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Abstract: The composition of phytoplankton species thriving in Wadi Al-Arab Dam Reservoir, Jordan and their seasonal variation in
relation to water ecology were studied between February 2001 and February 2002. A total of 75 species of phytoplankton were
identified: Bacillariophyceae (diatoms) contributed with the highest number of taxa (39) followed by Chlorophyceae (23),
Cyanophyceae (9), and Dinophyceae (4). Diatoms constituted 52% of the total phytoplankton flora of the reservoir and the most
common species were Synedra ulna, Cymbella affinis, and Cyclotella meneghiniana with pennate and centric diatoms being the
dominant species in May and October-November, respectively. Although Chlorophytes occurred most of the year, they contributed
with less species to the total flora. During the summer, their occurrence was considerably reduced with dominant species of
Pediastrum, Scenedesmus, and Cosmarium. Cyanophyceae dominated the phytoplankton population in summer and maintained high
biomass. Dinophyceae was by far the most important group with Peridinium sp. as the most significant species thriving in the
reservoir. Peridinium sp., Peridinium cinctum, with Ceratium hirundinella, and Gymnodinium sp. appeared occasionally in low
numbers.
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Urdiin’deki Wadi Al-Arab Barajindaki Fitoplankton Tiirleri Kompozisyonu ve
Mevsimsel Degisiklikler

Ozet: Urdiin'deki Wadi Al-Arap barajinda yetisen fitoplankton tiirleri ve su ekolgjisi ile iliskisi Subat 2001-2002 zamanlari arasinda
calisiimigtir. 75 farkli fitoplankton tdrd tanimlanmistir: En fazla taksa ya sahip Bacillariophyceae (39) (diatome) grubunu
Chlorophyceae (23), Cyanophyceae (9), ve Dinophyceae (4) takip etmistir. Diatomeler barajdaki fitoplankton florasinin 9% 52.0’sini
olusturur ve en yaygin tirler Synedra ulna, Cymbella affinis, ve Cyclotella meneghiniana. Pinnat ve sentrik diatomeler Mayis ve Ekim-
Kasim'da dominant tlr olmustur. Her ne kadar Klorophytler yilin her zamani olsalar da toplam floraya katkilari azdir. Fakat,
Klorofitler toplam fitoplankton biokiitlesine ya da verimlilige ve ¢zellikle Mart ve Mayis aylarinda Chiorella, Chlamydomonas, ve
Staurastrum gracile yaygin bulundugu zamanlarda klorofil a konsantrasyonuna katkida bulunurlar. Yazin bulunma sikliklari baskin
olan Pediastrum, Scendesmus ve Cosmarium. Cyanophyceae varligi ile azalir ve yiksek biokitle olusur. Peridinuim sp. ile barajdaki
en 6nemli gruptur. Peridinium sp., Peridinium cinctum, ile Ceratium hirundinella ve Gymnodinium sp. nadir olarak ¢ok az sayida
go6zlenir. Barajdaki tlrlerdeki degisimler ve hicre sayisi bunlarin besinlerden ziyade diger faktorlerden etkilendigini gostermektedir.
Clnku bunlar butin yil boyunca ylksek konsantrasyonlarda bulunmaktadir.

Anahtar S6zcUKler: Wadi Al-Arab baraj golu, Fitoplankton, Mevsimsel degisi

bodies, particularly in lakes. Therefore,

species

In the study of reservoir water quality, phytoplankton
ecology, productivity, and species composition are of
special importance as they play a prime role in the
biological and chemical characteristics of natural water (1-
3). Reservoir water quality and productivity are
controlled to a large extent by the quantity and quality of
external nutrient loading (4, 5). Algae are the dominant
component of the primary producers in many water

composition and community biomass are affected by the
growth and loss rates of individual species that are
determined by the availability of nutrients (6, 7).

Studying the composition of plankton species is also
important in lakes and reservoirs as some species have
significant role in determining water quality (8). Such
species might produce unpleasant taste and odor, or may
be toxic and harmful. Specific differences in nutrient
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requirements, rates of nutrient uptake, and growth
temperature preferences result in seasonal succession of
dominance of different phytoplankton groups (9-13).

No long term studies of phytoplankton productivity
and distribution were conducted in most Jordanian
freshwater bodies. Therefore the present study
concentrates on the biological parameters prevailed in the
Wadi Al-Arab Lake as they have a large potential effect on
water quality. This includes the phytoplankton microflora,
thus a floristic list of the phytoplankton species thriving in
the dam water and their seasonal variation are
introduced.

Study site

Wadi Al-Arab Dam (Reservoir) is located in the
northern part of the Jordan Valley, on the east bank of
the Jordan Rift Valley, about 10 km south of Lake
Tiberias, and 25 km from Irbid City. The reservoir water
comes partially from the King Abdallah Canal and from
precipitation. The reservoir water is used to irrigate about
3125 ha from Al Shuna to Al Baqura. It also serves as a
drinking water source during the periods of water
shortage by draining to King Abdallah Canal (14).

The principal features of Wadi Al-Arab Dam Reservoir
are summarized as follows: reservoir catchment area is
262 km®with gross, effective, and dead storage capacity
of 20.0, 16.9, and 3.1 million cubic meters, respectively.
The estimated precipitation per year is 7000 mm®and the
annual total discharge is 33 million cubic meters (15).

Materials and Methods

One sampling station was selected for investigation.
The station represents the open water area and was
located in the middle of the reservoir. One sample per
month was collected from February 2001 to February
2002. Samples were taken from a depth of 20-30 ¢m
below water surface using a 20 pm standard
phytoplankton net (Hydrobios, Japan). Samples were
preserved with formalin until the time of examination.

Species identification of non-diatom flora was made
from formalin-fixed samples, wusing a Nikon
photomicroscope (Nikon, Japan) according to appropriate
keys and monographs given by Presscot (16) and
Kromakova and Cronberg (17). Diatoms were identified
as described by Gerloff et al. (18) and Krammer and
Bertalot (19). Diatoms were first cleaned by boiling with
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30% hydrogen peroxide and mounted in Naphrax
(Award’s Biology, USA). Photos of algae were taken with
a Konica camera (Konica, Japan). Samples were preserved
with Lugol’s iodine for long term use.

Results and Discussion

Phytoplankton periodicity still remains as one of the
most discussed topics of freshwater research, mainly
because of many unresolved issues on phytoplankton
ecology (20, 21). In Wadi Al-Arab reservoir, different
modes of periodicity was seen which is in line the
abundance of certain species and their turnover.

Phytoplankton composition and species diversity

A total of 75 species of phytoplankton were identified
during the study period. A list of all species recorded with
their abundance and distribution is given in Table 1. The
most common and dominant species are shown in Table
2. As seen in the tables, Bacillariophyceae contributed
with the highest number of taxa (39) followed by
Chlorophyceae (23), Cyanophyceae (9), and Dinophyceae
(4). Photos of the most common phytoplankton taxa are
given in plates 1-7.

Bacillariophyceae

Diatoms contributed considerably to the overall cell
count as well as to species composition. They constituted
52% of the total phytoplankton flora of the lake and the
most common species were Synedra ulna, Cymbella
affinis, and Cyclotella meneghiniana. Considerable
population of Nitzschia sp. (Plate 4,) was also observed.
Thirty- nine species of diatoms were identified with
pennate and centric forms being the dominant species in
May and October/November, respectively.

At a certain time of the year, they dominated the
phytoplankton population in terms of occurrence and
number of species identified. Their seasonality pattern
was clear throughout the year. In May 2001, they
dominated the population contributing almost 70% of the
total count.

During summer, diatoms were recorded in moderate
numbers, but another peak occurred in November 2001
when diatom population was dominated by the centric
diatom Cyclotella sp., whereas the Synedra ulna and
Fragilaria sp. were in considerably low numbers in the
wet months.



Table 1. Phytoplankton species composition dominancy in the lake (Ab: Abundant, C : Common, F : Frequently, R : Rare, Vr : Very rare).

I. SAADOUN, E. BATAINEH, A. ALHANDAL

Abundancy Abundancy
Cyanophyceae Caloneis silicula (Ehr.) Cleve. Ab
Anabaena wisconsinese Presscot C Caloneis permagna. (J. W. Bailey.) Cleve.
Chroococcus turgidus (Kitz.) Naeg. C Campylodiscus clypeus Ehr.
Chroococcus rufescens (Kiitz.) Naeg. F Cocconeis placentula var.euglypta. (Ehr.) Grun.
Gomphosphaeria aponina Kitz. F Cocconeis placentula var. lineata. (Ehr.) Cleve
Microcystis aeruginosa (Kitz.) Kitz C Cocconeis scutellum Ehr
Oscillatoria aghardii Gomont. F Cyclotella meneghiniana. Kitz.
Phormidium formosum (Bory) Anagnostids et Koméarek F Cyclotella striata. (Kitz.) Grun.
Oscillatoria tenuis C. Agardh. vr Cymatopleura solea. (Bréb.) W. Smith
Phormidium ambiguum Gomont. Vr Cymbella affinis Kutz.

Chlorophyceae

Actinastrum hanszschii Lagerheim
Ankistrodesmus falcatus (Corda) Ralfs
Chlamydomonas sp.

Chlorella sp.

Chlorococcum sp.

Cladophora sp.

Closterium dianea Ehr. ex rals
Coelastrum sp.

Cosmarium sp.

Cosmarium subtumidum Nords.
Crucigenia sp.

Pandorina morum (O. Mueller.) Bory.
Pediastrum sp.

Pediastrum boryanum (Turp) Menegh.
Pediastrum duplex Meyen

Pediastrum obtusum Lucks

Pediastrum simplex Meyen

Scenedesmus dimorphus (Turp.) Kitz.
Scenedesmus lunetus (W. Smith) Chodat.
Scenedesmus obtusus Meyen.
Scenedesmus quadricauda (Turp.) Bréb.
Spirogyra subsalsa Kitz.

Staurastrum gracile Ralfs.
Baccillariophyceae

Planothidium haukianum (Grun.) Round et Butiyarova
Amphora coffeaeformis (C. Agard). Kiitz.
Amphora holastica. Hustedt.

Amphora montana Krasske.

Bacillaria paxillifer (Kitz.) Hendey
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Cymbella aspera (Ehr.) Cleve

Cymbella helvetica Kitz.

Cymbella kiamensis Meister

Cymbella minuta Hilse

Cymbella tumida (Bréb.) Van Heurck
Fragilaria construens (Ehr.) Grun.
Navicula sp.

Craticula cuspidata (Kitz) D.G.Mann
Navicula cryptocephala. Kitz.

Navicula radiosa Kitz.

Nitzschia sp.

Nitzschia amphibia Grun.

Nitzschia apiculata (Greg.) Grun.
Nitzschia circumstua (Bail.) Grun.
Trybionella hungarica (Grun.) D.G. Mann
Nitzschia obtusa. W. Smith

Nitzschia parvula W. Smith

Pinnularia sp.

Rhopalodia gibberula. (Ehr.) O. Muller
Stephanodiscus astraea (Kutz) Grun.
Surirella brebissoni Krammer & Lange-Bertalot
Surirella ovalis Bréb.

Synedra ulna (Nitz.) Her

Synedra fasciculata. (C. Agardh.) Kutz.
Dinophyceae

Ceratium hirundinella (O. Mller) Dujardin
GQymnodinium sp.

Peridinium sp.

Peridinium cinctum (O. Muller) Ehr.
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Table 2. Common and dominant species of Wadi Al-Arab Dam Lake

Species

Period of dominance

Peridinium sp.
Microcystis aeruginosa
Chlorococcum sp.
Chlamydomonas sp.
Chlorella sp.
Cosmarium sp.

Found all over the period of the study but maximized in March, April 2001 and February 2002
Appeared in February, dominate in early summer forming blooms then decline
Found all the year, but maximized in summer months

Appeared in March, maximized in April 2001 and February 2002

Found in all summer months, but dominate in April and February2002
Increased in March and April, found in summer, then increased in October

Scenedesmus sp.
Pediastrum sp.

Synedra ulna

Cymbella aspera
Cyclotella meneghiniana
Nitzschia sp.

Increased in March and April, decreased in summer, then increased in December
Maximized in April, found during summer, then increased in beginning of winter

Appear in April but dominate in May and June 2001

Common in summer months while dominating in late October and November

Appeared in summer, but dominate in November
Appeared in May, showed increase from July to October
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Scale = 4 ym

7): All photos were taken under oil immersion (1000 x)

Plates (1-
1): 1. Peridinium sp., 2. Anabaena wisconsinense , 3. Peridinium cinctum, 4. Ceratium hirundinella, 5. Chlorococcum sp.

Plate (

Scale =4 pm

Plate (2): 1.and 2. Microcystis aeruginosa
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Scale =4 ym

Plate (3): 1. Scenedesmus dimorphus
2. Scenedesmus quadricauda
3. Scenedesmus obtusus

Chlorophyceae

Chlorophytes comprised 29.3% of the total numbers
of species recorded. Although they occurred most of the
year, they contributed with less species to the total flora.
However, chlorophytes contributed well to the total
phytoplankton biomass or productivity and chlrophyll a
concentration (data not shown), particularly during the
period between March and May when Chlorella,
Chlamydomonas, and Staurastrum gracile (plate 5, ,)
were the most common chlorophytes. This increase was a
result of a change in species composition from a mixture

I. SAADOUN, E. BATAINEH, A. ALHANDAL
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Plate (4): 1. Nitzschia sp.

of species in March into a clear occurrence of
chlorophytes Chlamydomonas sp. and Chlorella sp. that is
known to have a high chlorophyll a content in comparison
to other phytoplankton groups. During summer, their
occurrence was considerably reduced with dominant
species of Pediastrum (Plate 6 and 7) Scenedesmus (Plate
3,23 and Cosmarium (Plate 5; , 5). Chlorococcum sp.
(Plate 1) also was present most of the year as it can
tolerate lower temperatures, and dominated the
chlorophycean population only in September-October

period.
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Plate (5): 1 & 2. Staurastrum gracile
3. Cosmarium sp.

4. Cosmarium subcrenatum

5. Cosmarium subtumidum

Cyanophyceae

Cyanophyceae were significant in the lake in terms of
species density. They comprised 13.3% of the total
number of the identified species. As temperature
increased in summer (May-July), they dominated the
phytoplankton population and maintained high biomass
reaching the maximum in June and early July and then
declined in August. Microcystis aeroginosa (Plate 2, ,) and
Anabaena wisconsinese (Plate 1,) developed a surface
water bloom during May and June and then declined in
July.
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Dinophyceae

Dinophyceae were by far the most important group
with Peridinium sp. (Plate 1,) as the most significant
species thriving in the lake. Dinophyceae dominated
almost exclusively by a single species, Peridinium sp.,
Peridinium cinctum (Plate 1;) with Ceratium hirundinella
(Plate 1,) and Gymnodinium sp. appeared occasionally in
very low numbers. Peridinium sp. was recorded in high
numbers and showed a peak in March and April and
constituted 54% and 75% of the total cell count,
respectively. Such mode of seasonality of Peridinium sp.



I. SAADOUN, E. BATAINEH, A. ALHANDAL

Scale =4 pm

Plate (6): 1. Pediastrum boryanum, 2. Pediastrum duplex, 3. Pediastrum sp.1, 4. Pediastrum sp.2

Scale =4 pm

Plate (7): 1. Pediastrum simplex, 2. Pediastrum duplex, 3. Pediastrum obtusum

297



Phytoplankton Species Composition and Seasonal Variation at Wadi Al-Arab Dam Lake, Jordan

has also been observed in Turkwel Lake in Kenya (21).
The Cucumber smell of Peridinium sp. was very clear in
April along with a change in water color to brownish
green.

Acknowledgments

This research was funded by Jordan University of
Science and Technology, Grant No. 44/2001 and partially
funded by the Higher Council for Science and Technology

References

1.

298

Berman T, Yakobi YZ, Pollingher U, Lake Kinneret phytoplankton:
Stability and variability during 20 years (1970-1989). Aquat Sci
54: 104-127, 1992.

Champma JI, Reiss MJ. Ecology, Principles and Applications.
Cambridge University press, UK.pp. 330, 1998.

Al-Handal AY, Saadoun 1. Phytoplankton composition and
physical-chemical features of a hypertrophic reservoir in North
Jordan: King Talal reservoir. Rev Idriobiol 40: 305-320, 2001.

Zimba P. The use of nutrients enrichment bioassay to test for
limiting factors affecting epiphytic growth in Lake Okeechobee,
Florida: confirmation of nitrogen and silica limitation. Arch
Hydrbiol 141: 459-468, 1998.

Temponeras M, Kristiansen J, Moustaka-Gouni M. Seasonal
variation in phytoplankton composition and physical-chemical
features of the shallow lake Dorani, Macedonia, Greece.
Hydrobiologia 424: 101-108, 2000.

Blomaqyist P, Pettersson A, Hyenstrand P. Ammonium-nitrogen: a
key regulatory factor causing dominance of non-nitrogen fixing
cyanobacteria in aquatic systems. Arch Hydrobiol 132: 141-164,
1994.

AL Sawair A. The Effect of Nutrients and Current Velocity on The
Growth of Epilithic Algae in The Brenno / South Switzerland.
Thesis, Swiss Federal Institute for Environmental Sciences and
Technology press, Netherlands, 60 pp, 1999.

Gray NF. Drinking Water Quality: Problems and Solutions, John
Wiley and Sons, Chichester, 570 pp, 2008.

Reynolds CS. The Ecology of Freshwater Phytoplankton,
Cambridge University press, London, pp. 396, 1984.

Geider R, Macintyre L, Graziano L et al. Responces of the
photosyntheic apparatus of Dunaliella tertiolecta (Chlorophyceae)
to nitrogen and phosphorous limitation. Eur. J. Phycol. 33: 315-
332, 1998.

- Jordan. Appreciation is extended to the staff of Wadi Al-
Arab Dam Lake for their great help and support.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Corresponding author:

Ismail SAADOUN

Department of Applied Biological Sciences,
Joraan University of Science and Technology,
P.0. Box 3030, Irbid- 22110, Jordan

isaadoun@just.edu.jo

Krientz L, Hehmann A, Casper SJ. The unique phytoplankton
community of a highly acidic bog lake in Germany. Nova Hedwigia
65: 411-430, 1997.

Kotut K, Stephen G, Muthari M et al. The physico-chemical
conditions of turkwel George reservoir, a new man made lake in
North kenya. Limnogica 29: 377-392, 1999.

Lippemeier S, Hintze R, Vanselow K H et al. 2001 In line
recording of PAM floursence of phytoplankton cultures as a new
tool for studing effects of fluctuating nutrient supply on
photosynthesis. Eur J Phycol 36: 89-100, 2001.

Jordan Valley Authority Report, 1995. Wadi Al-Arab Dam

Reservair.

Jordan Valley Authority Report, 2002. Wadi Al-Arab Dam
Reservoir.

Prescott GW. Algae of the Western Great Lakes, Aren. Wm. C.
Brown CO., USA, 977 pp, 1962.

Kromakova-Hegnerova J, Cronberg G. Planktonic blue-green
algae from lakes in South Scania, Part 1. Chlorococcales. Arch.
Hydrobiol. Suppl. Algolical Studies 72: 203-225, 1994.

Gerloff J, Natour M, Rivera P. Diatoms from Jordan Ill. Nova
Hedwigia 39: 671-688, 1984.

Krammer K, Lang-Bertalot H. Bacilloriophyceae | and II. Gustav.
Fischer Verlg., Stuttgart, pp. 1-876 and 1-596, 1986.

Sommer U, Gliwicz ZM, Lampert W et al. The PEG-model of
seasonal succession of planktonic events in fresh waters. Arch.
Hydrobiol 106: (4) 433-471, 1986.

Kotut K, Krienitz L, Muthari M. Temporal changes in
phytoplankton structure and composition at the Turkwel Gorge
Reservoir, Kenya. Hydrobiologia 368: 41-59, 1998.



