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limnetica. Th ese genera of Cyanophyta are known for their ability to produce poten-
tial toxic substances especially Anabaena, Lyngbya and Microcystis (Sivonen and Jones 
1999, Carmichael 2001). Th ese species are also among the most abundant Cyanophyta 
in fresh and brackish waters (Huisman et al. 2005). Microcystis possesses gas vesicles 
that make them buoyant. Th is characteristic may have aided in the dominance of this 
species because it allows it to receive more light than species lacking gas vesicles (Seck-
bach 2007). Most of these dominant Cyanophyta prefer relatively alkaline, warmer, 
saline and nutrient-rich waters (Wehr and Sheath 2003, Al-Saadi and Sulaiman 2006). 

Figure 1. Major wetlands of southern Iraq indicating specifi c locations of marshes surveyed for phyto-
plankton assessment.

Table 1. Th e seven major wetland areas of southern Iraq.

Major Wetland Area Area Governorates

Hammar Marshes (HA) 20 fi eld sites covering 350,000 ha Th i Qar, Basrah
Central Marshes (CM) 24 fi eld sites covering 705,000 ha Th i Qar, Wasit, Missan
Hawizeh Marshes (HZ) Seven sites covering 235,000 ha Missan
Mesopotamian Marshes (MP) Four fi eld sites covering 30,000 Muthanna, Babil, Wasit
Seasonal Marshes (SM) Five sites covering 5,200 ha Missan
Shatt al-Arab Marshes (SA) Four sites covering 16,500 marshes Basrah
Khour al-Zobayr Marshes (KZ) Four sites covering 20,000 ha Basrah
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Th e Cyanophyta were followed in abundance by the diatoms, Chlorophyta and Pyr-
rophyta, as shown in Appendix 1.

During both the winter and summer 2006 surveys, Chlorophyta had the high-
est total counts (37,308.9 × 103 cells L-1 and 23,180.8 × 103 cells L-1 respectively). 
Th e Chlorophyta is known to occur primarily in freshwater. It was mainly dominated 
by Kirchneriella irregularis, Scenedesmus quadricauda, Monoraphidium contortum and 
Coelastrum astroideum. Non-motile chlorophytes were a component of the plankton 
community (e.g. Monoraphidium, Coelastrum and Scenedesmus). Under moderate con-
ditions, these species are most abundant in freshwater ecosystems especially during 
the summer, when light and temperature are near their seasonal maximum and nu-
trients become a limiting factor. Th e diatoms followed the chlorophytes during both 
seasons in terms of abundance (41,804.5 × 103 cells L-1) and were dominated by Cy-
clotella atomus, Cyclotella meneghiniana, Achnanthes minutissima, Fragilaria ulna, Fragi-
laria vaucheriae, Nitzschia gracilis, Nitzschia longissima and Nitzschia palea. Cyclotella 
meneghiniana is known to prefer relatively slow fl owing, saline and alkaline waters 
(Stoermer and Smol 2004).

Achnanthes minutissima was one of the dominant pennate diatoms probably be-
cause this species is physiologically more active than larger diatom cells. Th is would 
partly be due to its large surface to volume ratios (Allen 1977). Usually, dominant 
algal groups of nutrient-rich, temperate freshwater wetlands include pennate diatoms, 
typically genera such as Achnanthes, Fragilaria, Navicula and Nitzschia (Stevenson et 
al. 1996). In the winter 2007 survey, Bacillariophyceae/Pennales had the highest total 
count (29,674.2 × 103 cells L-1). Th e dominant species was Nitzschia palea, one of 
the most common species in this genus, which is often found in organically polluted 
waters (Palmer 1969). In addition, Oscillatoria limnetica was the main cyanophyte, 
Peridinium cinctum the main dinofl agellate and Kirchneriella irregularis the main chlo-
rophyte observed. In the summer of 2007 survey, the chlorophytes that had the highest 
total counts (54,473.4 × 103 cells L-1) were Kirchneriella irregularis, Scenedesmus quad-
ricauda and Monoraphidium convolutum.

Generally, in all of these surveys, the highest cell concentrations were in the Central 
Marsh, Hammar Marsh and Hawizeh Marsh (Table 2). Among the 24 sites in the Cen-
tral Marsh, those with the highest diversity were Al Kinziryi, the Al Hammar Area and 
Al Fhood. From the 20 sites in the Hammar Marsh, the most diverse site was Al Sal-
lal. Ojayradah was the most diverse site among the seven sites in the Hawizeh Marsh.

Th erefore, algal assemblages may diff er between restored and extant wetlands and 
could be valuable indicators of restoration success because algal species composition 
and diversity would diff er in low- and high-nutrient wetlands (John 1993, Mayer and 
Galatowitsch 1999 as cited in Stevenson et al. 2006). Sites obviously also revealed 
changes from summer to winter, associated with changes in nutrients, temperature and 
light intensity. Th erefore, changes in seasonality as shown by varying environmental 
variables could strongly aff ect phytoplankton variability (Abdul-Hussein and Mason 
1988). Variations in the annual temperature regime appear to be the major cause of 
temporal variability of phytoplankton in the area, as observed by Gayoso (1998).
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According to richness and diversity indicators, the authors observed that there is an 
improvement in water quality in the southern Iraqi marshes especially in winter. Th is 
may be attributed to the fact that in winter nutrient levels are higher due to seasonally 
higher rainfall and thus higher runoff  from the surrounding lands. Oxygen concen-
trations are also higher at lower temperatures. Canonical Correspondence Analysis 
(CCA) was used to elucidate the relationships between biological assemblages of the 
phytoplankton samples and their environment to determine the phytoplankton rich-
ness and diversity in the marshes. As a result, there was an increase in the phytoplank-
ton richness and diversity of these marshes, as illustrated in Figs 2 and 3.

Each object shape in Fig. 2 demonstrates a phytoplankton sample obtained during 
the surveys, indicating the diversity and richness during the fi ve surveys. Diversity and 
richness values of the fi rst two surveys during the summer of 2005 and the winter of 
2006 were scattered compared with the values recorded during the 2007 winter and 
summer, where they started to develop and increase in numbers.

Fig. 3 demonstrates that the phytoplankton diversity ranged between 1.6–2.1 dur-
ing summer 2005 and winter 2006, while diversity values became higher during the 
following surveys ranging between 2.1 and 2.4, meaning that the diversity increased. 

Figure 2. Seasonal phytoplankton diversity and richness in all sites.
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It is clear that the diversity during the fi rst two surveys was lower compared to the fol-
lowing surveys where the diversity began to even out and fl uctuate to a lesser degree. 
Th e increase in the phytoplankton diversity and richness were most likely related to the 
environmental conditions that also started getting more stable.

An important reason for the success of certain algal species in wetland habitats is 
their ability to tolerate variations in water level and desiccation. Water levels may fl uc-
tuate several times in a few months or persist for several years. Algae that are subjected 
to a variable moisture regime must have the capacity to adapt to tolerate the extremes 
of these environmental conditions (Wehr and Sheath 2003). Th us, many factors may 
contribute to phytoplankton diversity and production in wetlands, including nutrients, 
temperature, light, macrophytes, etc. (Stevenson et al. 1996). As in other water bodies, 
nutrient conditions, climate, and geology infl uence species composition but in wet-
lands, water level, plant composition and degree of mixing with other water bodies are 
also important for the phytoplankton community (Goldsborough and Robinson 1996).

In the southern Iraqi marshes, the authors observed that diatoms, Chlorophyta 
and Cyanophyta were the dominant phytoplankton groups, which agrees with the 
fi ndings of Goldsborough and Robinson (1996).

Figure 3. Seasonal phytoplankton diversity contour in all sites.
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Conclusions and recommendations

Th e main conclusions from these studies are:
Th e phytoplankton groups that dominate the southern marshes are diatoms, Chlo-

rophyta and Cyanophyta, with other groups having a low number of species;
In all sites of the southern marshes of Iraq studied, especially in the Central Marsh, 

Hammar Marsh and Hawizeh Marsh, phytoplankton richness and diversity increased 
from 2005 to 2007.

Based on these studies, several recommendations relevant to the management of 
the marshes of southern Iraq are made by the authors:

Phytoplankton should be used for ongoing biological monitoring and as indicators 
for organic pollution in the marshes;

Th e controlling factors infl uencing phytoplankton biomass may vary from sea-
son to season and phytoplankton biomass may be more sensitive and responsive to 
environmental variables in winter and summer as compared to autumn and spring. 
Monitoring programs should be fl exible to allow for adjustment to these changing 
environmental conditions;

Monitoring studies should focus on the main parameters that have the greatest 
eff ects on the phytoplankton community. Th ese are: light penetration, temperature, 
pH, water fl ow, nutrient levels and land use, in particular for water buff alo and cattle 
grazing.
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CYANOPHYTA
 Anabaena sp.
 Aphanocapsa sp.
 Aphanothece sp.
 Calothrix sp.
 Chroococcus dispersus
 Chroococcus limneticus
 Chroococcus minor
 Chroococcus minutus
 Chroococcus turgidus
 Chroococcus sp.
 Coccoid algae
 Gloeocapsa turgidus
 Gomphosphaeria aponina
 Leptolyngbya perelegans
 Lyngbya limnetica
 Merismopedia convolute
 Merismopedia glauca
 Microcystis aeruginosa
 Nostoc sp.
 Oscillatoria acuminata
 Oscillatoria amoena
 Oscillatoria amphibium
 Oscillatoria angustissimum
 Oscillatoria chalybeum
 Oscillatoria curviceps
 Oscillatoria earlei
 Oscillatoria geitleri
 Oscillatoria limnetica
 Oscillatoria limosa
 Oscillatoria minima
 Oscillatoria subberis
 Oscillatoria tenuis
 Oscillatoria tenuis var. natans
 Oscillatoria sp.
 Spirulina laxa
 Spirulina major
 Tolypothrix sp.

Appendix 1.

List of phytoplankton species identifi ed during KBA-South Survey 2005–2007

EUGLENOPHYTA
 Euglena acus
 Euglena convoluta
 Euglena minuta
 Euglena sp.
 Lepocinclis sp.
 Phacus gigas
 Phacus longicauda
 Phacus orbicularis
 Phacus sp.
 Trachelomonas sp.

PYRROPHYTA
 Dinobryon divergens
 Dinobryon sertularia
 Glenodinium quadridens
 Peridinium cinctum

CRYPTOPHYTA
 Chroomonas nordstedtii
 Actinastrum hantzschii
 Ankistrodesmus falcatus

CHLOROPHYTA
 Ankistrodesmus sp.
 Botryococcus braunii
 Botryococcus protuberans
 Botryococcus protuberans var. minor
 Botryococcus sp.
 Characium sp.
 Chlamydomonas sp.
 Closterium sp.
 Coelastrum astroideum
 Coelastrum microporum
 Coelastrum reticulatum
 Cosmarium formosulum
 Cosmarium hammeri
 Cosmarium setuiforme
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 Cosmarium subcostatum
 Cosmarium sp.
 Crucigenia tetrapedia
 Dictyospaerium sp.
 Kirchneriella irregularis
 Micractinium pusillum
 Monoraphidium contortum
 Monoraphidium convolutum
 Monoraphidium sp.
 Mougeotia sp.
 Oedogonium cardiacum
 Oedogonium sp.
 Oocystis sp.
 Ophiocytium bicuspidatum
 Pandorina morum
 Pediastrum boryanum
 Pediastrum duplex
 Pediastrum simplex
 Pediastrum simplex var. duodenium
 Pediastrum tetras
 Pediastrum tetras var. tetraodon
 Rhizoclonium sp.
 Scenedesmus abundans
 Scenedesmus acuminatus
 Scenedesmus acuminatus var. tetradesmoides
 Scenedesmus acutus
 Scenedesmus arcuatus var. platydiscus
 Scenedesmus bijuga
 Scenedesmus bijuga var. alternans
 Scenedesmus dimorphus
 Scenedesmus quadricauda
 Scenedesmus sp.
 Schoederia antillarum
 Spirogyra subsalsa
 Spirogyra sp.
 Staurastrum natator
 Tetraedron caudatum
 Tetraedron minimum
 Tetraedron regulare
 Treubaria setigera
 Ulothrix sp.

BACILLARIOPHYTA
 a-Centrales
 Chaetoceros sp.
 Coscinodiscus lacustris
 Coscinodiscus sp.
 Cyclotella atomus
 Cyclotella kuetzingiana
 Cyclotella meneghiniana
 Cyclotella ocellata
 Cyclotella radiosa
 Cyclotella stelligera
 Cyclotella striata
 Stephanodiscus astrea

b- Pennales
 Achnanthes affi  nis
 Achnanthes biasolettiana
 Achnanthes clevi
 Achnanthes conspicua
 Achnanthes hungarica
 Achnanthes lanceolata
 Achnanthes microcephala
 Achnanthes minutissima
 Achnanthes sp.
 Amphiprora alata
 Amphora coff eaeformis
 Amphora ovalis
 Amphora veneta
 Amphora sp.
 Aneumastus tusculus
 Anomoeoneis exilis
 Anomoeoneis sphaerophora
 Bacillaria paxillifer (also known as Bacil 
  laria paradoxa)
 Brachysira exilis 
 Caloneis bacillum
 Caloneis permagna 
 Caloneis silicula = Caloneis ventricosa
 Campylodiscus clypeus
 Cocconeis pediculus
 Cocconeis placentula
 Cocconeis placentula var. euglypta
 Cocconeis placentula var. lineata
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 Cymatopleura solea
 Cymbella affi  nis
 Cymbella affi  nis var. excisa
 Cymbella aspera
 Cymbella cistula
 Cymbella cistula var. maculata
 Cymbella cymbiformis
 Cymbella diff erta
 Cymbella leptoceros
 Cymbella microcephala
 Cymbella parva
 Cymbella prostrata
 Cymbella pusilla
 Cymbella sinuate
 Cymbella tumida
 Cymbella turgida
 Cymbella ventricosa
 Cymbella sp.
 Denticula sp.
 Diatoma elongatum
 Diatoma elongatum var. tenuis
 Diatoma tenue var. elongatum
 Diatoma vulgare
 Diploneis elliptica
 Diploneis interrupta
 Diploneis ovalis
 Diploneis pseudoovalis
 Diploneis sp.
 Epithemia sorex
 Epithemia turgida
 Epithemia zebra
 Epithemia zebra var. porcellus
 Epithemia zebra var. saxonica
 Eunotia formica
 Eunotia pectinalis
 Eunotia sp.
 Fragilaria acus
 Fragilaria acus var. angustissima
 Fragilaria brevistriata
 Fragilaria capitata
 Fragilaria capucina
 Fragilaria construens
 Fragilaria pulchella

 Fragilaria tabulata
 Fragilaria ulna
 Fragilaria ulna var. biceps
 Fragilaria ulna var. oxyrhynchus
 Fragilaria vaucheriae
 Gomphoneis olivacea 
 Gomphonema acuminatum
 Gomphonema angustatum
 Gomphonema attenuatum
 Gomphonema augar
 Gomphonema constrictum var. capitata
 Gomphonema gracile
 Gomphonema gracile var. turris
 Gomphonema intricatum
 Gomphonema intricatum var. pumila
 Gomphonema olivaceum
 Gomphonema parvulum
 Gomphonema sphaerophorum
 Gomphonema tergestinum
 Gomphonema turris
 Gyrosigma acuminatum
 Gyrosigma attenuatum
 Gyrosigma macrum
 Gyrosigma peisonis
 Gyrosigma scalproides
 Gyrosigma spencerii
 Gyrosigma spencerii var. nodifera
 Gyrosigma tenuirostrum
 Gyrosigma sp.
 Hantzschia amphioxys
 Mastogloia braunii
 Mastogloia elliptica
 Mastogloia elliptica var. dansei
 Mastogloia smithii
 Mastogloia smithii var. amphicephala
 Mastogloia smithii var. lacustris
 Navicula anglica
 Navicula atomus
 Navicula bryophila
 Navicula crucicula
 Navicula cryptocephala
 Navicula cryptocephala var. intermedia
 Navicula cryptocephala var. veneta
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 Navicula cuspidata
 Navicula gracilis
 Navicula oblonga
 Navicula parva
 Navicula pseudotuscula
 Navicula pupula
 Navicula pygmaea
 Navicula radiosa
 Navicula radiosa var. tenella
 Navicula rhynchocephala
 Navicula similis
 Navicula spicula
 Navicula sp.
 Neidium productum
 Nitzschia acicularis
 Nitzschia amphibia
 Nitzschia angustata
 Nitzschia angustata var. acuta
 Nitzschia apiculata
 Nitzschia clausii
 Nitzschia commutata
 Nitzschia cumutata
 Nitzschia dissipata
 Nitzschia fasciculata
 Nitzschia fi liformis
 Nitzschia fonticola
 Nitzschia frustulum
 Nitzschia frustulum var. perminuta 
 Nitzschia gracilis
 Nitzschia granulata
 Nitzschia hungarica
 Nitzschia inconspicua
 Nitzschia intermedia
 Nitzschia longissima
 Nitzschia lorenziana
 Nitzschia lorenziana var. subtilis
 Nitzschia microcephala

 Nitzschia obtusa
 Nitzschia palea
 Nitzschia punctata
 Nitzschia punctata var. coarctata
 Nitzschia romana
 Nitzschia scalaris
 Nitzschia sigma
 Nitzschia sigma var. rigidula
 Nitzschia sigmoidea
 Nitzschia umbonata
 Nitzschia tryblionella
 Nitzschia tryblionella var. levidensis
 Nitzschia tryblionella var. victoriae
 Nitzschia umbonata
 Pinnularia sp.
 Plagiotropis lepidoptera
 Pleurosigma angulatum
 Pleurosigma elongatum
 Pleurosigma obscurum
 Pleurosigma salinarum
 Pleurosigma sp.
 Rhoicosphenia curvata
 Rhopalodia gibba
 Rhopalodia gibba var. musculus
 Rhopalodia gibba var. ventricosa
 Rhopalodia musculus
 Rhopalodia parallela
 Stauroneis phenicenteron
 Stauroneis sp.
 Surirella angustata
 Surirella biseriata
 Surirella capronii
 Surirella ovalis
 Surirella ovata
 Surirella ovata var. africana
 Surirella robusta
 Tryblionella debilis




