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ABSTRACT
Jeanette Liedholm

The first measurements ever of primary productiofréshwater reservoirs in Mauritius
resulted in surprisingly low primary production aoHlorophyll a concentration. The
primary production was measured with the oxygenhoeetonce a week during a four
week long sampling period in January and Febru&72 Supporting data included
chlorophyll a, counting of the most abundant phytoplankton, watenperature, pH,
water depth and water transparency. The two measaservoirs La Nicoliere and Piton
du Milieu are quite small with surface areas; k6% and 0.76 krfrespectively.

The mean Net primary production was 0.97 gfdnfor the euthrophic La Nicoliére and
0.16 gC/m/d for Piton du Milieu that is mesotrophic. Thesesults place the two
reservoirs in the lower interval of primary prodoatof tropical lakes and reservoirs. The
biomass, expressed as chloroplylireaches a mean of 2.50 ug/l and 1.83 respectively
for La Nicoliére and Piton du Milieu, which is velgw for tropical reservoirs. But when
both primary production and chlorophwglicontent is low the specific primary production
get higher; 383 gC/gChla/d in La Nicoliere and &g hla/d in Piton du Milieu. La
Nicoliére is in the normal range for tropical regers but Piton du Milieu has a very low
specific primary production. When counting the maistindant phytoplankton, it counts
up to a biomass of around 2500 pg/l in La Nicolignel 650 pg/l in Piton du Milieu. For
La Nicoliere the groups are cyanophyta, bacilldnagae and in Piton du Milieu
dinophyceae, chlorophyta and some conjugatophyceae.

This thesis was a continuation of a 2 year longegatoabout La Nicoliere and Piton du
Milieu. The low primary production and chlorophglicontent is surprising for reservoirs

in a tropical country like Mauritius and furthervestigations of primary production in
Mauritius are recommended.
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Den forsta matningen nagonsin av primarproduktionsditvattenreserveroarer pa
Mauritius visade laga varden av bade primarproduktioch klorofyll a.
Primarproduktionen mattes med syrgasmetoden en gamgkan under fyra veckor i
januari och februari 2007. Understodjande paramesoan ocksa mattes var klorofyll,
rakning av de mest féorekommande fytoplankton, wagteperatur, pH, vattendjup och
secchi-djup. De tva undersokta reservoarerna Laligie och Piton du Milieu &r ganska
smé& med ytareorna; 1.02 kmespektive 0.76 kfn(Berg. 2004).

Medelnettoprimarproduktionen var 0.97 gClanfor den eutrofa La Nicoliére och 0.16
gC/nf/d for Piton du Milieu som &r mesotrof. Det plageraservoarerna i det lagre
intervallet av primarproduktion for tropiska sjéach reservoarer. Biomassan, uttryckt
som klorofyll a nadde ett medel pa 2.50 pg/l odB81ug/l for La Nicoliere respektive
Piton du Milieu, vilket ar valdigt lagt for tropisk reservoarer. Men nar bade
primarproduktion och klorofyll a ar laga blir depesifika primarproduktionen hogre;
383 gC/gChla/d i La Nicoliere och 89 gC/gChla/dtoR du Milieu. La Nicoliére ligger
inom det normala intervallet for tropiska reserevamedan Piton du Milieu har en
valdigt lag specifik primarproduktion. Vid rakningv de mest forekommande
fytoplanktonen ger det en biomassa av ca 2500i jig/Nicoliere och 650 pg/l i Piton du
Milieu. De vanligaste grupperna i La Nicoliere \@@anophyta och bacillariophyta och i
Piton du Milieu: dinophyceae, chlorophyceae ocldeirconjugatophyceae.

Studien var en komplettering pa ett tva ar langigkt om La Nicoliére och Piton du
Milieu. Da produktionen var lag jamfort med andrapiska lander rekommenderas
fortsatta undersokningar av primarproduktion pa iMaus.

Nyckelord: primarproduktion, fytoplankton, tropiskaservoarer, Mauritius

Limnologiska avdelningen, Inst. fér Ekologi och Exion, Uppsala universitet,
Box 573, SE-752 37 Uppsala



PREFACE

This study was carried out as a 20 week long Maitesis for the education program in
aguatic and environmental Engineering at Uppsal&edsity. The thesis was carried out
at the faculty of Science at University of Maurgtiwithin an exchange program between
The Department of Limnology at Uppsala Universitjie coordinators are Drs. Anna
Brunberg at Uppsala University and Professor DéBlaby at University of Mauritius.

The exchange between Uppsala University and Untyeo$ Mauritius has been going
on since 2002 and includes exchange for both tea@mel students. The Linneaus-Palme
program that is the sponsaof this program has as its main purpose to widen th
knowledge about living conditions in different gadf the world. This Linneaus-Palme
project is called "Integrated Water Resources Mansmt" and its purpose is to
emphasize on the value of the drainage area foerwasource planning and water
environmental control and follows the ideas withsEkater directive.
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1 INTRODUCTION

Mauritius is a small island in the middle of theliem Ocean populated by 1.25 million
people. The country’s economy is on the rise ai&ldeveloping fast in many industries.
One goal is to become an “IT-Island” in a near fetu/NVhen inhabitants are increasing
and economy is rising, freshwater is one of thetrmaportant sources affecting further
development. Groundwater and eleven man made m@sesupports the requirements of
freshwater for domestic and industrial use, iri@atand hydro-electric power.

Research in primary production is wide spread inthbaquatic and terrestrial
environments, but mostly concentrated towards teatpevaters. Research in the tropical
world is not as frequent as in temperate water, g started to increase. The
characteristics of tropical and temperate systerasddferent in many ways. That it is
why results from one part of the world can not pplied to another. Some of the results
are comparable but you always have to be extradutamhen comparing water sheds
from different parts of the world with each other.

Phytoplankton is an important part of the freshwatestem in the beginning of the food
web. Their short generation time; works over dayd weeks, also makes them respond
very quickly to changes in the environment. Thiskezathem a good model of general
ecological principles (Harris 1986). Phytoplank®rgrimary producing ability is an
important ecosystem parameter, to a large extemntabng the available carbon supply
in the rest of the food web. The level of primargguction constitutes the conditions for
secondary production.

1.1 AIMS

My study was performed in two reservoirs in Mawsti La Nicoliére and Piton du Milieu
to examine the photic zone, regarding the primaoglpction (PP), chlorophyll and other
pigments and the most abundant phytoplankton grodpss study provided an
estimation of the primary production because ofghert sampling period. As a part of
the project goal | also looked for factors affegtiprimary production and biomass such
as temperature, water depth, water transparencypé&hdEspecially | compared my
results with the earlier set classification andrabteristics of the reservoirs.

1.2 THEORY

1.2.1 The difference between tropical and temperateservoirs and lakes

Apart from the most obvious difference, temperattinere are more things that vary
between tropical and temperate reservoirs and lakest of all there are far more
temperate lakes and reservoirs than tropical an#sei world so most primary production
research is made on temperate waters (Wetzel, 20@Mperature is not only higher in
tropical areas but it also does not change as rasdbr temperate areas. Solar radiation
also differs between temperate and tropical regiang just as for temperature; the
variation is greater in temperate areas betweetewand summer than in tropical areas.
In tropical areas instead the light penetratioro itite water vary more and is more
dependent of factors like turbidity and nutrientflaw from connected rivers



(Henry, 2006).

The gross primary production is higher in tropilzddes than in temperate lakes because
of the meteorological differences but there are ather reasons for the more efficient
tropical lakes. Many tropical reservoirs surroundsdnutrient buffering wetlands and
river inflow all year around sets a higher and msteble biomass of phytoplankton and
PP than in temperate lakes (Wetzel, 2001). ThesRRice as high per nutrient load in
tropical reservoirs as in temperate reservoirs lmeeaf the higher stability. Also the
higher mean temperature, greater stability of sodaiation during the year, Coriolis
Effect (the same wind force will have less effethigh latitudes than in low latitudes),
intra seasonal deep mixing leads to more effianeritient cycling that give rise to the PP
(Lewis, 1987). The recycling of nutrients is one tbke greatest causes to the big
differences in PP.

There are also some similarities between the twoaté zones and that is the species
diversity, which is expected to increase with iased temperature as in terrestrial
ecosystems. But there are no large differencesdmgtvihe diversity in temperate and
tropical lakes (Lewis, 1987).

1.2.2 Phytoplankton

Primary production in the pelagial zone is perfadnby phytoplankton so the abundance
of phytoplankton sets the conditions for primargdauction. Phytoplankton is a group of
small plants that are freely floating or suspendedwater, planktonic stands for
unicellular floating. The size varies from prokatigoand eukaryotic single cells to
organisms seen by the naked eye. Most phytoplanktanicroscopic algae but some
bacteria are also included in the group. Theretlaree groups in the microbiological
world: eubacteria, archaebacteria and protists. thoefirst groups are prokaryotic cells
and the protists are eukaryotic cells. The protestiside the algae, protozoa and fungi.
The algae consist of motile flagellates and noniealesmids and diatoms. Non-motile
algae are often the bigger ones which are morendigpe of mixing while the one that
have the ability to move are smaller. If a lak@as mixed then the small algae are more
abundant than larger ones.

For measurement of phytoplankton biomass, the mosect method is counting in a
microscope. This gives a thorough result but takes. An easier method is to measure
the chlorophylla and assume that it is correlated to biomass. Hewthe concentration
of chlorophyll a may vary substantially between different specied aith varying
environmental conditions. However, the method idelj used, as a reasonable estimate
of phytoplankton biomass. Other methods can be ¢asore the transparency (secchi
depth), which is inversely proportional to the cblghyll a concentration (Branco &
Senna 1996).

The biomass, when measured as Chlorophylhas been measured as high as 2000
mg/nT in an Ethiopian lake with a euphotic zone as shals 0.6 m. This gave an aerial
biomass of 180-325 mgfmand the largest to occur in nature have been atifrto 180-
450 mg/ni (Wetzel 2001).



1.2.2.1 Diversity of phytoplankton

In oligotrophic lakes there is a dominance of smlijhe and the more eutrophic lake the
more of larger algae (Calijuri 2000). In oligotroplakes the size also differs between
the seasons. During the winter the microorganismevdominating and in the summer
species smaller than 20 um were more abundant. @onspecies in tropical lakes are:
dinoflagellates, diatoms and cyanobacteria (Laizerhoff & Blomqvist 1988).
Unexpected, the number of species in tropical watesve the same diversity as
temperate lakes. This is different from terresteabsystem where tropical areas have
much more diversity. But the diversity do insteaifled with the biomass of the water;
the more oligotrophic the higher diversity (WetZ001).

Abundances of phytoplankton species vary with #gtention time. With a short retention
time green algae and planktonic diatoms are domigathis occurs during summer.
When the retention time is longer, in the dry wintBe cyanobacteria is more common
(Wetzel, 2001). If the reservoir is having a lovwergion-time in case of a big outdraw
from the reservoir, this can cause washout of tinggplankton. It can wash out whole
populations of phytoplankton.

The diversity of phytoplankton can be used as alicator of degree of eutrophication

and pollution of an ecosystem instead of chemicdicators. This has been used and
investigated in several articles. Overestimation splecies has to be taken into
consideration since some species may originate ftben sediments (Fathi, 2005).

Difficulties when using this method for estimatinige level of eutrophication also

includes that, biological indicators are more camplspecies that is only supposed to
survive in one environment can adapt, and whentiigery species the skills of the

taxonomists may vary rather than the ecosystenff(&atl Knoechel, 1978).

If the concentration of carotenoids are high re&tto Chlorophylla then this can
indicate the abundance of Botryococcus but theadsis a possibility that the synthesis of
carotenoids has been introduced to other popukatigtebede 1987)

1.2.2.2 Variation of phytoplankton

The conditions for phytoplankton change with thasems and with the dry and rainy
periods. The maximum of phytoplankton biomass oftecurs during the dry winter. The
concentrations of different nutrients and the ptankcommunity differ between the
winter and summer. The phytoplankton biomass camgh five times from the warmest
to the coldest time of the year (Wetzel, 2001).dptdrom physical and chemical factors
regulations of phytoplankton are also restrictedtdyy down effects by grazing from
zooplankton (Henry 2006).

The biomass of phytoplankton both varies with degtd position in the reservoir. The
depth variation depends on time of the day and splawekton species move vertically
during different times of the day. During eveniragsl nights they are sinking or working
actively downwards and during the morning they areving towards the surface
(Naturvardsverket 2004), stated for temperate lakes reservoir different zones have
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different concentrations of phytoplankton and pi@ithn. When looking at a reservoir
from a length perspective there are three zonegjhrine zone comes first just after the
river inflow. The transitional zone is in the middind just before the dam wall there is a
lacustrine zone. The primary production was higiverthe riverine zone and the
transitional zone. The riverine zone is fed withiriants from the connected river and in
the transitional zone a high production can emergeto the tranquility (Comerma et al.,
2003).

1.2.3 Primary production

Primary production is the transformation of inorgaoarbon to organic matter, which
can be used as food for other organisms. When pasghpresent in its inorganic form no
other than the primary producers can use it. A arinproducing organism can use the
photosynthesis or the chemosynthesis for this asiwe Photosynthesis is far more
common than chemosynthesis. Primary producers can planktons, bacteria,

macrophytes, terrestrial plants etc. In the pelagioe of a freshwater ecosystem you
only have plankton and bacteria that can perforimamy production.

The term "primary production” has caused a lotadfates in the past and still has various
definitions. | have chosen to follow Ahlgren (20@Bat has the following explanation:
"the real production of organic substances by phatthesis (or chemosynthesis), which
can be used as food."

The photosynthesis is explained as follows by We&&@01): "Cell carbon is obtained by
reduction of carbon dioxide to carbohydrates fream$formation in which light energy
obtained by light-receptor pigment systems is caeadeto chemical energy."

The reaction for photosynthesis is described byctiemical equation in eq. 1. Inorganic
carbon and water becomes organic material and oxy@ke reduction of carbon to
organic material results in a binding of energyahihcan be released and used for other
metabolic processes when the produced organic materoxidised. Oxygen is a rest
product at primary production, which is very img@t for surrounding water.

6CO, +6H,0 =C,H,,0, + 60, +energy (eq. 1)

Light radiation is one of the most important fastdor the primary production and a
study made by Calijurii (2001) in a tropical res@irncomparable to the two in this study
also came to this conclusion. The radiation thafiecéd the photosynthesis is
Photosynthetic Active Radiation (PAR) and includes wavelengths between 400 and
700 nm. In water photosynthesis has a maximum deptth it varies with the
transparency of the water which is a function ohammtration of particulate and
dissolved organic compounds and the biological itiio Hence, large biomass of
phytoplankton in a lake doesn't mean that the pgnpaoduction is larger there, it may
instead restrict the PP since turbidity lowersRiRe self-shading occurs (Wetzel, 2001).

Primary production can be distinguished as net (NFPRjross (GPP) primary production



(eq. 2 and 3) where NPP accounts for losses sugtspsation and excretion while GPP
includes the total amount of fixed carbon. Furttier excretion from the phytoplankton
can be used by bacteria. This takes the excretdmanto the microbial loop as food.
The definition of net production is the biomasg tten be used as food, thus leads to that
the excretion is no loss out of the system. Alse téspiration can in some cases be
disregarded which means that NPP equals GPP. Howbi® only happens when
respiration is very small e.g. in temperate eutioglgstems and not for tropical systems
were the respiration generally is high. Primarydouciion may also be calculated as
specific primary production (SPP), which is thenpary production per unit biomass (eq.
3), the latter often expressed as chloropayll

Grossprimary production= Net primary productiont respiration (eq. 2)
Specificprimary production= net or grosgprimaryproductior’ biomass (eq. 3)

When comparing different ecosystems with each dtieeNPP is used because it doesn’t
include the respiration that differs a lot for diftnt systems. But when comparing a
system internally annually then the gross primapdpction may also be used.

Several studies have been made where primary piiodutas been measured as one of
many parameters, which has resulted in severakletions for PP. As in the study
performed by Calijurii (2001) the primary producticorrelated almost perfect with
chlorophyll a (r=0.99) and very good with inorganic phosphatetalt dissolved
phosphate, reactive silicate, theoretical wateentiin time, Zmax/Zeuand outflow
from the reservoir. Also Bannister (1974) conclutleat primary production and biomass
increased linearly from the zero-zero interceptari8o & Senna (1996) also found a
correlation between PP and biomass but the eSettlayed in both directions and not in
direct phase as PP and solar radiation.

Despite that the productivity of phytoplankton danhigh it is very low if you compare
with other photosynthetic organisms in a limnic teys. The upper limits for
photosynthetic capacity is about 2.8 gC/m2/h (Rizhdr992) but the productivity varies
between 4 gC/m2/year in the most oligotrophic lakad 500-700 gC/m2/year in the
most eutrophic lakes (Kalff and Knoechel, 1978)alcomparative study, using data from
30 tropical and 30 temperate reservoirs, Bandu Asiaghe & Vijverberg (2002) found
that PP was 3 times higher in the tropical resesvduring summer, and 6 times higher if
calculated on annual basis.

The photosynthesis is performed in limnologicaltsys by plants as macrophytes,
microphytobenthos, phytoplankton and periphytonti@te, all except the phytoplankton
lives and performs PP exclusively in the littoraihe. An African reservoir contained
during normal conditions 6.4 tons carbon. This kasm consisted of 55% of littoral
macrophytes, 19% of microphytobenthos, phytoplamkias 25% and the periphyton

! Zmax = maximum depth and Zeu = depth of euphatitez



<1%. The proportions differed when the droughttsthend the volume decreased, then
the macrophytes in the littoral zone were left up land and most of the primary
producing biomass then consisted of microphytolmnaround 60%) and the rest was
phytoplankton (Thomas et al. 2000).

1.2.3.1 Pigments

To perform photosynthesis the primary organismstrhasequipped with pigments. The
most common pigments for oxygen producing organiamesChlorophylla, b andc, of
which the most common is chlorophyl When working it leads to fluorescence and
excitation of chlorophyla molecule. It operates in the wavelengths arour@ &8 660
nm. Chlorophyllb has a different mechanism; it is a transferorbsfoabed light energy to
Chlorophylla. It is more common in higher plants but can aleddund in green algae,
euglenophytes and it operates in the range of 485645 nm. Chlorophylt is a bit
different from the two resent while it probablyas accessory pigment to photosystem |l
(Wetzel 2001), it operates in the wavelengths 63®-@naximal), 583-586 and 442-452
nm. Further more there is Chlorophgllande which are very rare and rarely accounted
for.

Other pigments are carotenes that include alfateaeoand beta-carotene. Beta is the
most common but alpha replaces it in green algdeCagpptophyceaes. The carotenes are
unsaturated hydrocarbons and works just as Chlghoph transferring absorbed light
energy to Chlorophylh, which then goes on working.

Different algal groups contains a mixture of diffet pigments and the most common
groups in freshwater can be seen in table 1.



Table 1 Pigments in algal groups that are common in fredbev(modified from table
1.1, Harris, 1986).

Group Pigments

Cyanophyceae Chlorophyll a, C-phycocyanin, allophycocyanin, C-phycoerythrin,
Blue-green algae B-carotene, xanthophylls

Chiorophyceae Chlorophyll a and b, A- and B-carotenes, several xanthophylls
Green algae

Eugleno_phyceae Chlorophyll a and b, B-carotenes, several xanthophylls
euglenoids
Chrysophyceae
Golden and yellow-  Chlorophyll a and c, carotenes, several xanthophylls,
green algae fucoaxanthin

including diatoms

Pyrrophyceae

dinoflagellates Chlorophyll a and c; B-carotenes, several xanthophylls, peridinin

Cryptophyceae Chlorophyll a and c, carotenes, distinctive xanthophylls,
cryptomonads phycobilins

1.2.3.2 Variation in Primary Production

Two important factors affecting the primary prodactare the light availability and the
nutrient content (Henry 2006). The solar radiati®rcrucial for the photosynthesis and
thus always a limiting factor. The role of nutrigitas been more debated. The primary
production of a plankton society that is not nuitiédmited can not be restricted by
nutrients (Joniak 2003). Kalff and Knoechel (19if8)stigated the influence of nutrients
on the specific production of phytoplankton in oligpphic and eutrophic lake
ecosystems. They found that the SPP was equal,tbalpiomass differed between the
two kinds of trophic state. They concluded thatrib&ient limitation only controlled the
biomass and not the production per biomass. Oottier hand Lewis (1987) found that a
decrease in nutrient inflow to a tropical systeraldsupersede the effects of temperature
and solar radiation on primary production.

PP varies with depth, since the light availabiticreases with depth so does the primary
production. Approximately primary production occursthe photic zone. The photic
zone (or euphotic) stretches down to where 1% @fstin radiation at the surface is left.
But the primary production is also regulated by tepth of the mixed zone. A well
mixed euphotic zone generates a larger biomassupeddby the phytoplankton. If
Zmix>Zew, Which occurs during winter, the plankton somesnsetransported out from the
euphotic zone and no primary production can octhrs is a limiting factor. But when
Zmix<Zey the planktons are constantly in the euphotic zone.



If primary production is too high and the phytodaon biomass increases alarmingly
biomanipulation can be used to limit the phytoptankas well as primary production.
Biomanipulation with input of predatory fiskas used by Janiok (2003) in a reservoir in
Poland and led to a decrease in primary produdiwh increasing the specific primary
production directly after the experiment. After &ils the PP showed its old value as
before the experiment but the SPP was still higinduhe summer months and indicated
zooplankton pressure. Janiok (2003) found a differesult than Kalff and Knoechel
(1978) did, where they declared that the SPP wedependent of the biomass. This
presents the great difficulties of using found etations and dependencies from one
ecosystem in another.

1.2.4 Measurement of primary production

The two most common techniques for measuring psirpanduction are the Omethod
and the &' method. The oxygen method is the oldest and ddsignique and measures
the oxygen production. It involves bottles at difiet depths that are incubated during a
period of time and afterwards the oxygen contenthem are compared to the initial
oxygen content. It has through history been thetrmesd but now the ‘€ method is
more common since it has a lower detection limiite Tetection limit for the §method

is about 20mg C/fd and for the & method it lies around 0.1-1 mg Chin(Ahlgren
2006).

None of the methods are totally free from problebagh of them can have problems like
algae that break during mixing/shaking, the phapiration can't be measured and the
enclosure in the bottles is a non-natural situatkor deep samples the algae can have a
light shock when lifted to the surface.

With the Q@ method the primary production is measured as axygeduction and for
transformation to carbon there is first a converdaxtor to use for mass conversion from
oxygen to carbon, which is 0.375. Then the photthstic quotient, PQ=8COQO; is
difficult to decide, it depends on what chemicdystances are being produced and which
are the accessible nitrogen sources. PQ variesebatW.5 and 3.5 (Ahigren, 2000).
When measuring dissolved oxygen (DO) it can noaltmved to become saturated then
the sampling is ruined because the time when ithea total saturation is not known
then. In tropical reservoirs where the sun radmisostronger than in temperate areas the
DO will reach saturation faster. To be sure to waptthe maximum of primary
production which occurs in the upper part of thphatic zone, the distance between the
bottles is tighter there and along the verticak lithe distance is always doubled
downwards. The deepest light bottle is placed ettible distance of the secchi depth for
being sure of catching the whole euphotic zone ¢#dh, 2006).

The primary production can be calculated per voluh&ke water as well as on areal
basis. Most of the studies handle the areal prinpaogluction, some of them use both
types of calculations for comparison. To calculdwe areal primary production the ratio
between the maximum volumetric primary productiond dhe coefficient of vertical
extinction of light is used. But since the biomassies with depth; the biomass in the
euphotic zone is a poor prediction of the totalagarimary production (Ahigren 2006)
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but easiest to use when comparing different lakesraservoirs.

1.3 HYPOTHESIS

Since the Mauritian reservoirs are tropical thenany production should be quite high
and expected between 7 and 18,/g8/d (table 10). La Nicoliére is an eutrophic
reservoir and Piton du Milieu a mesotrophic, thwd result in different levels of
chlorophyll a and Net and Gross Primary production, with theydarchlorophylla
content and PP in La Nicoliere. The PP should asg with solar radiation and correlate
with chlorophylla according to theory. Based on earlier investigeti(Dumur, 2007),
the most abundant phytoplankton was expected to d@nophyta and
bacillariophyceae/diatoms in La Nicoliére and cbfiryceae, dinophyceae and some
conjugatophyceae in Piton du Milieu.

10



2 BACKGROUND
2.1 MAURITIUS

Mauritius is situated in the Pacific Ocean, 800 kast of Madagascar, at latitude
20°15" S and longitude 57°35" E. The size of thipital island is 1,865 kfmand the
whole republic, including the outer island®odrigues, Agalega, St. Brandon, Tromelin
and some small islets, is 2,040 kfigure 1). The whole country holds 1.25 million
inhabitants and the population is increasing witB% annually. This is a large
population for such a small area and the countpnis of the most densely populated in
the world with 614 persons per RCSO, 2005).
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Figure 1 Map of Mauritius and position in the Indian Ocgamodified from Philip’s,
2002).

11



Mauritius is a volcanic island, originally creat&@ million years ago, later modified by
further volcanic eruptions. The bedrock consistsstigoof basaltic rocks and some
carbonate along the coastlines (Petersson, 200&¢. [&nd is mostly covered by
cultivated areas, 46%, of which the largest paugar plantations. Since most of the
soils originate from basalt, which gives nutriemop soils, and because of the large
amount of area under plantation, fertilizers aneag all over Mauritius. Forest, scrubs
and grazing lands cover 31% of the land area ailttdpuarea is 20%. The forest has
been cut down to give space to sugar cane fields smce the Dutch claimed the Island
in 1598. Now the sugar canes are covering 38% (@28IB) of the island but the area has
decreased since the 70es. The large decreaseestddrareas has lead to erosion all over
the island, clearly visible around the coastlineerehsand has started to erode on the
beaches. Trees have been planted around the peatstlhold back the erosion but still
the landmasses are moving.

Some years ago the Mauritian economy depended tlowmpletely on the sugar
production but after a drop in the sugar value iamgbrt restrictions from EU the country
has been forced to develop other businesses. Ajust the new conditions has
developed its tourist industry, clothes industrg ather industries. In all these areas the
development is increasing and processing for mathieg economy stronger. Mauritius
belongs to the groupIDS - Small Island developing states, a collechame for low-
lying states struggling sustainable developmenliehges classified by UN (UN, 2007).

Along the development of a country the water demalsd increases. For Mauritius the
demand increased by 32.8% between 1995 and 2003A(C003) which will, by all
mean, continue to increase with the economic andodeaphic development of the
country. For domestic use 98.7% of the populatiad tvater within their premises and
85% inside their houses in 2000 (CSO, 2005). Theidution system for water has great
losses, up to 50% of the totally distributed wgBsrg, 2004).

2.2 CLIMATE

Mauritius is a tropical country, the definition ftrat is a yearly average air temperature
above +18°C. A year consists of two periods; thewdnter and the wet summer and for
tropical countries it is more appropriate to natment dry and wet period than winter and
summer (figure 2). The dry period stretches frorpt&mber to November and the wet
from December to April. A hydrological year in Mtius starts at % of November in the
end of the dry period and ends at 31st of Octobee. mean annual precipitation is 2100
mm/year over Mauritius but there are great diffeemin the amount of rain depending
on where on the island you are, most rains fallhencentral plateau and the driest area is
the west coast (figure 3). The sugar canes arelynsifitated in the lowland, with less
rain than the central plateau, which obliges tagation; most common is overhead
irrigation.
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Figure 2 Temperature and precipitation for Mauritius fo020

Figure 3 Winter and summer rainfall over Mauritius (modifirom Philip, 2002).

Situated in the Indian Ocean, Mauritius now andhtleffers from cyclones during the

late summer months which can increase the anniméliasubstantially. The last cyclone

Gamede, which forced Mauritius to warning class 22.02.07 and passed the island in
25.02.07, gained around 300 mm to the central @lafer a period of one week. The

heavy rainfall causes water cuts since the inflothe water treatment plants is closed,
otherwise the great water masses will clog ther8lin a short time.

The solar radiation varies with season and durungrser (October to December) the

solar radiation is at least 25% more than in thaevi(April to August). The measuring is
based on hours of bright sunshine (Berg, 2004).
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2.3 RESERVOIRS

When natural water supplies not are enough; resenave built to fulfill the water
requirement all year around or to create a stedoly for hydro-power. The most
common way to build a man made reservoir is by dengra river valley. Reservoirs are
something between lakes and rivers regarding hgdicdl, morphological and nutrient
conditions. The environmental conditions are vemgcsal for example because of manual
regulation of water volume. Macrophytes are veny f@nce the regulations create an
almost non-existing littoral zone. The primary puotion is higher than in lakes despite
the higher turbidity and this is because reservans more often connected to larger
streams and water volume from runoff is larger #md gives a higher nutrient load
(Wetzel, 2001).

2.3.1 Reservoirs in Mauritius

There are 11 man made freshwater reservoirs in ilaiftable 2) with a total capacity
of 90 MnT and they feed the island with 305 Mmater per year (Berg, 2004). They are
providing the people with water for domestic usggation, hydro-power and industrial
use. More than 50% of the available water is usedrfigation in the agricultural sector
(Berg 2004). Since the rain spread of the islanchisven the reservoirs are mostly placed
at the central plateau (figure 4) where most ralls f Reservoirs are the most important
water supplies for Mauritius over the year, grouatbw supplies are more important
during the dry period (May-October) when the resgssare low on water.

Table 2 Reservoirs in Mauritius (modified from Berg, 2004)

. Capacity Maximum
Reservoir (Mm3) surface area Purpose
(km2)

Mare aux Vacoas 25.89 5.60 Domestic

Midlands Dam 25.50 3.84 Domestic, irrigation
Hydropower,

Mare Longue 6.28 1.05 irrigation

La Ferme 11.52 2.28 Irrigation

Piton du Milieu 2.99 0.76 Domestic

La Nicoliere 5.26 1.02 Domestic, irrigation
Hydro-power,

Tamarin Falls 2.30 1.68 irrigation

Eau Bleue 4.10 0.75 Hydro-power

Diamamouve 4.30 0.43 Hydro-power

Dagotiere 0.60 - Sugar-mill, irrigation

Valetta 2.00 - Sugar-mill, irrigation
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Figure 4 Location of the 11 man made reservoirs in Mawi{Berg 2004).

The pressure on the reservoirs is increasing smeésland is developing and especially
the industries are growing. Hence, good qualityhef water in all reservoirs is crucial,
especially in the summer when the reservoirs aneetimes half full and all available
water is important. The depth in the reservoirsasying some meters between winter
and summer. During the summer 2006/2007 most ofritlasi reservoirs were half full
or less because of lack of rain, La Nicoliere dmiyl around 35% of its full capacity. The
small amount of water in the reservoirs caused Iprob for the Mauritian people, the
water supply was cut during day time and warningsanannounced in the news several
times. (MBC news, 2006)

For administration of questions concerning waterukitius has the Central Water
Authority (CWA). This is a government departmenteigiing under the aegis of the
ministry of Public Utilities (Mau. Gov., 2007). Thehandle the supply of water for
domestic, commercial and industrial purposes thmouy Mauritius. The Water
Resources Unit (WRU) handles the reservoirs andthasresponsibility to ensure a
healthy water use for the whole island. Their waorkstly concerns water supply and
hydrology.

2.4 THE STUDY AREA

Before the investigations of Dumur (2007), nonettef Mauritian reservoirs had been
under such a thorough study. The choice of stuths ®nded up on La Nicoliere and
Piton du Milieu for they were used as drinking wdiat also because of their small size.
Reservoirs that are used for drinking water haghdr demand on good water quality
than the ones used for irrigation and hydro-poBeth of the studied reservoirs are more
than 50 years old (Berg, 2004).
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2.4.1 La Nicoliere

This reservoir is the only one situated in the Imem part of the country, which makes it
important for the northern people, both for donteatid irrigation purposes. Until some
years ago it was the only reservoir feeding themfor their needs. However, recently
the Midlands dam was built 27 km south of La Nieodi and now this larger reservoir
supplies La Nicoliere with water through a feedamal. Total capacity of La Nicoliere is
5.26 MnT and it has a maximum depth of 10 m (WRU, 1999).

According to WRU (1999) La Nicoliere is containiagarge amount of substrate but is
still oligotrophic. On the other hand, Dumur (20@7years later classified the reservoir
as eutrophic (Dumur, 2007). It is well mixed withfeav indications of short events of
stratification. The secchi depth is about 0.6 mabee of the amount of substrate
(Dumur, 2007).

La Nicoliere gets its water from Du Rempart Rivaddhe feeder canal from Midlands
dam. The catchment area mostly consists of for@&red mountains but a small part on
the northern side has fields of sugar cane (figyr&he reservoir was built in 1929.

The local climate here ranges in the humid zoné \pitecipitation between 2000 and

2500 mm per year. The mean temperature is 24 #suh shines 7-8 hours per day and
the mean humidity in the air is 77% (Dumur, 2007).

Figure 5 View over La Nicoliére from the north.
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2.4.2 Piton du Milieu

Piton du Milieu reservoir is situated in the centrfethe island and is only used for
domestic purposes. Total capacity of the reseis®r2 Mn? and it is one of the smallest
reservoirs at the island but also the deepest ®Bthmeter as maximum depth (WRU,
1999). During the dry period it can decrease theemlavel with as much as 3.5 meter. It
has small summer stratification but is fairly walixed in the euphotic zone and the
secchi depth is about 1.2 meter. The system has dlassified as oligotrophic (WRU,

1999) or mesotrophic (Dumur, 2007).

The catchments area is mostly covered by sugaisd@&®8o) and the rest is forest. Piton
du Milieu is a reservoir constructed by damming &&sc River with an 825 m long dam
wall (figure 6). Except from Vacoas River it alsaigs water from some small rivulets.
Small amounts of water are added to the reservain fexcess water from high altitude
rivers flowing parallel. The reservoir was builtif52.

The climate here is wetter than at La NicoliérecgifPiton du Milieu is situated at the
central plateau. The annual precipitation is 34606Bmm, which makes this a super-

humid area. It has a mean annual temperature 6f°20).sunshine; 6.5 hours per day and
82% humidity (Dumur, 2007).

Figure 6 The bridge at Piton du Milieu with view over thand wall while sampling.
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2.5 PREVIOUS STUDIES IN THE RESERVOIRS

The responsibility for all the reservoirs of Mauu# belongs to WRU. For quality control
of the reservoirs they measure standardized paessnébdr drinking water. The tests
include several biological, chemical and physicaiameters although measured only in
surface water but the hydrology of the reservarsiuch more examined. Since water is
scarce in the dry period of the year, a lot of gffeas been put to understand the
hydrology for being able to provide water to theuvldan people all year around.

“Water resources and water management of Mauritissin earlier study within this
exchange program by Per Berg (2004). Mauritiusuratresources and how the country
handles their management were investigated. Thdystocluded some work on
reservoirs but also on groundwater. Municipal watgginates to 58% from groundwater
and the rest is surface water. Further the totediré water for Mauritius is 975 Min

The reservoirs in Mauritius have during the lastrgefor the first time been examined
regarding their limnic ecosystem. The work standten the MPhil student Danishta
Dumur began her investigations in 2004. The stuggluded physical parameters,
(temperature, pH, turbidity, conductivity, watearnsparency and dissolved oxygen)
chemical parameters, (Inorganic Phosphorus, Totabsphorus, Nitrate-Nitrogen,
Ammonium-Nitrogen, Nitrite-Nitrogen and soluble R&we Silica) and biological
parameters, (Chlorophylh, phytoplankton biomass and zooplankton density) fo
classifying two reservoir systems. These examinatiaesulted in the report
“Limnological studies in two reservoir systems o&itius: La Nicoliére and Piton du
Milieu reservoirs” (2007).

The result of those investigations shows diffed@racteristics than earlier classification
of the reservoir made in 1999 concerning severetbfa. La Nicoliere should now be
considered a eutrophic system and Piton du Miliexegotrophic system when looking to
Vollenweider’'s classification but also regarding ypical parameters as water
transparency and pH. Stratification is an impdrfaator influencing lake ecosystems, in
tropical areas lakes mostly are polymictic or warmanomictic. Dumur (2007) showed
that La Nicoliere is a polymictic system with westkatification which was explained by
the strong wind and discharge rate in the feederalcaFor Piton du Milieu the
stratification was significant during the wet peri@and the oxygen level decreased
considerably down the water column. Even anoxicdd@ms were recorded at the
bottom during one of the two stratification peridtat were recorded.

The biomass of phytoplankton (wet weight) was higha Nicoliere and low in Piton du
Milieu. La Nicoliére had a total mean biomass dgrihe dry period of 16110 (iland
7803 ugl during the wet period and was dominated by cyapmsh diatoms and
conjugatophytes. In Piton du Milieu conjugatophyt®sre most abundant and the
biomass had a mean of 6300 gt the wet period and 4672 |igfluring the dry period.

Dumur (2007) recommended further studies of Maanitilimnology and on the
reservoirs, this project being one of those.
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3 METHOD

3.1 SAMPLING

The planned sampling was performed under a perfotbuwr weeks in January and

February 2007 and before that a test sampling oedgun December (table 3). Water
from the euphotic zone was collected from the samgpot at the side of the bridge and
put in a bucket (figure 7).

Table 3 Dates of sampling.

La Nicoliere  Piton du Milieu
Test sampling 06-12-06
Sampling from boat 07-01-23
Sampling 1 07-01-29 07-01-25
Sampling 2 07-02-07 07-01-31
Sampling 3 07-02-13 07-02-08
Sampling 4 07-02-20 07-02-15

\

Figure 7 a) Sampling spot where the red arrow points in Laohice (the bottles hung
on the back of the bridgé) Sampling spot in Piton du Milieu.
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3.1.1 Primary production

The oxygen method was used for measuring primaosgymtion. Since both reservoirs
are used as drinking water thé“*Gnethod is not allowed by the CWA. The oxygen
method is performed by measuring dissolved oxygehamodification of the Winkler
method (1888) was used. From a bucket, water Wad fo 9 100 ml bottles; 1 bottle for
initial measurement of oxygen, 1 bottle for darlcubation and 7 bottles for light
incubation. To the initial bottle was immediatehettwo oxygen reagents (Manganese-
solution and Hydroxide/lodine-solution) added ahént put in an isotherm box. The
other bottles were put on a vertical line (figudet® be incubated for 2 hours at 0, 0.1,
0.2, 0.4, 0.8, 1.6 and 3.2 m depth. The dark betde wrapped in aluminum foil and
attached to the rope under the deepest bottle.yEsampling was performed in
duplicates, where two bottles at the same depthribated to every value for oxygen
content for each depth.

Figure 8 The line with light bottles are taken up afterubation in La Nicoliere.

3.1.2 Chlorophyll and other pigments

A half liter plastic bottle was filled with well med water from the bucket. For
stabilization of the water 3 ml Magnesium carborsatleition per liter sample water was
added. The stabilization is made in order to pretas chlorophyll being transformed to
phaeophytine. Then the bottle was put in a dark esid place (isotherm box) until
analysis.

3.1.3 Phytoplankton biomass

A 300 ml glass bottle was filled with water fronetbucket. 0.1 ml Lugols solution was
added per 100 ml water. The bottle was directlyiptihe dark until analysis.

3.2 LABORATORY WORK

The laboratory work was performed at the biologgatément, Faculty of Science at the
University of Mauritius (figure 9).
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Figure 9 The lab work bench. The filtering equipment witlnp is seen to the left and
to the right is the spectrophotometer with a coltecof sample bottles next to it.

3.2.1 Primary production

Back at the laboratory, 1 ml concentrated phospghexid per 100 ml sample was added
and when this had dissolved, after about 5 minutes, absorbance at 450 nm was
measured with a spectrophotometer (Spectronic 2i@MVRoy).

The oxygen concentration in the different bottlesswalculated from the absorbance
according to Broberg (2003).

Oxygenconc = Absorbancel192 (eq. 4)

The depth distribution of net and gross primarydpiciion along with respiration was
calculated according to Ahlgren (2006).

Netoxygenproduction= oxygenconc(light bottle) - oxygenconc(initial bottle) (eq. 5)
Grossoxygenproduction= Netoxygenproductiont+ respiration (eq. 6)
Respiration = oxygenconc(initial bottle) - oxygenconc(darkbottle) (eq. 7)

For primary production per unit surface area, in/g€/d, the graphical integral of the
depth-production-curve (=I) was calculated. Fomsfarmation from @ to CQ, the
conversion factor 0.375 and PQ 1.5 was used (gimeedominating N source is NO
(Ahlgren, 2000)).
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Primary production (eq. 8)

3.2.2 Chlorophyll and other pigments

The water was poured and pumped through a glass filker (45um pore size and 47
mm diameter). The volume was measured beforetidttaThe whole filter was then put
in a glass beaker and 10 ml 90% acetone was adtiedbeaker was then placed in the
fridge over the night and the absorbance was medsir750, 665, 645, 630 and 480 nm
with a spectrophotometer (Spectronic 21D Milton Rthe next morning. Finally one
drop of HCI was added in the cuvette and the alasmwd was measured at 665 and 750
nm after 1 minute. For calculations of the diffdrpigments equations 9-15 were used.
Chlorophyll a, b andc and Caretonoids were calculated according to Rar3oR. &
J.D.H. Strickland, 1963 and the pheo pigments atiegrto Lorenzen C.J, 1967.

(116D, - 014D, - 131D,,)

Chlorophyla(mg/l) =K v

eq. 9
(20.7Dg,s - 434D - 442D,,)

Chlorophylb(mg/1) = K v eg. 10
Chlorophylc(mg/1) = K (550D ¢g0 - 16'?/[)645' 464D cqs)
eq. 11
Pheopigmentg§mg /1) = K 26'7(1'7?;65 " Dess) eq. 12
Corr.Chlorophyl a(ng/1) = K 26.7(Dogs - Dyes) eq. 13
- -3 -
CaretOI‘IOIdS(ﬂg“) = K X-I- [(A480 A480(Acetor)) V (A750 A750(Acetor) )] eq 14
Dlambda: (Aambda_ Aambda(Acetor)) - (A750 - A750(Acetor)) eq. 15

Dllambda = Dlambda after sour

Aambaz=Absorbance at wave length lambda

K = extract volume(ml)/cuvette length(cm)

V = filtrated volume of sample water (L)

T = 4 when greenalgae or cyanobacteria dominate

T = 10 when chrysophytes or pyrrophytes dominate

The value of K was 2, based on extract volume 1&8mal cuvette length 5cm. As green
algae and cyanobacteria were more abundant thagsagirytes or pyrrofytes, T=4 was
chosen.
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3.2.3 Phytoplankton biomass

The samples were put in a sedimentation chambe24onours; 1 ml chamber for La
Nicoliere and a 10 ml chamber for Piton du Milidthis was recommendations from
Dumur based on the results she received two yesuk. After 24 hours a glass plate
were put over the sedimented part and put undeinegrted microscope. The most
abundant phytoplankton groups were counted anditmass of these was calculated
with conversion factors received from Dumur whidle €alculated in 2005.

3.3 ENVIRONMENTAL VARIABLES

Various environmental conditions were measurecaah sampling occasion; max water
depth, secchi disc depth, temperature and pH.

Meteorological data were received from Mauritiustéteological Services. For each
reservoir a mean from two nearby weather statices ealculated. For La Nicoliére these
were Nouvelle Découverte and Pamplemousses ariittor du Milieu; Belle Rive and
Rosalie. Weather data were received for 2006 anthéperiod when the sampling was
performed.

Hydrological data were received from WRU, thesedatre discharge in the largest
rivers feeding the reservoirs and the daily storagjeme for the reservoirs. The rivers
feeding La Nicoliere would then be Du Rempart Riared a Feeder Canal from Midlands
dam and for Piton du Milieu; Bateau River and VacBaver.
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4 RESULTS
4.1 PRIMARY PRODUCTION

In La Nicoliére there was a negative net primargdpiction in the last four samplings
(figure 11), which is not possible so these weterlatated as zero primary production.
Piton du Milieu had negative net primary product@®0125 and 070215, so these were
also set to zero (figure 12). The Gross primarydpotion was zero in la Nicoliére at
070207 and negative once for Piton du Milieu in ZI A negative net primary
production means that the respiration is largen th& production and no production can
occur. In gross primary production respirationagsainted for and production still being
zero shows for production being non-existing. Thiet fsampling in La Nicoliere in
December, which is the only one before the raineywe&d a lower rate of photosynthesis
than in January and February when the rains hatedtévhen disregarding 070207 as
primary production being zero).

Photo inhibition occurred in La Nicoliere for thed first samplings when the clouds
were fewer and the sun was stronger than in therahmplings. In Piton du Milieu
photo inhibition occurred but not as distinct as.&Nicoliere even though the observed
sun radiation was stronger there. In the cases vmoephoto inhibition occurred the
photosynthesis at the surface was among the ssbfrgen the depth profile. Especially
in Piton du Milieu 070215 the photosynthesis wasimstronger at the surface than in
any other point in the depth profile. This indicate perfect sun radiation, not too strong
for photo inhibition to occur and then the sun aiidn decreases with increasing depth.
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Graphical integrals were calculated from figureakid 12 to receive the net and gross
primary production per unit surface area (Table54,6 and 7). The daily primary
production was received by multiplying the hourly Rith that specific day’s sunshine
hours received from MMS. The net and gross prim@agduction were higher in La
Nicoliere than in Piton du Milieu, as expected, bigo the specific primary production
was higher except for the first sampling in Pitan Milieu when the production was
exceptionally high. For La Nicoliere the highestRs&ccurred on the 23 of January and
the lowest on 7 February. For Piton du Milieu theximum were spectacular high and
occurred on 25 of January and the minimum on 15uzek.

Table 4 Net Primary Production in La Nicoliere.

Datum NPP (gO2/m2/h) NPP (gO2/m2/d) NPP (gC/m2/h) NPP (gC/m2/d) SPP (gC/gChla/d)
2006-12-06 0.11 0.81 0.03 0.20 134
2007-01-23 1.66 6.95 0.41 1.74 632
2007-01-29 0.00 0.00 0.00 0.00 0.00
2007-02-07 0.00 0.00 0.00 0.00 0.00
2007-02-13 0.00 0.00 0.00 0.00 0.00
2007-02-20 0.00 0.00 0.00 0.00 0.00

Table 5Net Primary production in Piton du Milieu

Datum NPP (gO2/m2/h) NPP (gO2/m2/d) NPP (gC/m2/h) NPP (gC/m2/d) SPP (gC/gChla/d)
2007-01-25 0.00 0.00 0.00 0.00 0.00
2007-01-31 0.11 0.44 0.03 0.11 43

2007-02-08 0.12 0.82 0.03 0.21 136
2007-02-15 0.00 0.00 0.00 0.00 0.00

Table 6 Gross Primary Production in La Nicoliere

Datum 8%Z/m2/h) GPP (g02/m2/d) GPP (gC/m2/h) GPP (gC/m2/d) SPP (gC/gChla/d)
2006-12-06 0.31 2.30 0.08 0.57 379
2007-01-23  2.42 10.15 0.60 2.54 924
2007-01-29  0.63 2.90 0.16 0.72 326
2007-02-07  0.00 0.00 0.00 0.00 0.00
2007-02-13  0.42 3.32 0.10 0.83 359
2007-02-20  0.69 2.98 0.17 0.74 211

Table 7 Gross Primary production in Piton du Milieu

Datum (c;%z ima/hy GPP (902im2id) GPP (gCim2/h)  GPP (gC/m2/d)  SPP (gCigChla/d)
2007-01-25 1.69 14.03 0.42 3.51 2980
2007-01-31 031 1.24 0.08 0.31 122
2007-02-08 0.13 0.89 0.03 0.22 147
2007-02-15  0.01 0.01 0.00 0.00 0.81
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4.2 CHLOROPHYLL AND OTHER PIGMENTS

The most important pigment chlorophgl also had the highest concentration of the
measured pigments (table 8 and 9), as expectddh Micoliere Chlorophyll ¢ was quite
high and also Carotenoids, this doesn’t indicateigih concentration on a specific group
since they exist in almost all the common phytokdan in freshwater systems from table
1. For Chlorophylla the mean for La Nicoliere was 2.50 pg/l and PdonMilieu was a
bit lower with 1.83 pg/l. This supports the resdittam earlier works, where La Nicoliére
is stated to be the most nutrient rich. Both tleereoirs have a very low concentration of
chlorophyll a compared to other reservoirs in the tropical mdrthe world. For La
Nicoliere chlorophylla was increasing throughout the measured perioslnigianing the
more rain that fell and the fuller the reservoirswthe higher concentration of biomass.
For Piton du Milieu a tendency like that could betseen.

Table 8 Pigment concentrations for La Nicoliere

Samplingdate 06-12-06 07-01-23 07-01-29 07-02-07 07-02-13 07-02-20
Chlorophyll a (ug/l) 1.51 2.75 2.22 2.68 231 3.52
Chlorophyll b (ug/l) 0.21 0.07 0.04 0.21 0.12 0.33
Chlorophyll ¢ (ug/l) 0.29 1.08 0.49 0.94 0.60 1.48
Pheo pigments (ug/l) 0.31 0.13 0 0.45 0 0
Corr. Chlorophyll a (ug/l) 1.31 2.62 2.20 2.37 2.67 3.79
Carotenoids (ug/l) 0.51 1.83 1.30 1.63 1.05 1.70

Table 9 Pigment concentrations for Piton du Milieu

Samplingdate 07-01-25 07-01-31 07-02-08 07-02-15
Chlorophyll a (ug/l) 1.18 2.55 1.51 2.08
Chlorophyll b (ug/l) 0.13 0.34 0.12 0.22
Chlorophyll ¢ (ug/l) 0.41 0.67 0.18 0.36
Pheo pigments (ug/l) 0 0.19 0 0
Corr. Chlorophyll a (pg/1) 1.21 2.40 1.70 2.18
Carotenoids (ug/l) 0.65 1.37 0.75 1.29
4.3 BIOMASS

The most abundant phytoplankton groups differeevéen the two reservoirs (figure 13
and 14). In La Nicoliére which is eutrophic and tlas largest biomass, most of the
biomass consisted of diatoms followed by cyanoghyldne mean during the sampling
was around 2500 pg/l and the maximum occurred at fitst and last sampling;
beginning of December and February. For the megbicaeservoir Piton du Milieu the
most abundant phytoplankton amounted up to aro&fdgy/l. In Piton du Milieu the
phytoplankton did not vary as much as in La Nia@lilnstead they slowly increased until
the reservoir is full at the 8 of February whenytheached a maximum and stayed there
for the last sampling too. La Nicoliere on the othand had three peaks with two deep
dips in-between but when looking at the differembups almost only the diatoms
contributed to the variation in the biomass. Diadaamre quite heavy and can have sunk in
the two samplings when they were very infreque@123 and 070213, this gives very
quick variations for the diatoms and doesn’t saximabout the biomass since they will
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be resuspended by mixing, hence La Nicoliere beingd most of the time.
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Figure 13 The most abundant species in La Nicoliéere.
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Figure 14 The most abundant counted species in Piton dweiili

4.4 ENVIRONMENTAL VARIABLES

For temperature, pH, depth and water transpardhege results can bee seen together
with the primary production and DO (figure 15 arg).lln La Nicoliere a small trend
connected to the primary production can be seenafbrthe variables except for
transparency. In Piton du Milieu it is harder te smrrelations but there was a large
water level increase in Piton du Milieu when theer@oir started to get full, between
070125 and 070131, when the temperature and pH eass.
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4.4 METEOROLOGICAL AND HYDROLOGICAL DATA

For precipitation, air temperature and evaporabioa year of data (060301-070228) is
shown graphically, including the sampling periodhe end (figure 17-20).
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Figure 17 Precipitation over La Nicoliére and Piton du Miligor 2006/2007, this gives

the total precipitation 2000 mm respectively 2598 for one year.
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5 DISCUSSION

Summarizing the main results of this study, themary production was low in both
reservoirs when comparing to other tropical lakes eservoirs. Also the Chlorophyl
content was low and not correlated with the couhiedhass of phytoplankton. However,
low values of primary production and chlorophgltontent together resulted in a normal
level of specific primary production compared tbeasttropical reservoirs.

The primary production was higher in La Nicolieteath in Piton du Milieu at all
occasions except one (070125). The difference imgy production between the two
reservoirs can be explained by the different natremntent (Henry 2006). The sampling
in Piton du Milieu on 070125 resulted in remarkabigh values of primary production
compared to the measurements performed later. iiebpamental conditions, with high
pH and temperature and a much lower depth, supgimse results. The other
observations of PP in Piton du Milieu gave loweluea than those of La Nicoliére, but
this single result contributes to a higher measp#cific primary production than for La
Nicoliere. On 31 of January the discharge in thwerd feeding Piton du Milieu were
extremely high. This could support a higher nutrieontent and thereby a higher
phytoplankton biomass and primary production, hig tvas not the case. It could be that
the decrease in temperature and pH cancel out #ffesss.

The primary production is in theory strongly coatedd to solar radiation but since no
radiation data were available, it was not possiblenake such a comparison.. Visual
weather observations (appendix 1V) were made dwsargpling but no relations could be
found from these observations.

The primary production curves (figure 11 and 12 dichotomous but since the values
are very small and also the bottles hung from aciea bridge and did not follow the
fluctuations in the water level this can be disrdgd and probably there is only one
maximum. Interesting is that during the samplindsew the bottles hung from a boat,
i.e., the two first samplings in La Nicoliére, taegest photo inhibition occurred.

This survey only included 4 samplings during the siemmer period, which makes it
difficult to compare the results with mean annugilifes from the literature. On the other
hand, in tropical reservoirs the PP doesn't vargyvauch within the year. It can be
expected that the mean value of this study is &igher than the annual mean since this
study was made during summer. The mean valuesiotthdy are, however, uncertain
since they are based on few data with large vanatiFor NPP both reservoirs only had
two values each above zero from where the meancalaslated, which yields a large
uncertainty in the mean. The euphotic zone is #richk winter than in summer, which
can in somehow compensate the lower volumetric gmynproduction and yield a more
similar areal primary production. When comparingotber tropical lakes (table 10), La
Nicoliere and Piton du Milieu have a very low natlaross primary production. Though,
the specific primary production is large when cormmato one other lake, meaning that
the two reservoirs have a high efficiency when logkat the gross production. For the
net production the efficiency is a bit differenhc some of the results were zero. Net
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SPP was 388C/gChla/d and 89gC/gChla/d respectively for La Nicoliere and Piton du
Milieu.

Table 10Comparison for primary production between thiglgtand other tropical
reservoirs and lakes and the Swedish temperatetlidden.

GPP NPP SPP
Lake/reservoir (gO02/m2/d) (gC/m2/d) (gC/gChla/d) Reference
La Nicoliere reservoir 4.33 0.97 439.94 this study
Piton du Milieu reservoir 4.04 0.16 1082.29 this study
(Bandu Amarasinghe & Vijverberg
Tissawewa reservoir 7.2 - 253.56 2002)
Lake Erken 0.28 - (Lewis 1974)
Lake Lanao 1.7 - (Lewis 1974)
(Bandu Amarasinghe & Vijverberg
Lake Victoria 13.9 - - 2002)
Lake Xolotlan 18 - - (Eriksson 1998)

The chlorophyll content was very low, in La NicoBethe concentration was 2.50 pg/l
and Piton du Milieu had 1.83 pg/l. In other tropissservoirs and lakes the chlorophyll
contrations were around 30ug/l from Bandu (2002) 2n.3 pg/l (Thomas et al, 2000).
The chlorophylla content is more similar to an eutrophic reservimirBortugal (Geraldes

& Boavida, 2003) where the annual mean was around/R For other pigments you can
see a larger fraction of chlorophylin Piton du Milieu, provided by the greater amount
of chlorophyta there. As for the rest of the pigtsahis hard to see correlations because
a specific phytoplankton group contains many pigisien

Both the primary production and chlorophglls much lower than in other tropical lakes
and reservoirs but since these are the only onsumnes at Mauritius we have to assume
this is normal for the island. On the other handhod the examined reservoirs and lakes
in the world are eutrophic and have high nutriemitent. La Nicoliere and Piton du
Milieu, which both had low nutrient concentratid?ifon du Milieu was even extremely
low in nutrients, can then be hard to compare witter catchments. Other parameters as
temperature and pH lie in a normal interval. Byngsthe bottle technique for in situ
experiment the productivity is underestimated sitiee phytoplanktons can become
photoinhibited. When the planktons are free flagatthey move in and out from high
irradiation. But this isn’t something that explathg large differences from other tropical
reservoirs since the same methods with bottle iaobs are generally used. One thing
explaining the small primary production can also dehigh respiration. The high
temperature and low chlorophglicontent supports this explanation.

The most abundant phytoplankton account for halthef biomass in La Nicoliere and
three fourths in Piton du Milieu. The biomass wagér than 2 years ago when looking
at the counting of the most abundant groups. Tais ltave something to do with the
lower water depths in the reservoirs in the begignof the sampling since less water
gives higher concentrations of nutrients. The watarcity in the reservoirs during this
summer could have caused a change in the limntersgs For example the macrophytes
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are decreasing since they end up at land insteadd#r water which can lead to changes
in the reservoirs. It can also depend on an iner@asutrients, this we didn’t measure
but it is one of the most important factors conimngl phytoplankton.

The largest aerial density of phytoplankton occdarghe euphotic zone and then the
biomass decreases with increased depth (R. Erik§868). Since measurements took
place in the euphotic zone the highest occurrirggnliss in the reservoir is there. La
Nicoliere had a large biomass of cyanophyceae lagygl were more abundant in the dry
period than after the rain had startefl (Vetzel, 2001).

The primary production should correlate with chfghgll a and phytoplankton biomass
(Calijuri 2001). In this study the phytoplanktorofriass have an inverted correlation with
PP in both reservoirs, when phytoplankton incredsesprimary production decreases.
Between chlorophyla and PP there is no found correlation. This caredémn the few
samplings in this survey but a big difference frarany other tropical reservoirs is the
low nutrient content in La Nicoliére and Piton dulibu.

Regarding the oxygen saturation high values wegeebed but not super saturated,
which were the results. Since the water was sa&dfabm start the over-saturation could
not be used as an indication for too long inculmatime. This is not something unusual
for tropical lakes; in a Brazilian eutrophic 1akel0% of oxygen saturation was reached
(Arcifa et al., 1990). The maximum oxygen saturatio this investigation was 108%, in

La Nicoliere. But also Piton du Milieu was oversated in half of the samplings and that
reservoir is not a eutrophic ecosystem.

When comparing DO from this study with the previstisdy made by Dumur (2007) it

gave more similarities for La Nicoliere than fotd? du Milieu. This can depend on that
La Nicoliére is more vertically mixed than Piton Milieu in the euphotic zone. This

leads to a more homogenate system in La Nicolieoalise Dumur (2007) results were
from integrated samples from the whole reservoi #ns study had from location in

each reservoir. In figure 15b and 16b the init@ygen concentration for La Nicoliere

and Piton du Milieu can be seen. When comparintpeoresult received two years back
you also see more variation in the surface water Lfa Nicoliere as here. The

concentration levels for La Nicoliére are more &mbetween the two studies and for
Piton du Milieu this study shows a bit less DO. E#eough the nutrient content isn’t that
high the mixing makes recycling easier and carertiis primary production.

The measuring of secchi depth didn’t gain anyththe survey since it did not correlate

with any other parameter. A weakness in the measemes of transparency was the high

insecurity in the result since the person measwsingd two meters above the surface, at
the bridge and not at the surface. When compadrigumur (2007) my results are at the

lower end especially when regarding it is summaet e transparency is at its higher

scale (Henry, 2006). The lowest transparency odautse beginning of the dry season.

Zooplankton were not counted or looked for, frormidm | got the information that the

zooplankton didn’t control the phytoplankton, sirtike most abundant phytoplankton
were zooplankton resistant in the reservoirs.
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5.1. SOURCES OF ERROR

The sampling was planned to occur once beforedimestarted in December. But since
the boat broke during the first test sampling inNiaoliere no more samplings could be
done during December. This sampling comes from only set of bottles since it was
suppose to be a test but when being the only sagpkfore the rain started it has been
incorporated to the results. The first real sangplivas then performed in January. This
was a disappointment for the project since it heeihbgood to have values before the rain
started in the dry period and then after. A sangplrequency and period according to the
original plans of sampling would have given morkat#e results for this kind of short
term survey. Now the sampling had to bee comprainfee being able to finish the
project in time. The sampling in both reservoirswa be carried out at the deepest part
like standard procedure for this kind of measurdmédmt since the boat broke again
during the second sampling in La Nicoliere we westable to reach that spot any more.
Both of the reservoirs had a bridge were the sasnplre taken instead, this spot was 2-3
m shallower. On 7 February; one set of bottles i@seto the bottom so these are also
from only one set. In the other samplings the twets soften differed a great deal
(appendix IlI).

The higher detection limit for the oxygen methodnpared to C14 is manageable since
this is just a first control of the primary prodiact in the euphotic zone. Since only four
samplings occurred, the sampling only showed tiragry production under a very short
period of time. Primary production is often measdutBroughout 2 years for a total
annual check. In a study like that you get the@easvariations and when measuring two
years you get a mean from two years, in case oaeiyeleviant.

After reading the method manual by Blomqvist (20819t of sources of error have been
thought about. Two mentioned and taking extra timavoid have been: dirt to bottles
under transport in car and boat and keeping trackfi@rent bottles. The bridge, where
the bottles hung down in the water, was construet#l concrete all the way down to
the bottom and restricted scattered light from thegction to reach the bottles. And we
also had to be cautious and think about the sutisipdahe sky so the bottles didn't end
up in the shade during any part of the incubatime t

When putting the bottles down in the water and whkaking them up there is some

waiting time, which also differs for different blas. But most concerning is the light

chock that especially deeper bottles get when tbagh the surface. This was avoided by
trying to place the bottles in the shadow and usimgimbrella for protection against the

sun.
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6 CONCLUSIONS

Primary production measured during the wet pertddauritius gained a mean net/gross
primary production of 0.97/1.08 gC/m2/d for La Niéce and 0.16/1.35 gC/m2/d for

Piton du Milieu. For the specific primary productidghere was also surprisingly a

difference between the two reservoirs. La Nicoliéae a SPP of 383 gC/gChla/d and 89
gC/gChla/d for Piton du Milieu. When making thisngoarison it should be noted that
Piton du Milieu only once had higher PP than LadNére and this value was extremely
high. When ignoring the extreme value the valueee@agvith the theory that a more

nutrient rich system has a higher primary produstieence La Nicoliere being eutrophic
and Piton du Milieu mesotrophic.

The chlorophylla content is low for this latitude, with La Nicol@icontaining 2.50 pgl/l
and Piton du Milieu 1.83 pg/l, but still followintype different nutrient content in the two
reservoirs.

The phytoplankton biomass gained from countinghef tost abundant groups led to a
biomass of around 2500 pg/l and 600 pg/l for Laokée and Piton du Milieu
respectively. La Nicoliere’s phytoplankton biomamsestly consisted of diatoms and the
cyanophyteCylindrospermopsisPhytoplankton in Piton du Milieu is composed loya
shares of Chlorophyceae and Dinophyceae.

The measured primary production is low for bein@ itmopical ecosystem. The PP varies
a lot between different days but following the eammental conditions: DO, pH, water
temperature and depth. The low PP can be expldaipedhigh respiration, this theory is
also supported by high temperature and low chloylbpdn content. The chlorophyk
content is extremely low for being tropical resersp they are more similar to a
Mediterranean lake. The different primary productend chlorophylla content in the
two reservoirs is probably a result of the low martt content in the two reservoirs
compared to many other investigated lakes andveissrin the world. But further and
longer investigations are recommended for mappingrionary production in Mauritius
and such investigations should extend at least @verfull year.
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APPENDIX |
ABBREVIATIONS

CWA — Central Water Authority of Mauritius
GPP — Gross Primary Production

MMS — Mauritius Meteorological Services
NPP — Net Primary Production

PP — Primary Production

SPP — Specific Primary Production

WRU — Water Resources Unit of Mauritius
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APPENDIX I
CHEMICAL SOLUTIONS

Lugols solution
done 061130

100g Kl
509 12 (cover with tinfoil as light sensitive and can evaporate)

The chemicals were mixed with 900ml ionized water (super Q) under a fume hood. 100 ml Glacial

Acetic Acid was added and theb the bottle closed. The bottle was mixed by turning it upside down
several times.

Mn+-solution
done 061204

150g MnCI2 was dissolved in about 150ml deionized water and diluted to 250ml with more water.

OH- - I- - N3- - solution
done 061205

160g NaOH is carefully dissolved in 150ml deionized water. (coolen before continuing)
300g Nal is dissolved in 200ml deionized water
6 g NaN3 is dissolved in 50 ml deionized water

The three solutions were mixed and the volume adjusted to 500 ml.

Aceton (90%)
Done 061205

50ml deionized water was poured into a 500ml measure colve, Aceton was added until the colve
was filled. The solution was kept in a dark cupboard.

Magnesiumcarbonate (1%)
done 061205

1g MgCO3 was dissolved in 50 ml deionized water in a 100ml measure colve. Then it was filled
up to 100 ml with water.

Hydro chloride acid (4M)
done 061205

35 ml deionized water was poured in a 50 ml measure colve and 15 ml concentrated HCI was
added.
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APPENDIX I
SAMPLING RESULTS

Sampling data for dissolved oxygen for La Nicolj&ksorbance.

Date 06-12-06 07-01-23 07-01-29
Comments | Test, 50 ml From boat From bridge
w. temp 28 29,4 29
PH 7,94 8,6 7,7
Depth 5,7 6,2 4
Secchi
depth 0,6 0,7 0,6
Time 11.20-13.50 11.50-13.55 10.30-13.00
Bottle/depth Serie 3 Serie 1 Serie 2 Mean Serie 1 Serie 2 Mean
Initial 0,680 0,420 0,600 0,510 0,601 0,590 0,596
Dark 0,667 0,450 0,490 0,470 0,429 0,619 0,524
0,0 0,682 0,740 0,470 0,605 0,630 0,521 0,576
0,1 0,694 0,740 0,500 0,620 0,455 0,587 0,521
0,2 0,692 0,720 0,560 0,640 0,559 0,535 0,547
0,4 0,688 0,550 0,570 0,560 0,591 0,518 0,555
0,8 0,696 0,820 0,470 0,645 0,646 0,520 0,583
1,6 0,688 0,610 0,510 0,560 0,600 0,533 0,567
3,2 0,678 0,740 0,540 0,640 0,626 0,494 0,560
Date 07-02-07 07-02-13 07-02-20
Comments | From bridge From bridge From bridge
w. temp 28,9 30,2 28,7
PH 8,4 8,86 7,96
Depth 5,2 5 5
Secchi depth | 0,6 0,9 0,6
Time 10.30-12-30 10.35-12.35 10.25-11.25
Bottle/depth Serie 2 Serie 1 | Mean Serie 2 Serie 4 | Mean Serie 2 Serie4| Mean
Initial 0,654 | 0,662 | 0,658 0,704 | 0,656 |0,680 0,617 | 0,569 0,593
Dark 0,670 -10,670 0,637 | 0,615 0,626 0,549 | 0,514 0,532
0,0 0,659 -1 0,659 0,671| 0,628 |0,650 0,561 | 0,570 0,566
0,1 0,654 -1 0,654 0,683 | 0,586 | 0,635 0,541 | 0,579 0,560
0,2 0,656 -1 0,656 0,672 | 0,587 (0,630 0,545| 0,572 0,559
0,4 0,663 -1 0,663 0,692 | 0,594 |0,643 0,502 | 0,573 0,538
0,8 0,658 -1 0,658 0,649 | 0,619 0,634 0,543 | 0,591 0,567
1,6 0,651 -1 0,651 0,677 | 0,629 0,653 0,561 | 0,593 0,577
3,2 0,651 -1 0,651 0,658 | 0,643 0,651 0,568 | 0,559 0,564
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Sampling data for dissolved oxygen for Piton duiéi) absorbance.

Date 07-01-25 07-01-31
w. temp 30,5 28,5
PH 8,4 6,96
Depth 6,5 9
Secchi
depth 1 1
Time 11.15-13.15 10.45-12.45
Bottle/depth | Serie 1 Serie 2 Mean Serie 1 Serie 2 Mean
Initial 0,609 0,548 0,579 0,610 0,633 0,622
Dark 0,338 0,473 0,406 0,621 0,602 0,612
0,0 0,404 0,524 0,464 0,622 0,632 0,627
0,1 0,458 0,505 0,482 0,623 0,632 0,628
0,2 0,424 0,522 0,473 0,621 0,608 0,615
0,4 0,504 0,548 0,526 0,630 0,605 0,618
0,8 0,432 0,547 0,490 0,624 0,640 0,632
1,6 0,431 0,555 0,493 0,628 0,643 0,636
3,2 0,492 0,496 0,494 0,529 0,618 0,574
Date 07-02-08 07-02-15
w. temp 30,4 30,5
PH 7,2 7,88
Depth 9 8,5
Secchi
depth 1,3 1,2
Time 10.50-12.50 10.40-12.40
Bottle/depth | Serie 2 Serie 4 Mean Serie 2 Serie 4 Mean
Initial 0,654 0,642 0,648 0,660 0,662 0,661
Dark 0,640 0,655 0,648 0,656 0,613 0,635
0,0 0,661 0,656 0,659 0,672 0,653 0,663
0,1 0,664 0,662 0,663 0,648 0,595 0,622
0,2 0,664 0,657 0,661 0,635 0,623 0,629
0,4 0,664 0,657 0,661 0,658 0,608 0,633
0,8 0,669 0,663 0,666 0,614 0,632 0,623
1,6 0,656 0,648 0,652 0,621 0,635 0,628
32 0,646 0,610 0,628 0,608 0,601 0,605
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Chlorophyll and other pigments

Sampling data for La Nicoliere, absorbance.

Samplingdate  06-12-06 ~ 07-01-23 07-01-29 07-02-07 07-02-07  07-02-13 07-02-13 07-02-20 07-02-20
Analyze date  06-12-14  07-01-24 07-01-30 07-02-08 07-02-08  07-02-14 07-02-14 07-02-21 07-02-21
Volym (L) 0,530 0,530 0,535 0,525 0,460 0,440 0,480 0,410 0,450
Wave length

(hm)

750 0,006 0,017 0,002 0,001 0,002 0,003 0,003 0,000 0,040

665 0,042 0,082 0,055 0,062 0,059 0,047 0,054 0,063 0,113

645 0,018 0,035 0,016 0,020 0,019 0,016 0,017 0,019 0,064

630 0,014 0,033 0,013 0,016 0,016 0,013 0,014 0,014 0,062

480 0,052 0,172 0,093 0,110 0,100 0,116 0,018 0,107 0,194
750 (+ Hcl) 0,003 0,016 0,003 -0,008 0,004 0,005 0,004 0,002 0,007
665 (+ Hcl) 0,026 0,055 0,034 0,036 0,035 0,027 0,031 0,036 0,048

Sampling data for Piton du Milieu, absorbance.

Samplingdate 07-01-25  07-01-31 07-01-31 07-02-08 07-02-08 07-02-15 07-02-15
Analyze date 07-01-26  07-02-02 07-02-05 07-02-09 07-02-09 07-02-19 07-02-20
Volyme (L) 0,530 0,250 0,200 0,380 0,375 0,420 0,440
Wave length (nm)

750 0,002 -0,002 -0,001 0,004 0,004 0,003 0,004

665 0,030 0,024 0,024 0,033 0,026 0,045 0,042

645 0,011 0,007 0,007 0,013 0,010 0,016 0,016

630 0,009 0,004 0,005 0,010 0,008 0,012 0,012

480 0,049 0,037 0,031 0,053 0,042 0,085 0,074

750 (+ Hcl) 0,003 -0,001 0,000 0,005 0,004 0,004 0,005
665 (+ Hcl) 0,019 0,015 0,015 0,021 0,015 0,028 0,026
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APPENDIX IV
WEATHER OBSERVATIONS

La Nicoliere

06-12-06
Big white clouds, sun shining through sometimesnaoaind

07-01-23
Sunny and cloudy

07-01-29
weak sun for 15 min then very cloudy and rain #s¢ 15 minutes.

07-02-07
Very sunny with small white clouds, bigger whitewtls later
The vault was open and the reservoir full

07-02-13
Thin white clouds 80% of sky, strong sun
Big waves over the reservoir and a current path thesbottles

07-02-20

Gray thick clouds, rain for 5 min in the start, Bupite fluffy clouds with blue sky
coming in the end. Very windy and the vault wasrope

Piton du Milieu

07-01-25
Sunny with clouds, after one hour very sunny

07-01-31
Heavy grey sky then sun and rain shifting

07-02-08
Sunny with big white clouds and in the end thiakuds

07-02-15
Heavy grey clouds just 100 meters up, rainy bubhwitong sun sometimes for 5 minutes.
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