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The river Rhine is in many aspects a life string of Western Furope. This is compa-
ratively also the case with the river Meuse. The Rhine is a combined glacier- and rainfed
river which makes the discharge more regular than that of a purely rainfed river such
as the Meuse. The latter is a gated river, owing to the construction of seven stows
build in the years between 1924 and 1936 in the Dutch region of the river, 19 gates
are in Belgium and 59 in France.

The residence time of a water particle in the Rhine from the Bodensee until the
border of the Netherlands numbers 12 days at average discharge and in Holland itself
2 days, making a total of two weeks. The residence time of a water particle in the
river Meuse amounts to approximately three weeks until the Dutch border at average
discharge and one week in the Netherlands itself, making a total of one month in the
drainage basin. (pers. comm. Ir. J. W. vaN DER MADE).

Large population centers with heavy industry, agriculture, cattle-breeding and its
aliniated industries are situated in both drainage basins. It is difficult to offer exact
figures for the load in inhabitant equivalents over various years owing to the con-
struction of the central sewage system, the use of water for industrial purpose and im-
proved drainage for agriculture. In order to give an idea about the increase in pollu-
tional load in recent years two figures are available: 38 X 10° j.e. in 1961 (KruL 1961)
and 85 < 10° fe. in 1972 (TEN BERGE) in the river Rhine. A similar increase might
be expective in the river Meuse.

As one inhibitant equivalent of organic pollution requires 54 g oxygen per day
(Imuorr 1969) for mineralization and as water in equilibrium with air at 20 °C will
contain 8.5 g/m® of oxygen only, it will be realized that in this river the process of
reaeration is severely taxed. A simple calculation goes to show that without reaeration
from the atmosphere the water of the Rhine does not even contain half the oxygen
needed for the mineralization of its pollutional load, except the oxygen production of
the phytoplankton which is low depending on high turbidity values.

Discharge pollut. load Water quant.
ie. li.e.
m?¥/sec. m3/day
2200 85 X 10¢ 22 00 > 3600 X 24 o4
85 X 10 o
oxygen in oxygen available oX. consumption
1 m? 20 “C. in solution 1 i.e. li.e/day
g/m? g 0,/day g Oy/day
85 2.4 8.5 = 20 ¢ 54

! Delta Institute for Hydrobiological Research, Yerseke, the Netherlands, Com-
munication nr. 120.
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Fig. 1. Catchment area of the rivers Rhine and Meuse. ¢ = catchment area, 1 = length,
d = average discharge.

Actually reaeration increase the oxygen content at the Dutch border to values
around 50 %o. This makes the Rhine one of the most heavily loaded major rivers in the
world. Autumn minima of 2.6 mg/l oxygen or 27 %o saturation have been found.

The numerous gates in the Meuse approximately double the residence time of the
water in this river and greatly enhance the reaeration. For these reasons saturation
with oxygen here amounts to about 80 % on the average (PEeLEN 1974 b). When, how-
ever, in 1969 from 26th July till 2nd August the gates in the Netherlands were lowered
in connection with reconstruction works, the river became free flowing again. This re-
duced the residence time and oxygen content went down as far as 1 mg/l or 12 %
saturation. During that period some fish kills took place.

Next to destructable organic substances severe poisons are quite often dumped in
the river, as for instance in 1969 when concentrations of 1 pg/l Endosulfan could be
detected (Anonymus 1970). The number of chemicals of industrial origin dumped in
both rivers enumerated to date has reached the hundred mark, many of them yet in-
sufficiently identified (SontuEmMER 1971). The lethal and sub-lethal action of these
substances and their decomposition products together with possible synergetic actions
between them in aquatic organisms is most insufficiently known.

Urbanization and industrilization also cause an increase of the nutrients. Although
in 1916 no phosphate P could be detected in the water, in particular after 1962 a large
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increase took place. Afterwards the synthetic polyphosphate of the washing powders
appeared on the scene and some times later the mechanized animal husbandry.

The N content of the Rhine water showed a drastic rise from 2.0 mg/l in 1916
(pz LinT) to 7.0 mg/l in 1971 (Anonymus 1956—1972).

The chloride content rose from an original value of 40 kgfsec (35 mg/l) in 1880
to more than 865 kg/sec (250 mg/l) in 1971. Potash mining in the Alsace area accounts
for 86 % of this increase (tEn Berce 1973). In summers with low discharge the limit
of 300 mg/l CI' is surpassed during a certain period in the Netherlands and the Rhine
water can no longer be classified as fresh water.

The nutrient contents of the Meuse are equal or a little lower than those of the
river Rhine. Only the chloride content is practically always below 100 gm/l Cl'
(Kooren 1970).

The concentrations of heavy metals, pesticides and herbicides are nearly always a
factor 2 to 6 lower than in the Rhine (Anonymus 1973).

It was the aim of the present study to check whether the composition and the
saprobic grade of the plankton of both rivers changed under the influence of the in-
creasing eutrophication in a qualitative and in a quantitative way during the course of
55 years.

Plankton

The plankton of the rivers Rhine and Meuse has been studied in the be-
ginning of this century by Lautereorn (1910), Marsson (1907—1910) and
Korxwrrz (1912). pe Lint (1916—17) carried out a research in the Nether-
lands on the river Lek, a branch of the river Rhine. WisauT-IsesrEE MOENS
(1956) studied plankton in various branches of the Rhine in 1954—55 as part
of the International Research Programme.

In the Netherlands RomiN was the first in 1918 to study the plankton of
the Meuse. WiBAuT-IseBrREE MoENs (1956) carried out a similar programme and
in 1966—67 the plankton of the Meuse river was investigated by the RIZ.A.
(State Institute for Purification of Sewage, ANonymus 1971).

As part of the so called Delta Plan, which is the programme for the closing
of most of the open sea arms in the S.-W. Netherlands, the Delta Institute for
Hydrobiological Research was established in order to investigate the biological
effects resulting from these works.

In the Spui, a branch of the river Rhine, a quantitative study was carried
out on the river plankton from 1966—67.

In April 1969 the Volkerak branch was cut off from the sea. The Haringvliet
arm was closed by a dam through the mouth of the estuary in November 1970,
but a very much reduced tidal movement still remained owing to the fact that,
via Spui, Dortse Kil and Nieuwe Merwede, there is still a limited indirect con-
nection with the sea,

The plankton in this area was decribed by PeeLen 1974 a. In Tab. 1 details
of studies of the plankton of both rivers are summarized,

In Tabs. 2 and 3 the plankton composition of the rivers Rhine and Meuse is
shown. The principal components only are given.

It is seen in these tables that Aphanizomenon flos-aquae and Microcystis
aeruginosa were either absent or very rare at first, but became common later
on. These species originate from the Bodensee (Lenn 19783), Ziirich-See (THOMAS
1971) and other eutrophicated waters.
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Tab. 1. Historical review of research on plankton in Rhine and Meuse.

River Rhine

author DE LanT WisauT PeeLEn 1 PeerEN 2 PeeLEN 3
year 1916—17 1954—55 1967—68 1969—70 1971—73
method net nanno-net  nanno-net nanno-net  nanno-net
determination estimation  estimation  counting counting counting
average 2,610 2,010 2,710 2,750 1,500
discharge m®/sec normal discharge 2,200 m?/sec,

River Meuse

author RomiyN WiBAUT RIZ.A. PEELEN 2 PEELEN 3
year 1918 1954—55 1966—67 1969—70 1971—72
method net nanno-net  net nanno-net  nanno-net
determination estimation  estimation  estimation  counting counting
average 310 250 490 310 190
discharge m?/sec normal discharge 330 m3/sec.

In Tab. 4 all representatives of the plankton as observed by the various
authors who studied the rivers between 1916 and 1972, have been classified
according to the saprobic system as revised by SLADESEK (1978).

From the data given in Tab. 4 the following conclusions can be drawn:
1) in both rivers no statistically significant differences can be found between
the results of older and recent investigation. In spite of heavily increased pol-
lutional loads of different origin, no shift towards a polysaprobic plankton com-
munity can be observed. 2) Comparing the sums of the numbers of species of
each category found by the different authors for each of the two rivers, a sig-
nificantly reliable difference is seen between them (one sided y* test, level 5 %o).

In the Meuse xeno- and oligo-saprobic organisms, originating in the non-
polluted small tributaries are less well represented. They probably settle down
between the gates, whereas both - and a-mesoprobic organisms take a greater
share in the structure of the planktonic community. In the fast flowing Rhine
the entire diversified input from the catchment area is rapidly flushed towards
the sea and the plankton community does not stand a good chance to develop
and to give a good image of the water quality. In the more stagnant Meuse —
owing to its numerous gates — the plankton can develop better and create a
f-mesosaprobic community more in agreement with its environment.

In order to compare the saprobic grade of the plankton communities of both
rivers an average saprobic value sensu SLApECEK (1973) was calculated by adding
the various values derived from his list and dividing the sum by the total num-
bers of organisms.

Analyses of variance proved that apparent differences between the averages
found were not statistically significant. So between 1916 and 1972 both rivers
did not shift in saprobic grade (Figs. 4, 5).

The question arises whether or not the obviously increasing eutrophication
and pollution did cause the total number of plankton to rise.

Here the difficulty is that the work of older authors was carried out semi-
quantitatively by means of estimates and we can only guess at the criteria used.

Verh. Internat. Verein. Limnol, Bd. 19 196
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Tab. 4. Classification of the plankton of the rivers Rhine and Meuse according to the
saprobic system.

River Rhine
Author DE LINT WipauT PerrEn 1 PeELEN 2 PeELEN 3

total number
Saprobity species %o species % species %o species % species %  of species
Xeno 3 3.5 2 2.0 1. 2.3 1 1.8 I 1.6 8
oligo 24 283 24 248 11 25.6 15 26.8 16 25.8 90
£ meso 47 55.3 61 629 27 62.8 34 60.7 88 61.3 207
@ Meso 7 8.2 9 9.3 3 7.0 5 8.9 T 11.3 31
poly 4 4.7 ik 1.0 1 3.8 g 1.8 0 0 7
River Meuse
Author Rowmrn WisauT RIZA, PegLEN 2 PeELEN 8
Saprobity species o species %o species %o species % species o total
Xeno 1 2.0 1 0.8 1 0.9 0 0 0 0 3
oligo 8 163 27 22.3 21 193 15 26.8 10 22.2 81
[ meso 33 674 75 620 69 693 32 571 30 667 239
@ meso 6 123 16 132 15 13.8 8 143 5 111 50
poly 1 20 2 1.7 38 2.7 1 18 0 0 i
Tab. 5. Mean saprobic value according to SLADEZEK.
River Rhine River Meuse
author phyto- zooplankton author phyto- zooplankton
plankton plankton
~5 53 ~5s Sz ™8 Sz ~E o Sy

pE LINT 202 021 178 029 Romiy 2.07 021 194 0.18

Wisaur 1.87 0.06 1.78 0.23 WiBAuT 194 006 173 011

PEELEN 1 1.82 0.10 182 015 RIZA. 212 016 173 013

PEELEN 2 1.80 010 172 016 PeELEN 2 2,01 011 155 015

PEELEN 3 186 010 178 013 PEELEN 3 196 008 177 014

~s mean saprobic value, sz mean standard error.
n phytoplankton 30—50 species, n zooplankton about 10 species.

In the Tabs. 2 and 8 our counts were diverted into the classifications used by
the older authors as indicated in the tables. In spite of the absence of figures
directly comparable with ours, it is clearly seen that the plankton of both rivers
was quantitatively less well developed when investigated by pe Lint (Rhine
1916) and Romyn (Meuse 1918), than in recent years. According to LAUTERBORN
(1939) numbers in the Rhine increased rapidly after about 1890. When RominN
studied the Meuse it was still a free flowing river as the gates were con-
structed around 1936 in the Netherlands. In this case increasing residence time
will have exerted an influence equal to that of the increasing pollution and
eutrophication,
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The closure of the mouth of the Haringvliet (Fig. 1) — the combined estuary
of both rivers -— in November 1970 severed the western-most estuarine part
of them, known as the Hollands Diep — Haringvliet, from the sea and made
it into a semi-stagnant waterbody.

In years previous to the closure the summit of the phytoplankton develop-
ment in August reached values of about 500 cells/ml in the Rhine near
Gorinchem and 1000 cells/ml in the Meuse at a similar distance from the coast.
After the closure these figures rose to 1,500—8,000 cells/ml in the Rhine and
10,000—30,000 cells/ml in the Meuse, respetively. The zooplankton organisms
rose from 300 animals/l in the Rhine and 600 animals/l in the Meuse before
up to 6,000—20,000 animals/l in the Rhine and 3,000—8,000 animals/] in the
Meuse after the closure of the Haringvliet, respectively.

The reason for these increases can be found in the reduced velocity of the
current and therefore increase of residence time of the plankton in this part of
the estuary. Moreover in the period after the closure the river discharge was
rather small.

Conclusions

1) Substatial changes took place in the physico-chemical environment of the rivers
Rhine and Meuse in the past fifty-five years.

9) Increased eutrophication of the backwaters of the Rhine, such as the Bodensee and
the Ziirich-See, brought f-mesosaprobic organisms such as Microcystis aeruginosa
and Aphanizomenon flos-aquae as far down stream as the part beyond the Dutch
frontier. In the Meuse Oscillatoria agardhii is occasionally present.

3) No statistically significant change in the saprobic grade of the plankton of the Dutch
parts of both rivers took place in the past fifty-five years. The new invading species
belong to the same saprobic category — f-mesosaprobic — as the community as a
whole.

4) Compared with 1916 an increase in total numbers took place. The closure of the
Haringvliet — the estuarine end of both rivers — caused another increase in numbers,
as the residence time of the plankters within this area was increased. The fact that
the closure took place in a year of rather small river discharge enhanced this rise.
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Discussion

Dicrman: It is noteworthy that the saprobic index did not appear to reflect
the enormous change in the abundance of phytoplankton which you recorded
over a ten-year period in both rivers. Would you care to comment on this?

PeereN: The saprobic system only reflects the qualitative data not the quanti-
tative ones. With the increase of the pollution the abundance of the plankton
increases, too. With the increase of the nutrients the abundance increase of the
last two years is depending on current reduction and a longer residence time of
the water and the organisms.






