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GENERAL INTRODUCTION 

INTRODUCTION TO THE LAKES MAARSSEVEEN 

OVERVIEW OF THE WORK THAT HAS BEEN DONE 

J. Ringelberg 

Department of Aquatic Ecology-

University of Amsterdam 

General introduction 

In 1975 a limnological study of Lake Maarsseveen I was initiated by a group 

of aquatic ecologists from the University of Amsterdam. Intended originally as an 

eco(-sub)system study of the open-water zone this idea had to be abandoned be­

cause an insufficient number of scientists was convinced of the idea and insuf­

ficient funds were raised. Therefore, the theme was restricted to a study of the 

interrelations of the planktonic community. In due time, however, the addition 

of several scientists from other institutes extended the project to the study of 

the littoral zone as well. Some of the results obtained the last five years are 

presented in this report. The principle objective of this report is to be a 

pause for reflection on future research. It may also serve as a source of infor­

mation for those interested in the area. Although presented in a preliminary form, 

our data and ideas might be of interest to other limnologists. Therefore, the re­

port is written in a language of which we- hope it is sufficiently close to English 

to serve this purpose of communication. 

The future of the research in the Maarsseveen area is uncertain ; because of 

other duties several participants had to move to other regions, and grants will 

expire in a few years. Due to the progress in "democracy" university people have 

to spend increasing amounts of time at the conference table. Despite the fact 

that many unemployed competent scientists are withering away at home the economic 

regression and our social legislation does not allow their participation in this 

non-profit research. 

However, the original intended and only partially realised idea of research 

has to be done ! If in the future the science of ecology is to provide a means of 

a scientific management of our much maltreated environment, research has to be 

done to expose the rules that rule the wax and the wane of populations, their mu­

tual interactions and the relationships to the environmental factors. At the pre­

sent state of limnological knowledge, which is not small but anecdotical, no 



really scientific management of surface waters is possible, no computer model is 

able to cover up our fundamental ignorance, and no single species laboratory ex­

periment reveals how time and history operates on the species in the field. 

The ecological problem is one of many dimensions and it has to be attacked 

from many sides. Being an integration of problems it can only really be solved 

by an integrated research group. Although it is a first step it is not sufficient 

that scientists with various interest work on the same body of water. It is of no 

use to measure primary production on Monday and zooplankton grazing on Thursday. 

What is needed is a really integrated research plan with standardized techniques 

and sample programs. Although it is not so difficult to make such a program, there 

is the psychological problem of working together. 

The choice of the Maarsseveen area as a research location was based on scien­

tific, educational and practical considerations. From a scientific point of view 

Lake Maarsseveen I was chosen because of its unpolluted nature. Unpolluted water 

is rare in the Netherlands. Also most limnological research is subsidized to stu­

dy polluted waters. It is worthwhile, however, to have a frame of reference. If 

the ultimate goal of pollution studies is to generate methods of management which 

restrict the effect of pollution as far as possible or which correct eutrophica-

tion, knowledge of the behaviour of the unspoiled ecosystem is necessary. As a 

university laboratory we have the freedom to do these base-line studies. In order 

to be able to concentrate on fundamental ecological problems it was thought to be 

of importance to choose a lake of simple properties. Secondary hydrographical or 

hydrobiological complications such as the irregular water movements of a "boezem" 

(= a system of reservoirs of superfluous polder-water) or a heavy input of al-

lochthonous carbon by leaf fall has to be avoided. The rectangular basin of Lake 

Maarsseveen I with only one outflow and shrubs or small trees some distance from 

the shore approaches this ideal situation. It is the choice of a problem-directed 

as opposed to an object-directed research group. 

From a scientific as well as an educational point of view the presence of a pol­

luted water body, Lake Maarsseveen II, quite near to the unpolluted one is of im­

portance. The ability to demonstrate to students what happens to a system when it 

is loaded with nutrients is of great value. Lake II has more or less similar hy­

drographical features to Lake I which makes comparisons possible. 

The lakes are managed by the "Recreatie Centrum Maarsseveense Plassen". Thanks 

to the cooperation of this organisation, electricity, tapwater, toilets etc. were 

at our disposal and made it possible to build a small field station within its 

guarded boundaries. The field laboratory offers simple laboratory, cooking and 

sleeping facilities. On the water of both lakes working platforms are anchored at 

places of maximal depth. The area is in the centre of the Netherlands (see Fig. 1), 



with a short traveling time from the universities of Amsterdam and Utrecht. 

These practical considerations were also the basis of our choice. There are of 

course also disadvantages. Being a recreation area it can be crowded on good 

weather summer holidays. These days are, however, rare. On the other hand, the 

status of recreation area guarantees the unpolluted condition of Lake I. This 

is a situation hardly to be expected in the overcrowded Netherlands but of par­

ticular importance for long term studies. 
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Introduction to the Lakes Maarsseveen 

In former times the area was part of extensive swamps where peat was dug. 

This digging was done in narrow strips and the land in between the dug out ca­

nals (called "petgaten") was used to dry the peat. In this way a pattern of lon­

gitudinal strips of alternately water and land (called "zodden") came into ex­

istence. In the course of time the narrow pieces of land (the so-called "legak-

kers") were removed as well or they broke into small islands, and gradually the 

"zodden" changed in some places into shallow lakes. Some of these have succes­

sively been drained into polders and are now used for such purposes as pastures . 

Recently, in 1960 and 1967 respectively, two "zodden" areas were dredged to gain 

sand necessary for building roads. In this manner two lakes of over 20 meter 

depth were formed: Lake Maarsseveen I and Lake Maarsseveen II (see Fig. 2 and 3). 

Hydrodynamical these lakes are connected by a small though original "zodden". 

The hydrodynamics of the area is very complicated, and only a general outline 

can be given. See Fig. 4. North-west of the area, at a distance of about 90 me­

ter from the "zodden" and separated by a dike, the very low-lying polder, call­

ed Bethune, is situated. The difference in height between the "zodden" area and 

the polder is 3 meter. This difference causes an underground movement of water 

from the last "petgat" (= longitudinal canal) through the dike into the polder 



(triangles in Fig. 4). This loss of water is supplemented by a flow from Lake I 

and especially from Lake II. Probably, the amount of water flowing from Lake I 

is small. Its origin is rainwater falling on pleistocene dunes in the east and 

seeping through the bottom. Most water flows from Lake II through ditches to the 

last "petgat" at the North-western side of the "zodden" (arrows in Fig. 4-). Lake 

Maarsseveen II is fed by water from the river "Vecht". 

This complicated flow of water and the fact the water from the "Vecht" and 

Lake II is heavily polluted whereas the water from Lake I is not, makes the 

"zodden" extremely interesting. Within this area of narrow canals and strips of 

boggy land a eutrophication gradient exists. In Fig. 5 an outline of the situa­

tion is given. The water in the North-western canal is eutrophic to hypertrophic 

(zone 1, heavily shaded). Blooms of Microcystis aeruginosa are frequent. The 

phosphate concentration is about 2.5 mg.1"1. The oxygen concentration may be ze­

ro near the bottom (1-1.5 meter) and oversaturated near the surface. 

The next zone, zone 2 is characterized by a varying water quality. Within the 

cycle of a year the gradient as expressed, for instance, by the conductivity of 

the water (see inset Fig. 5) shifts from one end to the other and back again. In 

the part close to zone 1 Nuphar lutea and Nymphaea alba are present. More to the 

East Ceratophyllum demersum and Myriophyllum spicatum are found. 

East from sample station 9 there is probably no penetration of polluted wa­

ter until station 6 is reached where a zone 3 is found characterized by large 

tufts of Characea, for instance Nitellopsis obtusa. The phosphate concentration 

is low (0.01-0.03 mg.1-1). The conductivity drops in this zone. Compared to zone 

1 the daily amplitudes in oxygen concentration are small. 

Zone 4- gradually merges into Lake I. A few houses at the water front of the 

last canal influence the water quality. The species Lirmanthemum nymphaeoides is 

very common. Oscillatoria prinoeps covers the bottom in spring and early summer. 

In late summer mats of these algae are found floating at the water surface. 

The inset of Fig. 5 represents the conductivity at the different sample sta­

tions. The gradient character of the water in the "zodden" is clearly demonstrated 

by this parameter. 

The hydrographical and hydrobiological description given above is largely 

based on a report by Ad Mol, Michiel Schreijer and Paul Vertigaal (1979). The 

study was done under the auspices of the Research Institute for Nature Manage­

ment. 

Some physical and chemical characteristics of both lakes are given in tabular 

form below. 



-7-

Characteristic Lake I Lake II 

Surface area 

Length long axis 

Length short axis 

Direction long axis 

Maximal depth 

Depth thermocline 

Stratification period 

Range Secchi disk visibilities 
summer 
winter 

Range vertical extinction 
coefficients 
summer 
winter 

PO4-concentration range 

NO3-concentration range 

70 ha 

1700 m 

440 m 

N.W. 

32 m 

8-13 m 

May-October 

4-7 m 
4-7 m 

Apr: 

1 

20 ha 

850 m 

325 m 

N.W. 

25 m 

6-11 m 

il-November 

.20-3.50 

0.41-0.61 m' 
-l 0.41-0.61 m 

0.01-0.05 mg.1"1 

0.4-2.70 mg.1"1 

2.00-3.20 m 
1.00-1.20 m 

0.4-7 mg.1"1 

-1 

1-16 mg.1 -1 



Overview of the work that has been done 

Thusfar most work was concentrated on Lake Maarsseveen I. The lake is of an 

exceptional quality compared to the awfull situation in most parts of the Nether­

lands. This is readily illustrated by comparing for instance the Secchi-disk vi­

sibility up to 7 meter with a value of sometimes 1.20 meter for the polluted 

Lake II. There is no extensive littoral belt along the shore but thanks to the 

clear water a well-developed sublittoral exists. The sublittoral vegetation has 

been mapped by E.3est who recorded that 25% of the total surface area is occupied 

by a more or less dense cover of submerged macrophytes.The Chora meadows are es­

pecially extensive in the shallow North-western corner of the lake. This sublit­

toral zone extends to a depth of about 10 meter. According to the range of ex­

tinction coefficients in the table on page 7 at this depth 0.2-1.6% of the sur­

face irradiation is present. A value of 1% is generally accepted as the limit of 

the photic zone. Among the macrophytic species present some have become more or 

less rare in the Netherlands, notably the angiosperms Alisma gramineum and Najas 

marina. The same holds for several Characea. Extensive studies have been made of 

the periphyton on macrophytes by Roos and coworkers who especially studied the 

submerged parts of emergent species such as reed (Phragmites australis). They 

calculate that this species offers a surface area of 6833 m2 available as a sub­

stratum for many organisms. The diatoms are especially present in enormous num­

bers distributed over 89 identified species. This highly divers community also 

has a complicated spacial structure. Not only the macrophytes are overgrown but 

the long stalks of sessile diatoms are also covered by hundreds of smaller spe­

cies. For instance on a 4- mm stalk of Cymbella lanaeolata 250 Aahnanthes colo­

nies or individuals and 50 Synedra were counted. With regard to species richness 

and architecture these jungles are certainly comparable with the tropical ones. 

Especially at the end of the summer the individuals rise to astronomical numbers. 

From this time onwards the macrofauna in the littoral zone starts to develop. 

The highest number of individuals as well as species are found in autumn and 

early winter (Higler). The close dependency of these larger invertebrates, of 

which more than 100 species were identified, on the presence of the vegetation 

was demonstrated by Higler. The presence of artificial (plastic) plants realised 

a colonisation at least one month earlier than normally because of the late 

start of the natural vegetation and its epiphyton. 

A sharp change in the number of species of the bottom fauna was found by Higler 

at the 10 m depth zone. We have already learned this is the limit of the photic 

zone and the sublittoral vegetation. Whether this is a complete explanation is 

questionable. At about the 10 meter depth a sharp decrease in temperature is 
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found. As demonstrated by Kersting this thermocline extends not transformed un­

til it collides with the slope of the sublittoral zone. According to Davids and 

Wegener Sleeswijk this area is characteristic because of the presence of rather 

large quantities of the testacean species Covythion cf. dubium and Cyphodevia 

ampulla. 

Some very numerous larger invertebrates in the littoral vegetation are the snail 

Potamopyrgus jenkinsii, the chironomid Endoehironomus albipennis and the bivalve 

mollusc Dreissena polymorpha. It was mentioned by De Wijs and Van den Broek that 

the tremendously increase in Lake I of P. jenkinsii in early summer 1979 made a 

quantification impossible. This species occurs in relatively low numbers in Lake 

Maarsseveen II where the relative Bithynia leaahi is dominant. The ecology of 

this last species was described by De Wijs and Van den Broek. These two gastro­

pods pose a very interesting ecological situation. Relative to the population in 

Lake II that of B. leacki is reduced in size in the older generation and a new 

one appears later in time. Since B. leaahi and P. jenkinsii occur in the same 

habitat and have a comparable behaviour De Wijs en Van den Broek suppose the two 

species compete and that in Lake I B. leaahi is partly suppressed by P. jenkin­

sii. Several suggestions as to the mechanisms that lead to this suppression in 

Lake I are given. 

The parasitofauna of both lakes was investigated by Van den Broek. A preliminary 

conclusion is drawn that the digenean (Cestoda) fauna in Lake I is more varied 

than in Lake II. The bird parasites especially dominate. In autumn and winter 

large flocks of coots and ducks aggregate in the more shallow north-western cor­

ner of the lake where extensive meadows of Characea are present. The large pop­

ulation of the bivalve mollusc Dreissena polymorpha also provides food for diver 

ducks. 

Faunistical the littoral zone of Lake Maarsseveen I is very interesting. Several 

chironomid species found in the lake have an alpine, subalpine or northern Euro­

pean distribution (Davids, Kouwets and Schreijer). Generally speaking, this means 

these species occur in rather cold, oxygen-rich environments, biotops not very 

typical for the Netherlands. Lake Maarsseveen I seems to be rich in species, an 

example being that 48 species of water mites were identified (Davids, De Groot 

and Mol). Several species new to the Dutch fauna were found and some of the par­

asitic species may be new to science. 

As all pelagic regions, the open-water zone (because of the relatively small di­

mensions we prefer to speak of the open-water zone) of Lake Maarsseveen I is 

rather poor in species numbers. Compared to the littoral zone this fact is espe­

cially demonstrated by the few zooplankton species present. A species list of 
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the phytoplankton was published by Hallegraeff, G.M. (Pigment diversity, bio-

mass and species diversity of phytoplankton of three Dutch lakes, Thesis Uni­

versity of Amsterdam, 1976). The littoral zone being a jungle, the open-water 

zone with high uniformity might be called a savanne or even a desert. These dif­

ferences lead to different research methods and research in the open-water zone 

is of a quantitative nature and restricted to a few dominant species. 

The physical and chemical features of both lakes were studied by Kersting. 

The lakes start to stratify in May and the thermocline is present until Novem­

ber. In Lake I an oxycline develops in July and is still well-expressed in No­

vember. The depth of the metalimnetic minimum in the oxygen concentration is be­

low the depth of the maximum temperature gradient. Below this minimum oxygen con­

centration a slight increase is found with increasing depth. However, in autumn 

the hypolimnetic oxygen concentration is low. The full circulation period begins 

in December and lasts until April. 

Of special interest are the internal waves discovered by Kersting. These inter­

nal seiches are well expressed in the hypolimnion and the amplitude can be as 

large as 4 meters. 

The low nutrient concentrations point to an oligo-mesotrophic nature of Lake 

I. In the contribution of Flik additional characteristics are listed, a.o. pri­

mary production which confirm this. A summary of the phytoplankton succession is 

presented by Dorgelo. Less than ten species of algae are of importance in a quan­

titative sense. Research is concentrated on these species. In spring and autumn 

especially the microscopic picture is dominated by colonial diatoms. The mecha­

nism of the spring succession of these algae is studied intensively at the pre­

sent moment. Superficially speaking, this spring succession is rather stereotype. 

Astevionella fovmosa is the first to begin growing, followed by Fragilaria aro-

tonensis and the last of the most abundant diatoms is Cyolotella oomta. Stepha-

nodisaus astrea overlaps the first two species. Looked upon more closely it be­

comes evident that variations from year to year as to the timing, rate of pop­

ulation development, rate of decline etc. are present. The fast rate of disap­

pearance is sometimes especially surprising. We have good reasons to believe 

that at this time biotic factors, such as parasites, are of principal importance. 
14 

The traditional C-technique of measuring primary productivity, incubating 

the algae in flasks suspended in the lake itself for some time, was not applied. 

Instead laboratory incubations at a representative set of irradiations were per­

formed (see contribution of Flik). Apart from the possibility to calculate the 

daily production, this technique also offers the possibility to look at physio­

logical properties of the algae. This is illustrated by a comparison of the po­

tential production per unit of chlorophyll throughout the year. Flik found long 
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periods of a constant potential in late summer and periods with strongly fluctu­

ating potentials in spring, for instance. 

The research group "open-water column" conducted several diel research peri­

ods in the field. The objective was to describe at the same time and place some 

potentially interacting phenomena. The philosophy of this type of research as 

well as an account of the results of a day in May and one in August is given by 

Ringelberg. Those studies were also conducted to obtain an idea of the accuracy 

of the work done in the field. The reproducibility of a measurement done under 

the changing conditions of the natural situation poses a problem. An attempt was 

made to overcome this by applying two different methods for the same type of 

measurement and by making a carbon balance of the diel period. An example of the 

first is offered by the two methods of measuring zooplankton grazing. Radioac­

tive labeled phytoplankton was offered to zooplankton and the activity of the 

animals measured after some grazing time. Alternatively, the initial concentra­

tion and the final concentration of algae were determined for a relatively long 

grazing period. Determining the carbon concentration of the phytoplankton at 

sunrise at time 0 and 24 hours later the difference must equal the sum of pri­

mary production, algal respiration, grazing and other processes leading to a 

loss of algae. 

For Lake Maarsseveen I it was found that about 80% of the primary production 

can be ascribed to small-sized algae. Therefore the large algae dominating a mi­

croscopic picture are functionally of less importance. This is confirmed by the 

grazing studies of Hulsmann. The small-sized species Cryptomonas erosa and C. 

ovata are the main food source of the zooplankton in the lake. The high produc­

tivity of these algae sustain the zooplankton community. It is often thought 

that grazing can lead to a strong reduction of an algal population especially 

during the spring bloom which is thought to be terminated by a rapidly growing 

population of cladocerans. This idea is based on the sequence of events: a re­

duction of diatoms is directly followed by an increase in zooplankton. The stu­

dies in Lake Maarsseveen I do not confirm these ideas. The sometimes extremely 

rapid population decline of the spring diatoms are probably caused by parasitic 

epidemics. On the other hand, the food source populations of Cryptomonas show a 

rather constant population size (see figures Dorgelo). 

Precise knowledge of the interactions of phytoplankton and zooplankton in 

the field can only be obtained if functions of both are studied simultaneously 

at the same location. Interactions are present at the species level. It is 

pointed out that primary production is estimated at the community level, how­

ever, grazing is estimated at the species level. If the important relation be­

tween the daily algal production is to be related to the daily zooplankton graz-
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ing, the first must also be estimated at the species level since not all algae 

are eaten at the same rate. A first and crude attempt is presented to divide 

the estimated community production over the different algal species. The start­

ing point' is the diel carbon change of these species as calculated from the 

changes in population size. Although no claims as to the exactness of the pre­

sented values in the species specific daily budgets is made, tendencies within 

the algal community become apparent. For instance, it is argued that the pri­

mary production of Cryptomonas evosa on a particular day in August can be suf­

ficient to realise the observed doubling of the population size, notwithstand­

ing a considerable loss due to grazing. 
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Fig. 1. The location of both lakes Maarsseveen (arrow) 
in between the Universities of Amsterdam and 
Utrecht. 
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Vecht 

Fig. 4. A schematic map of watercourses around the Maarsseveen lakes. 
Roads, houses etc. are omitted. The waterflow from the river 
Vecht to Lake II and from there to the "zodden" is indicated 
by the arrows alongside the ditches and canals. The seepage 
from the "zodden" to the low-lying polder Bethune is indicated 
by triangular arrows. Modified from a report by Mol et al., 1979, 



-17-

bO 
C CU 

•H u 
X I CO 3 
rd ß bu 
xi o -n W - H % 

fc p rö co 
ß > ' H 
cu x: 
U CU E-
CU j C 

cp P • 
4 H CU 
• H +J SH 
X I rd 3 

bO 
> i >->-H 

,Q P> l p 
• r l 

X) > P> 
CU ' H CU 
+J +•> w 
(0 O ß 
O 3 »H 

• H X) 
X ) ß CO 
ß O - H 

• H Ü Xi 
P> 

0) O) 
h £ c 
(0 4-> ' H 

ß CO XJ 
o P> cu 

• H ß +J 
P 0) rd 
n) io ü 
O 0) - H 

•H k X ) 
Ä ftC 
ft ' H 
O CU 
h h » 
P S ' H 
3 bu 
Cl) -H CO 

cp 0) 
P ß 
ß P O 
CU CU N 
U w 
m e a l 

t p - H , ß 
Mn -P 
•H CD 
X) ,C <P 

H O 
cp 
0 • ß 

CO O 
CO ß - H 
m o + J 
ß -H rd 
O -P O 
N rd U 

p cd 
eu co 6 

Xi CÜ 
H CU X I 

H 
. Q, Q) 

cd 6 Xi 
eu rd P 
U co 
rd O 

CU co 
- P1 rH 
ß cd < 
eu o 

X) -H • 
X I X ) co 
O ß ß 
N «H O 

n - H 
co p i 

o> P rd 
£ eu P1 

^ • i œ 
cp ß eu 
O ß rH 

ft ft eu E 
rd ^ 1 re 

S H W 

• CT) r> 
CT) 
*H 

« t 

• t - i 
ö 

+ i 
ca 
H 

o s 
> • > 

Xi 

p> 
P. 
O 

ft CU 
U 
rd 

ß 
• H 

rd 
P> 
rd 

X ) 

ß 
O 

X) 
CU 
co 
rd 

Xt 

bO 
•H 





-19-

OXYGEN AND TEMPERATURE MEASUREMENTS IN LAKE MAARSSEVEEN I 

K. Kersting 

Research Institute for Nature Management 

Introduct ion 

During the years 1976, 1977, 1978 each month continuous measurements dur­

ing 18 hours were made. With a technique described before (Kersting, 1978) ox­

ygen and temperature were measured at different depths while light was meas­

ured in the air. In this report some results will be shown. It is not useful 

to include the figures for all sample periods in this report. For those who are 

interested a complete set of data can be obtained from the author. 

Description of the annual oxygen and temperature dynamics 

For the description of the annual dynamics the mean values of each 48 hour 

period is used. In Fig. 1 and 2 the oxygen and temperature profiles are shown. 

In Fig. 3 and 4 the same data are used to produce the oxygen isopleths and the 

isotherms. These pictures show that the lake is homogeneous until April. Then 

the stratification develops and the lake does not become completely mixed again 

before december. Following the temperature stratification an oxygen stratifica­

tion slowly develops showing a minimum oxygen concentration between 9 and 11 me­

ters and a hypolimnetic maximum at about 15.5 meters. Compared to the other 

years, in 1978 the "metalimnetic" minimum was less pronounced. Especially in 

1977 the minimum was very deep. In September of that year a layer with a 48 

hour mean oxygen concentration of 0.4 ppm at 10 meters depth seperated the oxy­

gen rich epilimnion from the hypolimnion with a maximum oxygen concentration of 

2.8 ppm. 

The place of the metalimnetic minimum in the oxygen concentration is clear­

ly below the depth of the maximum temperature gradient. An example is given in 

Fig. 5. In July and August the minimum was between 1.25 and 1.7 5 meters below 

the maximum temperature gradient. In September and October the difference was 

somewhat less (0.7 5-1.25 meters). In this period the lake is cooling from the 

surface and the metalimnion is compressed. 

During the autumn the deeper hypolimnion becomes very poor in oxygen. In 

November just before the lake becomes homothermal the oxygen concentration was 

about 0.1 ppm near the bottom in all three years. The minimum depth of the 
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1 ppm isopleth was 19 meters in 1976 and 17 meters in the other years. Also the 

period with an oxygen concentration below 1 ppm near the bottom was shortest in 

1976 (47 days in 1976, 84 days in 1977 and 66 days in 1978). The oxygen concen­

tration at the hypolimnetic maximum was highest in 1976, lowest in 1977 and in­

termediate in 1978. 

The differences in oxygen concentration at the hypolimnetic maximum and the 

metalimnetic minimum correspond with differences in temperature in the three 

years (see also Stewart, 1976). In 1977 the temperature at the depth of the very 

low metalimnetic minimum was during the summer between 11.45 and 12 C. In 

1976 the temperature varied between 9.89 and 11.47 C while in 1978 when hardly 

a metalimnetic minimum developed the temperature was still lower (9.06-9.97 C). 

For the hypolimnion a similar temperature effect was present except that the 

temperature at the depth of the hypolimnetic maximum was highest in 1977, lowest 

in 1976 and intermediate in 1978. The same sequence is found with the maximum 

temperature at the bottom: 7.83°C in 1977, 6.06°C in 1976 and 6.79°C in 1978. 

In Table 1 the comparisons between oxygen and temperature are summarized. 

It is surprising that in 1976 the hypolimnion stayed coolest resulting in rela­

tively the best oxygen conditions, while the summer that year was extraordinary 

warm.This apparent contradiction is explained by the fact that in 1976 the lake 

became stratified very early. The temperature near the bottom in April just af­

ter the onset of stratification was 5.46 C. On the other hand in 1977 stratifi­

cation developed later with a bottom temperature of 7.29 C. In 1978 this temper­

ature was 6.2 C. 

In the Figs. 6 and 7 the oxygen and heat content are plotted against time. 

The lines indicate the amount of oxygen or heat from a particular depth to the 

bottom or from that depth to the surface. The top lines are the total amounts 

for the whole watercolumn and are identical in the both ways of calculating. The 

distance between the lines is a measure of the heat or oxygen contained in the 

layer between two successive depths. If lines touch this amount is zero and if 

lines are parallel no oxygen or heat is produced or consumed during the time in­

terval. In Fig. 6A and B the amount of oxygen or heat between the bottom and the 

particular depth is plotted. This figures are most informative for the bottom 

layers, say hypolimnion, on the other hand Fig. 7A and B reveal more information 

about the top layers, say epilimnion. In these figures each line indicates the 

amount of oxygen or heat in the watercolumn from the surface to the particular 

depth. The oxygen content of the lake clearly reaches its maximum in winter, the 

top of the oxygen content coinciding with the lowest heat content. The oxygen 

content reaches a minimum just prior to the autumn turnover. Comparing Figs. 6 
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and 7 it is obvious that the annual cycle of the oxygen content is governed by 

the hypolimnion while the changes in the heat content are mainly caused by the 

changes in the epilimnion. 

Horizontal homogeneity 

The intensive oxygen and temperature measurements were carried out from the 

raft located in the middle of the lake. It was wondered whether these measure­

ments were representative for the whole lake and especially whether the oxygen-

depth profile possibly changed drastically going from the open-water zone to 

the littoral. In order to obtain information about this question on a few occa­

sions measurements of oxygen and temperature depth profiles were made along a 

transect from the raft to the shore. As examples the measurements in August and 

September 1977 are given in Fig. 8. Most of the isopleths and isotherms extend 

horizontally along this transect. These results indicate that the measurements 

at the raft are representative for the whole lake indeed. The differences, for 

example the slightly lower depth of the 8 ppm isopleth in August at 35 meters 

from the shore compared with to the depth at greater distance, are négligeable. 

It might be that these differences find there cause in the fact that the pro­

files along the transect were only measured once and not over a 24 or M-8 hour 

period. As will be shown later there may i>e considerable oscillations of the 

depths of the isopleths especially in the hypolimnion. Also very weak gradients 

can suggest a substantial difference. For example in September the 9 ppm iso­

pleth seems to indicate a higher oxygen concentration in the littoral zone. 

This difference is real but very small. At 0.5 meter depth the oxygen concen­

tration was 9.11 ppm near the shore and 8.96 ppm at the raft at 195 meters from 

the shore. These small differences are of no importance and it can be concluded 

as far as these results allow us to do that the measurements in the middle of 

the lake are representative for the whole lake. 

Short term variations 

Point measurements of oxygen or temperature give information about that par­

ticular moment only. The variation during the day and night especially are im­

portant characteristics which can only be revealed by continuous measurements. 

The magnitude of the variations also indicates the relative value of point meas­

urements. If the variations are small, then point measurements are reliable, if 

not the value of single measurements is very limited. With the technique of 

lowering and raising the sensors from the surface to the bottom a complete pro­

file was obtained each hour. The data can be worked out in many ways. One way 
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of presenting the information is given in Fig. 9. The top panel shows the light 

intensities. The profiles are plotted in two ways. The left ones are plots of 

all profiles measured during the 48 hour sampling period while the right ones 

are the 4-8 hour means. The width of the band of points in the left hand profiles 

is the variation at the particular depths. In order to show the variation through 

time and depth the oxygen isopleths and the isotherms are plotted. For each sam­

pling period these sets of 7 plots have been produced. In this report only a few 

representative examples will be given. 

During the winter the lake is homogeneous. The profiles are straight and nar­

row and the isopleths or isotherms are absent (no integer value at any time or 

depth) or more or less vertical and often irregular. In January 1978 a beautiful 

example of this was found (Fig. 10). This example also shows very well the in­

crease in oxygen during the day and the decrease during the night. 

In April when the stratification period starts there is some variation in both 

oxygen and temperature at greater depth while at the surface there is hardly any 

variation (Fig. 11). The isopleths become more regular and horizontal. In June, 

July and August when the lake is completely stratified there is more variation 

around the mean, but still the variation in the oxygen concentration at the sur­

face is small (Fig. 12). From August onwards the lake starts cooling and the 

thermocline sinks to greater depths. In the thermccline especially, the varia­

tions in oxygen concentration but sometimes also in temperature become much big­

ger. See example October 1976 (Fig. 13). In December the lake is completely mixed 

again and the situation is similar to January. However, the temperatures are 

higher and the oxygen concentrations lower. 

The results discussed above indicate that the short term variations of the 

oxygen concentration are small in Lake Maarsseveen I. This is clearly shown in a 

plot against time of the total oxygen content of the water column (Fig. 14A,B,C). 

Also the variations in heat content are small during 48 hours (Fig. 14D,E,F). If 

the data are plotted on a larger scale relative to the value at the start of the 

sampling period the variations become clear (Fig. 15). First of all in January 

1978 a beautiful diurnal rhythm in oxygen content is found (Fig. 15A). This situ­

ation is however seldom observed. On most other occasions the curves were more 

irregular and surprisingly show a rhythm with a period of 6 to 8 hours (Fig. 15B, 

C ) . The diurnal rhythm which might be present is almost completely obscured by the 

rhythm with the short period (Fig. 15B). This rhythm is also present in the plots 

of the heat content (Fig. 15E,F). The 6 to 8 hour rhythm is a consequence of the 

presence of internal seiches. Water layers of different densities oscillate rela­

tive to one another. A clear and beautiful example of these deep water waves was 

observed in August 1976 (Fig. 16). In this example the amplitude was as large as 
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4 meters at certain depths. The amplitude in the hypolimnion was much greater 

than in the meta- and epilimnion. The reason for this difference is the much 

greater surface area of the 10 meter stratum than that of the 20 meter stratum. 

The example of August 1976 (Fig. 16) is the most extreme situation that was ob­

served during the three years. On many other occasions the internal seiche could 

hardly be discerned in the plots of the isopleths or isotherms. However, in most 

cases a rhythm with a period of 6 to 8 hours could be observed in the plots of 

the total oxygen or heat content of the water column. 

In those cases that the internal seiche has a large amplitude this might 

have consequences for sampling. The water layer in which one assumes to sample 

need not be in rest at a particular depth. At those places where the oscillating 

water layers reach the bottom the fauna experiences a fluctuating oxygen and 

temperature condition. This might influence the distribution of the species. Di­

urnal rhythms, if present, are obscured by the 6 to 8 hour rhythm which can have 

a large amplitude. Therefore it is not possible to calculate the metabolism of 

the lake from in situ measured oxygen concentrations. It is perhaps possible to 

develop a mathematical model in which the 6 to 8 hour rhythm in the oxygen con­

tent is eliminated through superposition of the curves of the heat and oxygen 

content. No attempts have thus far been made to try this. 
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Year 

1976 

1977 

1978 

Max. Bottom 
temperature 

°C 

6.06 

7.83 

6.79 

Metalimnior 
oxygen 

ppm 

1.56 

0.41 

2.23 

i minimum 
temperature 

°C 

9.9 - 11.5 

11.5 - 12.0 

9.1 - 10.0 

Hypolimnior 
oxygen 

ppm 

4.04 

2.83 

3.3 

maximum 
temperature 

°C 

6.2 - 6.5 

8.2 - 8.3 

7.0 - 7.3 
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Fig. 1. Monthly oxygen profiles of Lake Maarsseveen I. 
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Fig. 2. Monthly temperature profiles of Lake Maarsseveen I, 
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Fig. 3. Oxygen isopleths of Lake Maarsseveen I in 1976, 1977, 197* 
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Fig. 4. Isotherms of Lake Maarsseveen I in 1976, 1977, 197! 
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Fig. 5. Oxygen concentration and temperature gradient at different 
depths. Lake Maarsseveen I, 17-19 August 1977. 
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Fig. 6. A. Oxygen content of the water column below different depths. 

B. Heat content of the water column below different depths. 
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Fig. 7. A. Oxygen content of the water column between surface and different depths. 

B. Heat content of the water column between surface and different depths. 
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Fig. 8. Oxygen isopleths and isotherms at different depths and distances 
from the shore. 
A and C. Oxygen isopleths, B and D. Isotherms. 
A and B. August 18, 1977 
C and D. September 15, 1977. 
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Lake Maarsseveen I 

Sept. 15th-17th 1976 
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Fig. 9. Computer output of data from Lake Maarsseveen I on September 15-17, 1976, 
For an explanation see text. 
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Fig. 10. Computer output January 18-20, 1978. See Fig. 9, 
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Fig. 11. Computer output April 26-28, 1977. See Fig. 9. 
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Fig. 12. Computer output August 17-19, 1977. See Fig. 9, 
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Fig. 13. Computer output October 13-15, 1976. See Fig. 9, 
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Fig. 14. Total oxygen and heat content of the water column 
during 48 hour sample periods. 
A, D: January 18-20, 1978 
B, E: August 16-18, 1978 
C, F: October 11-13, 1978 
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Fig. 15. Total oxygen and heat content of the water column during 4-8 hour sample 
periods compared with the situation at the start of the sampling period, 
A, D: January 18-20, 1978 
B, E: April 28-30, 1976 
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Fig. 16. Computer output August 18-20, 1976. See Fig. 9, 
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OXYGEN AND TEMPERATURE MEASUREMENTS IN LAKE MAARSSEVEEN II 

K. Kersting 

Research Institute for Nature Management 

Introduction 

In conjunction with the measurements in Lake Maarsseveen I also measure­

ments were performed in Lake Maarsseveen II. In this report the general fea­

tures of the temperature and oxygen regime of Lake Maarsseveen II will be des­

cribed and some comparisons with Lake Maarsseveen I will be made. 

Annual oxygen and temperature dynamics 

In the Figs. 1 through 6 the changes during the three years are plotted in 

different ways. The temperature regime of Lake Maarsseveen II did not differ es­

sentially from that of Lake Maarsseveen I. The lake is stratified from the end 

of April until December. The depth of the thermocline is one to two meters less 

than in Lake Maarsseveen I. This is a consequence of the smaller size and the 

more protected situation of Lake Maarsseveen II. In spite of this very similar 

temperature regime, the oxygen regime of Lake Maarsseveen II differs greatly from 

that of Lake Maarsseveen I. Directly after the establishment of the temperature 

stratification a strong oxygen stratification developes leading to an anoxic hy-

polimnion in one to two months. In May or June a metalimnion oxygen minimum can 

be present, but only for a short period because during the summer the metalim­

nion becomes anoxic too. In the summer the situation can become so extreme that 

even the lower part of the epilimnion becomes anoxic. In August 1976 oxygen was 

only present in top 4 meters of the water column. 

Another important difference is the variation of the oxygen content of the 

epilimnion during the year. At 0.5 meters depth in Lake Maarsseveen I the oxygen 

concentration varied between 13.5 and 8.8 ppm during the three years. In Lake 

Maarsseveen II the concentration varied between 17.1 and 4.2 ppm. It must be born 

in mind that these results are based on the 48 hour mean values. As will be shown 

later in Lake Maarsseveen II there was a considerable variation within each sam­

pling period. If these variations are taken into account the oxygen concentration 

at 0.5 meters depth in Lake Maarsseveen II varied between 3.9 and 19.5 ppm. 

In Lake Maarsseveen I the minimum and maximum oxygen concentration coincide 

with some delay with the maximum and minimum surface temperature. Consequently 


