.19)  (1151.94432.46) (1168.61+28.34)  (1163.33+32.83)
Salinitv % 0.67-0.80 0.66-0.83 0.68-0.79 0.68-.079 0.67-0.79
y o (0.73 0.02) (0.7420.021) (0.7240.019) (0.73+0.017) (0.72+0.021)
H 7.44-8.06 7.57-8.14 7.64-8.38 7.64-8.47 7.33-8.48
P (7.75+0.08 ) (7.8£0.08) (7.9+0.09) (8.030.11) (8.07+0.11)
Total dissolved solid ~ 530-636 527-656 521-624 534 - 640 536 - 643
TDS(mg/l) (573.33£15.88)  (577.78+17.28)  (564.44+16.26) (578.8915.45)  (573.33+16.36)
Total suspended 11.2-33.29 8.02-37.71 4.96-37.15 2.9-3383 3.75-38.76
solids TSS(mg/l) (20.56+4.61)  (23.17+4.65) (22.665.96) (19.78+6.06 )  (19.02+7.01)
Water flow (misec) 104 0.7-02 0.7-01 0.7-0.1 0.6-0.3
) (0.66+0.03) (0.93+0.02) (0.83+0.38) (0.35+0.14) (0.63+0.02)
Dissolved oxygen 6.67-11.44 6.31-11.24 6.9- 12 6.52- 12.43 6.48-12.43
(mg/l) (8374061 )  (8.14+063 ) (85+0.66) (8.3L+0.65) (8.61£ 0.75)
[B)Lolggz’gécg'gggge” 152-4.1 0.84-3.97 1.48-4.02 1.45-253 1.21-3.56
(malh (271£036)  (2.6+04) (2.4+0.34) (212+021) (2.42+031)
Total alkalinity (mg ~ 112.44-13156  100.89-129.89 106.33-131.33 101-128.56 100.89-130.89
CaCo3/L) (12244 +343)  (120.11+3.80)  (121.25 +3.56) (119.11 +3.39) (119.19 +3.62 )
Total Hardness (mg ~ 331.11-35522  337.33-356.11  332- 366.67 327.35- 383 282-361.78
CaCo3/L) (344.75+11.47) (34416 +10.71)  (347.25 +9.84) (342.98+15.33)  (334.03+11.10 )
Calcium (mga/L) 84.14-12567  97.57- 12567 93.56-122.97 94.22- 129.44 95 - 121.46
(114314800)  (111.84+6.06)  (112.96 +7.81) (108.15 +7.28) (108.20 + 7.41)
Magnesium (mg /L) 2033 6197 52.44- 62.63 54- 61.44 47.89-65.39 4.022-61.44
(55.64+2.03)  (56.38 +2.57) (58.89 + 2.58)) (57.1+3.77) (54.71+3.34 )
sulphate (mg /L) 154.05-197.22  14558-222.11  143.96- 207.61 147.13-21256  131.35-213.56
(177.21+10.07)  (183.02+12.74)  (187.32+10.29) (184.56+10.76 (185.25 +10.86)
Total Phosphours ~ 0.12-0.39 0.05- 0.37 0.04-0.32 0.038- 0.33 0.05- 0.31
(TP) (ng/L) (0.2+0.05) (0.16 +0.05) (0.13+0.05) (0.13+ 0.05) (0.13+0.045)
Total Nitrogen (TN) ~ 0.38- 0.92 0.31-0.9 0.44- 0.87 0.38-0.89 0.32- 0.81
(ng/L) (066+0.09 )  (0.62+0.1) (0.65 + 0.08) (0.66+0.08) (0.59+0.07)
TNCTP 2.33:1-8.1:1 221:1-11.741  4.16-20.21 4.09-32.13 2.68- 15.62
: (472+069)  (6.54+0.96) (12.1+1.91) (18.2+3.66) (81+1.14)
silicate (mg/L) 0.6-1.14 0.64 — 2.66 0.55 - 2.04 0.47-2.3 0.49-3.2
(1.15+0.09) (1.39+0.28) (1.26+0.23) (1.30.29) (158+0.44)
Soil pH 7.08-7.36 6.94 - 7.48 6.78 - 7.47 6.96 -7.42 7.01-7.29
(7.23+0.06) (7.18+0.08) (7.21£0.12) (7.14+0.08) (7.18+0.06)
Soll EC (uS/em) 1089-2403 722978 786 — 1649 906 -1634 773-1704
(1734%345.26)  (86454.46) (1047+163.3) 1189+171.71) (1325+136.13)
Total Organic 0.59-1.19 0.58 —0.98 0.45 — 1.04 0.75 -1.39 0.78-1.13
Carbon % (0.880.16) (0.77+0.16) (0.7420.13) (1.740.16) (0.17+0.1)
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Figure 2. Seasonal variations of the following parameters: 1: air temperature 2: water temperature 3:
conductivity 4: Salinity 5: pH 6: Alkalinity 7: Total suspended solids 8: Total dissolved Solids.
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Table 3. Identified Benthic algae in Bani-Hassan stream during the study period.Symboles: P=1-2,

F=3-10, C=11-50, A=51-100, V= 100-Up according to Chandler’s scores (Chandler, 1970).

Pediastrum boryanum

Taxa 12z 3 405 (Turp.) Meneghinii P
Scenedesmus bijuga (Turp.)

Cyanophyceae Lagerheim P p P P

Anabaena sp. - P F P P S. gu_adrlcauda (Turp.) De P - P P
Brébisson

Chroococcus limneticus p i i i _ Staurstrum aradoxum i i i

Lemmermann Meyen ex ralfs P

Gomphosphaeria aponina Tetraédron minimum (A.

N - p - - - . - - P P

Kitzing Braun) Hansgirg

Lyngbya aestuarii

Lemmermann C C A A P Euglenophyceae

Lyngbya limnetica P P C F F Euglena sp. P P P P

Lemmermann

Lyngbya perelgeaus - - F C - Trachelomonas sp. - - P P

Lemmermann

Lyngbya sp. - P P F P Lepocinclis sp. - - P

Merismopedia glauca (Ehr.) .

Nigeli P - P P -  Dinophyceae

Nostoc sp. - - P P - Peridinium sp. F P P P

Oscillatoria. limnetica _

Lemmermann C C C F F Bacillariophyceae

O. tenuis Agardh P - - - - Order(1) Centrales

. Aulacoseira granulate
O. priceps W.west & G.S.west - p - - - (Ehr.) Ralfs c C C ¢C
O.splendid C - P - - Awarians Agradh Fo- - -
- . - Coscinodiscus lacutirs

Spirulina major Kitzing p F F P Grunow P P P p
Cyclotell comta (Ehr.) i i i

Chlorophyceae Kiltzing p

Actlnast_rlum hantzschii - - P - - C. meneghiniana Kiitzing c C C P

Lagerheim

Chlamydomonas sp. - - - P -  C.ocellata Pantocsek F F F F

Chlorella vulgaris Bejerinck p - - - C.striata (Kitz.) Grunow - - P F

Coelastrum microporum C. stelligera i i i

Nageli P P F P P (ClLLEt.Gran)Van Heurck P

Coelastrum reticulatum P P P p Stephaenodicus hantzschii i P i

P.A.Dangeard P Grunow

Cosmarium botrytis

Meneghinii - - - P - Order(2) Pennales

C.formosulum Hoff - - - P - Achnanthes gibberula P - - P
Grunow

C. granatum De Brébisson - - - P - A. lanccolata (Breb.) P - P
Grunow

C.subcostatum Nordstedt - - P . Amphipleura pellucida P - - -

Cosmarium sp.

(Kitzing) Kutzing
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Table 1. Continuing

Amphora coffeaeformis (Ag.)

e P - - - - D. ovalis F. Fricke p - P P P
Kitzing
A.ovalis (Kitz.) Kutzing p P P P P Epithema sorex Kitzing F - - - P
Asterionella formosa - - - P - Epithema sp. - - - p -
Bacillaria paxillifer Gmelin p C P P - Eutonia arcus Ehrr. - - p P -
Caloneis amphisbaena . p . . _ [Fragilaria crotonensis i P p o
(Bory)Cleve Kitton
C.permagna (Bail.) Cleve P P P - - F. intermedia Grunow P - p P -
Cocconeis pediculus Ehernbery F F F C C . vaucheria (Kup P - p -
petersen
C. placentula var. euglypta Gomphoneis olivaceae
P - euglyp P F F F F (Home)P.Dawson ex P P F F -
(Her.) Cleve :
Ross et Sims
Gomphonema.
C.placentula Ehernberg F C C - C  Angustatum F P F c P
(Kutz.)Rabenhorst
Cymatopleura elliptica i i . i i i i
(Bérb.)W.Smith P P P G. constrictum Ehernberg P
C. solea (Bérb.)W.Smith P P F F p G lanceolatum O
Ehrenberg
A ) Gyrosigma acuminatum i
Cymbella affinis Kltzing F P F P (Kiitz.) Rabenhorst P F P P
C. caepitosa Kitzing - P F C P G. spenceri (W. Smith) P P P P P
Cleve
: : Hantzschia
C. cistula (Her.)Kirchn c P F C C amphioxys(Her.) Grunow - P - P -
C. tumidula Grunow P - - Mastogloia braunii F - P F P
Grunow
. s M. smithii var.
C. obtusiucula Kiitzing P P p P P amphicephala Grunow P - - -
C. pusilla  Grunow F F F P F Merdion sp. - F P P -
C.sinuata W.Gregory - - p p - Navicual anglica Ralfs P P - - -
C.tumida (Bérb.) van Heurck P - - P P N.bacillium Ehrenberg - P p P -
C. ventricosa Kutzing P P P C P N.cincta Ehrenberg A C F c C
Denticula sp. F P - - P N.gracilis Ehrenberg c P C C F
Diatoma elongatum (Lyngb.) i i i . i ) )
Agradh P P N. alophile (Grun.)Cleve P P
D. hiemale (Roth.)Heiberg P - - - P N. pygmaea Kiitzing - - - - P
D. vulgare Bory F F P P F N. radiosa Kiitzing P - - - P
N. trivalis lang- Bertalot F c F p ¢ ourirellaovalisDe F P P P P
Brébisson
N.schroeteri F.Meister F P P - - S. ovate Kiitzing - - - P -
Neidium affine (Ehr.) Pfitz - P - - - S. robusta Ehrenberg - - p P P
Nitzschia.apiculata (Greg.) P = E Cc F Synedra capitata i i i P
Grunow Ehrenberg
N.angustata var.acut Grunow p P P P - SKyne(_JIra acus var. radians P - - -
utzing
N. dissipata (Kitz.) Grunow - P - - - S. ulna (Nitzs.) Ehrenberg  F P P - F
. S. ulna var. oxyrynchus
N. fasciculate (Grun.) Grunow P P P P P (Kiltz.) Van Heurck P P P P -
N. filiformis( W.Smith) van P i i s.pulchella Kitzing P i i i i
Heurck
N. granulate Grunow P - - P P  Tabellaria sp. - P - - -
N.hungarica Grunow P P P - -
N. linearis W.Smith F - F P P
N. longissima (Bérb.) Ralfs P P F P -
N. lorenziana Grunow c - F F P
N.obtusa W.Smith F P F P P
N. palea (Kutz.) W.Smith F - P P P
N. punctata (W. Smith) Grunow P P P P P
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N. recta Hantzsch ex Rabenh. P P P p -
N. romana Grunow - P p P -
N.sigmoidea (Ehr.)W.Smith F P P P P
N. tryblionella Hantzsch P P P P P
Pleurosigma salinarum Grunow P P P P P
Pinnularia gibba Ehrenberg - P - - -
Rhoicosphenia curvata(Kiitz.) P P E FE P
Grunow
Rhopalodia gibba P P i
(Ehr.)O.Mdller
R. gibberula (Ehr.)O.Miiller - - P - -
S.1 S.2
W Cyanophyceae  m Chlorophyceae Cyanophyceae M Chlorophyceae
Euglenophyceae M Dinophyceae Euglenophyceae ® Dinophyceae
M Bacillariophyceae m Bacillariophyceae
10% 7‘1/0% 11% 7%
1% 1%
S.3 S.4 S.5

Cyanophyceae M Chlorophyceae Cyanophyceae
Euglenophyceae ® Dinophyceae

® Bacillariophyceae 13%

8% 2%
1%

W Bacillariophyceae

m Chl

Euglenophyceae ™ Dinophyceae

orophyceae Cyanophyceae H Chlorophyceae

Dinophyceae m Bacillariophyceae

10% o
11% |
13%
° 2%
1% 2%
‘o

Figure 4. Percent of identifying Classes of Benthic Algae in the studied sites

Table 4. Number of genera and species of recorded Benthic algae at the studied sites in Bani-Hassan
stream during the study period.

Classes Sites

1 2 3 4 5

G S G S G S G S G S
Cyanophyceae 5 8 5 8 6 10 6 9 4 6
Chlorophyceae 3 6 3 5 4 6 4 6 2 4
Euglenophyceae 1 1 1 1 2 2 3 3
Dinophyceae 1 1 1 1 1 1 1 1 1 1
Bacillariophyceae
Centrals 3 5 4 5 3 7 3 5 4 6
Pennales 24 61 24 53 22 52 22 56 19 46
Total 37 82 38 73 38 78 39 80 30 63

Some algal species were recorded at all study sites environmental changes such as increased of

such as  Nitzschia, Navicual, Cymbella,
Gomphonema, Surirella, Cocconeis, and
Aulacoseira. The genus Nitzschia recorded (17)
species and nine species were registered for each of
Navicual and Cymbella. The other genus such as
Gomphonema, Surirella and Cocconeis have
included three species for each and two species of
genus Aulacoseira. These genera have played
significant environmental roles in the ecosystem
such as primary productivity and bio-indicator of
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nutrients and salinity [23, 25, 60].

The quantitative study of Benthic algae ranged
from 23.26 x 104 in Site three during the spring to
1.1.4 x 104 at site 2 in autumn (Figure 5). The
decline was due to the water reservation at the
second site, as a result of streamlining which leads
to a lack of concentration of nutrients as a result of
the mitigation quotient of high water levels and
prevent the growth of algae on the bottom
operations as well [61].
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Chlorophyll-a values of Benthic algae do not match
with the total number of cells during the period of
study ( Figure 5). Chlorophyll-a values ranging
from undetectable during autumn to higher values
during the winter (6.68 pg/ cm2). These values
may be due to the amount of chlorophyll - a in
larger species cells that are not equal to small-sized
species cells [22, 62].

B Winter M Spring Summer B Autumn
1 3
(o}
€ 20
<
<
o
=10
O
o
0 .
S.1 S.2 S.3 S.4 S.5
28 B Winter ®m Spring B Summer M Autumn
6 -
£
g 4 -
~
oo
= 2 4 |
O .
S.1 S.2 S.3 S.4 S.5

Figure 5. seasonal variations of the total number
(1) and chlorophyll-a (2) of attached algae
during the study period.

The results of this study show that the highest
values of diversity by Shannon -Weaver was (3.65)
bit/ind at Site 3in summer. These results of index
attributed to the influence of environmental factors
on the diversity of algae conjoined in this season.
These environmental factors were temperature, light
transmittance, and concentration of nutrients [25,
42]. The lowest value of the index was (1.70) in Site
five during the autumn season and might be due to
the effect of the pollution caused by human
activities or environmental stress [47].

The CCA results show a positive and negative
correlation between environmental parameters and
pennate diatoms (Figures 6 and 7). The left side of
the CCA map in figure 6 explained that some
environmental parameters have a positive
correlation with pennate diatoms such as both
Cymbella cistula and with soil conductivity, while a
negative correlation with air temperature, and
sulphate (SO4). Nitzschia spp showed varying
response to the environmental parameters; N. palea
has a positive correlation with calcium, and
negatively with total dissolved solids (TDS), total
suspended solids (TSS), water flow (WF) and
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conductivity (EC). N. angustata is positively with
total hardness (TH) and negatively with both air
temperature and pH, the same result with
Gomphonema lanceolatum. N. longissima is
negatively with air temperature and sulphate. The
right side of Figure 6 Show both N. lorenziana and
N. duissipata not affected by all studied
environmental parameters. Navicula spp also show
a different correlation; N. schroeteri and N.
accumninatum are positive with total hardness and
both total suspended solids and magnesium,
respectively. Both species; N. bacillium and N.
radiosa have a weak positive correlation with
environmental parameters. N. gracilis has shown no
correlation with all the studied parameters, the same
with Gomphonema olivaceae. Cymbella affinis has
a positive relationship with both total suspended
solids and magnesium .

Centric diatoms have a different correlation

with the studied parameters (figure 6/). Cyclotella
comta and Aulacoseria vrians have no correlated
with the studied environmental parameters. While
Cyclotella  ocellata, C. meneghiniana and
Aulacoseria granulata have a positive correlation
with water temperature (WT), TSS, pH-soil, total
alkalinity (TA), and WF while Coscinodiscus
lacustris and Stephaenodiscus hantzschii have
negatively with these parameters .
The CCA results showed a positive and negative
correlation ~ between  some  species  and
environmental parameters (Figure 7). These species
were Chroococcus limneticus and WF; Oscillatoria
limnetica and calcium; Lyngbya aestuarii and
chlorophyll-a; Lyngbya sp and pH; Nostoc sp and
Anabaena sp with WT; Lyngbya perelgenus and
total organic carbon (TOC); and Lyngbya limnetica
and total phosphorus (TP). While other species
(Merismopedia glauca, Spriulina major, Oscillatoria
splendid, O. priceps, and O. tenuis show no
correlation between them and the studied
parameters. In the upper left part of Figure7 showed
a positive relationship between some species
(Tetraedron minimum, Coelastrum microporum and
Pedistrum boryanum) and some parameters
(calcium (ca), Chlorophyll-a (chlo), WF, EC, and
EC-soil).  Cosmarium spp (C.formosulum, C.
subcostatum and C. sp.) have a correlation with TK,
WF, and SO4 .

Conclusion:

There were no differences in the composition of
attached algae between not lining and concrete
lining stream, but there were quantitative
differences between them. The diatom is the
predominant group in the stream.
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