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The Mirgenbach reservoir (vol. : 7.3 Mm?, area : 90 ha, mean depth : 7.7 m) is a safety and thermal water buffer
for the nuclear power station in Cattenom (Eastern France). Water used for cooling is pumped out of river Moselle,
filtered, overheated, concentrated by evaporation in the atmospheric cooling towers that discharge the cooled water into
this artificial lake where it continues to cool. The levels of temperature, conductivity, hardness and eutrophising capaci-
ties are higher than those of river Moselle waters. The hydrobiological study was conducted from April 1986 to Decem-
ber 1988. Before August 1986, the lake had developed to a dimictic stratified type. Immediately after the first input
in August 1986, it developed towards a polymictic unstratified type. The oxygen levels, the conductivity, the pH and
the temperature were homogeneous from surface to bottom everywhere in the reservoir at any time.

The trophic level study has enabled us to investigate the interrelationships between the physical and chemical factors,
and the biocenoses in which the relationships between the various trophic levels could be observed. Considering the level
of eutrophication and the amoun of biomass produced, exploitation of the algal and fish productions was proposed.
Applied studies are planned : the aquaculture of the green alga Hydrodictyon and intensive fish farming in floating nets
with an addition of dry Hydrodictyon in artificial feeding.

Evolution trophique d’un réservoir aux eaux échauffées : Centre Electr léaire de Catt Moselle, Fr: Région Est
Mots clés : Réservoir artificiel, physico-chimie, eaux échauffées, eutrophisation.

Le réservoir du Mirgenbach (Vol : 7,3 Mm?, S : 90 ha, Profondeur moyenne : 7,7 m) constitue une source d’eau de
sécurité et un milieu tampon pour la centrale électronucléaire de Cattenom (France-Région Est). L’eau est pompée en
riviére Moselle, filtrée, échauffée, concentrée par évaporation dans les tours de réfrigération dont les eaux de purge tran-
sitent par le réservoir en poursuivant leur refroidissement. Les eaux présentent une température, une conductivité, une
dureté€ et une capacité d’eutrophisation plus élevées qu’en Moselle. L’étude hydrobiologique a été effectuée d’ Avril 1986
a Décembre 1988. Avant le mois d’Aofit 1986, la retenue s’est comportée comme un lac de type stratifi¢ dimictique.
Dés les premiéres injections des eaux de purge en Aolt 1986, elle a évolué vers un type polymictique. Les teneurs en
oxygene, la conductivité, le pH et la température sont homogénes de la surface au fond, quelles que soient la station
et la date.

L’étude du niveau trophique a permis de mettre en évidence les interrelations entre les facteurs physico-chimiques
et la biocénose avec ses différents niveaux trophiques. En tenant compte du niveau d’eutrophisation et de la quantité
importante de biomasse produite, 'exploitation des algues et du cheptel piscicole est envisagée. Des études appliquées
sont en cours, telles que I'aquaculture de ’algue verte « Hydrodictyon » et la pisciculture intensive en filets flottants
avec incorporation de matiére séche algale A la ration alimentaire.
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1. Introduction

Nuclear power stations are usually located along-
side major rivers where reactor cooling water is rea-
dily available. The temperature of the water used
for this purpose increases. The discharge of these
waters back to the river may result in higher river
temperatures and lower concentrations of river oxy-

gen (Lair et al. 1980). The nuclear power station at *

Cattenom (4 x 1,300 MW) is original in being loca-
ted 3 km from River Mosclle. It was therefore neces-
sary to create an artificial safety reservoir : « the
Mirgenbach ». The lightness overheated draining
waters from the cooling towers transit in this reser-
voir. This specific situation is of a great interest for
hydrobiological studies and proposals for biomass
valorization projects.

2. Site description

The main features of the « Mirgenbach » reser-
voir {fig. 1) are as follows : Volume-7.3 Mm® ;
area-90 ha ; mean depth-7.7 m ; elevation-179.5 m.
Its major purpose is to serve as a safety water reserve
and secondarily as a thermal buffer for the draining
waters of the cooling-towers (2.7 m* s~ ! for two
reactors). The mean residence time of the water is
20 days with two reactors working. There is no
radioactive isotopes release in the reservoir ; they
are directly mixed in the reject basin before pouring
into the Moselle river. The descaling and defouling
of cooling towers do not use toxic chemicals such
as chlorine ; there is only use of hydrochloric acid.
The presence of heavy metals in connection with
normal corrosion of piping will be examined
separately.

The water from River Moselle is submitted to
various treatments in the hydraulic circuit before
reaching the cooling towers :

a) grating and filtration (& 2 mm) ;
b) overheating (40° C) ;
¢) addition of HCI.

The lake was filled up from April to October
1985. The input of overheated waters has been effec-
ted since August 1986. The hydrobiological investi-
gation was carried out from April 1986 to Decem-
ber 1988.

3. Methods

Field pH, dissolved oxygen, temperature and
conductivity measurements were made using a

portable multiparametric probe (VTW) along ver-
tical and longitudinal transects at five stations (Fig
1:1 to 5). Water samples were collected periodi-
cally (once or twice monthly) and analyzed for sali-
nity, hardness, alkalinity, suspended matters, BOD.
phoshorus, nitrogen compounds and silica (AFNOR
standards). Water transparency was determined with
a Secchi disk (Vollenweider 1974). Chlorophyll a was
extracted with 90 % acetone. Chlorophyll concen-
trations were calculated using Lorenzen’s (1967)
monochromatic equation. The daily rate of primary
production was measured using the dissolved oxy-
gen method (Vollenweider 1965, Descy et al. 1987)
Phytoplankton was collected with a net (30 cm in
diameter, 100 cm de long ; mesh size 34 ,m) ; 280
1 were filtered on an average. Zooplankton was col-
lected with a Clarke-Bumpus automatic plankton
sampler (Net 12.5 cm in diameter, 90 cm long ; mesh
size 75 pm) from three depths (surface, mid-depth.
near-bottom) ; 2500 1 were filtered on an average.
The benthon was sampled at 50 cm depth with a ben-
thometer (¢ 30 cm) in the littoral zone (Bl to BS
Fig. 1) and with artificial substrates immersed at two
depths for three weeks in the central zone. Plank-
ton (algae, Hydrodictyon excepted + bacteria +
zooplankton + detritus = Albazod) and benthon
biomasses were estimated by weighing alfter drying
at 60° C in a vacuum oven for 24 hours. Fish was
caught with gill nets, identified by jaw tag, and relea-
sed. The estimation of population was made by the
Petersen mark-recapture method (Robson & Régier
1964).

4. Results
4.1. Physical and chemical characteristics (Table I).

The water quality is basically identical to that of
the water pumped out of the River Moselle ; it has
high salinity, hardness and a eutrophising capacity
with overheating and a concentration of dissolved
salts multiplied by 1.5, as a consequence of evapo-
ration in the cooling towers. These are the site of
efficient cooling, outgassing, oxygenation and
decantation which will have a favourable influence
on the levels of temperature, NH, *, NO,~, BODs
and COD.

The reservoir functioned as a temperate holomic-
tic dimictic lake (Hutchinson & Loffler 1956) before
the first input in August 1986. The summer stratifi-
cation started in June or July with a thermocline
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Fig. 1 : Map of « Mirgenbach » Reservoir area showing sampling sites (1 to 5 central zone for planktonic organisms ;

Bl to B5 : Litoral zone for benthic fauna).

between 5.5 and 6.5 m, then disappeared as soon
as the waters were mixed in August. Overall mea-
surements of the temperature, the dissolved oxygen,
the conductivity and the pH currently show homo-
geneity along vertical or transversal transects (fig.
2 and Table I).

According to the efficiency of the cooling towers,
the overtheating of the water in the Mirgenbach lake
range between + 5° Cin winter and + 1° C in sum-
mer in comparison with the annual distribution of
temperature in the Moselle river (fig. 3).

Consequently, the water of the lake never freeze in
winter and display a less overheating in summer ;
in all season, the gain of temperature is proper to
the biological development.

The trophic level is indicated by four major varia-
bles : Phosphorus, Nitrogen, Silica and
transparency.

The phosphorus concentrations were very low in
summer 1986 (total phosphorus: 4 ,gP i in
August, and PO43‘ not measurable). Then they
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Fig. 2. Vertical isothermal profiles of « Mirgenbach Lake ». History from 1986 1o 1988.
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Table [ : Mean (i1 ), minimum (min), maximum (max) values of physical and chemical data from 1986 to 1988 at the
central station {St 3), compared to cumulate data of all stations (St 1 to St 5) in 1988 and with mean data of River
Moselle at Cattenom.

Mirgenbach reservoir
Moselle
1986 1987 1988 1988 river
St3 S12 S12 all

1988

data
min m max | min m max | min m max | min m max | min m max

Parameters

Temperature °C 6 157 | 22.6 6 155 [ 235] 93 | 153 24 9.2 15 243 B 13.3 | 238

Dissolved O 2
mgl‘1 8.5 108 | 124 | 99 112 | 151 92 | 103 | 145 )| 74 952 | 143 | 2.7 9.7 13.2

Conductivity pS | 1,250 | 1,325 [ 1,380 | 1,043 | 1,200 [ 1,570 1,340 1,555] 1,730] 1,333] 1,560 | 1,761| 770 | 1235 | 1,700

pH 7.6 79 8.2 79 8.16 8.4 8 838 85 1793 834 8.8 1.6 79 8.3
SO z;ng i - S0 |104.8| 125 | 87.5 | 10572 120 | 105 | 133 | 189 | 97.5 | 127.9 | 188.4| 70 104 170
Clmgl -1 273 (3093 330 | 300 | 359 | 439 | 281 | 401 | 562 [238.8{403.25| 551 | 161 | 297 390
Na’mg l—1 84 [ 1153} 135 90 97 107 | 845 | 1294 173 | 84.7 | 128.7 | 173.2| 48 108 170
K*mg l-1 4.9 | 6.66 8 59 6.88 | 11.2| 6.1 9.6 | 13.1 6.1 9 1291 4.6 6.7 9.2
Clz;rlgl_1 98 |128.87 164 § 160 17 186 | 118.4| 183 | 241 142 185 [241.6| 109 145 176
Mgz;ng ! -1 2431521723195 18 J 206|270 18 | 206 [ 27 | 99 | 181 ] 26
Hardness

CaCOBmg 1! 340 |392.7| 510 | 462 | 498 545 | 370 | 542 | 716 | 429 | 547 715 | 332 406 454

Alkalinity
CaCO;mgl"l 107 135 144 1 142.5| 164 190 { 137 166 | 237.5| 138 173 237 | 100 148 163

MESTmg1™" | 0.6 (333|111 ] 21 | 427 [ 68| 16| 45| 73 | 30 | 55 |14 24 | 28 | 140
BOD Omg 1~ <5 <5 <s <s <s
NO;mgN1™" | 0.012[0.029| 0.068| 0.009| 0049 | 0.112] 0.004| 0.055 | 0.116| 0.003 | 0.054 | 0.117| 0.014 0064 | 0.105
NO3maN1™' | 0.44 |0872| 207 | 078 | 144 | 265 | 141 ] 246 | 381 | 139 | 247 | 396 | 097 | 18 | 33
NH;mgN1™" | 0.02 | 029 | 094 | 000 | 011 | 029 | 003 012|032 | 0o | 011 | 032|002 | 033 | 087
N (Kjeldhal)
mgN 1~ 050090 |154) 01| o5 { 15| 0222 40| 02| 216 54 | 03| 257 | 97
Pogmep =" | 0002| 0.052| 0194 [ 0.019| 0155 | 0.275| 0.186| 0.322{ 0.630 | 0.162| 0.318 | 0.630{ 0.074| 0292 { 0495
Puotal mgP1™7 | 0.004 [ 0.0990.257(0.248 | 0.325 | 0.466{ 0.200] 0353 | 0.640| 0.170 | 0.360 [ 0.920 | 0:248| 0456 | 0.651

Simgl'1 035 170 | 395 | 022 2.20 | 6.75 | 0.31 | 4.65 | 10.00| 0.25 | 4.63 | 11.00] 1.6 52 8.6
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rose to maximal vatues of 630 ;g 1~ !in PO~ and
640 ,gP 1= !in total phosphorus in 1988. The mean
input from the River Moselle was 440 ,gP 1= tin
total P.

From 1986, onwards nitrogen concentrations
increased rapidly (1.80 mgN 1 ! in 1986, 4.72 mgN
1= 1 in 1988 for total nitrogen). On an average,
nitrates amounted to 60 % of total nitrogen while
ammonijum decreased.

Dissolved silica was always present in the lake.
The minimal value (220 ;g SiO,1 ~! in August 1987)
exceeded the amount necessary for the growth of
diatoms (from 64 to 85.6 yg SiO,1~ 1) (Jérgensen
1957). The maximal values are 10 mg SiO51~ ) in
winter 1988.

The transparency has decreased regularly and con-
siderably since 1986. The vertical extinction coeffi-
cient (ke m~! = 1.76/Secchi depth in m) compati-
ble with Vollenweider’s data (1974) changed from
0.59 m~!in 1986 to 1.24 m~ ! in 1988, causing a
reduction of the euphotic zone from 7.8 to 3.7 m.

4.2, Biological characteristics and their variation
Phytoplankton dynamics

Diatoms excepted, algae are characterized by a
low diversity (about 30 taxa). Cyanophytes still
represented an important part of the biomass in

1987 1988

Fig. 3. Temperature profile of the Mirgenbach lake to compare with those of the Moselle river (Upstream and reject poini

1986 ; they decreased in 1987 and disappeared in
1988. Among the chlorophytes, Hydrodictyon reti-
culatum is particularly noteworthy. It was found
only once in 1986 ; it appcared regularly from
August to December 1987 and 1988. This biomass
(2.10° kg wet weight, harvested in August 1988)
denote a hypereutrophication crisis. The diversity
of diatoms varies from 17 to 81 taxa. The minimal
values from May to September are linked to the pro-
liferation of chlorophytes and later of Ceratium.

The average annual concentration of phytoplank-
tonic biomass trebled from 1986 to 1987, then sta-
bilized to 7.32 mg m ~ 3 in 1988 (Table I1I). Peaks
in the development of the phytoplanktonic biomass
could be observed from spring to autumn (Fig. 4)
with maxima in July except in 1986, because of not
any inflow of water from the cooling towers until
August 1986 (Phosphorus becoming a limiting fac-
tor : 4 ,g Pl in P total).

The daily rate primary production decreased
during the investigation (2.57 gCm~2d~ ! in 1986,
1.78 gC m~2d~ ! in 1988).

Zooplankton dynamics

Only crustaceans were studied in the present inves-
tigation, because of their dominant contribution to
biomass. Sixteen species have been identified over
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Fig. 4. Variation of phytoplanktonic (histograms) and zooplanktonic (-.-) biomasses from 1986 to 1988.

the past three years. The diversity during the peaks
has varied from 5 to 11 species (with only 6 species
during the second year). Five species recorded the
first year disappeared : Daphnia pulex, Daphnia
magna, Cyclops vicinus, Macrocyclops albidus,
Eudiaptomus vulgaris. Two species were present
each year with a high level of abundance : Daphnia
longispina, Bosmina longirostris. Five species have
developed : Thermocyclops crassus, Acanthocyclops
robustus, Eudiaptomus gracilis, Diaphanosoma
brachyurum, Daphnia cucullata. Four new species
have appeared : Ceriodaphnia pulchella, Leptodora
kindtii, Bosmina coregoni, Eurytemora velox.

In 1988, the average value of density for zoo-
plankton at Station 3 was 11 individuals |~ ! in win-
ter, 25 ind 17! at the spring peak, 115 ind 1~ ! at the
first summer peak and 220 ind 11 at the second
summer peak. The maximal density was observed
between one and four meters depth with 133 ind 171
in spring, 155 ind 1~ ! and 470 ind 1~ ! in summer.

The 1986 spring biomass (Albazod - fig. 4) was
not very abundant (0.2 g m’3)4 A clear water
period was followed with a modest increase at the
beginning of summer (0.4 g m~3). The maximum
development occurred in the autumn (1.6 g m~3),
as soon as the inflow of water from the cooling
towers started. In 1987, the first peak of biomass
happened in Spring (0.7 g m~ 3 in April). Then the
clear water period extended to late August (0.9 g
m-33),

The year 1988 was characterized by an important
early spring peak (1.3 g m~3 in mid-April). After
a short clear-water period in May, there was a regu-
lar growth until the maximum was reached in late
July-August (7.5 g m~3; 8.5 times the summer

1987 value). Then, a distinct decline took place in
late August, beginning of September while the alga
Hydrodictyon reticulatum covered the surface. After
Hydrodictyon being harvested, the biomass rose
again in late September (7.5 g m~3) then fell in
autumn. In reference to 1986, the spring and sum-
mer peaks of 1988 were respectively 6.5 and 18.75
times higher.
Benthic community dynamics

A total of 88 taxa were found during the study.
The benthic fauna rose from 54 taxa in 1986 to 60
in 1988.

The structure of communities is summarized in
Table I1.

The stable sampling place B4 (dam) is characte-
rized by a progressive colonization by molluscs : 14
kg ha~! in spring 1986 for a population domina-
ted by 88,4 %% of chironomids. The biomass pea-
ked with 1,290 kg ha~! in autumn 1988, with
99,5 % molluscs (Dreissena and Bythinia). The colo-
nization of the substratum by molluscs began with
pulmonate gastropods in spring and summer 1986,
followed by D. polymorpha in winter 1987. A
decreasing of the water-level at that time led to a
renewed prevalence of the pulmonate gastropods in
the spring and the summer of 1987, followed by D.
polymorpha and since the summer 1988 by Bythi-
nia and Valvata.

Sampling place B3, on the South bank, showed
important biomasses whenever gastropods (Physa
and Radix) were present : in the summer of 1986,
following the growth of aquatic plants (Potamoge-
ton and Polygonum amphibium) : in the spring and
the summer of 1987 in relation to the abundance
of Hydrodictyon. The very low biomass values
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Table II : Principal values of the biomass, individual and taxon values of the benthon characterizing the Mirgenbach
reservoir. m : mean value ; min : minimum value ; max : maximum value.

Station| Biomass in dry weight Number of individuals Number of taxa
kg ha ind m

B1 m : 48.5 m : 3,256 m:13
min : 6.24 ; max : 183 min : 671 ; max : 6,271 min 6 ; max : 24

B2 m: 233 11,462 m:9
min : 4.9 ; max : 49.47 min : 300 ; max : 2,514 min :5; max: 13

BS5 m : 30.9 : 3,493 m:9
min : 6.5 ; max : 70.18 min : 857 ; max : 7,742 min : 3 ; max : 15

B3 m : 40.7 12,308 m: 11
min : 1.5 ; max : 105.8 min : 258 ; max : 6,258 min : 5 ; max : 21

B4 m : 432.4 m: 271 m: 1
min : 1.4 ; max : 1,290.18 min : 148 ; max : 5,960 min : 7 ; max : 21

6,52 kg ha-! in the autumn of 1987 and 1,5 kg ha-!
in the winter of 1988) are due to N.W, winds which
caused the disappearance of the bank sediments and
aquatic plants.

In the spring 1986, the sampling places Bl1, BS,
had a very similar structure, with a high population
of Cloeon dipterum (70 to 89 %). They showed
important fluctuations of their biomass, according
to the presence or absence of gastropods : this con-
firms the work done by Lundbeck (1936 in Brink-
hurst 1974). The accumulation of dark muds in the
summer and autumn 1987, especially in B2, caused
a reduction in the biomass. In 1988, the storage of
an organic muddy bottom explained the dominance
of oligochaetes and chironomids, which represen-
ted from 66.6 to 96.2 % of individuals. Of these
three stations, B1 was the richest, as a result of the
inflow of the Mirgenbach brook, the presence of
ponds near the reservoir, as well as good renewal
of the water because of the westerly winds. BS

appeared as more constant, with a considerable sil-
ting with clear mud (thickness from 15 to 20 cm),
with little exogenous matter permitting the increase
of oligochaetes (7,742 ind m~2 for 70.18 kg ha !,
with over 75 % in number, and biomass of lumbri-
culids, in the autumn 1987). B2, the poorest station,
was a confined area with weak currents. Decompo-
sition of an abundant algal biomass and leaves in
autumn, was taking place there ; it created very dark
bottoms inhospitable to the benthon.

The structure of the benthic community showed
a dual variation :

a) a disappearance or a significant decrease in the
number of representative taxa living in clear waters
or on aquatic plants (Hemiptera : Aphelocheirus,
Gastropods : Physa, Radix).

b) a colonization by species often present in the
River Moselle at Cattenom (Molluscs : Dreissena,
Bythinia, Crustaceans : Atyaephyra desmarestii).
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Fish population

Eight species were caught in 1987 (perch, gud-
geon, dace, roach, stone loach, rudd, barbei, pum-
kinseed). For the biological study of the perch, a
total of 909 individuals (542 in 1987 and 367 in 1988)
were caught and marked. After recapture, only
perch was examined ; it represented 8 catches in 1987
and 1988. The biomass could be evaluated to 90 kg
ha~!in 1987 and 120 kg ha—! in 1988.

The lake is populated with perch from 1 to 6 years
old ; some of the fish must have been brought in
when the lake was first filled up.

5. Discussion and conclusion

Several factors combine to establish, maintain and
increase eutrophic conditions in Mirgenbach reser-
voir, including : 1) water quality of the river
Moselle, strongly mineralized and eutrophicated ;
2) overheated and nutrient enriched inflow waters ;
3) complete and constant vertical mixing of the water
column ; 4) breaf residence time of water in the
reservoir (20 days). There was (Table III) a varia-
tion from an oligotrophic state due to a shortage of
phosphorus (1986) to a mesoeutrophic state (1987)
and finally eutrophic state (1988). Hypereutrophic
degradation was stopped after harvesting the green
algae Hydrodictyon.

Some relationships between biotic organisms and
physico-chemical parameters could be established.
The minimal NH, concentrations coincided with
phytoplanktonic peaks (fig. 5) and therefore, con-
firmed the preferential assimilation of NH,4 by algae
(Suttle & Harrison 1988). The zooplanktonic bio-
mass and the homogeneity of the water contribu-
ted to the fast mineralisation of phosphorus (Devaux
et al. 1983) with, as a consequence, a high propor-
tion of orthophosphates (93 % of total P). The
decrease in transparency was due to the phytoplank-
tonic biomass and the increase in dissolved elements.

As for the algal flora, an evolution from juvenile
state towards maturity can be observed. The turbu-
lence of the whole water column, noticed since 1987,
justified the quasi disappearance of cyanophytes and
the development of Ceratium hirundinella. Accor-
ding to Steinberg & Hartmann (1988), the transfer
of the surface algae to the bottom, outside the pho-
tic layer, is not favourable for cyanophytes. On the
other hand, the floating green algae Hydrodictyon
reticulatum can colonise the surface in association

-0,473
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Fig. 5 . Exponential regression of the phytoplanktonic bio-
mass (Chlorophyll a in mg m~3) in relation to the
concentration of dissolved ammonium (NH,* in
mgN 171).

with Cladophora, Oedogonium and Enteromorpha.
As a secondary effect, this prevalence limits the
growth of small algae by photosynthetic competi-
tion. The production rates are high in comparison
with other data (Feuillade 1985) : Lake Annecy :
mean 1973-76, 0.35 g Cm~2d~! ; Lake Nantua :
mean 1972-78, 0.59 g Cm~2d~! ; Lake Geneva :
mean 1972-78, 0.86 g Cm~2d 1.

The succession of zooplankton populations can
be explained by the ecology of the various species.
At the time of the first filling up. D. magna, D.
pulex and C. vicinus which, often present together,
developed on submerged meadows (which are a
source of organic matter) then disappeared when the
reservoir was full. The cyclopoid M. albidus prefe-
red waters with a low renewal rate. The calanoid E.
vulgaris is known as being less resistant than E. gra-
cilis to environmental variations (Cognard 1971).
The permanent species are typical of an evolution
from a mesoeutrophic state to an eutrophic state sui-
table for D. longispina, D. cucullata, D. brachyu-
rum and B. longirostris. Moreover, the last three
species are thermophilic or eurythermal. The coexis-
tence of small and large species of cladocera explains
the presence of carnivorous cyclopoids. C. pulchella
is very common in shallow, eutrophic lakes, eating
bacterial matter and detritus ; the carnivorous L.
kindtii will take advantage of small preys such as
rotifers and crustacea. The copepod E. velox is an
euryhaline species and therefore will benefit from
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Table III. Variation of the biomasses of the four major trophic levels from 1986 to 1988.

Year

1986 1887 1988
April to Dec.

Producers

Station 3

Chiorophyll a mean 35 10.21 7.32

mgm- minimum 0.56 201 0.47
maximum 8.3 16.74 27.93

Primary mean 5.48 5.40 3.79

production minimum 0.87 0.00 0.05

029 m-2¢-1 maximum 14.24 11.39 8.14

Transparency mean 3.86 1.64 1.89

inm (Secchi} minimum 1.42 112 0.73
maximum 6.31 312 4.40

Planktonic feeders | and Il

Albazod mg m-3 (dry weight)

in the central area

Surface mean 719 209.4 2.150

between 0-5 m minimum 1 3.5 52
maximum 4,790 981.8 7,560

Mid depth mean 400 169.5 3,130

between 5-10 m minimum k3l 3.5 107
maximum 1,600 900.9 18,829

Near bottom mean 363 194.6 3,230

between 10-15 m minimum 15 1.7 109
maximum 1,540 928.5 14,285

Benthic feeders | and Hl

kg ha-1

for the § stations
mean no data 57.24 37.5

Winter minimum " 3.2 1.5
maximum " 244.7 108.6
mean 21.5 97.12 240.3

Spring minimum 1.4 49.4 13.5
maximum 49.1 183 1,087.5
mean 28.4 39.5 271.16

Summer minimum 6.5 15.8 4.9
maximum 86.3 93.1 1,235.4
mean 35.34 755 276.1

Autumn minimum 13.2 6.5 11.9
maximum 64.4 281.6 1,209.7

Fish

(Perca l/uviariliﬁ no data 90 120

Biomass in kg ha

(10;



(1ny TROPHIC EVOLUTION OF A RESERVOIR WITH OVERHEATED WATERS ”

& salinity increase. The prevalence of cladocerans
(83,3 % in spring and 61,2 % in summer) over cala-
noids and cyclopoids enables us to set this reservoir
in « class 5 » of the typology of Bressac (1985).

If the eutrophication increases even more, the
calanoids may disappear (Lair 1975, Janiki et al.
1979, Bressac 1982). The structure of the fish popu-
lation has an impact on the zooplanktonic one ; the
predominance of ichtyophagous fish (Perca fluvia-
tilisy as compared to planktonophagous fish
accounts for the abundance of large size zooplank-
tonic species (D. longispina, D. brachyurum, Cala-
noids) with an high grazing rate on phytoplankton.
The carnivorous species (C. vicinus, L. kindlii) eat
the smaller cladocera (B. longirostis, C. pulchella)
the filtering organic matter and associated decom-
posers (Bacteria and Protozoa).

By comparing with other values (600 ind 1~ ! in
Créteil reservoir, Testard 1983}, the lower density
of zooplankton can be explained by the fact that the
outflow (2.7 m~3 s~ !) carries away part of the zoo-
plankton whereas the inflow (2.7 m? s~ 1) brings
none. Bressac (1985) thinks that this applies to the
Serre-Pongon reservoir in which the lowest density
is 55 individuals 1=, Despite the overheating, a sea-
sonal rhythm in the dynamics of populations is
appearing : a peak in spring explaining the clear
water period, because of the grazing by smaller zoo-
planktonic species ; a higher peak in summer, a
decline in autumn and a minimum level in winter.
Contrary to what is reported in the literature (Gré-
goire 1981, Pinel Alloul & Méthot 1984), no demo-
graphic explosion occurred after the first filling,
because of phosphorus deficiency due to its incor-
poration in the biomass.

The maximum benthic biomasses (excluding the
dam) can be compared with those of the literature.
Bouchaud et al. (1979) found 122 kg ha ! in the
lower section of a gravel pit in the River Loire. Tes-
tard (1983) gave 44.19 and 53.33 kg ha~! for the
mesoeutrophic Créteil lake, according to the subs-
tratum, whereas for eutrophic lakes, the lictoral ben-
thic fauna reaches 330 kg ha—! (Morgan 1980) and
10.3 kg ha—1 of dry weight without shells in Lake
Simcoe (Rawson 1930). The mean population (from
1,500 to 3,500 individuals m ~2) is much lower than
that of the littoral samples of Lake Saint-Louis
(Quebec) (7,500 individuals m ~2) which is said to
be in an advanced eutrophication state (Magnin

1970). Our results, which are significantly different,
show that the Mirgenbach reservoir is in trophic
variation.

In the specific case of the dam, although the num-
ber of D. polymorpha decreases from 1,800 to 650
ind m~2, their biomass increases from 240 to 1,025
kg ha~! of dry weight, including shells. The values
for this species (biomass/population) are compara-
ble with those observed in eutrophic Mazurian Lakes
(Stanczykowska 1977). Stanczylowska (1984) esta-
blished the absence of such molluscs in polymictic
type IV lakes (Total phosphorus from 300 to 950
usl 1), whereas we showed that these molluscs are
represented in the Mirgenbach Lake. This calls for
an investigation of the evolution of D. polymorpha,
which is also a prey to crayfish (Orconectes limo-
sus) (Piesick 1974 in Stanczykowska 1977) ; water
owls (Pedroli 1981) ; coot (Fulica atra), tuffed duck
(Aythya fuligula), pochard (Aythya ferina) and mal-
tard (Anas platyrhynchos) of which 2,000 to 2,500
individuals are living on the lake in winter.

To explain the decreasing diversity of fish two
hypotheses can be put forward : a) the species of
fish — other than perch — have slowly disappea-
red because they were not adapted to the biotope ;
for instance, dace is known to prefer fast currents.
b) the species have declined because of the strong
predation by perch.

It is known that a monospecific population of
perch may disrupt the balance of the environment
and can canse nanism (Hoestlandt 1979). Conse-
quently, we decided to intervene by stocking the
reservoir (17 kg ha~!) with omnivorous species
(Cyprinus, Tinca) and great carnivorous fish (Esox,
Lucioperca) ; the former to limit the propagation
of large zooplanktonic species, and the latter
because of their ability of regulating the population
of Perca. According to the available bibliographi-
cal data (Angeli 1976, Pourriot et al. 1982), we can
expect the small zooplanktonic species (Rotifera,
Bosmina, Ceriodaphnia) to develop. Consequently,
the intensity of grazing should decline resulting in
diminished lakewater transparency for longer
periods. This evolution should keep the prolifera-
tion of Hydrodictyon down. As an alternative,
aquaculture of these algae is being planned. The har-
vest of these algae will be an appropriate method
to restrain the hypereutrophication (Laurent 1976).
Fish farming in floating nets could also be develo-
ped using herbivorous species able to eat dry
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Hydrodictyon incorporated into an artificial diet.
The purpose of this programme is to take advan-
tage of the waters from the cooling towers. It can
be implemented taking all the environmental issues
into account : the physical and chemical variations
of the water quality, the qualitative and quantita-
tive variations of the trophic chain.
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