Mesopotamia Environmental Journal (MEJ) E@’
2014, Vol.1, No.1:56-82.

Seasonal Variation of Environmental Properties and
Phytoplankton Community in Al- Hussainya River, Holly
Karbala — Iraq

Fikrat M . Hassan ! Jasim M . Salmarf* Sara H . Abdulameer’

1 .Department of Biology, College of Science for Mém, University of Baghdad, Iraq
2. Department of Biology, College of Science, Univrsif Babylon, Iraq
3. Department of Biology, College of Education Rarre Sciences, University of Karbala, Iraq

*Email: jasimsalman67 @yahoo.com

To cite this article:
Hassan, F.M. et al., Seasonal Variation of Envirental Properties and Phytoplankton Community inHussainya
River, Holly Karbala — Irag, Mesopotamia Environméaurnal, 2014, Vol. 1, No.1, pp. 56-82.

Abstract

A comprehensive ecological study was conducted\leimussainya river during the period from
October, 2012 To Septemper 2013 . This studyded measuring some chemical and physical propertie
of water , in addition to the study of Phytoplastkcommunity quantitatively and qualitatively . Tvedues
of the parameters ranged between 12.7 — 31.3.8% 85C° for water and air temperature respelgtive
7.5 - 9.4 for PH , 840 — 1416.6i8/cm , 413.33 — 700 mg/l , 6.33 — 55.07 mg / I54%0 — 0.91 %o for
each of electrical conductivity (EC ) , Total diksm solids (TDS) , Total suspended solids (TSS) an
salinity respectively , 11.68 — 37.77 cm / sec3.63 — 148.67 cm for each of water current veloaityg
water penetration respectively , 4.97 — 12.63 m@/M — 4.84 mgl/l for dissolved oxygen (DO) ardB;
respectively. Nutrients such as silica , totéalagen and total phosphorous showed variatiomduitiis
study , their values ranged between 1.63 — 6.26 imdL.4 — 3.5 mg/l and 1.33 — 17.28/ for each of
them respectively .

A total of 242 taxa of phytoplanktmentified during this study belonged to six ckEs®f algae
dominated by Bacillariophyceae which constitute882% of the total number of the species followed by
Chlorophyceae by 20.66 % and Cyanophyceae by 1Pd6respectively . Dinophyceae and
Euglenophyceae constitute the 2.07 % , while teeGtyptophyceae constitute the lower percentagetwhi
amounted to 1.24 % of the total species ,esgenera like adlitzschia, Navicula , Cymbella,
fragilaria , Scenedesmund Oscillatoria were dominated by their species numbers in thedplgnkton
community .The total numbers of Phytoplankton cetlaged between (446.8 - 9177) x ®1@ell / |
recorded for March and October respectively .

Keywords; water quality, phytoplankton , hussainia river rdada , Iraq

Introduction

Phytoplankton are algae adapted to spend pal of their lives in apparent suspension in the
water column [1] . They considered the basic ef dlgquatic food chain and Primary producers , which
provide the aquatic organisms with the oxygen aunttients that necessary to their survival [2,3]eTh
density and diversity of algae in aquatic systefiuémced by the physical — chemical and biological
properties of the water , so they can also atsdmee time act as indicator for the water qualitycivh
studied [4] . Many studies are conducted on thgqgankton community in Iraqi rivers , such as the
study which was conducted on Euphrates river inrtiiddle of Iraq , Bacillariophyceae have been
dominated during this study followed by Chlorophaee, respectively , and the total numbers of
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phytoplankton cells reached their peak during $peand Autumn [5]. Another studies on phytoplamk
community in Euphrates river was conducted showadidance the Bacillariophyceae such as [6,7
The phytoplankton community also studied in many othagi aquatic systems [9,10] , in addition
many other studies that were conducted on theagduatic systems [11,12,13,1

The present study aims to provide information akibet phytoplanktc community and som
environmental properties of AlHussainya river, middle of Irag because of thé& lafcstudies on this rive

Materials and Methods

Description of study area

Al — Hussainya river is one of the important water sesiin Karbza Province , is branched frc
Euphrates river at the right side in front of— Hindya barrage , it's length reached about 30.6 Hinis
river irrigates about 186000 acres of the agricelareas and is the only water source, which depepdn
the may uses in the areas which follows through thenx sites were chosen along the river two site
the upstream and two sites at the middle of therriand two sites at downstream to study
phytoplankton community and some water parameteils thestudied sites were padded exception the
1 (Fig.1).

Google

Fig. 1 : The map of A- Hussainya River, middle of Iraq
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Sample collection

The water samples have been collected @atober , 2012 to September, 2013 from six sitesg
of the river by using 5 liters of polyethylene cainers for studying some parameters of the watdr an
phytoplankton algae, another water samples weteatetl by transparent and dark class bottles imat

the dissolved oxygen and biological oxygen demand
Physical — chemical analysis

Air and water temperature were measured by usiegcuny thermometer , PH and electrical
conductivity and total dissolved solids were meaduby using Hanna instrument , the total suspended
solids , dissolved oxygen , biological oxygermd@ed were measured by using Azide modification
methods [15] and expressed as mg/l . Salindy estimated according to [16] and expressed a&Héo.
water penetration was measured by using secchi dis@ the water current velocity measured by
calculating the time that required for a certaimyant object to reach specific point and expressedm /
sec. [17] . Silica was estimated by Ammonium mobftiedmethod according to [15] . Total nitrogen was

determined according to [16], and total phosphorsais measured depending on [18] .
Phytoplankton analysis

The sedimentation method [19] used for quamigaand qualitative study of phytoplankton , and
the algae were then identified according to ,[2(22P3,24,25,26] . Chlorophyll a and Phaeophytimewe

determined according to, [27] .
Results and Discussion

Physical and Chemical Characteristics
The Physical and Chemical properties of the mate important indicators for its quality andus
determine its suitability for different uses . Taldl showed the physical - chemical properties efriter

during this study .

Temperature is an important physical factor wlafflects on other chemical and biological factors
of the water , its also determining the chemicatti®n of the aquatic organisms and the solubiftgases
[28,29] . In this study air and water temperatunevged spatial and temporal variation during thislgt
water temperature values ranged between 12.73-@lrecorded for site 1 and site 6 in February and
August respectively , and air temperature valuaged between 8.5 — 45.3 C° recorded for site 1sétdb
in January and August respectively and the vaaiin water temperature Accompanied the variation i
air temperature as confirmed by positive corretatietween air and water temperature  (r = 0,991
<0.01) , this may be due to the shallow of théewavhich cause the water susceptible to the vanian
air temperature [30] this Corresponds with othegi studies [31,32] . (Fig. 2 and Fig. 3).
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pH is an important ecological factor whiafiects on the survival of aquatic organisms d #re
solubility and toxicity of many metals in the waterthe acidity of waters increase the solubilityrany
metals that cause adverse effects on the aquatimisms [29]. The pH values during this study eghg
between 7.5 — 9.42 recorded for August and Jamespectively this result refers that the water iy aif
the river ranged between slightly alkalinity to allkity . Decrease pH during warm months may be tdue
elevation of temperature as confirmed by negatoreetation between pH and air temperature ( 0532
, P < 0.01) and water temperature ( r = - 0.648< ®.01) , due to increase the biological activafy
microorganisms and increased the level of , @Qhe water [33,34], while increased the levePéf during
the cold months may be due to increase the deasiBhytoplankton and increased the level of disswlv
oxygen in the water and consumption of Gfhich cause elevated the PH , the results fouacktivas a
positive correlation between pH and Dissolved oxyger = 0.541 , P < 0.01 ) , many Iraqgi waters
characterized by slightly alkalinity to alkalini§35]; [36]; [31] ; [8] ) . The results also showesgatial
variation which may be due to the influence of @tio factors [37,38,39] or human activity [46F drift
from adjacent land [41] . ( Fig. 4).

Electrical conductivity ( EC ) measuthe ability of water to conduct the electric catrand its
expresses the amount of soluble salts in the wéttatso influences by the amount of total disedhsolids
(TDS ) in the water [29]. So we noticed frone tburrent study that the variation in the electrica
conductivity accompanied by the variation of taéiréty and total dissolved solids , and this isiftoned
by the positive correlation between EC and TDS r = 0.998 , P < 0.01 ) and salinity (r = 0.999 <
0.01) , the salinity and TDS are also recordesitpe correlation between them (r=0.997< @.01 )

. The values of each of EC , TDS and Salinignged between 840 — 1416465cm , 413.33 — 700 mg/I

, 0.54- 0.91%o. respectively , recorded for Februamg May respectively , increased their levels inay
due to elevated temperature and increased thefa&eaporation and decreased water levels whicseca
elevated the concentration of ions in the wat@r38] . while their decline during winter monthayrbe
due to rains fall and increased water levels witise dilution and hence deceased their concemtsaith

the waters [43], our results are closed to thelteaf [33] on Euphrates river and [44] on thenBa
Hassan stream in Iraq . while they are higher tenresults of [30] on Tigris river . The resulisca
showed spatial variation during this study , sitee6orded higher concentration of EC and TDS and
salinity as compared to other sites this may betduypasses the river through the center of the &b it
exposed to different human activity and throw theste directly to the water , which therefore iased

the pollutants in the river , this line with [45)]4 Figure 5,6, 7 .

Total suspended solids (TSS) consistle dilt and clay particles , planktons , organid arorganic
mattes , in addition to other microorganisms jrthalues showed fluctuation during this study rasg
between 55.07 — 6.33 mg / | , the concentration ®6S influenced by many natural factors and
anthropogenic activity [28] , decreasing their wsuduring winter months may be due to rainfall and

elevated the water levels result in dilution thélytants and particles [46], or they decrease essalt of
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lack the rate of organic degradation this confirrbgcelevating the level of dissolved oxygen duraudd
months which express about the decline of orgaaltufion in the river , while their increasing duy
some autumn months may be result from increasieglénsity of phytoplankton . Elevated level of TSS
during some summer months may be due to blowinglsvibaded with dust and particles which then
precipitation to the river , or they rise as resflitincreasing the water flow which cause erosibe t
adjacent soil and re suspended of sediment . edsang the rate of organic degradation because of

pollution result in elevating the level of TSS Iretwater [40] .

In addition to that the continuous dredging agiens to the river causes increased the level of
TSS in the water ( Fig. 8) . The results of therenir study corresponded with other study such herj8
Al-Hilla river , while differed from [31] on Tigrigiver . Water penetration influenced by the amoafn
total suspended solids adversely [47], their @gltanged between 33.67 — 148.67 cm during Ocauizer
January respectively , many studies referred twease the water penetration during winter months

because of rainfall which act to dilute the paedan the water such as [48,49] . (Fig. 9) .

Water current velocity showed spatial amhporal variation during this study ranged betwegi68
— 37.77 cm / sec. this due to several reasons asicdieep in the surface gradient, nature of theimot
wind and depth [50]. Also withdrawals of water ftifferent uses as agriculture, industrial and otess
cause reduction in water velocity [28] . Shapelwf tiver and Wriggles also affect on its velocibwyr

results were closed to the results of [8] on Mila river . (Fig. 10).

Dissolved oxygen and biological oxygen demand stban increased in their values during cold
months and decreased during warm months , thesalti DO and BOD ranged between 4.97 — 12.63
mg /| and 0.4 — 4.84 mg / | respectively , eteraof temperature decreases the solubility okgas the
water , this confirmed by the negative correlati@miween DO and water temperature (r = - 0.695, P
0.01), and air temperature ( r = - 0.838, PG4.0. . In addition to this decreasing the DO dgirBummer
season may be result from elevation the activitgrginisms that degrade the organic residues ak ofs

presence some pollution causing higher consumptibdissolved oxygen [51] .

BODs expressed the level of organic pollutants & Water its measuring the amount of a
consumption oxygen by the organic degrading orgasif29]. The results revealed increasing the BOD
during the cold months and decreased during thenwaonths and this results differed from many stsidie
that referred to increase the BOBuring Summer months and decreased during Wintertims such as
[5, ', increasing the BOP during the cold months may be result from rairdiald drift the adjacent soll
with their carrying pollutants in to the river esaly this river passes through agriculture aresm the
rainfall and blowing the winds cause precipitatiariable pollutants in to the river, despite ofstithe
levels of DO are not affected by this pollutionistinay be due to the role of photosynthesis opardty
the primary producers on the one hand , on ther dthed water acquired the enough of oxygen from the

air that contact the surface layer of the watdsq anany factors are controlling the aeration rther such
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as temperature , water turbulence and the depttatdr body [53] , and the our results deal witheo
studies in Iraq that reffered to increase the B@Ding winter season such as [48] on Euphrates and

[44] on Bani-Hassan stream (Fig. 11 and Fig. 12).

Silica is an important nutrient to plants angaa , and is one of the main component of the
diatoms cell wall components [54,55] .Silica isgaet naturally in the water because it interverstiom the
metal composition of the rocks , so the weathettge rocks lead to release it to the water [5@&]résults
showed spatial and temporal variation in the siiaaes they ranged between 1.63 — 6.25 in sitedGsée
1 in each of November and February respectivelicashowed icreased during rainy months as dregu
drifting the adjacent soil [57] . they also showed increasing during summer months as a result of
elevation the temperatures and increased the faeaporation and solubility the salts ( [43, Bjcreasing
during the summer may be due to death and detjpadaf diatoms this confirmed by decrease the
dissolved oxygen during the summer months [58,8pur results closed to [49] on the Bani — Hassan
stream , while were higher than other studies aqilrivers such as [5,33] . Decreased silica magiuzeto
high density of phytoplankton [59] , or as a resiflelevation water level and increased its velofs0] .
Figure 13 . In addition to silica , nitrogen grttbsphorous are also important nutrients to plantsalgae
, hitrogen values showed slightly spatial and terap variations ranged between 1.4 — 35 mg /|,
concentration of nitrogen in water influenced lmyiytion with pollutants that results from anthrgemic ,
agriculture and industrial activity [61] , elion nitrogen concentration during hot monthy i@ due
to increase the degrading organic residues by theorganisms [31] , while its decreasing duringnter
months may be due to high density of phytoplanKi&2] , or elevation water levels and dilution the
nutrients [33].( Fig. 14).

Phosphorous values showed spatial and temporatiears during this study ranged between
1.33 — 17.29ug / | recorded for August and February respedfiveincreasing phosphorous during
February month may be due to rainfall which caus#iny the adjacent soil with their pollutantsn i
addition to bad anthropogenic activity that leagddiute the river ([42]) , while decreasing itrthg some
months may be due to consume it by the algae [@24$%8or due to its chemical precipitation or agion
on clay particles [17] . Figure 15 . The values Bétal nitrogen and Total phosphorous were highant

[33] on Euphrates river and [31] , on Tigris river
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Table 1: Some physical - chemical and biological propsrof Al-Hussainya river in the period from

October 2012 to September 2013 first line (ean@nd second line (mean £ S.D.)

Sites
. ST1 ST2 ST3 ST4 ST5 ST6
Ecologic
factors
Air temperature| 8 —29.8 127-398 | 155-41.7 | 18-422 185-45 | 19.3—453
( C° 229+78 | 275+903 | 288+94 | 305+95 | 31.3+9.1 32.3+9
temvgf‘;fdre | 127-294| 137-296| 14-30.1 | 138-304 | 134-304 | 142-311
pc ) 219+59 | 222+56 | 225+57 227+58 23+5.7 23.7+5.6
} 75-8.7 88-75 93-7.6 92-77 94-75 93-7.6
P 8.06+032 | 81+038 | 82+042 | 82+037 | 83+045 | 82+043
SO0 |8a0-1386.67 o007 | 850-1380 | 980-1413.3§ o0
EC (us/cm) | 150661+ 113;23 | 119422+ 119155'19 * 111924625 | 123547+
37.84 : 156.2 : 91.8
416.67 —
440 — 700 41333 - | 420-696.67| ‘ot 50333 _ 700| 516 — 686.67
TDS (mg /1) 597.28 + 686.67 592.31 + 9333+ | coasecoos 61336%
69.02 590.44 +13.8|  78.59 o0 % -6 %00 46.08
77.97
TSS (mg/1) | 10675507 667312 | 18333547 13.33-46.73 12.73-522 6.33-40.13
9 21.43+11.78| 23.71+7.88| 28.34+8.11| 24.68+9.47| 2757 +12.22| 24.03 + 11.09
Salinity % 057-091 | 054-089 | 055-090 | 055-088| 062-090 | 0.67-0.89
Y 7o 0.77+0.09 | 0.76+0.096| 0.76+0.10 | 0.76 +0.097| 0.76+0.08 | 0.79+0.06
Water current | 13.83 — 27.54] 20.6 —32.38 | 14.87 —37.77] 18.87—31.39| 13.63—30.15| 12.3—-26.6
velocity cm/sec.| 21.56+5.18| 24.72+4.15| 25.19+6.86| 22.74+4.08| 19.72+4.86| 18.76+4.85
Water 54-84.33 | 47.67 100 i%‘fgg 82— 48 ﬁgg; ﬁgg;
penetration (cm)] 66.47 £ 10.93| 62.39 £ 13.05 63.25 + 13.13 61.19+11.11 7567 +32.9 | 64.08 + 22 16
DO (mg/1) | 5:53 -1207| 607-119 | 59-1177 | 593-11.73| 557 -1263| 497 -1197
9 83+219 | 812+205| 83+186 | 850+1.86 | 8.68+234 | 7.84+233
BODy(mg/1) | 0547 046—443 | 04-464 | 057-484| 053-3.7 05-3.1
5({ Mg 215+1.48 | 1.96+17 | 1.92+126 | 191+135 | 1.77+1.13 | 1.85+1.04
Siica(mg/1) | 272-625| 392-597 | 176-567 | 274-613 | 294-577 | 163-58
9 478+097 | 487+077 | 466+1.08 | 463+1.1 | 461+086 | 432+1.24
TotalN(mg /)| L4—28 14-28 14-35 1.4-28 2.07-35 1.4-28
9 239+047 | 238+ 061 | 2224071 | 204+054 | 251+047 | 2.27+057
Total P g /1) | 213-17.20| 1.995-12.64 4.26-1503| 133-125 | 439-10.11| 3.46-14.1
9 6.2 +4.1 6.67+389 | 82+36 7.4+373 | 6.96+256 | 8.17+3.06
Chlorophylla | 0.27-6.15 | 027-526| 027-543| 027-588| 027-41 | 027-6.15
(ug /1) 297+1.7 | 3.02+161 | 313+179 | 218+153 | 1.97+1.14 | 297+1.7
Phaeophytindg | 0.59-4.55 | 0.36-459 | 0.34-6.06 | 048-4.17 | 0.49-4.07 | 0.59- 455
/) 216+1.46 | 226+1.42 | 1.98+164 | 1.88+1.09 | 1.82+1.27 | 2.16+1.46
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Figure 2: Monthly variation of Air temperature during stuggrioc
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Figure 5: Monthly variation of Electrical conductivity dung study perioc
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Phytoplankton

A total of 242 taxa and 81 genera of phytoklan were identified during this study belonc

six classes of algae which include Bacillarioplage Chlorophyceae , Cyanophyceae , Euglenophy

Dinophyceae and Cryptophyceae . Bacillariophyare dominated during this study , they constituthd

higher percentage during this study which wereabtpu62.81 % of the total species ( 152 speaies3t
genus ) , followed by Chlorophyceae by 20.66 % §pécies and 24 genus ) , Cyanophycei 11.16 % (
27 species and 13 genus ) respectively . Euglerogatleyand Dinophyceae constitute about 2.07 % de

them consist of 5 species and 4 genus , while tGpyryceae have the lower percentage which equ

1.24 % .Table 2 and Figure 16 .

St genera are dominated by their species during thidyssuch a:

Nitzschia, Navicula, Cymbella, Fragilaria , Scenedesmusnd Oscillatoria respectively , each of the
consist of 28,19, 16, 14, 8,7 species regpdygt . Table 2

Table 2: The numier of Phytoplankton genus and species w characterized during this stt

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Sites o | 8| g | 8|g|8|a|8|g|8|g|&
c [3) c [3) c o c [3) c [3) c [3)
Agal | Sl al8|l&|l8|ald|ald|l&|8]|éa
Taxa
Bacillariophyceae| 29 110 | 27 113 | 28 110 | 28 110 | 23 98 24 104
Centrales-a 4 9 3 8 4 8 4 10 3 8 3 9
Pennales--b 25 | 101 | 24 | 105 | 24 [ 102 | 24 [ 100 | 20 [ 90 | 21 95
Chlorophyceae | 22 39 18 29 | 22 36 20 34 21 31 18 31
Cyanophyceae | 10 20 12 18 12 19 11 19 12 20 11 18
Euglenophyceae| 1 1 1 1 2 2 2 1 1 3
Dinophyceae 4 4 3 3 4 3 3
Cryptophyceae | 2 3 1 2 3 1 2
Total 97 | 287 | 89 | 279 | 98 | 284 | 93 [ 280 | 84 | 253 | 86 | 267
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Figure 16: The percentage of phytoplankton taxa during shisly

The dominated of Bacillariophyceae during thisdgtwdue to their ability to tolerate a wide rar
of environmental conditions , in addition to theiticic solid wall which enabled themo 1
overcome the extreme environmental condi , also they include many different types which taa
in variable environment , so their genetic divemsand the large number of species belonging to tl
enabled these taxa to dominate and present in whiffieyent environments [4] . The increeg of silica
levels in the water is another reason to domin&onhs in the phytoplankton community [65]. Mar
other studies referred to dominate diatonis phytoplankton communities [10, 7, 8] . Some
species of phytoplankton havepeared over the study period in all tmoes |, these specie
are Aulacoseira granulate Cyclotella meneghiniar , C. ocellata, Acnanthes minutissir , Bacillaria
paxillifer , Cocconeis pediculus C . placentula, Cymbella microcephala Diatoma vulgar ,
Fragilaria acus, Fragilaria ulna , Navicula cryptocephalg Nitzchia palea, N. longissim and
Rhoicosphenia curvata this indicate the ability of these species tetale wide range of environmen
conditions , inaddition to their competitive ability with other espes and possessed certain adapta
enable them to occurrence over the period of stu@gveral studies mention that the dominance
occurrence of some algae like Euglena, Nitzschia, Navicula, Aulacoseira, Oscillatoria and
Scenedesmuduring study referred to organic pollution in thater [66,67]. Other algae classes suc
Chlorophyceae , Cyanophyceae , Euglenophyceaeopbiyrteae and Cryptophyceae were less domir
compared with Beillariophyceae this may be due to have limitechber of species , also they need
levels of nutrients to bloom [66,68, € In addition to this most of them prefer moderatagerature , a
observed increasing the density of Chlorophyceak Gyanophyceae during late Spring and Summu
this study , which may be due to elevation tempeeaénd nutrients in the water , maitudies referred t

increasing Chlorophyceae and Cyanophyceae duririggsand Summer montt[10,70,8].
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The results of this study showed spatial and tealpeariation in the total numbers of
phytoplankton cells , their values ranged between 9177 x 18 cell / | as maximum level in site 4
recorded in October 2012 to 446.8 ¥ ¢6ll / | as minimum level in site 6 recorded in MaR013 . Figure
17 . The high numbers of cells in October month imaylue to increase the water velocity which sdea
many attached species , this can be noticed byepcesmany planktonic types which are originally
attached ( [46]; Yerlet al ., 2012) , or their increasing during this monthyniie due to presence high
concentration of nutrients this can be confirmgdetevating the BOP during this month because of
passing the river through agriculture area whicbdutertilizers and pesticides continuously thusl léa
pollute the river in addition to throw the wasteedtly to it (Salmaret al., 2008 ; Shekhat al.,2010) .
Many other studies referred to increase the derditphytoplankton during Autumn and some other
seasons [12,70, 71] . On the other hand the dentea$the phytoplankton density during March month
may be due to lower the nutrient levels especiaiisogen and phosphorous [33,49] , or their desirep
may be due to elevation levels of some pollutams have negative effects on the phytoplankton7{3|2,
or because of elevation levels of waters as redulhinfall [14], in addition to that the grazing effect by
zooplankton caused reduction the density of alga. [ The concentration of Chlorophyll a showed
fluctuation during this study ranged between 0.4.42ug / | in December , 2012 and September , 2013
respectively , chlorophyll a acts as an indicdor phytoplankton density and nutrients levelsthie
water , but in the current study the concentratioof chlorophyll a did not correspond with theadlg
density this results correspond with [7,49] . Mdagtors affect the rate of photosynthesis and ¢hellof
chlorophyll in the water such as low temperatanel lack of solar radiation [75] , and water cutren
velocity which increased the levels of total susjesl solids in the river by drifting the adjaceoi sind
released from sediment [76] . The results alsowsid that the concentrations of chlorophyll a were
accompanied the increasing the density of some otiod - diatomaceous algae especially Chlorophgicea
and Cyanophyceae which incresede during duringSating and Summer and early autumn because of
their content of chlorophyll was higher than otkeraller algae as mentioned by [1] , which refetiext
the amount of chlorophyll Commensurate with the sz cell not with their numbers , and [77] , fded
strong positive correlation between Cyanophyceaktla concentration of chlorophyll a in the wateur
results correspond with [78] which referred to gase the levels of chlorophyll a during some ofiaunt

and Spring and Summer months and decreasing dilnéng/inter . Figure 18.

Phaephytin is an a pigment result froetamposition of chlorophyll molecule after losing
magnesium atom , this pigment can absorb the kghthe same wave length for chlorophyll so can
interfered with the true value of chlorophyll7] . the results of phaeophytin showed temporal tiaria
during this study , and their values ranged betwe&4 — 6.21ug / | , recorded for May and June
respectively , also they were opposite of theiealf chlorophyll this results are compatible wif83]
about the inverse relationship between the cordérhlorophyll a and phaeophytin a in phytoplamkto

community . Figure 19
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Figure 17: Monthly variation of total number of phytoplanktaells ( cell x 13/1)

during study period.
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Table 3: The total numbers of phytoplankton cells ( cedlO3 / | ) and species in Al- Hussainya river

during study period

A T st | st2 | s | s | st | st
Cyanophyceae
Anabaenasp. 27.33 20.67 1.39 34 36.67 12.97
Aphanothecesp . - 0.67 0.17 1.33 1.33 0.67
Arthrospira sp - - - - 0.67 -
Chamaesiphonsp. 2.00 2 0.17 34 1.33 0.67
Chroococcus limneticusemmermann 1.33 - 0.17 0.67 0.67 0.67
C. turgidus(Kutzing) Nageli 3.33 1.33 0.61 6 6.00] 4.6
UnknownFilament blue green algae 6.6 2.6 0.39 4 4 1.33
Gomphosphaeria aponinéiitzing 0.67 - 0.39 1.33 - 0.67
G . lacustrisChodat 5.33 0.67 0.44 1.33 0.67 0.6Y
Lyngbya aestuariLiebman ex Gomont 3.33 1 1.33 5.3 0.6
L. limneticaLemmermann 27.33 18.67 0.28 26.67 17 18.p0
Leptolyng_bya perelegarffsemmermann) i 0.67 011 i i i
Anagnostidis & Komarek ' '
M_(_erl_smopedla convolutBrébisson ex 133 i i ) 133 i
Kltzing
M. elegansA.Braun ex Kiitzing 0.67 - 0.50] 0.67 -
M. glauca(Ehrenberg) Kiitzing 4.67 2 0.2 8.67 4.6Y 4
M. tenuissimd_emmermann 1.33 2 0.17 0.67, 0.67 1.3B
Microcystis aeruginosgKiitzing) Kiitzing 2.67 1.33 - 1.33 2.67 2.67
M. flos-aquagWittrock) Kirchner - 0.67 - - - -
Nostoc sp. 0.67 0.67 0.06 - - -
Oscillatoria amoenaomont 0.67 0.22 - - -
0. minimaGicklhorn 11.33 2 - 8.67 0.67 5.33
O. limneticaLemmermann 2.00 - 0.04 0.67| - 2.61
O. princepsvaucher ex Gomont 0.67 - 0.67 - - -
0. splendidGreville ex Gomont 4.00 6.67 1.42 1.3 2.6f
O.sp. 0.67 - 0.17 4 0.67 -
O. tenuis C.Agardh ex Gomont - - - 0.67 -
Spirulina majorKiitzing ex Gomont - - - 0.67 - 2
S. meneghinian&anardini ex Gomont - 1.33 - 2.67 4 2
Euglenophyceae
Euglenasp. 2.00 0.67 0.06 0.67 0.67 0.67
Lepocinclissp. - - - - - 0.67
Phacus sp. - - - - - 0.67
Phacus longicaudaenrenberg) pujard - - - 0.67 - -
Trachelomonas sp. - - 0.04 - - -
Dinophyceae
Ceratium hirundinella(Muller) Schrank 0.67 - 0.06 - 12 1.33
Dinobryon divergensmhof - - - - 0.67
D. sertulariaEhrenberg 6.00 6.67 0.94 - 2.61
Glenodinium quadridenéStein) Schiller 2.67 0.67 0.11 - 1.33 4.67
peridinium sp. 24.00 16 1.06 - - 14.67
Cryptophyta
Chroomonas nordstedtilansgirg 8.00 16 1.06 12.00 - -
Chroomonas sp. 70.00 50 9.61 108.671 106.6Jf -
Cryptomonas sp. 1.33 - 0.33 2 - -
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Chlorophyceae
Actinastrum hantzschliagerheim 6.67 7.33 0.39 7.33 6 6
Ankistrodesmus falcaty€orda) Ralfs 13.33 8 1.33 17.33 16.67 11.38
Botryococcus brauniKitzing - - - - - 0.67
B. protuberandVest & G.S.West 2.00 2 0.06 3.33 0.6Y
Chlamydomonasp. 3.33 - 0.06 3.33 1.33 0.67
Chlorella vulgarisBeyerinck 0.67 4 0.28 6 5.33 2
Closterium ehrenbergiMeneghini ex Ralfs 3.33 0.67 0.17 1.3 2 1.3B
Closteriumsp . 6.67 3.33 0.22 4 4.67 4.67
Coelastrum campricurArcher 0.67 - 0.11 0.67 0.67 1.33
C. microporumNageli 4.67 3.33 0.61 7.33 4.67 9.3
C . reticulatum(P.A.Dangeard) Senn 4.67 6 0.1J7 3.3B .33 2
C . granatunBrébisson ex Ralfs 4.00 1.33 0.17 2 2 3.33
C . leaveRabenh 0.67 - - 0.67 - 1.33
Cosmarium sp. 0.67 - - - -
C . subcostaturhordstedt 2.00 - - - - 0.67
C . subtumiduniNordstedt - - 0.17 - - 0.67
Crucigenia tetrapedigKirchner) Kuntze 3.33 1.33 0.17% 4 - 2
Dictyosphaerium pulchellum/ood 1.33 0.17 2.67 0.67 -
Golenkinia paucispin&Vest & G.S.West 1.33 0.67 0.11 0.67 - -
Golenkinia sp. - - - 0.67 - -
Kirchneriella obesaVest & G.S.West 2.00 2 0.117 2.67 1.3 0.6[7
Lagerheimia ciliatgLagerheim) Chodat 2.67 4 0.33 2 0.6} -
Micractinium pusillumFresenius 1.33 - 0.04 0.67| 0.6 -
Micractinium sp. - - - 1.33 0.67 -
Monoraphidium convoluturtCorda) 133 | 067 | 017 2 133| 267
Komarkova-Legnerova
Monoraphidium sp. - - - - 0.67 -
Mougeotia sp . 40.67 12 2.83 31.33 20 26.67
Oocystissp . 7.33 2.67 0.56 8.67 4 3.33
Pandorina morun{Muller) Bory 1.33 - - - - -
Pediastrum boryanur{irurpin) Meneghini - - 0.11 1.33 - -
P . duplexMeyen - 0.67 - - - -
P . simplexMeyen 4.00 5.33 0.22 4 5.33 4
P. simplex var duodenariu(Bailey) 067 0.06 i > i
Rabenhorst
P . simplex var. clathraturBchréter 1.33 0.67 0.06 - 2 -
Pediastrum sp. 0.67 0.67 - - - -
Pediastrum tetras - - - - - 0.67
Scenedesmus acuminatliagerheim) 267 4 033 267 133
Chodat
S . acuminatus var tetradesmoid&sith 0.67 - 0.67
S . arcuatugLemmermann) Lemmermann 4.0Q 1.33 0.1 3.33 1 0.p7
S . bijuga(Turpin) Lagerheim 8.00 6.67 0.8¢4 6.61 4 6.6[
S . dimorphugTurpin) Kiitzing 1.33 - 0.11 0.67 - -
S . opoliensigRichter) E.H.Hegewald 0.67 0.67 0.06 2 0.67 2
S . quadricauddTurpin) Brébisson 23.33 15.33 1.89 29.33 15.83 .618
Schroederiasp. 0.67 - 0.06 - 1.33 0.67
Spirogyra sp. - - - 0.67 2.67
Staurastrum natatowest - - 0.06 - 0.67 -
S . paradoxunMeyen ex Ralfs 1.33 - 0.04 0.67| 0.6 -
Staurastrum sp. 4.00 3.33 0.22 3.33 4 -
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Tetraedron caudatum 0.67 0.67 - - -
T . minimum(Corda) Hansgirg 1.33 2.67 0.11 3.3 - 0.6[7
Bacillariophycaeae

- Centrales -
A . italica(Ehrenberg) Simonsen 469.3 384 3648 478.64 780p. 188.48
Aulacoseira granulat¢Ehrenberg) 124 | 124 | o021 186| 124 062
Simonsen
C . comtaHustedt - - - 0.62 - 0.62
C . meneghinian&itzing 163.06| 145.08 15.4% 137.02 96.72 114)08
C . ocellataPantocsek 806.64 691.9 50.27 717[/96 50840 478.68
C . stelligeraCleve & Grunow 19.84 22.94 2.5 52.08 14.46 39.P6
C. kuetzingian& hwaites 9.30 8.06 3.10 2.48 3.1(
Coscinodiscus lacustrigrunow 11.78 9.92 0.67 9.92 8.04 9.30
Melosira variansAgardh 24.18 4.96 0.47 13.64 1.86 1.24
Stephanodiscus astréehrenberg) Grunow 1.24 - 0.0 1.24 - -

- Pennales-
Achnanthes clevé&runow - - 0.36 0.62 - -
A . lanceolataBrébisson ex Kitzing)
Grunow i i 0.05 ) i
A . linearis(Smith) Grunow 0.62 - - - 0.62 0.62
A . microcephalgdKutzing) Grunow 1.24 1.86 0.05 9.30] 1.84 1.8p
A . minutissima&tzing 40.92 27.28 3.26 37.20 27.9D 22.32
A .sp. 1.86 1.24 0.10 1.24 - 1.86
Amphipleura alatdEhr.) Kuetzing 1.24 - - 0.62 - -
A . pellucidKitzing - 0.62 0.05 1.24 1.24 -
Amphora coffeaeformi&€C.Agardh) Kiitzing 1.24 1.86 0.2] 1.86 3.1 10.54
A . ovalis(Kitzing) Kitzing 1.86 1.24 0.05 5.58 1.86 2.48
A .venetaKitzing 3.10 3.1 0.26 4.34 3.10 4.34
A .sp. 3.72 4.34 0.26 4.34 3.10 6.82
Anomoeoneis exiligiitzing) Cleve 14.88 18.6 2.12 54.56 8.68 4.34
Bacillaria paxillifer (Miller) Marsson 26.04 26.66 1.94 22.94 9.3D 13.92
Calonels amphisbaen®ory de Saint 186 i i ) i 0.62
Vincent) Cleve
Cocc_onels pedmult(sEhrenberg) 0.62 0.62 ) i i i
Chmielevski
C . placentuleEhrenberg 48.98 34.72 2.43 33.4B 18.60 1708
C . placentula var euglypthrenberg) 4526 | 2046 | 207| 2294 1364 1178
Grunow
ﬁéuﬁ'é"lfe”t”'a var lineatgehrenberg) van | g 5 | 5957 | 532| 5332 2418 217D
Campylodiscus clypey&hrenberg) 434 | 806 | o088 806| 434 372
Ehrenberg ex Kiitzing
Cymatopleura ellipticdBrébisson) Smith 0.62 - - - - -
C . solea(Brébisson) Smith 1.86 3.72 0.41 0.62 3.1p 7.44
Cymbella affiniKutzing 7.44 7.44 0.62 4.96 7.44) 3.7
C. affinis var excisgKutzing) Grunow - 1.24 - - 0.62 -
C. asperaEhrenberg) Cleve 1.86 0.62 0.1p 2.48 - -
C. cistula(Ehrenberg) O.Kirchner 4.34 1.24 0.4 4.96 1.24 103.
C. cistula var maculatdKdtzing) Van i i 0.10 3.72 0.62
Heurck
C. cymbiformisAgardh - - - 0.62 1.24 1.86
C. differta(Cleve-Euler) Krieger 0.62 - 0.09 - - -
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C. helveticaKltzing 0.62 0.62 0.10 - - 2.48
C. microcephalarunow 29.76 17.98 2.69 31.62 12.40 18.60
C. obtusiuscul&Kitzing 0.62 2.48 0.05 3.10 4.34 4.96
C. prostrata(Berkeley) Grun 0.62 0.62 0.04 1.24 0.62 0.6p
C. pusilla Grunow 6.20 3.72 0.67 5.58 12.40 38.44
C. sinuateGregory 1.86 0.62 0.16 0.62 1.84 0.62
C. tumida(Brébisson) van Heurck 2.48 3.72 0.36 3.1p 1.24 241.
C. turgid Gregory 0.62 0.62 0.05] 1.86 1.24 1.86
C. ventricosg/Agardh) Agardh 6.82 6.2 0.67 5.58 2.48 7.44
Denticula elegan&iitzing 0.62 - 0.05 - - 0.62
D. sp. 0.62 - - - - -
Diatoma elongatunfLyngbye) Agardh 3.10 1.24 0.57 - 0.62 0.62
D . elongatum var tenuiggardh) Van ) 0.62 0.62 i i
Heurck

D . tenue var elongatuRatrick and Reimer 1.24 - 0.0 1.24 0.6p -
D . vulgare(Grunow) Bukhtiyarova 35.96 30.38 491 71.30 10.54 7.44
Diploneis ovaligHilse) Cleve 1.24 0.05 0.62 0.62) 1.24
D . pseudoovalisiustedt 3.10 0.62 0.31 2.48 - 2.48
Epithemia soreXutzing - - - 0.62 - -

E . zebra var porcellugiitzing) Grunow - - 0.05 - - -
Eunotia pectinaligKitzing) Rabenhorst - - - 0.62 - -
Fragilaria acus(Kitzing) Lange-Bertalot 26.66 34.72 3.05 46.50 17.98 31.6p
F . capitata(Ehrenberg) Lange-Bertalot 4.34 0.62 - - - -

F . capucinaDesmaziéres - 1.86 - - - -

F . construengEhrenberg) Grunow 1.86 - - 2.48 - -

F . crotonensiKitton 86.18 70.68 7.03 100.44 23.5p 28.92
F . fasciculata(Agardh) Lange-Bertalot 20.46 50.22 2.58 35.96 68.0 14.88

F . intermediaGrunow 3.10 1.86 1.03 1.24 1.84 -

F . pinnataEhrenberg 1.24 0.62 0.04 0.62 - 1.24
F . sp. - - 1.45 4.96 4.34

F . ulna(Nitzsch) Lange-Bertalot 56.42 27.9 1.81L 32.86 126.| 21.70

F . ulna var. bicep$Kitzing) Compére, 2.48 3.1 0.26 3.10 2.48 5.58
Eejr'gf var oxyhynchueutzing) Van 1.86 186 | 0.10| 1.86 1.24|  17.36
F . virescenqRalfs) Williams and Round 19.22 21.7 2.0P 39.68 7.28 -

F. vaucheriadKutzing).Petersen 1.24 4.34 - - - 0.62
Gomphoneis 0Iivace(:l-|0rnema_1nn) P. A 124 0.62 0.96 4.96 0.62 i
Dawson ex R. Ross & P. A. Sims ' ' ' ' '
Gomphonema acuminatum var. turris ) i i i i 0.62
(Ehrenberg) Wolle '

G. angustatun{Kitzing) Rabenhorst 1.86 4.34 0.31L 1.86 2.48 1.24
G . attenuatuniPantocsek 0.62 0.62 0.62

G . constrictum var capitatéEhrenber

Woodhoad & Tweeg & 9) 186 | 1.24 | 005| 0.62 2.48
G . gracileEhrenberg - - - - - 0.62
G . intricatumKitzing 1.24 0.62 - 0.62 - -

G . lanceolatunKitzing - 0.62 - - - -

G . parvulunfKitzing ) Kitzing - 0.62 0.05 - 0.62 -

G . sphaerophorurihrenberg 0.62 - - - - -
Gyrosigma acuminaturKutzing) 062 | 124 | o02e| 124| 124 186
Rabenhorst

G . peisonisGrunow 1.86 0.62 0.16 1.86 1.84 1.24
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G . spencerii(Bailey ex Quekett) Griffith & 0.62 i 0.05 0.62 0.62

Henfrey

Hantzschia amphioxy&hrenberg) Grunow 5.58 7.44] 0.3p 3.7 2.48 3.10
M . elliptica(Agardh) Cleve 0.62 - - - - -

M . smithii var amphicephala - 0.62 - - - -
Neidium productuniSmith) Cleve 1.86 1.86 0.10 - 1.24 0.62
Navicula anglicaRalfs - 0.05 - - -

N . atomugKitzing) Grunow - 0.62 0.05 0.62 - -

N . bacillum Ehrenberg 12.40 5.58 1.03 8.68 4.34 4.34
N . cincta(Ehrenberg) Ralfs 18.60 16.17 1.1p 22.94 12.40 367
N . cryptocephala&itzing 3.72 1.86 0.05 2.48 8.06) 0.62
N . cryptocephala var intermedia 4.96 3.1 0.47 9.30 - 6.20
N . cryptocephala var veneta 8.06 4.34 0.88 8.68 3.10 3.10
N . gracilis Ehrenberg - - - 1.24 - 0.62
N .inflata Donkin - 1.24 - 0.62 - 0.62

N . muticaKitzing 1.24 1.24 0.16 1.86 3.72 3.10
N . parva(Ehrenberg) Ralfs - 1.24 0.04 - 0.6 0.6P
N . placentula(Ehrenberg) Kiitzing 0.62 0.62 0.10 4.96 1.24 1.24
N . pygmaeaKiitzing 1.86 3.1 0.21 3.10 2.48 0.67
N . radiosaKitzing 1.24 1.24 0.26 - - 0.62
N__. ra_ldlosa var tenellgBrébisson ex i 124 0.10 124 124 1.86
Kitzing) Van Heurck

N .rhynchocephala - 1.24 - 2.48 1.24 12.40
N . schroeteriKiitzing - - 0.05 - - 2.48

N . spicula(Hickie) Cleve - - - - 0.62 1.86
N .viridula var rostellata(Kiitzing) Cleve - - 0.05 - - -
Nitzschia acicularigKitzing) Smith 13.02 10.54 0.62 5.58 4.34 0.6p
N . amphibiaGrunow 0.62 1.24 0.21 0.62 5.58 0.62
N . angustatdSmith ) Grunow 0.62 1.24 0.05 1.24 1.86 0.6p
N . angustata var acut&runow 0.62 0.05 1.24 0.62 3.72
N . apiculata(Gregory) Grunow 2.48 9.92 0.72 5.58 1.86 -
N . clausiiHantzsch - - - 1.24 0.62 -

N . dissipatgKutzing) Rabenhorst 14.88 19.22 1.50 25.42 11.7819.22

N . dubiaSmith - 0.62 0.05 1.86 1.24 -

N . filiformis (Smith)Hustedt 11.16 6.82 0.67 11.1p 6.8p 6.40
N . frustulunfKitzing) Grunow 48.98 42.16 3.31 46.50 14.2¢ 19.2p
N . frustulum var perminut&runow 14.26 9.92 1.19 24.18 3.72 1.86
N . gracilisHantzsch 8.06 8.68 0.67 7.44 3.72 9.30
N . granulata(Grunow) Mann - - - - 0.62 4.34
N . hungaricaGrunow 5.58 1.86 0.41 3.72 3.72 -

N . ignorataKrasske 0.62 - - - - -

N . longissimgBrébisson) Ralfs 49.60 31.67 2.74 26.46 29.Yy6 5411
N . lorenziana var subtili&runow 0.62 1.24 - 0.62 0.62 0.62
N . microcephalaGrunow 2.48 0.10 0.62

N . obtuseSmith 0.62 1.24 0.05 1.86 1.24 1.86
N . palea(Kiitzing) Smith 67.58 66.96 6.51 87.42 42.78 85.56
N . punctata var coarca{@&runow) Hustedt 0.62 1.24 0.0 1.86 0.6p
N . romanaGrunow - 0.62 - 1.24 1.86 1.24
N . sigmgKiitzing) Smith 6.82 6.82 0.98 15.50 6.20 6.20
N . sigma var rigidulgPeragallo & 0.62 434 | 010| 3.10 1.86 0.62
Peragallo) Grunow

N . sigmoidegNitzsch) W.Smith 2.48 1.86 0.57 5.58 1.24 3.1p
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N . tryblionellaHantzsch - 1.24 0.16 3.10 1.86 1.86

N . tryblionella var levidensiéSmith) 0.62 0.62 0.05 i ) i
Grunow ' ' '

N . tryblionella var victoriag Grunow) 0.62 124 016 i 0.62 0.62
Grunow ' ' ' ' '

P. lundii Hustedt 1.86 - 1.24 - -

P . sp. 0.62 1.24 - - - 0.62

P . obscurunsmith 1.24 1.86 0.26 1.86 1.86 0.62

P . salinarum(Grunow) Grunow 1.24 - - - 1.24 -

P . sp. - - - - - 0.62

Rhoicosphenia curvatgitzing) Grunow 53.94 28.52 3.51 42.16 14.2¢ 17.98

R . gibba var ventricosgKiitzing) i 0.62 i ) i i
H.Peragallo & M.Peragallo '

R. musculugKitzing) Muller - - - 0.62 - -

Stauroneis phenicenterdNitzsch)
Ehrenberg

Surirella angusta Kitzing - - 0.62 0.62

. caproniiBrébisson ex F.Kitton 0.62 0.62 0.10 0.62 - -

. ovateKiitzing 0.62 0.16 1.86 -

. ovata var african&holnoky 2.48 3.72 0.42 4.34 5.58 5.58

. ovata var Saling@Smith) Rabenhorst 0.62 - 0.0% 0.62 - 0.6p

0nnlnlnln

. ovalisBrébisson - - - 0.62 - -

Conclusion

The physical and chemical properties of the watgowed spatial and temporal variations during
this study . The total number of phytoplankton selshowed also variations , the highest numbeeti$
recorded during late Autumn 2012 . The resulis showed dominance of Bacillariophyceae dufiig) t

study followed by Chlorophyceae , Cyanophyceae atigbr classes respectively .
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