


105

Lake Alaotra (Madagascar) is not 

about to disappear.

Hydrological and sediment dynamics 
of an environmentally and socio-

economically vital wetland.
Luc Ferry1, Michel Mietton2, Laurent Touchart3 4

2 à la cote moyenne de 751,20 m). Il est entouré de marécages et de 
périmètres irrigués de grande valeur économique formant le principal « grenier à riz » du pays. Cette cuvette a dans le même temps 
une valeur patrimoniale, écologique, puisqu’elle constitue une zone humide protégée par la convention de Ramsar (1971), abritant un 
certain nombre d’espèces endémiques menacées. En réalité le « lac » n’est qu’un vaste plan d’eau peu profond qui semble condamné 

« evana ») peuvent être facilement repérées dans le paysage. Si le lac Alaotra est une forme transitoire destinée à disparaître, la question 

-
pothèse d’une sédimentation rapide dans le lac est établie. Dans un second temps, des données nouvellement collectées mettent en 
lumière les processus limitant effectivement la sédimentation. De l’amont vers l’aval, ce sont les débordements dans la plaine lacustre 
lors des crues accompagnées d’épandages sableux, l’effet d’écran protecteur joué par la végétation aquatique (« zetra ») dans les 

-
tivement donnée à l’aménagement des amonts, dont la protection conditionne concomitamment celle des grands périmètres rizicoles 
ainsi que celle du lac lui-même.  

Lake Alaotra is the largest lake in Madagascar (456 km2). It is surrounded by marshland and irrigated perimeters of great economic 
value forming the “main rice granary” of the country. The basin also has an heritage and ecological value as a wetland protected by the 
Ramsar Convention (1971) and is home to a number of threatened endemic species. In reality the “lake” is just a vast shallow pool that 
seems doomed to silt up as the surrounding basin is affected by very strong erosion, the marks of which can be seen in the landscape 
(«lavaka» or «tevana»). If Lake Alaotra is a transitional form destined to disappear, the question remains of how fast this will happen. In 

new data collected highlight the processes that effectively limit sedimentation, ranked from upstream to downstream these are: sand 

been shown, quite the opposite. Finally, local planning options are discussed. Priority must be given to improved land management in 
the catchment which affects both the large rice perimeters and the lake itself.

Madagascar, Alaotra, lac, sédimentation, vent, courant, matières en suspension, transport de fond, crues, subsidence, périmètre 
rizicole, aménagement de bassin versant.

catchment management.
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Introduction

language. Maybe it comes from Malaysia or the 
Philippines and then it would mean “sea”; or maybe 

2 

when the average water level reaches 751.20 m 
AMSL1 2 at 750 m), sited on the eastern slopes 

 et al., 
1998 ; Mietton et al.

1. Above Mean Sea Level

pool whose silting up seems all the more inevitable as 

erosion with extraordinary and widespread gullies 

in the landscape and the dynamics of which has 
operated for thousand years; the phenomena is 
generally old (Bourgeat 1972; Mietton et al. 2007) but 
also locally very recent (Erismann, 2007). The repeated 

to show the scale of the sediment conveyance by 
the watercourses, the names of which are sometimes 

phie physique (Géolab), Université d’Orléans.
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“muddy, dirty river”, Ranofotsy: “white water” in 

therefore been predicted many times by the media 
et 

al. 2006). 

Alaotra region is doubly legitimate insofar as the basin 
is of great economic value (the hydro-agricultural 

“rice granary”, or at least form the largest extent 
(30,000 ha) of irrigated agriculture (Droy, 1998), and is 
also of heritage and ecological value as it is a wetland 
protected by the Ramsar Convention. The pairing of 
these interests with the sedimentation dynamics of the 

Indeed, this was studied by the engineer R. Longuefosse 
in the 1920s (Longuefosse, 1923) and more recently 
by Moreau (1977), Pidgeon (1996) and Ferry et al. 
(2009). The collection of much more accurate data 

their discharge via the 
outlet, on the nature of the 
materials on the bottom 

possible to address these 
issues from a fresh angle.

is clearly a transitional 

2000), and thus destined to 
disappear, the question of 
the time scale at which this 
will happen remains highly 
relevant.

I- Context

At the regional scale, the 
waterbody is set in a basin 
(the “Alaotra basin” or 

more than twenty rivers 
that approach it in a radial 
pattern; the largest are the 
Anony in the north and 
the Sahabe in the south 

. At an elevation 
of 775 m, the basin forms 
approximately 25% of the 
total catchment area 

2). The outlet 
is at the Andromba sill 
(17°24’10”S - 48°38’20”E), 
in the northeastern section 
of the basin, into the 
Maningory river.

The basin consists of 
2, 

approximately 525 mil-
lion m3 at the elevation of 751.20 m), the adjoining 

2), marshy savannah 
2

2) (photo 1). 

The region has a tropical climate, with a two-season 
precipitation regime, but temperate from the point 
of view of the temperatures : a hot rainy season from 
November to April and a cool season from May to 
October that is described as “dry” but that in fact 
accounts for 7 to 22% of total annual rainfall. Rainfall 

1250 mm per year with a maximum monthly of more 
than 250 mm in January. The relatively small rainfall is 
explained by the dynamics of the easterly winds of the 
föhn type that blow down the basin after losing most of 
their humidity on the east-facing slopes. The average 

(average of daily minima in July: 11.1°C; average of 
daily maxima in January: 28.4°C).

 Lake Alaotra drainage basins and the main irrigated farming areas.
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The hydrometric data 
used in this study on water 

are those of the hydrometric 
stations at Ambatosoratra 

(Figure 1) at the outlet 
towards the east coast via 
the river Maningory, where 
the median module is 71.2 
m3.s-1 (Chaperon et al., 
1993). These stations were 
monitored by ORSTOM 
(Danloux, 1980; Ferry, 
1989) for a relatively long 
period: 16 years from 1976 
to 1997. The water level in 

December, with the highest 
point reached in March. 
This hydrological pattern 
corresponds to the climate 

time-lag of two to three 
months. Extreme annual 
levels were subjected to 
statistical adjustment using 
a normal law (Ferry et al., 
1999). In the period 1948-49 
to 1996-97, the maximum 
reported would thus be 
755.14 m and the minimum 
observed was 749.80 m on 
25 November 1981, i.e. a 
maximum amplitude of 
5.34 m. The water level in 

considerable daily and 
hourly variations (see 
below). 

II- Methods and data

 We will start by describing 

the materials at its bottom. Then we present solid 

sediment balance can provide us with the rate of 

its turbidity and the resuspension and movement of 
particles. 

A- Bathymetry and sedimentological analyses of ma-

terials at the bottom of the lake

plotted using three series of bathymetric observations 
performed by ORSTOM from 1994 to 1997 (August 
1994, April 1997 and May-June 1997) (Ferry et al., 
1999; Ferry et al., 2009). The map  can be 
considered as very satisfactory up to elevation 755 m, 
but with imprecision in the marsh zones and the small 

western marshes). The open water area is bordered 

Cyperaceae. An elevation/area curve was plotted by 
planimetric measurement of the total areas bounded 

intervals to 750.25 m ; the elevation/volume 
curve was plotted by integrating the latter . 

The examination of the elevation/area curve shows 

representative than maximum relative depth (which 
would underestimate the shallowness because of a 
localized small depression). Mean depth is 1.15 m. 

Mean relative depth             is 0.00477%. 

e Balaton, regarded as the 
archetype of the great sh
relative depth of 0.012 % (Papon et Touchart, 2003).

 Bathymetry of the lake and localization of the section of studies current velocities.



in the right 
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 Elevation-area-volume curves of Lake Alaotra.

2 
with better allowance made for discontinuities of 
transport in space and time. Diachronic measurements 
of reservoir capacity were performed at two sites: the 
Sahamaloto reservoir (Ferry, 1985) and the Bevava 
reservoir (Ferry et Garreta, 1987; Mietton et al., 2006).

 
The 2005 measurements made at Bevava using 950 

2 reservoir can be 
compared to a reliable curve of capacity as plotted 
by ORSTOM in 1987 (Ferry et Garreta, 1987).

However, erosion intensity should be appraised in a 
more nuanced way. Measurements of the capacity 

occurred between the two ORSTOM studies conducted 

unreservedly accept the substantial sedimentation 

to 1975, because the values of the initial capacity 
curve should be used with great caution (operating 

of the curve). The difference in sedimentation between 

of the Sahamaloto dam to the west could be partially 

aggressiveness to westward, and also with the steeper 
slopes to the east. 

C- Currents, winds and waves

of the Sahabe River, which drains the second biggest 

(AB) connects the Andranomena’s Cape on the 
eastern shore to Anororo village in the western marshy 
plain . The section allows an evaluation of the 

Alaotra with a rather good accuracy. Furthermore, 

the depth is one of the greatest in the water body. 
Regarding the run-off in the western marshy plain as 

aquatic vegetation), we consider the only curve H/S 

current speed . Using the hydrological data 

River  we present results of the calculation 
for two very different hydrological years: 1977-1978 
and 1985-1986. Within a range of 14 near-complete 
years of data collection between 1976 and 1997 
on the Maningory River at Andromba’s station, the 
mean discharge of the year 1977-1978 is the lowest 
(23.9 m3.s-1), whereas the mean discharge of the year 
1985-1986 is the third highest (82.1 m3.s-1). Mean daily 
speed (VJ) coincides with the quotient between daily 
discharge at the station and mean daily wetted area 

speeds happen in the beginning of the rainy season, 

on the surface sediment of the bottom, the second in 
a depth of 0.30 m. The results of the sediment analysis 

40% of organic matter, about 50% of clay, about 5% 
of small (20-49 microns) and subangular quartz, and 
some micas and heavy minerals (green hornblende, 
rutile, staurodite). The deposit resembles peat, with a 

pulverulent minerals. 

B- Solid loads carried by watercourses 

Suspended loads. 

The measurements of suspended loads in the 
watercourses (Dosseur et Ibiza, 1981 and 1982) comprise 
several hundred samples collected by ORSTOM on the 
Anony, at the Ambohiboanjo spillway every day at 7 
a.m. from 15 November 1976 to 31 August 1978. During 

same day. Suspended loads varied from a few tens of 
grams to a few hundred grams per m3 from November 
to April and generally a few tens of grams from May to 
October. The maximum was 7129 g/m3 on 20 April 1978 
with a gauge height of 1.41 m; the load was 3711 g/
m3 at the absolute maximum gauge height of 2.58 m 
on 24 February 1977. As hydrograms are available for 
these dates, total daily suspended loads transported 
can be approximated at some 60 000 metric tons on 
24 February 1977 (i.e. 33 000 m3 with a density of 1.8 
ton per m3) and 30 000 tons on 20 April 1978 (i.e. 17 000 
m3). At the outlet, in the Maningory river, suspended 
loads varied from a few tens of grams to a few hundred 
grams per m3 (March 2010, Ql >110 m3.s-1).

Bottom transport and silting of storage dams

Bottom transport was estimated by comparing 

(Petitjean, 1994). The data show a scale of at least 
100 000 m3 per year at the outlet of a catchment with 

2. 

These are a much better indicator of solid transport, 
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The maximum speed, 
as calculated from the 
discharge of the Sahabe 
River only, is 11,7 mm.s-1 for 
the hydrological year 1977-
1978 and 7,1 mm.s-1 for 
1985-1986. These low speeds 
would probably increase 
and reach 2 to 4 cm.s-1 if we 
would consider the runoff 
from the entire watershed of 

(the catchment area of the 
Sahabe River represents only 
one third of entire surface). 
Those speeds can easily 

suspension towards the outlet. 

“wide river” and discharge 

possible.  emphasizes 
the relationship between 
maximum speeds and lowest 
levels, especially at the 
beginning of the rainy season. 

January 2006 to October 2008) come from continuous 
records on an automatic meteorological station, 

2005). It records maximum instantaneous horizontal 
wind speed, the associated direction and time, and 
total wind per hour and per day. Other data (January 

provide eight 3-hourly records of maximum wind per 
day (00 UT, 03 UT etc…) and associated directions.

The detailed analysis of the dataset shows that:
The cumulative wind is mostly from the south and 

south-east.
The maximum instantaneous winds are most 

frequently from the south and south-east too, especially 
during the dry season (from July to October).

During the rainy season (January, February, March), 
wind can blow from the north and north-east.

Over the close to three years of records, the 
maximum instantaneous speeds recorded are about 
23 m.s-1. This occurred during hurricane Ivan (17th 
February 2008, direction N 200° E). The next day the 
speed was about 22 m.s-1 (direction N 110 ° E).

Whatever the wind direction may be, the maximum 
effective length (Le) gives the potential wave action 

values of maximum effective lengths (more than 20 

north of the outlet. According to Stevenson’s empiric 
formula (Stevenson, 1852), the potential maximum 

of the wind on the mixing and the resuspension in all 
the parts of the water body. Effective lengths from 

basin 
which integrates oscillations of wind on both sides of a 
given main direction. 

For the prediction of wind waves we selected 200° 
(SSW), which is the direction of the maximum wind 
speed of 23 m.s-1 during hurricane Ivan.

Here are the angles calculated for a reference (0°) 

of 1:153,846, so that S’ = 1,54. Considering that the 
straight line joining the outlet and the cape on the 
opposite shore is the conventional beginning of the 

regard this value as the reference in the entry (isoline 
0.50 m depth) of the shallow basin. Values are higher 
to the north.

According to Norrman’s formula (Norrman, 1964), if 
-1, 

wave height is 1.78 m (if extrapolated to 23 m.s-1, height 
is 1.90 m). In fact wind speeds of about 6 or 7 m.s-1  are 

 6 m.s-1 with 

 Mean daily velocity of the Sahabe yields and level variations of the lake.
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export of particles through the outlet.

III- Results and Discussion 

shallow pool that seems doomed to silt up as 
the surrounding basin is affected by very strong 

has therefore been predicted many times 
by the media and even by scientists, whose 
results are presented below together with our 
counterarguments.

disappearance of the lake 

 
(Moreau, 1977)

J. Moreau tried to demonstrate the inevitable 

the variations of the water level for three 
reporting periods: 1915-1921 (data compiled 
from Longuefosse (1923)), 1959-1963 (data 
compiled from Thérézien (1963)) et 1971-1974 

. In one half-century, the mean level of 

meters, which, according to Moreau would be 
explained by the deposits at the bottom. This 
approach is highly questionable as an elevation 

level to rise physically unless the outlet is raised to 
the same extent. Such a rise in outlet level seems 

sill. In any case it has not been demonstrated. 
In addition the water level curves of Moreau 
and of Longuefosse raise questions concerning 
topometric settings. 

Examination of the  leads to several 
objections:

1 m between 1959-63 and 1971-74 would have 
caused major disruptions in the downstream 

been documented.

until 1971-1974, how can a subsequent fall in the 
level be interpreted? Such a difference does not 
exist between the curve of Thérézien (1958-1963) 
and the curves of the ORSTOM, which have 
been drawn up for three periods (1976-1981, 
1982-1987, 1994-1997) posterior to the curve of 
Moreau (Figure 6). The positioning of the “Moreau 
curve” must therefore clearly correspond to a 
difference of topometric setting. 

the parallel positioning would imply an increase of 1 

between 1915-1921 and 1959-1963, that is to say in 40 
years. But how can it be explained that nothing would 
then have happened in terms of sedimentation during 
the next 30 years?

such fetches may transport particles of up to 1 mm in 
diameter in a two-meter water column. Furthermore, 

and depth less than 2.5 m. Owing to the bathymetry 
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To summarise (Ferry et al., 2009): 

and at the outlet which would have formed a deposit 

However, this would require an explanation for the 
change in dynamics around 1960, whereas most of 

reduction of the marshland area occurred later than 
this;

 
et al., 2006)

The authors of this study are right to emphasize 

issues:

et al., paper (2006), which forecasts an imminent 

sedimentation in a mix of short and long time scales. 
If considering the plio-quaternary period, everybody 

et al., 
2006 themselves quote other research (Brenon, 1949, 
Aldegheri, 1972, Pidgeon, 1996) that has shown that 

area at mean water level. The margin of error at the 

accuracy.

Remote sensing with a medium resolution provides 
an admissible demonstration only if there is a strict 

The imagery used shows the situation at the end of 

The authors do admit a potential error of interpretation 
regarding the marsh area, especially because the 

time due to suspended matter.

Thus the remote-sensing examination of the evolution 

of the authors’ cry of alarm when they rightly stress the 
importance of erosion in the drainage basin.

Several limiting factors can be put forward to 

the high erosion in the catchment and the suspended 

tinued existence of the lake 

3) from the average 

2) estimated 

2/year and mud 
with a density of 1.2 tonne/m3, and supposing that all 

be completed in 50 to 100 years and should therefore 
be clearly visible at the human generation scale. This 
is not the case.

Three main factors may explain the absence of 

as winds, waves and currents disturb a very shallow 

- subsidence probably is higher than was thought 
previously (Ferry et al., 2009). 

In addition, the development of hydraulic  and 
agricultural infrastructure may have counter-intuitive 
impacts that need to be considered in catchment-
wide planning.

The Sahamaloto and Bevava dams, the irrigation 

or at least slow down movement. 

However, hydraulic and hydro-agricultural opera-
tions can also favor movements of sediment into the 

and canalizing rivers (such as the 1984 excavation of a 
rectilinear channel in the Marianina valley), increases 

plots at the expense of marshland has had and still 

been carried out since 1961 to enable the population 
to develop marshland, in particular to the west of 

marshes totaled 55,000 ha in 1961 (Thérézien, 1963), 
only 30,000 ha in 1976 (Moreau, in Burgis et Symoens, 
1987) and about 20,000 ha in 1994 (Mutschler, 2003). 
Increased sedimentation could also result from the 
extension of drainage channels southward. For 
example, channels D3 and D8 in PC 15 could thus 

of enhancing conveyance of the load of suspended 

(photo 2).

Atmospheric disturbances and hurricanes, which 
occur nearly every year, commonly cause an 
increase in the water level in the rivers. Even during 
non-exceptional rainfall (e;g. hurricane Hubert, 

because of generally very gentle longitudinal grades 
and because of the uplift of stream beds due to 

damage hydro-agricultural perimeters and leave 
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happen upstream of the plain, but occasionally also 
downstream when the drains are waterlogged and 

(photo 3). It seems impossible 

would require very considerable and non-sustainable 
expense to regularly clear drains, dredge channels, 

solution would consist in the restoration of shifting river 
characteristics, the establishment of settling basins 

spread out naturally. Fluvial shifting existed before the 
building of agricultural perimeters. In any case, at the 
present time and also formerly, solid load is not (yet?) 

As such the low vegetation cover on the slopes in the 
catchment area is not in contradiction with the low 

The buffer role played by the aquatic vegetation of 
marshland

Marshland (“zetra” in Malagasy language) covers 

the exception of Sahamaloto). The Anony in the north 

that only one small drainage basin (Andragorono) 

is present. 

to twenty (20) families inventoried (Andrianasetra 
Ranarijaona, 1999), Cyperus madagascariensis 
(Cyperaceae) or “zozoro” and Phragmites mauritianus 

Cyperus madagascariensis is a tall, 

all times (to a depth of nearly 3 m) or at least a 
waterlogged environment. The rooting depth of the 
species is 0.02 to 0.55 m. Cyperus madagascariensis 
is dense and impenetrable, even under water. 
Phragmites mauritianus (Poaeceae) is less 

and can withstand prolonged emergence from 
water. Fishermen use Phragmites mauritianus

Thus bushy rows of Phragmites mauritianus tend to 
obstruct watercourses and channels where they 

because of the surprising presence of “vodifonga”, a 

photo 2: 
on the left, rice perimeter PC 15 in the background) (Photo: P. Grandjean).





-
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Aquatic vegetation plays an essential 

sedimentation process at the edge of 

evolution to a considerable degree. 
Without this screen that is particularly 
effective in the face of a solid load 
consisting of comparatively large particles 
(micaceous deposits), it is clear that the 

screen effect might disappear suddenly 

destruction of the natural plant cover 
would subsequently open the way to 
traditional cultivation and then possibly 
to hydroagricultural development ope-
rations.

and their discharge via the outlet

Surface movement in such a shallow 

regard to sedimentation dynamics. 

The strongest agitation is the effect 
of waves. We have noted that different 
formulas and various calculations give the 
same result of the maximum maximorum: 
if wind speed is about 20 m.s-1 during a 
cyclone, wave height is between 1.50 
and 2.00 m. In this case the entire water 
volume is strongly mixed. According to 

episodes, the heights reach 0.60 to 0.80 
m at the centre of the waterbody and 

die in great quantity per resuspension 

to the outlet of Maningory.

In addition to the effect of waves, the 

are irregular in time and space (at Ambatosoratra, 

when south-east winds are strong). Level recordings 
from Ambatosoratra station from 1994 to 1997 show 
variations with an amplitude frequently as great as 0.1 
m over periods of a few hours.

These water level oscillations coincide with tilting 
of the surface of the water from the south to the 
north, increasing discharge in the River Maningory. 
For example during the night by 13th and 14th January 
1997 a very strong wind blew from south-east or south. 
It is the highest average hourly windspeed recorded 
at Ambohitsilaozana (Cala agricultural research 

i.e. maximum instantaneous windspeeds, recorded at 

to 8.1 m per s during this night. The recording shows 
that the level decreases strongly in the south of the 

discharge (98 m3.s-1) was observed at of the outlet 
. The same phenomenon was observed on 

atmospheric 
disturbances. 

In addition to the effect of waves, the discharge 

But seiche currents have not been measured or even 
proved and the narrows or straits that enhance them 

Alaotra. Whatever that may be, even limited current 
speeds of some dm per s are enough to shift particles 
brought by watercourses or whose detachment from 
the bottom is related to mechanisms other than strictly 
hydrological ones (Douglas et Rippey, 2000; Smith et 
Sinclair, 1972; Hilton, 1985).

 
2007 and 2008). 



118

Dynamiques Environnementales, 2d semestre 2013, 32

beginning of the rainy season, when the water level 

north currents that can be observed by their color, 

Subsidence of the depression

still mobile (Laville et al., 1998), as is shown by the 
numerous small magnitude tremors recorded in the 
highlands of Madagascar, less than 5.2 in the Alaotra 
region (Professor G. Rambolamanana, Geophysics 
Institute Antananarivo: personal communication). The 
last one, of magnitude 4.5, affected this region on July 
28th 2009. Subsidence is very probable. 

of 7 and 15 m below the surface of the alluvial plain. 
As we don’t have any indication of uplift of the eastern 

not have any data on the age of the peat layers but 
recent geotechnical studies of the Marianina valley 
(borehole SM9, Figure 7) have shown the presence of 
clay layers at 25 and 29 m depth. These have been 

C- Options for catchment management 

as a Ramsar Convention wetland protection site since 
2003 and the management plan is still being drafted. 
The area concerned (722,000 ha) covers a range of 

course and the surrounding marshes but also upstream 
areas used as grazing land or for rainfed farming and, 
between the two zones, large rice perimeters (PC 15, 
PC 23, etc.).

The latter suffer repeated 

cyclone rainfall as was again 
the case during hurricanes 
Ivan and Indlala in February 
and March 2007 (Figure 7). 

are not high enough and 

never fail to be breached, 
especially as watercourse beds 

of alluvial deposits. Flooding is 
a lasting preoccupation when 
it is accompanied by the soil 

deposits. 

The technical alternative is 
simple from the hydraulic point of 
view (Mietton, 2007): 

1. either the river is corseted by 

bases, constraining a narrow channel in which the 
current is accelerated. Training the watercourse in 
a straight line, as is the case in the Marianina valley, 

effect, conveys a greater solid load downstream, 
; or

the irrigated rice in the Marianina valley is on the left 

energy of the watercourse spreads and is dissipated 
as much as possible. Thus, the river partially recovers its 

dissipation areas could possibly be planned upstream. 
The advantage of this solution is that it limits ruptures 
and does not carry too great a solid load into the 
marshes. It obviously has the disadvantage of using 
cropland but this is only partly true. Many of the farmers 
questioned considered that the soils in “baiboho”, 
recent alluvial land with no water control, little higher 
than the alluvial plain, may have at least as much 
agronomic interest as the land in irrigated perimeters.

Still, from the point of view of regional development, 
choosing between these two scenarios is probably 
not as easy as all that. It has to be presented to and 

differ considerably. The management plan for the 
Ramsar site is currently being drafted by the Ministry 
of Water and Forestry and the Environment. There is 
of course coordination with the Ministry of Agriculture 
but this must integrate the agricultural and economic 
dimension of the “rice granary” formed by the Alaotra 
basin. The conservation option has been enhanced 
through the establishment of a 43,000 ha Protected 

etc.) will be established in 2010. In addition to the total 
protection core zones in both the marshes and the 

“buffer” zones or zones under joint management 

 Rapid variations in the lake water level (at Ambatosaratra station) and discharge (at 
Andromba station) measured from 13 to 26 January 2007.
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participative but a management structure capable 

and providing ecological monitoring still needs to be 
established. It is essential for the institutional partners to 
compare their positions and coordinate their actions, 

into account as outlined in Borrini-Feyerabend et al. 
(2004). 

These discussions could also address an old 
development scenario conceived by Longuefosse 
and mentioned repeatedly (Grontmij N.V., 1971). It 

(the Maningory); the resulting rise in water level would 

water closer to a number of crops; however it would 
have the big disadvantage of hindering drainage 
in the rice perimeters and probably changing the 
conditions of sediment discharge…

Conclusion

In spite of the recurrent cries of alarm in the media 

is not surprising. Load transfers, at least with regard to 

elsewhere—even more than elsewhere—regulated by 
a principle of discontinuity in space as a result of violent 
overspilling into the alluvial plains and also by storage 
in the marshes, even at the long time scale. These 
deposits are not subsequently transported any further. 

they are resuspended during the frequent movements 
of the shallow waterbody and drawn to the outlet 

erosion data at the scale of the upstream drainage 
basins is therefore misleading, as are the very visible 

one more example of “an over-dramatisation” of 

(2000).

We consider that if the ecological composition of the 

the open waterbody but rather changes in agricultural 
techniques, including the changes that these have 
caused in water quality, in the bordering plains or at 
the expense of marshland, the introduction of exotic 

“zetra”. As was noted by Pidgeon (1996), translated 
from French, “… through the changes made by 
man, Lake Alaotra has become a wetland of limited 
importance for its natural elements’’. 

However a more optimistic viewpoint can be based 

time periods in the catchment area. Perhaps this is an 

oc
), one can 

assume that 2,4-D resided preferentially in the water 

and macro-organisms. Currently measurements of 

(Burgis and Symoens, 1987; Ferry et al., 2009). Recent 

(7.2<ph<8.1).

Is the conservation of the ecological elements of the 

landscape, a priority? If so, how can development 
and conservation be reconciled? The fact that it is 

Malagasy institutions from conducting a calm debate 

and those of the farming world. The sustainability of 

considerable degree on the policy for the protection 
of the upstream parts of the Alaotra drainage basin 
(Bergeret, 1967). Drawn from the technical arsenal 
of new agro-ecological practices, the strategy of 
introducing forage plants of the Stylosanthes or 
Brachiaria type should be favored. These leguminous 
grasses combine the qualities of appetence for cattle 

chemical and physical rehabilitation of land that is 
generally uncultivated today. These plants can also 
be intercropped with dry crops such as cassava 
and provide a food substitute in case of shortage of 

to envisage their propagation at an effective spatial 
scale. 

with the immediate concern for the legibility of actions 
has hitherto led to the setting of projects in the large 







122

Dynamiques Environnementales, 2d semestre 2013, 32

References

Aldegheri, M., 1972, Rivers and streams on Madagascar, In: Battistini R., Richard-Vindard G. (Eds.). Biogeography and Ecology, 
Madagascar, pp. 261-310.

Andrianasetra Ranarijaona, H., 1999, e 

 Dictionnaire encyclopédique malgache (Firabetana ny Teny sy Zavatra Malagasy). Tome 2. 203 – 298.

land degradation hazards in Madagascar using Landsat imagery. Journal of African Earth Sciences. 241 – 252.
Les sociétés d’aménagement agricole à Madagascar. Vol. 2 : la SOMALAC, Société Malgache d’Aménagement du 

Lac Alaotra. IMRA. Montpellier. 284 p. 
 Sharing power: learning-by-doing in comanagement of 

natural resources throughout the world, Cenesta (Téhéran), Institut international pour l’environnement et le développement (IIED) / Groupe 
de travail sur la gestion collective (CMWG) de la Commission sur les politiques environnementales, économiques et sociales (CEESP) de 
l’Union mondiale pour la nature (UICN), 435 p.

Bourgeat, F., 1972, Sols sur socle ancien à Madagascar. Types de différenciation et interprétation chronologique au cours du Quaternaire. 
In: Mémoires ORSTOM 57, 335p

 Etude géologique de la feuille Lac Alaotra. In, Travaux du Bureau Géologique et des Mines, République Malagasy, Vol. 8.  
 African wetlands and shallow water bodies. Zones humides et lacs peu profonds d’Afrique. Directory 

Repertoire. In: Editions de l’ORSTOM. Collection Travaux et Documents n° 211. 650 p. Région 9 (Coordinateur J. Moreau), Madagascar. 
595-606.

Chaperon, P., Danloux, J., Ferry, L., 1993, Fleuves et rivières de Madagascar. Editions de l’ORSTOM. Monographie hydrologique n°10, 874 p.
 Etudes hydrologiques sur l’Alaotra. Mesures 1976-1980. ORSTOM. Antananarivo. 70 p.

 Etudes hydrologiques sur l’Alaotra. Multigr., ORSTOM, Paris. Tomes I, II et III: Données de base. Annexes 
I à V.

Limnology and Oceanography. 45, 686-694.
Que sont les greniers à riz devenus ? (Madagascar). Autrepart (7), 89-110. 

du lac Alaotra). Mémoire de master 2 (Dir. M. Mietton). Université de Lyon 3 J. Moulin. Lyon. 97 p.
 Etude bathymétrique de la retenue de la Sahamaloto. Somalac. ORSTOM Tananarive. 4 p. et cartes.

 La capacité de la retenue d’Antanifotsy (Bevava). Etudes hydrologiques dans la région du lac Alaotra. 
Fascicule 7/86. ORSTOM. Antananarivo. 9 p.

Ferry, L., Robison, L., Ranarijaona, H., Gasse, F., 1999, Les lacs de Madagascar. Présentation et typologie. Programme Lacs et Paléoclimats 
malgaches. IRD- CNRE - CNRS. 13p.

Le lac Alaotra à Madagascar. Passé, Présent et Futur. Zeitschrift für Geomorphologie, 53 
(3), p. 299-318.

Grontmij, N.V., 1971, Polder Lac Alaotra. Etude préliminaire. Bureau d’Etudes Pays Bas. FED et Direction du Génie Rural. Antananarivo. 
Rapport et cartes.

Limnology and Oceanography, 30, 1131-1143.
Hutchinson, G.E., 1957,

 Afrique – Madagascar, sous le signe des grands lacs. – Bulletin de Madagascar, 43 – 73.
Environment and History 

6, 423-450

d’une extension crustale récente et actuelle à Madagascar. - Bull. Soc. Géol. de France, t. 169, n° 6, 775-788. 
Longuefosse, R., 1923,

protection des bassins versants du lac Alaotra ». MAEP- CIRAD - AFD. Agence Française de Développement. Antananarivo. 39 p.
Mietton, M., Leprun, J.C., Andrianaivoarivony, R., Dubar, M., Beiner, M., Erismann, J., Bonnier, F., Grisorio, E., Rafanomezana, J.P., 

des bassins versants du lac Alaotra ». MAEP- CIRAD - AFD. Agence Française de Développement Antananarivo. 32 p.

Earth Surface Processus 
and Lanforms (ESPL), 39, pp. 1467-1477.

Moreau, J., 1977, Le lac Alaotra à Madagascar. Evolution géographique passée et actuelle. Annales de Limnologie. 13 (3), 261-274.
 Lac Alaotra. In: Goodman S.M., Benstead J.P. (Eds), The Natural History of Madagascar. 1530–1534.

, 1-2, 1-238.
 Le Balaton, archétype du lac-étang ? Annales de Géographie. n° 632, pp. 339-356.

 Etude pour la protection contre l’ensablement des périmètres rizicoles du sud-est du lac Alaotra (Madagascar). 
Mémoire d’ingénieur. Faculté des Sciences agronomiques de Gembloux (Belgique). 88 p.

demise of Madagascar pochard Aythya innotata. WWWF. Antananarivo. Edited by L. Wilmé. 138 p.
Pourriot, R. et Meybeck, M., 1995, Limnologie générale. Collection d’Ecologie 25. Masson. 956 p.
Smith I. R. et Sinclair I. J., 1972, Freshwater Biology, 12, 445-449.

Observations on the relation between the height of waves and their distance from the windward shore. Edinburgh New 
Philosophical Journal, 53, 358-359.

Etude en vue du développement de la pêche au lac Alaotra. Doc. Multigr. CTFT. Tananarive. 134 p.
Touchart L., 2000, Les lacs. Origine et morphologie. L’Harmattan. 203 p.


