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ABSTRACT

Limnological studies of Habra Watershed were carried out on
aquatic bodies of the coastal north-west Algeria. The Habra-Sigg
(Habra Watershed) forms a large basin in which two sampling
sites were chosen, the Mactaa Canal, a canal with connections to
the sea and the Habra Reservoir. Samples were taken monthly for
two years (1986-1988). Air temperatures were ranged from 14°C
to 31°C and water temperatures from 10°C to 30°C. Fluctuations
a Mactaa Canal were more than those of Habra Reservoir
regarding hydrogen ion concentration (6.8-8.1), oxygen
percentage saturation (54-125), biological oxygen demand (0.8-
11.8mg 1Y), total residue (3.39-25.3 mg 1Y), volatile matter
(1.03-16.95 mg |, chloride (1.35-10.40g I™), ammonium-
nitrogen (5.2-26.3 pg I™) and silicate-silicon (1.8-5.1mg 1),
whereas fluctuations were similar for current velocity (CV),
water  turbidity  (50-95mgl™),  electrica  conductivity
(2.6-10.22mScm®), dissolved oxygen (4.8-11.8 mg ™),
suspended solids (20.4-84.5mg 1™), dissolved organic matter
(3.53-21.76 PV (4h)mg 1Y), fixed total residue (2.65-12.49 mgl™),
nitrite-nitrogen (0.07-1.03 mg I™), nitrate-nitrogen (3.1-8.6 mgl™)
and phosphate-phosphorus (1.1-7.2mg I™). Magnesium hardness
at Habra Reservoir (1.70 mg I as CaCO3) and at Mactaa Canal
(1.57 mg I™* as CaCO3). Calcium hardness and total hardness
values were similar at both sites (0.7 and 2.4 mg I as CaCO3

respectively).
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INTRODUCTION

An initial study was carried out to determine limnological conditions at the
three main watersheds in western Algeria, which occupy the cultivated
lowlands near the Mediterranean Sea, and which had not been studied
previously. Very few studies have been carried out on Algeriain water
bodies (Gagneur and Kara, 2001). This paper deals with the Habra

Watershed (Habra Reservoir and itstributary, the Mactaa Canal). To the east
of Habra Watershed is the Cheliff Watershed (the Cheliff River and its
tributary, the Mina River), and to the west is the Tafna Watershed (the Tafna
River and its tributary, the Remshy River), for more details of the project
please seefirst part of this study (Al-Asadi, et al. 2006) of thisissue.

STUDY AREA

Algeria is one of the second largest countries in the continent of Africa,
having an area of 2,381,745 km?. Most of the area is desert (Great Western
Desert), but the Mediterranean coastal belt of the north (12%), is formed of
tells and plains, and extends from the Tassala Mountains in the west to the
Dhahra Mountains in the east. This area (around 1.6 million ha) isirrigated
by three main water sources, the River Cheliff, the Mactaa (Habra)
Reservoir and River Tafna (Ayoun, 1985).

Habra Water shed and the sites

The Habra Watershed is a Habra Reservoir basin which is a saline
geological depression on the plain of Habra-Sigg, the lower part (surface
area 1988 km2), IS used as areservoir. The plain of Sigg is delimited in the
west by a lower reservoir, and by Habra to the east. In a north-south
direction the basin passes through the canal of Mactaa and borders the Gulf
of Arizew.

Station 1, Mactaa Canal: A uniform water channel of 5-6 metres width and
3-4 metres depth. The site is open with no large trees, but some Tamarix,
Acacia and Atriplex were recorded. There is little tidal incursion into the
canal from the sea. This station is only 5 km from Arizew Gulf (Oran
Willaya), and is less than 80 m above sealevel.

Station 2, Habra Reservoir: On the Mactaa Canal near the Habra reservair,
it has similar characteristics to Station 1. It is mainly an open area but with
more shade from Tamarix trees. This station is 10 Km from Mohammadia

Town (Mascra Willaya) and the reservoir (surface area 1988 kmz) and with
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Figure 1: Map of the study area, Station 1(Mactaa Canal) and Station 2
(Habra Reservoir).

the Mactaa Canal. The sampling site is 25km from the Mactaa Canal
sampling site (Station 1). The site is more than 90 m above sea level.

Climatic Conditions: Algeria is characterised by hot summers and cool
winters (Gagneur & Kara, 2001). The temperature ranges from 11.6°C in
winter (January) to 32.7°C in summer (August). The rainfall, ranging from
5.8 mm in November and December to less than 0.1 in July and August, the
winds are usually north-western or south-western (Mejrab, 1988).

MATERIALSAND METHODS

Surface water samples were collected at bimonthly intervals between June
1986 and March 1988. Determinations were made of air and water
temperatures, current velocity (CV), light intensity (LI), water turbidity
(WT), electrical conductivity (EC), pH, dissolved oxygen (DO), oxygen
percentage saturation (OPS), biological oxygen demand (BOD), suspended
solids (SS), dissolved organic matter (DOM), dissolved CO,, HCO3; and
total alkalinity, total residue (TR), fixed total residue (FTR), volatile matter
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(VM), total- calcium- and magnesium-hardness, chloride, nitrite-nitrogen
(NO2-N), nitrate-nitrogen (NOs-N), ammonium-nitrogen (NH4-N), phosphate-
phosphorus (PO,4-P), silicate-silicon (SiOz-Si) (Al-Asadi et al., 2006).

RESULTS

The water temperature at both stations was less than that of the air
temperature. Minimum air was recorded at both Stations (14°C) in January
1987 and maximum one (31°C) in September 1987. The maximum water
temperature was recorded at both stations (30°C) in July, while the
minimum was recorded (10°C) at Station 1 in January 1987 (Figures 2).

Current velocity (CV) ranged between 11 cm s'to 135 cm st Light
intensity (LI) values showed similar variation and ranged from 2.7 W m?in
March 1988 to 50.1 W m in October 1986. Turbidity was the same at the
two Stations, with the highest value in March 1988 (95 mg I™*) and lowest

value in September 1987 (50 mg I'l). Seasonal fluctuations of electrical
conductivity (EC) at Mactaa (Station 1) were greater than at Habra
(Station 2) and ranged from 2.6 Scm™ in July 1987 to 10.22 Scm™ in May
1987 (Figure 2).

The hydrogen ion concentration (pH) values fluctuated little at either

station (6.8 - 8.1) but were mostly higher at Mactaa Canal than at Habra
Reservoir.
Irregular variations of DO values occurred during the study period, ranging
between 4.8 and 11.8 mg I™. OPS showed similar variation (Figure 3). BOD
values ranged between 0.8 mgl'1 in November 1987 to 11.8 mgl'1 in May
1987 at Mactaa Canal Station. Average values of BOD at Mactaa were
higher than at Habra. SS showed similar variations at the two Stations
(20 to 80 mg 1Y) (Figure 3).

Vaues of DOM varied between 3.53 mg I™* at Station2 in October 1986
and 21.76 mg |™* at Station1 in March 1987 (Figure3).

TR and FTR values showed a generally seasonal trend with maximum
values (25.3 mg 1™t in July 1987 and 14.88 mg I™ in May 1987 respectively
and minimum values 3.39 mg I* in March 1987 and 2.65 mg I in
November 1987 respectively (Figure 4). In the case of VM, the highest value
was recorded at Station 1 (16.95 mg 1) in Junel986, after which values
were generally low except for Mactaa in the later months of 1987, while the
lowest value was recorded 1.03 mg | ™ in January 1987. Average values were
dlightly less in the reservoir than in the canal for TR and VM, but more for
FTR.
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Water Turbidity
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Figure 2. Monthly variations of physical analysis at the Mactaa Canal
1988).
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Figure 3: Monthly variations of physico-chemical analysis at
the Mactaa Canal and the Habra Reservoir, during
the sampling period (1986-1988).




Ecological studies of three west algerin rivers 113

Total- calcium- and magnesium-hardness values were generaly low,
with the exception of March 1987 and 1988, when all hardness values
increased 3- or 4-fold. The value of calcium hardness was ranged from
(0.35 mg | as CaCOs3) in November 1987 at Station 2 and (1.63 mg I as
CaCOg) in March 1988 at Station 1. The magnesium hardness ranged (0.7
mg I™* as CaCOs) in January 1988 at Station 1 and (4.71 mg I as CaCQz) in
March 1987 at Station 2. Total hardness ranged (1.08 mg | as CaCO3) in
January 1988 at Station 1 and (25.3 mg I as CaCOs) in July 1987
(Figured).

The chloride content varied (1350 mg I in June 1986) at Station 1 to
(10400 mg I in May 1987) at Station 2 (Figureb). Values of NO»>-N were
ranged (0.07 mg/l at Station 1 in July 1987 to 1.03 mg/l at Station 2 in
January and minimum one), whereas NOsz-N varied relatively little
(3.1 mg/l in January to 8.6 ug/l at in March 1987 at the same station 1).
Values of NH4-N were consistently higher at Mactaa than at Habra (average
values 17.41 and 7.15 mg It respectively). Vaues of PO4-P were greatest at
both sites in the period May to September 1987, (7.2 mg/l in July 1987 and
1.1 in October 1986 respectively).

Values of SIO,-Si varied with season, within a narrow range (between
about 2 mg It in July at Station 2 and 5 mg It in March 1987 at Station 1)
(Figureb). Vaues of CO,, HCO3 and total alkalinity (not illustrated), varied
with season by a factor of 2, showing maxima in November 1987 and
minimain June 1986.

DISCUSSION

The water temperatures were consistently lower at the two Stations than air
temperatures. This may be due to the open nature of the sites. Seasonal
fluctuations of air and water temperatures followed each other closely
(Edington, 1966 and El-Sawy, 1988). The minimum water temperature of
both Stations was recorded in March 1987, which coincided with the
highest values of water turbidity were recorded in March 1987 and 1988.
These results are similar to those of Ibanez (1998) with higher turbidity
during the colder than in the wormer months, but they were in contrast to
the results of Hussainy (1967), Timms (1970), Antoine & Benson-Evans
(1988) and others, who suggested that turbid waters are warmer than clearer
ones under the same circumstances.
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Figure 4: Monthly variations of chemical analysis at the Mactaa Canal and

the Habra Reservoir, during the sampling period (1986-1988).
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Current velocity varied little with season in these slow-flowing water
bodies. At Habra Reservoir, there was an inverse relationship between
dissolved oxygen and the previous parameters (air and water temperatures,
water velocity, water turbidity and light intensity).

In this study of the Habra watershed, conductivity was, in general, very
high, compared with the other two watersheds, the Cheliff and Tafna (Al-
Asadi, 1991). This may be due to the fact that the study area lying in a
saline area. The conductivity at Mactaa was a little higher than upstream in
the Habra reservoir, which may be due to rock weathering
(Kimbadi et al. 1999).

The pH values of the water samples were more alkaline and fluctuated more
at the Mactaa than at the Habra, during the investigation period. These
values were within the range of pH 6.8-8.1, which would be expected for
natural inland waters (Sarker et al. 1980; Antoine & Al-Saadi, 1982,
Esho 1983). There was no clear seasona trend, and less variation at the
Habra site, during the sampling period. This may be due to complicated
reactions  between the minerds and the  phytoplankton
(Antoine & Al-Saadi, 1982; Antoine, 1983).

Irregular variations of both DO and OPS occurred during the sampling
period at both Stations. This was not the case in the Habra and Mactaa
water bodies, where current velocity varied little throughout the year. This
is in contrast with observations made by Saad & Antoine (1978, 1983);
Saad & Abbas (1985); and Esho & Benson-Evans (1984) in the Rivers
Tigris (Irag), the Rossetta Branch of the Nile (Egypt) and Ely (Wales, U.K),
respectively, where water flows were highly variable throughout the year.
DO show an inverse relationship with DOM, BOD, SS and chloride.

High BOD values were, in general, observed in the warmer months and low
ones during the colder months. These fluctuations were greater at Habra
than at Mactaa. Average values of BOD were higher at Mactaa canal than at
Habra Reservoir, may be due to accumulation of organic matter
downstream.

Fluctuations of SS are often dueto local conditions such aswind action,
rainfall, and inflow. Esho (1983) and Saad & Abbas, (1985) recorded
similar results on other rivers. SS values were high in warm months at the
two Stations, and this may be due to the increase in biomass in contrast to
Hynes’ (1970) results, which showed that most streams and rivers are
normally clear at low water. They become turbid during floods when
suspended matter and nutrients may be carried in. Highly variable values
for DOM were observed, probably due to local factors such as changes in
biomass, surface runoff, wind action and pollution, which tend to produce
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such local variations (Saad & Antoine, 1980, 1983). The maximum values
could have been due to allochthonous (Liaw & MacCrimmon, 1977), and
autochthonous sources (Fogg, 1958; Naewajko, 1962), or even due to
autolytic processes especially in March. In this respect, Weinmann (1970)
stated that low molecular weight organic substances such as amino acids,
monomeric sugars and organic acids can enter directly into the water, e.g.,
as excretion from the plankton. An important role is probably played by
heterotrophic microorganisms in the enzymatic hydrolysis of high
molecular organic compounds (Hoppe 1986).

There was a seasonal trend of TR, FTR and VM at the two Stations,
increasing in values during the warmer months and decreasing during the
colder months. Saad & Abbas (1984) found similar results on the Rosetta
branch of the River Nile, Egypt. Higher average values of TR and VM were
recorded at the Mactaa Cana than at the Habra Reservoir, while the
relationship was reversed in the case of FTR.

Higher values of total hardness and magnesium hardness were recorded
at Habra Reservoir (St.2) than at Mactaa Canal. This contrasted with
Antoine & Benson-Evans (1988), who showed a marked downstream
increase in total hardness during their studies on the River Wye, Wales,
UK. They attributed this to the accumulation of calcium and magnesium
carbonate from the catchments area. Higher chloride contents were recorded
at the Mactaa than at the Habra and this coincided with phytoplankton
numbers, and dissolved oxygen.

Ammonia, nitrite and nitrate were higher at Mactaa Canal than at Habra

Reservoir and these were never limiting to the growth of algae (Al-Asadi
1991). Jarvinen et al. (1999) found that increasing the amount of ammonia-
N had no effect on primary productivity also Karjalainen et al. (1998) stated
that the available nitrogen did not increase chlorophyll a concentration in
any experiments compared with the controls. There was no clear decline in
amounts of nitrogen sources during the study period. Antoine & Benson-
Evans (1985a, 1985b, 1988) reported a similar temporal fluctuation in the
River Wye, Wales, UK. Relatively higher nitrogen values were observed at
Mactaa than at Habra.
There was no clear marked downstream increase of PO4-P values in this
study. This may be due to there being no clear input from land drainage and
urban runoff at the Habra Station. Jarvinen et al. (1999) found that
increasing amounts of PO4-P could dlightly increase the primary
productivity. Higher averages of SiIO,-Si were recorded at Mactaa Canal,
than at the Habra Reservoir. A downstream increase was noted in most
riversin other countries.
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Generally there was a strong correlation between CO,, HCO3; and total

alkalinity, and all followed the same trend. Average values of CO, at Habra
Reservoir were higher than downstream at the Mactaa Canal. Norris et al.
(1980) observed significant temporal variation in free CO, concentrations
during their studies on the south Esk River in Australia and concluded that
itisnormally controlled by physical factors. Bicarbonate and total alkalinity
had positive relations with calcium hardness, magnesium hardness and total
hardness.

Acknowledgements

The first author would like to thank The Mostaganem University (MU)
and the Institute Technical Agriculture (ITA) for their help in allowing
them to carry out the physical and chemical analyses at their laboratories.

REFERENCES

Al-Asadi, M. S. 1991. Limnological Studies of six Algerian River sites.
Ph.D. Thesis, Cardiff University, U.K.

Al-Asadi, M. S;; Randerson, P.; Antoine, S. and Benson-Evans, K. 2006.
Ecological Studies of Three West Algerian Rivers: |. The River
Cheliff and its Tributary the River Mina. Marina M esapotamica

Antoine, S. E. 1983. Limnological investigation in the polluted Rabat Canal
and Shatt al-Arab, Basrah, Iraq. Nova Hedwigia, 37:497-518.

Antoine, S. E. and Al-Saadi, H. A. 1982. Limnological studies on the
polluted Ashar Canal and Shatt al-Arab River at Basrah (Iraq) -Int.
Revue ges. Hydrobiol. , 67: 405-418.

Antoine, S. E. and Benson-Evans, K. 1985a. Phycoperiphyton development
on an artificial substrate in the River Wye System, Wales, U.K. Part
1: Biomass Variation. Acta hydrochim. Hydrobiol. 13: 277-296.

Antoine, S. E. and Benson-Evans, K. 1985b. The epipelic algal flora of the
River Wye System, Wales, U.K. 1- Productivity and Total Biomass
Dynamics. Int. Revue ges. Hydrobiol. 70: 575-589.

Antoine, S. E. and Benson-Evans, K. 1988. Environmental and hydrological
characteristics of the River Wye System, Waes U.K. Acta
hydrochim. Hydrobiol. 16: 3-37.

Ayoun, A. K. 1985. Food Geography in Algeria. National Algerian Bureau.

Edington, J. M. 1966. Some observations on stream temperature. Oikos. 15:
265-273.

El-Sawy, A. E. S. 1988. Studies on the Chlorophyta in a variety of
Freshwater Habitats in South Wales, with Emphasis on the Genus
Microspora. Ph.D. Thesis, University College Cardiff U.K.



Ecological studies of three west algerin rivers 119

Esho, R. 1983. Studies of algae and sewage fungus in the River Ely. M.Sc.
Thesis, University College, Cardiff, U.K.

Esho, R. T. and Benson-Evans, K. 1984. Seasonal variations of dissolved
organic matter in the River Ely South Wales, U.K. Limnologica
(Berlin), 16: 9-14.

Fogg, G. E. 1958. Extracellular products of phytoplankton and estimation,
of primary production. Rappt. Proces-Verbaux Reunions, Conseil
Perm. Intern. Exploration. Mer., 144: 56-60.

Gagneur, J. and Kara, H. 2001. Limnology in Algeria. Wetzel, R.G. &
Gopal,B. (Editors) Limnology in Developing Countries 3: 1-34

Hoppe, H-G. 1986. Untersuchungen uber Abgabe und Aufnahme von
Aminosauren durch Planktonorganismen.-Arch. Hydrobiol.  67:
285-367

Hussainy, S. U. 1967. Studies on the limnology and primary production of a
tropical lake. Hydrobiologia, 30: 335-352.

Hynes, H. B. 1970. The Ecology of Running Waters. Liverpool University
Press. 555pp.

Ibanez, M. 1998. Phytoplankton composition and abundance of a central
Amazonian floodplain lake. Hydrobiologia 362: 79-83.

Jarvinen, M.; Salonen, K.; Sarvala, J.; Vuorid, K. and Virtanen, A 1999. The
stoichiometry of particulate nutrients in Lake Tanganyika -
implication for nutrient limitation of phytoplankton. Hydrobiologia,
407: 81-88.

Karjalainen, H; Seppala, S and Walls, M. 1998. Nitrogen, phosphorous and
Daphnia grazing in controlling phytoplankton biomass and
composition - an experimental study. Hydrobiologia, 363: 309-321.

Kimbadi, S.; Vandelannoote, A.; Deelstra, H.; Mbemba, M. and Ollevier, F.
1999. Chemical composition of the small rivers of the north-western
part of Lake Tanganyika. Hydrobiologia, 407: 75-80

Liaw, N. K. and MacCrimmon, H. R. 1977. Assessment of particulate
organic matter in river water. Int. Rev. Gesamten Hydrobiol. 62:
445-463.

Megjrab, A. R. 1988. Studies on the effect of the evaporation and
transpiration on the plant life at the north Algeria Pub. Algerian
University Bureau 321pp.

Nalewajko, C. 1962. Extracellular products of phytoplankton. Ph.D. Thesis,
University of London, 139pp.

Norris R. H., Lake, P. S. and Swan, R. 1980. Ecological effects of nine
effluents on the south Esk River, North Eastern Tasmania. |. Study
area and basic water characteristics. Aust. J. Mar. Freshw. Res., 31:
817-827.



120 Muhammad S. Al-Asadi. et al.

Saad, M. H. R. and Abbas, M. H. 1984. Seasonal variations of transparency,
suspended matter, total residue, fixed total residue and volatile
matter in Rosetta branch of the Nile. Rev.Hydrobiol.trop. 17: 91-99.

Saad, M. H. R. and Abbas, M. H. 1985. Limnological investigations on the
on the Rosetta branch of the Nile. I. Environmental conditions.
Freshwater Biology, 15: 645-653.

Saad, M. H. R. and Antoine, S. E. 1978. Limnological studies on the River
Tigris, lrag. |. Environmental characteristics. Int. Revue ges.
Hydrobiol., 63: 685-704.

Saad, M. H. R. and Antoine, S. E. 1980. The seasonal distribution of the
dissolved organic matter in the River Tigris, Irag. Limnologia
(Berlin) 12: 277-285.

Saad, M. H. R. and Antoine, S. E. 1983. Effect of pollution on
phytoplankton in the Ashar Canal, a highly polluted canal of Shatt
al-Arab Estuary at Basrah, Iraq.Hydrobiologia, 99:189-196.

Sarker, A. L., Al-Nasiri, SK. and Hussain, S. A. 1980. Diurna fluctuations
in the physico-chemical conditions of the Shatt a-Arab and Ashar
Canal. Proc.Indian.Acad.Sci. (Anim.Sci.) 89:171-181.

Timms, B.V. 1970. Aspects of the limnology of five small reservoirsin New
South Wales Proc. Lin. New South Wales, 5: 46-59.

Weinmann, G. 1970. Geloste kohlenhvdrate und andere organische staffe in
naturlichen gewassern und kulturen von Scenedesmus. Arch.
Hydrobiol (Suppl.) 37:164-242.



Ecological studies of three west algerin rivers 121

acia 5L g 5 gl (38 : i3l que el ADIAN A il 50

¥ A — gk F ) shall L FF Gual) ) g ¥ g aud) Ly dea
Gl i uad deals ¢ ol psle S e @
Saaid d<laal ‘J—é’j «CF10 3TL L_V'JJK (‘—éjJJK‘{&Ab ;@uéu_//fj.ﬁf_// @JJA *

DAY

ad e e dalad i gl o el o o5 oty Al Al 5l o4
s s G (1987-1986) cyfiis DUa &b e Ciman (L il JLad)
sasa dyy 938 by ahie sl o JY) dasall Lol ) Adhia A (piihas
(¢ ) Alaadll Ll . ailiiuse dpae (e A a5 paall (o sl (i) 5 gl
cithanall (el s el sel) 51l a3 Gttt 138 e A il 38550 sanl e
do — s el Pla abaally JEI G 9lS el s pall CilS Cua Bl
) Al 5 el miiie 5 Ate JiS) iall 38 b el il b oyl i o aa
Gl s N Qlliie ((OPS) S V) il A (PH) s sl oY)
Gango—i ¢ e I (VM) 3_pl Ll saldl ((TR) 4<) dalasdl) saldl «(BOD)
Lanailly (yibanall cpy le) ) oy )88 Laiy L(SIO5-Si) ¢ sShall 5 «(NH4-N) L Y
(EC) Sl dimasill ((WT) Ll 35S 5 ((CV) glmal) de yu
53l ((DOM) 45930 & gumal 52l ¢(SS) 4illall o) 5l (DO) A a3V
¢ (NO»-N  NOsN) o il 5 5 5l cpm s s o(FTR) 44030 2ISY Adlasa)
Al 5 A LS A 8adl sl e 8 ) LA Ay ) (POP) & i sl
Gldspaag Vbl o lee € capall 8 (VM) 3 Lk (TR & FTR)
§ e s I 5 juuall ad Ve o Ly il DS 5 4 i) tie daal
o bt e S 5 e a Ll il S i 81 5yl miia] o guasiial
Ol g Al Sl Jua gl e IS Al 0 s A Al aa go (idasall
A5 el 4D g 0l 55 (L i) L Ayl A e il o3 3 U
o Faam sl oyt U e lin . (Aiaiell Ziad) Al 5l i (paie) o)y
Soss) drasilly s s paed) () Jie A gyl ol sall Gand (piilaadl) DIS

cgeniall S ) Ay Al S Y



This document was created with Win2PDF available at http://www.daneprairie.com.
The unregistered version of Win2PDF is for evaluation or non-commercial use only.



http://www.daneprairie.com

