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Abstract

Phytoplankton is the key factor of prigngroduction in streams and other lotic systemss Study
focused on phytoplankton in bani- Hassan streaiairabala province. Five sites were selected albeg t
stream where monthly sampling was carried for 12ittma The physicochemical parameters were studied
in addition to diversity, spatial and temporal ation of phytoplankton and biological diversityioes. A
total of 136 taxa of phytoplankton were identifigtich belonged to 65 genera . Where 65, 34, 1 hd3la
taxa belonged to Baciallriophyceae, Charophyce&yjanophyceae, Dinophyceae and both
Euglenophyceae and Cryptophyceae, respectively.p®eah and spatial variations in total number of
phytoplankton were noticed in this study. Highesat number was (2.42 cell x 10) recorded at site 2 in
May 2013 and the lowest was (0.18 cell X iprecorded at site 4 in January 20C3clotel, Aulacoseria

CocconeisCymatopleruraNitzschia CymbellaandOscillatoria were all recorded over study time.

Keywor ds; Phytoplankton, Lotic Systems, Stream, Temporal tann, Spatial Variation.

Introduction

Phytoplankton is widely used in freshwaggstems as bioindictors [1]. These algae havetabie
response to environmental change and water quatiyation [2, 3, 4]. Phytoplankton have a maile
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the main base of an aquatic food chain, the estimaif quality and quantity of these algae importan
criteria for determining primary production as thain sources of different kinds of aquatic orgarsi5j.

Many studies have been published on thg¢oplankton ecology in the main Euphrates riveitén
middle region in Irag. Salman et al. [6] recordddb ltakes of phytoplankton with Bacillariophyceae
dominancy in the Euphrates river between two ci(i@sMusayyab and Hindiya). Hassan et al. [7]
identified 145 taxa of phytoplankton in the Eupbgativer belonged to Bacillariophyceae, Chlorophgce
Cyanophyceae and other groups. Some other studieseming phytoplankton compositions in other
branches of Euphrates river (In Hilla River [8,8],Al- Shamiyah river [10], in Al-Hussainya riveL1]).
The present study aimed to study the diversity mliytoplankton in bani- Hassan stream in Karabala
province and to evaluate the water quality.

Materials and methods

Bani- Hassan stream is one of the maandires of the Euphrates river. Its length is 65&km
irrigates an area 114,000 thousand acres withimtrprovince[12]. Five sites were selected alirey
stream[Figure 1). All physical and chemical partareewere measured according to APHA[13), while
nitrite, nitrate, phosphate and silicate were deteed according to the methods described by Ragso
al.[14]. Volenweider[15] method was used to detagrthlorophyll-a. For the phytoplankton quantitat
study, the sedimention method used with louglelsition to preserve. Haemeosytometer method was
used for phytoplankton total number counting[18hytoplankton was identified following referendes
18, 19;20]. Two biological biodiversity indices weetalculated in this study. Shannon —Weaver Indgx|[2
and Chandler scores[22]. The statistical analysss wsed by applying CANOCO program[CAA) to
clarify the relationship between the physicocheirpesameters and phytoplankton.

Figure 1. Map of the studied area

Results and discussions

Results of physicochemical parametenevgemmarized in table 1. The Air and water tenpeea
ranged between 4°C and 40°C for air, while 9.8%®& °C for water. pH results indicated that ttreasn
was characterized as slightly alkaline as othegilraquatic ecosystems[23, 24]. The stream was
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oligohaline according to Reid classification in alithe present results of the electric conductiiiZ)

and salinity (S%o) ranged 989-1440 uS /cm and 0.88%, respectively. The statistical analysis sbdw

a positive correlation between EC, S%. and totadalised solids and this agreed with another study[25
The values of both total dissolved solids and tstepend solids ranged as follows 480-703 mg/ICa28-
81.03 mgl/l, respectively. Both values were incrdaseDecember 2013 that may be due to eroding the
large amount of mud from the surrounding landsghLipenetration and water flow ranged between 30 -
215m and 0.1-1 m/Sec. No anoxia recorded in thidys the stream has a good aeration and oxygen
concentration levels were above 5mg/l and up tont? during the study period. Biochemical oxygen
demand (BOD5) ranged 0.56-4.80 mg/l. Total alkglinvialues (95-137 mg CaCO3/l) indicated that the
stream was slightly alkaline and belonged to bioadbe ions and this results noticed in Iragi aguati
ecosystems[23;26;27]. According to Lind[28) theesatn considered as hard water. Hardness concengatio
ranged 138-493 mg CaCOgJ/l. calcium and magnesiulnesaranged 41-182 mg/l and 9-86 mgll,
respectively.. Only one time the magnesium cone#iotr over calcium concretion, may be due to the
consumption of calcium ion by phytoplankton alsanbined with other ions to produce dissolved

compounds in water[26; 29] and this result agreigis another Study[30].

The surface water nutrient levels ranged as follow63-17.03 pg/l, ND-5.05 pg/l, 2.6-97.90 ug/l for
phosphate, nitrite and nitrate respectively, wttile silicate ranged 0.01-5.03 mg/l. The highestiealf N:

P recorded in April 2013, while the lowest valueaieled in November 2013.The highest concentratfon o
nutrients might be due to discharge of agro-indalsaind municipal discharge[31].

Table 1. Range (MeantSD) of physicochemial and biologicabpeeters of Bani-Hssan stream during the
study period.

Parameters Sites

1 2 3 4 5

Air temperature 4-29 (20.16+1.12) 11-34 (23.25+1.12) | 12-34 12-37 13-40

(°C)

(23.97+1.26)

(26.83%(1.21)

(29.22+(1.47)

Water temperature | 9.5 - 9.7-29.1 10.4 -29.2 10.5-29.7( 10.7 -29.8
(°C) 29.4(12.28+1.05) (21.0941.02) (21.86+1.04) 21.79+1.02) (22.19+ 1)
pH 7.3-8.3 8.4- 7.4(7.8+0.05) 8.5-7.5 8.6-7.5 8.6-7.4
(7.7510.05) (7.8910.05) (8.03+0.06) (8.0610.06)
ElectricConductivity | 990 — 1386 990 -1440 996 - 1380 1040 -1350 1003 - 1380

(uS/cm)

(1173.61+18.4)

(1178.06+ 19.8)

(1115.2+18.23)

(1169.17+16.02)

(1163.8+19.04)

Salinity %o

0.63-0.88
(0.73£0.01)

0.63-0.9
(0.73£0.13)

0.63 - 0.8 (0.72
+0.01)

0.88-0.7
(0.73£0.01)

0.88- 0.6
(0.71+ 0.02)
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Total dissolved 480 - 670 480-700 490 -680 510 - 690 ( 510 -680
solid TDS(mg/1) (574.5+8.7) (577.549.73) (568%9.04 579.248.65) (573.8+9.17)
Total suspended 7.14-50.4 1.9-50.0 0.28-70.9 0.56 -68.6 0.57-81.03
solids TSS(mg/1) (20.55+2.6) (23.05£2.69) (22.64+3.35) (29.02+10.3) (19.02+3.9)
Light transmittance | 60- 80 (69.1110.92) | 37- 215 38-190 30-170 30-120

(cm) (86.6617.71) (107.1349.78) | (102.43+7.45) (86.03+4.79)
Water flow (m/sec.) | 0.4-1.0(0.6610.03) | 0.2-0.7 (0.9310.02) | 0.1-0.7 0.1-0.7 0.3-0.6
(0.83+0.38) (0.35+0.14) (0.63+0.02)
Dissolved oxygen 6.0-12.7 5.4-12.6 5.8-12.3 5.6-11.9 5.8-12.8
(mg/1) (8.35+0.35) (8.32+0.37) (8.44+0.36) (8.12+0.34) (8.86+0.29)
BODsmg/I 0.7-4.5 (2.730.71) | 0.6-4.8(3.25+0.37) | 1-4.2 1.2- 0.8-4.6
(2.99+0.35) 3.5(2.50+0.24) (2.86+0.29)
Total alkalinity (mg | 97.3-135.6 95.6-132.3 97.0-136.0 99.6-137.0 99.0-133.3

CaCo3/L)

(122.58+2.02)

(120.11+2.19)

(121.3+2.19)

(119.27+1.97)

(119.3+2.18)

Total Hardness (mg
CaCo3/L)

172-460
(342.7+10.22)

182-466.6
(344.03+11.26)

162.6 -453.3
(384.7+11.89)

138.6-493.3
(347.03+14.31)

143.3-418.6
(336.97+10.45)

Calcium (mg3/L)

41.9-180.0
(117.5%5.17)

59.03-165.3
(115.5+4.26)

63.5-165.3
(116.14+5.02)

71.5-182.6
(111.28+5.09)

70.4-166.6
(111.71+4.91)

Magnesium (mg /L) | 16.574.4 9.4-82.5 9.4-76.4 29.8-86.4 28.2-75.7
(56.11+1.75) (57.43+1.90) (60.16+1.99) (60.27+2.47) (56.3+1.94)
Phosphate (pg/L) 0.15-16.46 ( 0.05-17.03 N.D-15.26 N.D -15.96 N.D-16.46
5.89+1.12) (4.87+1.12) (5.2741.0) (5.54+1.07) (4.94+1.07)
Nitrite (ug/l) 0.46-5.06 0.22-4.6 N.D-3.9 N.D-3.9 N.D-205
(1.90£0.25) (1.32+0.21) (0.98+0.19) (1.19+0.18) (0.76+0.12)
Nitrate (pg/L) 9.13-97.4 2.62-86.6 (32.43+ | 3.53-95.5 5.63-76.93 5.23-97.93

(37.07+4.29)

6.6)

(33.38+4.65)

(28.643.66)

(28.60+4.37)

Silicate (pg/L) 0.23-1.83 0.09-3.56 0.4-3.13 0.01-3.56 0.02-5.03
(0.23+0.09) (1.2940.17) (1.370.15) (1.290.16) (1.37+0.25)
Chlorophyll -a 0.01-3.7(1.82+0.33) | 0.18-7.3 N.D -4.0 N.D-7.7 N.D-1.
((ng/L) (1.69£0.34) (1.400.25) (1.170.39) (0.710.12)
Phyophyten ((pg/L) | N.D-3.7 (1.41#0.27) | N.D-3.5 0.26--4.2 0.33-4.13 N.D-3.6
(1.48+0.29) (1.92+0.03) (1.83+0.29) (1.07+0.24)
Total No. 1512.4- 2420.6- 252.06 905.2- 200.8 975.9- 181.2 673.53-185.9
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Phytoplankton
cell.103/ L)

)

253.4(750.89+65.90

(749.18+155.66)

(507.99+39.18

(543.11+38.27)

(350.35+24.43)

A total of 136 species of phytoplanktoeldmged to 65 genera were identified throughout the

sampling period. Six classes of phytoplanktonawsatiin this study, where the Bacillariophyceae tires

dominant class among the other classes (Table.Bacillariophyceae was represented as 79 species

belonged to 29 genera, 9 species of centric diatomdghe rest was to pennate diatoms. Other clagses

represented as follows: 34, 17, 2, 3,1 and 1 foto©phyceae, Cyanophyceae, Euglenophyceae,

Dinophyceae and Cryptophyaceae, respectively (Eigur

Table 2. Number of species (S) and genus (G) of identifyghgtoplankton in each studied sites.

Sites 1 2 3 4 5

S G S G S G S G S G
Classes
Bacillariophyceae 55 24 65 24 66 23 46 22 30 17
Centrales 8 3 7 3 7 3 5 3 4 2
Pennales 47 18 58 21 59 20 41 19 26 15
Chlorophyceae 25 15 26 18 21 15 19 15 25 18
Cyanophyceae 12 8 15 10 10 8 9 8 10 8
Euglenophyceae 2 2 0 0 0 0 2 2 0 0
Dinophyceae 3 3 3 3 1 1 2 2 2 2
Cryptophyceae 1 1 1 1 1 1 0 0 1 1
Total 98 50 110 56 99 48 78 49 68 46
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Figure 2. Percent of phytoplankton classes in the studiexs sit

Some genera were predominating throughout thelysperiod, such asCyclotellg Aulacoseira

CocconeisCymatopleuraNitzschia Cymbellgand Oscillatoria.
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Spatial and temporal variation of totalmber of phytoplankton noticed during the presauats
(Figure 3). The total number of phytoplankton refeat the lowest and highest values (0.18 %ar 2.42
x 10° individual/l) at sites4 and 2in January 2012 andyN2013, respectively (Figure 3). Two peaks of
total number of phytoplankton noticed during theirggp and autumn months of the study period. These
results might be due to an increased nutrient auregons in consistent with agricultural activétien
spring in Iraq[32]. Chlorophyll-a, and phaeophytamged 0.02-7.70 pg/l and 0.01-4.20 ug/l, respelstiv
The chlorophyll-a concentration result indicatéttthe stream was considered as oligo-mesotrophic
according to Felfldy[33]. In this study noticed an incompatibili§ chlorophyll-a with the total number
of phytoplankton and perhaps the reason was théndmire of Bacillariophyceae[34]. Spatial variatian
identifying phytoplankton (table 2 and 3) wherefeliént species (genera) recorded in the studied si$
follows: 98 species (50 genera), 110 species &tei@), 99 species (48 genera), 78 species (49aene
and 68 species (48 genera) in sites 1, 2, 3, Sarabpectively (Table 3).

2500 I A
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Figure 3. Monthly variation of total number of phytoplankt¢f) and its Chlorophyll-a (B) in the studied
sites.
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Table 3. Identified phytoplankton with Chandler’s signsinrB&lasssann stream during the study period.
Present: P, Frequent: F, Common: C, Abundant: A; &bundant: V (followed Chandler, 1970).

Sites 1 2 3 4 5
Taxa

CYANOPHYCEAE

Anabaena sp. P ) P =) =)
Aphanocapsa sp. F P P - -
Chroococcus limnaticus var. elegans G.M.Smit F F P F P
C. turgidus(Ktz.)Naegeli - F - - -
Lyngbya Perelegans - P P p P
Gomphosphaeria aponin@{utzing) P P P p P
Merismopedia elegans - [ - p B
M. glaucdEhr.) Naegeli F P [5)
M.tenuissima lemmermannn P P - - -
Microcystis aeruginos&utzing P P P F P
Nostok sp.

Oscillatoria amoena(Ktz.) Gomont - F - P P
O. limnetica Lemmermann - C F C F
O.limosaRoth Agardh F F - - -
O.miuima Gicklhorn) C F - _
Oscillatoria sp. F - - - F
Spirulina LaxaG.M.Smith P P =] - -

Chlorophyceae

Actinastrum hantzschiiagerhein P F p F P

A.falcatus(Corda) Ralfs C - - F E
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A.sp P P
Botryococcus protuberans P
Chlamydomonas sp. - P
Chlorella vulgarisBejerinck C F
Chlorococcum humicolalaeg. - P
Coelastrum microporum (Nageli) - P
C. reticulum (Dang.) Senn P
Coelastrum sp F -
Cosmarium granutum F

C. leaveRabenhorst -
Cosmarium sp P
Crucigenia tetrapedid{irchner) F
Dictosphaerium pulchulum F
Micractinium pusillum (Fresenius) - P
Mogeotia sp. F F
Kirchnersella obesa - -
Large hemiacitiata P

Oocystis sp P
Pandorina morungfMuell)Bory F P
Pediastrum simplekleyen - F
Scenedesmus acuminatuag.) Chodat F

S. acuminatusar.tetradesmoides -

S. arcuatug.emm - P
S.bijuga(Turb.)Lagher - F
S.dimorphugTurb.)Ktz. - P
S. intermedius Chodat P -
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Scenedesmus sp.

Selanastrum sp.

Spirogyra subsalsa

Staurastrum sp.

Tetraedron minimurhlansgirg

Euglenophyceae

Euglena sp.

Trachelomonas sp.

Dinophyceae

Dinobryon sertularia(Ehrenberg)

Glenodinium quadriden

Peridinium sp.

Cryptophyceae

Chroomonas sp

Bacillariophyceae

Centrales

Aulacoseira granulatéEhrenb.) Simonsen

Melosira. variansAgardh

Cosinodiscus sp.

Cyclotella atomug$iustedt
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C. comtdEhrenb.) Kutz. P - - =)
C. kuetzingian&@ hwaites C F F -
C. meneghinian&itz A C C C
C.ocellataPant \Y, Y A C C
Stephanodiscus dubi(Bricke) Hustedt F F F -
Pennales

Acanthoceras zachariaBirun.Simonsen - - - P
Achananthes affini€runow P F F P
A. hungarica (Grunow) Grunow P P P -
Amphora ovalisKutz) Ktz - [3 3 E
Amphora venet&tz. - F - P
Amphora sp. - ) E E
Anomoeoneis exilikitz. - P - -
Asterionella Formosa Hass. F P P -
Bacillaria paradoxaGmelin P - [3 )
Caloneis ventricosgEhr.) Meister - P [ -
Cocconema cistula Hempr. P F F F
Cocconeis pediculughernb. C C P A
C. placentulavar. euglypta(Ehr.) Grunow C C C C
Cymbella caespitosa (Kutzing) Brun - P [3 [3)
C. gracilis (Rabenh.) Cleve F P F P
C. leptocerogEhrenb.) Kitz. F F P C
C. prostrata(berk.) Cleve F F F -
C. parva(W.Sm) Wolle P F F P
C. stomatophora Grunow F F P F
Cocconema fusidiufhrenb. P C P C
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Diatoma hiemal¢Roth)Heib. - - P - -
D. vulgareBory C C C C F
Diploneis ovaligHilse)Cleve P F [5) - -
Eunotia curvata (Kutz.) Largerst. - F - F _
Eunoia sp. - 3 P _ _
Fragilaria crotonensiKitton - F F P -
Fragilaria sp. P - P - -
Gomphonema olivaceum (Hornemann) Brébisspn F F C P -
G. angustatum var. productum Grunow - F F F F
G.gracileEhernberg P - [= p N
G.intricatumKuetzing P - [ - -
G. constrictunEhrenberg - P [ - P
Gomphonema sp P - 3 E P
Gyrosigma acuminaturfiKutz) Rabenh. P P F F -
G. scalproidegRabenhorst) Cleve F P P - -
Gyrosigma sp. - P P -
Hantzschia amphioxy&hr.) Grunow P - P - -
Mastogloia elliptica(Ag.) Cleve P - - - P
Navicula gracilis Ehrenb. P F P p -
N. gibbula Cleve F P F P -
N.cuspidata Kutz) Kitz - P P - -
Navicula sp. F F [) F -
N. halophila (Grun.) Cleve P P F P P
N. parva Ralfs - 3 - - _
N. radiosaKtz. - - P P _
N.tuscula Ehrenb. - F - p P
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Neidium affing Ehr.)Pfitz - =] F - R
Nitzschia acicularigktz.)W.Sm. F P - - -
N amphibia Grunow F F P P P
N. gracilisHantzsch F P P C F
N.hungarica Grunow - P F F -
N.intermediaHantzsch F P [5) - -
N. longissimgBerb.)Ralfs F F F F C
N. obtusaW. Sm. - =] p - N
N. palea (Kitz) W. Sm F F C - -
N. romanaGrunow P P F F -
N. sigma (KutzyW.Sm. F F F p -
N. sigmoidegnitzsch)W.Sm. P F F - P
Nitzschia sp . F - F C C
Pinnularia sp. P P P - -
Rhoicosphenia curvatgutz.) Grunow P F - - B
Rhopalodia gibba (Ehrenb.) O. Muill. - - P P -
Sphinctocystis libriligEhrenb.) Hassal C C F C F
Surirella ovalisBréb. P [ P [= E
Synedra affinis Kitz. P P - - F
S. acuKtz. F F F F F
S. capitateEhrenb. P - - - -
S. ulna (Nitz.Ehrenb. C C C F F
S. pulchella Ralfs F P P - -
Syandra sp. F - P - _

Cyclotella ocellatand C. meneghiniangredominate species during the study peri@ ocellata

found in alkaline aquatic ecosystems and considaselio-indictors for olighotrophic aquatic ecosyss
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[35, 36]. The presence of some genera sudbsadllatoria, LyngbyaandEuglenamight be indication of

organic pollution[1).

Four biological diversity indices were used in thisidy and ranged as follows:(3.4 -3.9200 -3.80),

(61% - 36%)for richness, Shannon and Jaccard sitgiladices, also the Chandler score was used.

The CCA analysis showed the effgficenvironmental parameters on phytoplankton diwer
This study will discuss only the main phytoplankiproup (Baciallariohyceae). In figure 4 explairatth
Cyclotella kuetzingianaCycl.K) was affected highly significantly by tempéure and water flow.
Aulacoseira granulat€yclotella.ocellata Nitzschia.hungaricdiatoma vulgar and Gyrosigma
scalpriodénave positive correlation with calcium while meneghinianahowed a positive correlation with
total hardness, total alkalinity and pH. The faling specieCymbella cistulaCymbella affinis Diatoma
hiemale Navicula graciliss Nitzschia sphave a positive correlation with nitrate and terapge and a
negative correlation with total hardness. Othercsse@sterionella FormosaSurirella ovalisFragilaria
affinis, Gymphoneis olivaceumshowed a positive correlation with nitrate, phleste, silicate and
temperature. While the following speciesDiatoma vulgare Gyrosigmascalpriodes and
Nitzschia.hungaricavere correlated positively with water temperatarel water flow while a negative
correlation with total alkalinity and total dissel solids. Light penetration, dissolved oxyge®5 and
total dissolved solids witiNavicula spand Bacillaria faxillifer, while a negative correlation noticed with
water flow. Nitzschia longissima, Navicula gracilfschnanthes hungarigaCymatopleura solgaand
Gyrosigma sphave a positive correlation with total dissolvedids, salinity (S%.) and total hardness while
a negative correlation noticed with nitrate, chfgrgll-a and total suspended solids. Synedra sp stiaw

positive correlation with total hardness.
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rag..

Figure4: CAA analysis of effect of environmental parametans Bacillariophyceae. Ph: pH, EC : Electric
Conductivity, TDS: Total Dissolved Solids , TSRital Suspended Solids, Art:  Air Temperature,1 wt
:Water Temperature , Dol: Dissolved Oxygen, BODRBiochemical Oxygen Demand, Tal : Total
Alkalinity, Th1: Total Hardness, Cal: Calciurivjgl: Magnesium, Sal : Salinity, Wfl1 : Water Ww|o
Wcl: Light penetration, Po4: Phosphate, NoZrifdi, No3 : Nitrate , Sio3: Silicate ,Chl1 : ©hbphyll-

a, Phy: Phytoplankton Total Number. Other abbréetare the initials of algae species.
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