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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 veport. The principle objective of this report is to be a
pause for reflection on future research. It may alsc 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 tc move to other regions, and grants will
expire in a few years. Due to the progress in '"democracy" university pecple 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 envirommental factors. At the pre-

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



really scientific management of surface waters is pessible, 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 conly 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 zooplarnkton grazing on Thursday.
What is needed is a really integrated research plan with standardized techniques
and sample programs. Although it is not seo 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. Alsc 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 ecclogical problems it was thought to be
of impertance to choose a lake of simple properties. Secondary hydrographical or
hydrobiological complicationsg 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 aveided. The rectangular basin of Lake
Maarsseveen I with conly one ocutflow 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 bedy, Lake Maarsseveen II, quite near to the unpclluted 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),
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with a short traveling time from the universities of Amsterdam and Utrecht.
These practical considerations were alsc the basis of cur cheice. There are of
course also disadvantages. Being a recreation area it can be crowded on good
weather summer holidays. These days are, however, rare. 0On 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 tc the Lakes Maarsseveen

In former timesz 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 intc small islands, and gradually the
"zodden" changed in some places intc shallow lakes. Some of these have succes-
sively been drained into polders and are now used for such purpcses 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 Leke 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. U. 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 iIs 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 lLake II, Probably, the amdunt of water flowing from Lake I
is small. Its origin is rainwater falling on pleistccene 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 T is not, makes the
"zodden" extremely interesting. Within this area of narrow canals and strips of
boggy land a eutrophicaticn 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.l™!. 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.

Bast 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™'). 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 specles Limmanthemum nymphacoides is
very common. Oscillatoria princeps 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. &% 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 hydrobiclogical description given above is largely
based on a report by Ad Mol, Michiel Schreijer and Paul Vertigaal (1879). The
study was done under the auspices of the Research Institute for Nature Manage-

ment.

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

form below.



Characteristic

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

P04 -concentration range

NO; -concentration range

Lake I

70 ha
1700 m
L4O m
N.W.
32 m
8-13 m

May-October

0.01-0,05 mg.17}

0.4-2,70 mg.17?

Lake II

20 ha

850 m

325 m

25 m
e=11l m

April-November

1,20-3,50

2.,00-3,20 m™
1,00-1.20 m}

0.4-7 mg.17}

1-16 mg.1 ™



Cverview 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-digk vi-
sibility up to 7 meter with a value of scmetimes 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 occupiled
by a more or less dense cover of submerged macrophytes.The Chara meadows are es-
pecially extensive in the shallow North-western corner of the lake. This sublit-
toral zone extends to a depth of about 1¢ 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 macreophytic species present some have become more or
less rare in the Netherlands, notably the angiosperms Alisma graminewum and Najas
maring. 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 m® 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 lanceolata 25C Achnanthes 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 cnwards the macrofauna in the littoral zone starts toc 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



found. As demonstrated by Kersting this thermocline extends nct 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 Corythion cf. dubium and Cyphoderia
ampulla,

Some very numerous larger invertebrates in the littoral vegetation are the snail
Potamopyrgus jenkinsii, the chironomid Endochironomus albipennis and the bivalve
mellusc Dreissena polymorpha. It was mentioned by De Wijs and Van den Broek that
the tremendously increase in Lake I of P, jemkingii in early summer 1979 made a
quantification impossible. This species occurs in relatively low numbers in Lake
Maarsseveen II where the relative Bithynia leachi 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. leachi is reduced in size in the clder generation and a new
one appears later in time. Since B. leachi and P. jenkinsiZ 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. leachi is partly suppressed by P, jenkin-
si?., 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 1 is very interesting. Several
chironomid species found in the lake have an alpine, subalpine or northern Euro-
pean distribution (Davids, Kouwets and Schreijer). Gererally speaking, this means
these species occur in rather cold, oxygen-rich envircnments, bictops not very
typical for the Netherlands. Lake Maarsseveen I seems tc be rich in species, an
example being that U8 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 pcer 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 metalimmnetic minimum in the oxygen concentratiocn 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 peried 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 pecint to an oligo-mesotrophic nature of Lake
I. In the econtributien of Flik additiomal 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.
Asterionella formosa is the first to begin growing, followed by Fragilaria cro-
tonensis and the last of the most abundant diatoms is Cyelotella comta. Stepha-
nodigeus asirea 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,

The traditional luC—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 represeﬁtative set of irradiations were per-
formed (see contribution of Flik). Apart from the possibility to calculate the
daily production, this technique alsc offers the possibility te 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 tc 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 zocoplankton grazing. Radiocac-
tive lzbeled 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 algze 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 Mzarsseveen 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 scurce populations of Cryptomornas show a
rather constant pepulation 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
peinted 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 productiocn of Cryptomonas erosa on a particular day in August can be suf-
ficient to realise the cbserved doubling of the population size, notwithstand-

ing a considerable loss due to grazing,



Fig. 1. The location of both lakes Maarsseveen (arrow)
in between the Universities of Amsterdam and
Utrecht.
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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 pclder Bethune is indicated
by triangular arrows. Modified from a report by Mol et al., 1979,
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OXYGEN AND TEMPERATURE MEASUREMENTS TN LAKE MAARSSEVEEN I

K. Kersting

Research Institute for Nature Management

Introduction

During the years 1976, 1977, 1978 each month continuous measurements dur-
ing 48 hours were made, With & 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 perieds in this repert. 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 cf 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 decemker, Follewing the temperature stratification an oxygen stratifica-
ticn 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 u48
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 concentraticn 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 1.75 meters below
the maximum temperature gradient. In September and October the difference was
somewhat less (0.75~1.25 meters}. In this period the lake is cooling from the
surface and the metalimnion is compressed.

During the autumn the deeper hypolimmion beccmes 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 iscopleth was 19 meters in 1876 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 iIn 1978). The oxygen concen-
tration at the hypolimnetic maximum was highest in 1976, lowest in 1977 and in-
termediate in 1978.

The differences in cxygen 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°¢, 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 hypelimnion 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 hypclimnion stayed coolest resulting in rela-
tively the best oxygen conditions, while the summer that year was extracrdinary
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 7.28%C. In 1978 this temper-
ature was 6.2°C,

In the Figs. © 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
bottem 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 cr 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 pleotted. This figures are most informative for the bottom
layers, say hypolimnicn, 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 watercelumn 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 ceontent 1s goverrned by
the hypeoclimnion 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 cut 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 informaticn 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 iscpleths and isotherms extend
horizontally aleng 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 tc the depth at greater distance, are negligeable.
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 48 hour
period. As will be shown later there may be considerable oscillations cof 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 ceoncentraticn 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 variaticns 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 1s 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 datz 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 cnes are plots of

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

are the 48 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 isctherms are plotted. For each sam-
pling period these sets of 7 plots have heen produced., In this report only a few
representative examples will be given.

During the winter the lake is homogeneocus., 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 beccme 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 thermocline 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).
Alsc the variations in heat content are small during 48 hours (Fig. 1uD,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 cne another., A clear and beautiful example of these deep water waves was

cbserved in August 1976 (Fig. 18). 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 occasicns 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 chserved in the plots of
the total oxygen or heat content of the water cclumn,

In those cases that the internal seiche has a large amplitude this might
have conseguences 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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Table 1.
Year Max. Bottom Metalimnion minimum Hypolimnion  maximum
temperature oxXygen temperature oxXygen temperature
ocC ppm °c ppm e
1976 6.06 1.56 9.9 - 11.5 4.0u 6.2 - 6.5
1977 7.83 0.41 11.5 - 12.0 2.83 8.2 - 8.3
1978 6.79 2.23 9.1 - 10.0 3.3 7.0 - 1.3
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OXYGEN AND TEMPERATURE MEASUREMENTS IN LAKE MAARSSEVEEN II

K. Kersting

Research Institute for Nature Management

Introducticn

In conjunction with the measurements in Lake Maarsseveen I alsc 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 beccmes anoxic toc. 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.

Ancther 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 vears. 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 pericd. If these variations are taken into account the oxygen concentration
at 0.5 meters depth in Lake Maarsseveen Il varied between 3.9 and 1%.5 ppm.

In Lake Maarsseveen I the minimum and maximum oxygen cencentration coincide

with some delay with the maximum and minimum surface temperature. Conseguently
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the differences in percentage saturatiorn is small. In lLake Maarsseveen II there
is no such coupling between oxygen and temperature, The highest oxygen value at
0.5 meters was found in August 1976 when the lake had a mean surface temperature
of 21.3 °c., This means a percentage saturation of 225%. The minimum in oxygen
concentration at the surface was not found during the summer, but ir November
1976 when the temperature was 9.2 °c,

Also in the plots of the oxygen and heat content of Lake Maarsseveen II
(Fig. 5, 6) the similarity in respect to temperature and the difference in re-
spect to oxygen compared to Lake Maarsseveen I are reflected, The ratic of the
maximum and minimum oxygen content in Lake Maarsseveen II is much greater than
in Lake Maarsseveen I, In the case of comparable oxygen regimes the opposite sit-
uation would be expected because of the smaller hypolimnion of Lake Maarsseveen
II. These plots also reveal the relative importance of the primary production in
Lake Maarsseveen II, In all years an increase in oxygen content was found between
July and August while the surface water was supersaturated. Again it must be
stressed that these conclusions are based on the 48 hour mean values, and that

there is a considerable variation within the sampling period.

Diurnal oxygen regime

As in the paper on Lake Maarsseveen I only a few examples of the complete da-
ta set of the monthly measurements will be presented (Fig. 7, 8, 9, 10). The gen-
eral interpretation of these figures is the same as the one given for Lake Maars-
seveen I. The main difference is the variation of the oxygen concentraticn in the
epilimnion within the #8 hour sampling period., This can be seen in the plots of
the individual profiles having a considerable spread of the points. It can also
be seen in the plots of the oxygen isopleths where the isopleths extend vertical-
ly in the epilimnion, Especially in the example of July 13976 (Fig. 9) the plot of
the iscpleths indicates production of oxygen in the day and consumption during
the night. The variation of the oxygen concentration in July 1976 is enormous, At
0.5 meters depth it varied between 9 and 16 ppm. At greater depths the situation
becomes even more extreme. At 3 meters the variation within 48 hours was between
1 and 13 ppm and at 3.5 meters between 0 and 9 ppm. This example, which is typi-
cal for the summer situation, indicates the importance of continucus measurements,

It might be wondered in the case of lLake Maarsseveen II with its apparent
high productivity, whether it is possible to determine the primary production
from the in situ measurements. The examples of plots of the total oxygen content
of the water column against time (Fig., 11) indicate that the variation is still

small compared to the total content. The example of August 1978 (Fig. 11b) does



reveal a diurnal rhythm, but some irregular variaticns are present. A more pro-
nounced picture is obtained in the plots of the changes in relation to the start-
ing situation., In January (Fig. 12a) irregular changes occur with especially dur-
ing the night a decrease. No explanation for this pattern can be given at the mo-
ment. In August (Fig, 12b} a clear diurnal pattern is obtained, however, superim-
posed there is a higher order rhythm. This second rhythm with a peried of about
8 hours reveals the presence of an internal seiche in Lake Maarsseveen II also.
The main difference with the situation in Lake Maarsseveen 1 is the ratio of the am-
plitudes of the two rhythms, In Lake Maarsseveen II the amplitude of the diurnal
rhythm caused by the primary production can be bigger than the amplitude caused
by the internal seiche. There are several reasons for this, but it is also depen-
dent on the weather conditions., On days with a low radiation input the intermal
seiche might overrule the primary production rhythm. However, in contrast to Lake
Maarsseveen I the primary production can be so high that the internal seiche only
leads to a slight distortion of the diurnal rhythm. Not only the high productivi-
ty of Lake Maarsseveen II is responsable for the relative importance of the diur-
nal rhythm. In the summer the hypolimnion is completely anoxic and consequently
not stratified in respect to oxygen. Internal seiches will net lead to rhythms in
the oxygen content of the hypolimnion because the content is zero and stays zero.
As a final example the situation of December 1978 {Fig. 12c¢) is illustrative
for the fact that alsc a very weak gradient (1 ppm/25 meters or 0.3 OC/25 meters)
can lead to considerable changes in the apparent oxygen and heat content of the
water column., It must however be born in mind that the observed changes with the
& to 8 hour rhythm are not real changes inp concentration. They only emerge from
the fact that sampling at fixed depths can mean sampling in different parcels or

layers of water,
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Fig. 7. Computer output March 3-5, 1976, See Fig. 9, page 32.




-50-

Lake Maarsseveen II

April 26-28, 1976

Fig. 8. Computer output April 26-28, 1976, See Fig. 9, page 32.
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Lake Maarsseveen II

July 19-21, 1976

Fig. 9. Computer output July 19-21, 1976, See Fig. 9, page 32.




-50-

Lake Maarsseveen II

October 10-12, 1977

=
~+d
-
h Yl
W oo
|
i
h
1
IIHH"HIIHII

W —"T1y

-~
MR RN RN NN ]

Fig. 10. Computer output October 10-12, 1977. See Fig. 9, page 32.
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SEASQNAL CHANGES IN ABUNDANCE OF SQME PLANKTONIC SPECIES
IN THE OPEN-WATER ZONE OF LAXE MAARSSEVEEN I

J. Dorgelo, E. van Donk, I. de Graaf Bierbrauwer

I. PHYTOPLANKTON

Methods.

The phytoplankton of the open-water zocne was collected twice a week at ncon
with a 3 litre Van Dorn sampler from a moored, floating platform (Fig. 1, place
1). A water column of 10 metres (from surface to thermocline level) was sampled
with depth intervals of 1 metre, These column samples were pooled and 1 litre
was separated for sedimentation of the algae after preservation with iodine.
The sedimented algae were brought in a 100 ml vessel and subsampled with a 1 ml
Hensen-pipette. As enumeration procedure the standard method of the inverted
microscope was used after settling of the subsamples in 10 ml, flat-bottcmed
tubes (diameter 24 mm). The portion of the bottom area of the tube counted and
the magnification applied varied with algal density.

For statistical reasons three integral 10 litres column samples were taken at
every sampling day and each of these three main samples were subsampled thrice
for counting.

The phytoplankton of the littoral zone (place 2, spring 1977) was very careful-
ly sampled (to avoid contamination with cells adhered to bottom and macrophytes)

with a small vessel.

Results.

Figs. 2 - 27 demonstrate the blooms of the most abundant species in the
open~-water zone during 1977, 1978 and 1879, In 1977 the littoral zone was sampled
until May 17 (between Phragmites australis; depth about 30 emj; Fig, 1).

In 1979 the lake was covered with ice from January 9 until March 9, preventing
us from sampling from January 23 until February 6 (ice cover tooc thick to break
and too thin to walk on).

The late winter/spring blooms and succession of diatoms showed a marked varia-
tion as far as Astertonella formosa and Fragilaria crotonensis are concerned:
in 1977 and 1978 F. crotonensig succeeded 4. formosa, in 1978 A, formosg out-
numbered F, crotonensis, whereas in 1979 F, c¢rotonensis was absent (viz. less
than 10 cells/ml).
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In 1979 Cyeclotella bodanica was recognised; it might be supposed that the second
bloom of Cyclotella in 1978 was caused by (. bodanica too.

Cryptomonas div.spp. > (15x25 u) were absent in 1977; in 1979 they appeared
later than Cryptomonas div.spp. < (10x15 ).

Phacotue lenticularig was absent in 1977 and 1978. Chlamydomonas sp. was absent
in 1977 and 1979,

In the littoral zone the same succession of late winter/spring diatoms occurred
as in the open-water zone (1977), though the numbers were more fluctuating. The
decrease of the number of Asterionella formosa in the littoral zone around Feb-

ruary 22 was concurrent with strong off-shore winds,

Acknowledgments
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Popping Fund of the Royal Netherlands Academy of Arts and Sciences.
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Tabular review of phytoplankton dynamics in 1977, 1978 and 1979, Dating of bloom

1877 (February 1 - October 1)

Fig, Species > 10 cells/ml maximum
during abundance
2 Asterionella formosa vessass — March 25 Febr. 25
July 15 - Sept. 6 July 29
Sept 16 - +.venuus ?
3 Stephanodiscus astraea teavsss = April 15 March 8
4 S. astraea var. minutula «tesess — March 25 Febr. 18
5 Fragilaria crotonensis Febr 25 - May 17 May 3
July 15 - Sept. B July 29
6 Cyelotella comta April 29 - July 22 July 12
C. bodanica
7 Cryptomonas div,spp. < (10x15 u) R T T TN June 21
8 Cryptomonas div.spp. > (15x25 u)
9 Dinobryon divergens May 24 - August 23 July 5
Phacotus lenticularis
Chlamydomonas spec,
1978 {January 31 - December 22)
10 Asterionella formosa teisess = May 26 April 1y
July 18 - Sept. 8 Aug. 8
Sept., 28 - Oct. 24 Oct. 10-13
Dec. 1 - .ivvvnn ?
11 Stephanodiscus astraea essress = March 17 Febr. 14
March 24 - April 25 April 11
12 S. astraea var. minutula everess = April 25 Febr. 21
13 Fragilaria crotonensis Pebr, 24 - March 14 March 10
March 21 - May 26 May 18
1y Cyelotella comta May 16 - July 7 June 2
C. bodanica ? July 25 - August 15 Aug. 8
15 Cryptomonas div.spp. < (10x15 u) B T June 30
16 Cryptomonas div.spp. > (15x25 u) evssses = Dec, 12 Oct. &
17 Dinobryon divergens April 28 - May 18 May 9
July 4 - August b July 14
Aug. 22 - Sept. B Aug, 25
Phacotus lenticularis
18 Chlamydomonas spec. May 29 =~ Sept. 22 June 27
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pericds and maximum abundances according to biweekly sampling.

number (approx.) at max. comment
abundance (cells/ml)
700 -
230 rapid wax
? -
75 fluctuating numbers
260 fluctuating numbers
320 rapid wane
550 rapid wax
260 rapid wane
less than 10 cells/ml
700 strongly fluctuating numbers
less than 10 cells/ml
800 3 peaks
7000 dramatic wane
80 fluetuating numbers
330 rapid wax and wane
L] - .
110 -
30 -
400 -
35 great variance
25 -
70 -
40 see second Cyeclotella bloom 1979
750 strongly fluctuating numbers
a5 strongly fluctuating numbers
700 rapid wax and wane
1600 rapid wax and wane
g0 rapid wax and wane
440 rapid wax
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Continued.

1979 (January 2 - December 28)

Fig. Species > 10 cells/ml maximum
during abundance
19 Asterionella formosa (Dec. 78) - April 6 March 2
April 17 - June 8 May 25
July 31 - Sept. 11 Aug. 24
20 Stephanodiscus astraea (Nov/Dec 78)~ ..evune.
Febr, 6 - April 20 March 2
21 S. astraea var. minutula sessees = April 17 March 16
22 Fragilaria crotonensgis Oct. 26 - Nov., 20 Nov., 2-9
23 Cyclotella comta May 15 - June 22 June 8
24 C. bodanica July 20 - August 31 Aug, 9
25 Cryptomonas div.spp. < (10x15 U)  c.ivens = wevnnnn Oct, 30
26 Cryptomonas div.spp. > (15x25 ) May 18 = ....... Oct. 30
27 Dinobryon divergens May 15 - June 8 May 22
July 31 - Aug. 24 Aug., 9
28 Phacotus lenticularis June 12 - July 31 July 3, 24
' Aug. 17 - Aug. 31 Aug. 17

Chlamydomonas spec.
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number (approx.)} at max.
abundance . (cells/ml)

comment

2400
560
370

30
Q0
25
650
35
1050
90
260
1400
160
85

rapid wane
rapid wax and wane
rapid wax and wane

< 10 cells/ml in spring/summer
rapid wax and wane

strongly fluctuating numbers
strongly fluctuating numbers
rapid wax and wane

rapid wax and wane

rapid wane

rapid wax and wane
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Fig. 1. Morphometry of Lake Maarsseveen I.
a. Schematic map; 1. floating platform fixed at the bottom (depth
30 m); 2. vegetation of Phragmites australis (depth 30 cm).

b. Depth along the line L-L', including the two sampling stations.
Length of the lake: about 2,5 km.
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Fig. 2. Numbers of live cells per ml (% S.E.) of Asterionella formosa in the

Stephanodiscus astraea 1977
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Fig. 3. Stephanodiscus astraea. See Fig, 2,
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Fig. 4. Stephanodiscue astraea var. minutula. See Fig. 2.
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Fig. 7. Cryptomonas div.spp. < (10 x 15 um). See Fig. 2.
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Fig. 8. Dinobryon divergens. See Fig. 2.
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Asterionella tormosa 1978 ; 4/"“!’{\
‘/

Celis/mi

100 ‘

i il
-

1§ Ay

T L T T T 7 T 7 LI T F L] 1 T L) T T LA T T LA T v T TT T 1T T TT T b L T "
NI 710 MIT 224 23 T M7 2124283 47 M4 B2 25282 912 MW 2326292 69 3N NN
i FEBRUARY | ™  maRCH | APRIL | MAY i JunE |

Fig. 9. Number of live cells per ml (% S.E.) of Asterionella formosa in the open-
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Fig., 10. Stephanodiscus astraea. See Fig. 9.
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Fig. 11. Stephanodiscus astraea var. minutula. See Fig. 9.
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Fig. 12. Fragilaria crotonensis. See Fig. 9.
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Fig, 13. Cyclotella comta. See Fig. 9.
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Fig. 14. Cryptomonas div.spp. < (10 x 15 um). See Fig. 9.
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Fig. 15. Cryptomonas div.spp. > (15 x 25 um). See Fig. 9.
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Fig. 18. Asterionella formosa. See Fig. 9,
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Fig. 19. Stephanodiscus astraea. See Fig. 9.
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Fragilaria crotonensis 1979
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Fig. 21. Fragilaria crotomensis. See Fig. 9.
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Fig. 23. Cyelotella bodanica. See Fig. 9.
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Fig. 25. Crypitomonas div.spp. >(15 x 25 um). See Fig. 9.
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II. ZOOPLANKTON (M. Butter, J. Dorgelc, A. Keijser)

Methods

The zooplankton of the open-water zone was collected weekly in a column of
10 meters (from surface to thermocline level) with a 60 um net, in combination
with a pump (1877) or by vertical hauls (1978; 1979%). The hauls were taken from
a small boat in order to avoid sampling in the viecinity of the cone of shadow
beneath the platform where zooplankton may concentrate at the transition from
light to dark. When the pump was used depth intervals of 0.5 meter were chosen
and the zooplankton was bulked. In all cases five samples were taken. These
(bulked) samples were subsampled three times (1977). For statistical reasons it
was judged better to transform raw data to logarithms and to give 95% confi-
dence intervals for the average of the logarithms. Variance analysis showed
that the variation due to subsampling techniques is far more important than the
variation due to the different methods. Therefore, it was more convenient to

bulk the five net hauls and to subsample from these bulked samples (1978; 1979).

Results

In 1977 (February - September) a first inventory of bicmass fluctuations of
Lake Maarsseveen was made, as expressed in cladoceran, copepod and rotifer spe-
cies (Figs. 28-40) and as far identifiable due to lack of time. Daphnia longis-
pina (Fig. 28) and Bosmina (eoregoni + longirostris) (Fig. 29) started to build
up a population density exceeding 1 ind,/L in March, Maximum densities were 30
(May 3) and 15 inds./L {May 17), respectively. Daphnia maintained a fluctuating
density around 10-15 inds./L. Bosmina showed a decrease below 1 ind./L at the
end of June, which continued until August 2.

The copepods (Cyclops + Fudiaptomus; Fig. 30) also appeared in March. From May
24 onwards Cyclops (Fig. 31) and Eudiaptomus (Fig. 32) were separately counted.
The rotifers had summer maxima: Conochilus unicornis (max. abundance about 60
inds./L) in May (Fig. 33), Kellicottia longispina (20) in August (Fig. 34), Ke-
ratella cochlearis (80) in August (Fig. 35), Asplanehna (50) in August (Fig. 36),
Habrotrocha (100) in July/August (Fig. 37), Polyarthra (200) in July/August
(Fig. 38), Synchaeta (5) in July/August (Fig. 39), and Trichocerca (20) in Au-
gust (Fig. 40),

In 1978 and 1979 only cladocerans were counted (Daphnia longispina, Bosmina co-
regont and Bosmina longirostris). Figs. 41 and 42 give the results as far as the
sarples have been enumerated. The fluctuations in the three populations follow

the same pattern in both years. The populaticn density of Daphnia longispina is
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greater than that of the Bosmina species. In 1978 Bosmina longirecetris outnum-
bered B. coregoni from July until November; in 1979 its numbers remained per-
manently below those of B. coregont, in particular during the second half of

the year. The summer drop in density of 1977 (Fig. 29) also occurred in 1979,

Acknowledgments
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Fig. 30. Copepoda. Numbers of individuals per liter (+ S.E.) in 1977
(February-May). O—O nauplii; @—@ copepodites + adults.
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Fig. 32. Fudiaptomus. Numbers of individuals per liter (* S.E.) in 1977
(May-September), O—O nauplii; ®--@® copepcdites; @—@ adults.
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34, Kelltcottia longispina. Numbers of individuals per liter

(+ S.E.) in 1877.
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Fig. 35. Keratella cochlearis. Numbers of individuals per liter
(+ S.E.) in 1977.
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Tig. 36. Asplanchna. Numbers of individuals per liter
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Fig. 37. Habrotrocha. Numbers of individuals per liter
(£ S.E.) in 1977.
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Fig. 38. Polyarthra. Numbers of individuals per liter (% S.E.)
in 1977,
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Fig. 39. Synchaeta. Numbers of individuals per liter
(+ S.E.) in 1977,
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Fig. 40. Trichocerca. Numbers of individuals per liter (* S.E.)
in 1977.
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PRIMARY PRODUCTION MEASUREMENTS IN LAKE MAARSSEVEEN I

B.J.G., Flik and A. Keyser

Intreduction

In 1975 Lake Maarsseveen was chosen as a project for ecosystem research by
our department. In the framework of this research it was necessary to get an im-
pression of the production by phytoplankton in the open-water zone.
Measurements of the primary production in situ using the oxygen method in light
and dark bottles (Gaarder & Gran, 1927) were not possible, because the biomass
of the phytoplankton is too low to get measurable differences in oxygen concen-
trations. So we decided for the carbon-forteen-method (Steemann-Nielsen, 1953)
to measure the primary production.
However, Lake Maarsseveen being a recreation area, we disliked the use of radio-
active material. Therefore the laboratory technique of incubating samples from
the lake was introduced. The potential productivity of field samples is meas-
ured at different light intensities. It was difficult, however, to obtain a
light source sufficiently strong to realize the highest intensity found in the
field. To overcome this problem a mathematical model, developed by Fee (1973)
was used. High light intensity responses are extrapclated from P versus I curves
determined at low light intensities. The very good cooperation with Mr. P. Ruar-
dij in developing these techniques is sincerely acknowledged. Mr. P. Ruardij
made alsc a computer program (modified after Fee). Likewise we want to thank

Mrs, I,J. Mous, who did the production measurements in 1976,

Methods
1. Sampling and labeling

Samples of phytoplankton were taken from the raft in the middle of Lake
Maarsseveen. The following depths were chosen: 0.5, 1.5, 2.5, 5.5, 10,5 and 15.5
meter. Samples were taken between 8 and 9 a.m., using aIVan Dorn water sampler.
The samples were sifted through 150 p plankton gauze to remove the larger zoo-
plankton. Stored in plastic containers they were transported tc Amsterdam within
one hour. In the laboratory for each depth eight light bottles and one dark were
filled with 100 ml sample. To label the algae 1 ml of a solution of NaH' 'CO,
with an activity of about 3 microCurie was added. The precise determination of
the added amount of activity was done by measuring directly with a scintillation

counter an aliquot from a bottle, handled in the same way as the others. After
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labeling, the bottles (54 altogether) were incubated for 3 hours at different
lightintensities. After this period the total content of the bottles was filter-
ed over 0.45 u Sartorius membrane filters. The filters were rinsed with 0.001 N
HCl and placed in scintillation-vials. Using 10 ml of Insta-Gel (Packard) the
activity of the samples was counted by a scintillation counter (Isocap~Nuclear

Chicage). The output on paper-tape is directly available as input for a computer.

2, The incubator (Fig. 1.)

The incubator (modified after Fee, 1973) was constructed by the workshop of
our institute. It consists of eight compartments (E). In each of these compart-
ments there is a disk (B) fixed on a central axis (A)., With locking clips six
bottles can be attached tc the disk (Fig. 2}. These bottles have a sguare cross
section and are fixed in such a way that one side is perpendicular to the direc-
tion of the light source (F). During the incubation~time the bottles are turning
arcund the central axis, sc that for each compartment the bottles get the same
light intensity. Another advantage is that sinking of the algae is prevented.
The 8 compartments are separated by 2 perspex walls. In between neutral density
filters can be placed to realize different ranges of light intensities,

Since the compartments are filled with water, it is possible toc make a range of
different temperatures as well. In this research we used only one temperature
i.¢c. the prevailing temperature in the upper layer of the lake at the time of
sampling. During summer stratification (see Kersting, this report) the samples
from the 10.5 and 15.5 meter depth are incubated at too high a temperature and
the production is overestimated. However, the low light intensities at these
depths make a contribution to the total column production very small. Therefore,

this error is neglected.

3. The lightsource

During the measurement of 1976 and 1977 we used a lightsource consisting of
11 fluorescent tubes (Truelite, Durotest daylight 20 TH 12 TXC). These lamps
realized a spectrum comparable tc the spectrum of sunlight (Fig. 3). The tubes
were placed in a zigzag way at the front of the incubater (Fig. 1), in order to
realize optimal illumination at the perspex front. Due to absorption by the
cooling water and the perspex walls of the compartments a decrease of the light
intensity occurred in such a way that the light regime was found as presented in
Table 1. The light intensities were measured with a photosensor (Li-cor Quantum
Radiometer type Li 185) mounted in a bottle, which was turning in the same way

as the others around the central axis during the measurement. The intensities
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given in Table 1 are mean values averaged over one complete cycle. In 1978 a

new lightsource (Osram Metallogen Lamp HMI 2500 W) was mounted with a spectrum
also comparable with that of natural light (Fig. %). Much higher lightintensi-
ties could be realized however. For instance in compartment 8 a lightintensity

of 500 J.m™%.sec ™’ was possible.

4, Calculations

The photosynthetic saturation curves are used to calculate the potential pro-
ductivity of the algae at & particular depth. Irradiation at the lake surface
was measured continuously (Kipp Albedometer). Extinction coefficients determined
with a Li-cor Quantum sensor were available (Table 3). Per ten minute interval
the calculated irradiation at a particular depth is compared with the potential
productivity of the algae at this depth. In this way integrated productions per
hour are calculated for each depth sampled. Also the daily production in the
water column is calculated. To make this procedure possible the assumptions to
be made are listed below,

1. A linear interpeclation is possible between the lqc—accumulation in the
dark and the assimilation at the lowest light intensity in the incubator.

2. A logarithmic interpolation is used at high intensities but smaller than
the saturation value I .

H

3, If I is not realized in the incubator (which was mostly the case until

the high intensity lightsource was available) a theoretical irradiation at Pmax
1

was chosen. A value of 55 J.m %.sec™ was used (Stadelmann et aql,, 1974}, Fee

(1973) used a value of IH = 110 J.m 2.sec”!. Response curves based on these val-
ues are presented in Fig. 5.

4, According to Fee (1973) a quadratic decrease of the productivity must be
assumed for light intensities surpassing IH.

These considerations result in the expression:

I. < I< 348 J.m2.sec "}

I>3u8 J.m™2%.gec”l:; P =0
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With regard to the methods additional information is given below (see also Table
2).

a. The concentration of organic carbon was measured with a Beckman T.0.C. (Total
Organic Carbon analyser) in ppm (parts per millicn).

b, We called "specific acti;ity" the total 14C-activity in microCuries added to
100 ml lake-water before incubation.

¢. The irradiation data presented in Table 2 are integrator counts. 1 count =
600 J.m 2.sec”!, Conversion is done by the computer.

Chlorcphyll concentrations were determined in the following manner:

After filtering a sample from a particular depth, the algae we extracted in ace-
tone (1976) or alcohol (1977). The extinctions were measured with a spectrofoto-
meter at 665 and 750 nm. The calculations of chlorophyll-a concentrations (pug.17})

were made using the simplified formula of Talling and Driver (1963)

i

1 ) v
ug chl.a. 1 11.9 x (E66 E,..) x T X

5 750

=)

a constant

amount of extraction solvent in ml

1]

length of the lightpath in the cuvet (1 em)

= << w
"

volume of the filtered sample in 1.

Results and discussion

In Fig. 6 and 7 the estimated primary production on several days of the
years 1976 and 1977 is presented. Comparing these producticns with the chloro-
phyll data of the same days (Fig. 8 and 9) it is clear no estimations of the
production on a particular day can be made based on chlorophyll-concentration.
Dependence on the daily irradiation is clear. The total daily irradiation strong-
ly fluctuates as can be seen in Fig., 6 and 7. With these monthly production meas-
urements it is impossible to get the yearly primary production in an absolute
sense. We only have the possibility to give the range of the daily productions
throughout the year. From the mean of these daily productions a quantity can be
derived to compare with data from the literature, concerning the trophic status
of the lake. In Table % we have made a comparison with the classification aé
given by Wetzel (1975). Based on primary productivity and the parameters chloro-
phyll-a, phytoplankton concentration and carbon content of the algae, we can say

that Lake Maarsseveen I has a trophic status in between the oligomesotrophic and
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the mesotrophic one.

When integrated in a total research program, it is usefull to make an estimation
of the production over the entire day. For instance, information on the daily
production is essential to the study of the impact of zooplankton grazing on al-
gae (Ringelberg, this report). We have to make a restriction concerning the ab-
solute value of the estimation of the primary production over the day, deter-
mined with an incubator with low light intensities and the extrapolation method
of Fee (1973).

Compariscn of our results with simultaneocus production measurements in Lake
Vechten done according to the traditional in situ method by W, de Kloet (Limno-
logical TInstitute, Nieuwersluis) give the impression that in the upper layers
our estimations are toc high, It is possible that the method of extrapolation

to Pmax is not correct and that too high P-values are read from the P vs I curve
around P . When (and that is often the case) the light intensities in the up-
per layers fall in the range of light intensities around Pmax’ the calculation
of the real primary production will be too high. As an example a response curve
of a sample from Lake Maarsseveen I is given in Fig. 5. The dotted parts are the
extrapolations to a Pmax at I = 55 J.m 2.sec”! (according to Stadelmann et al.,

H

1974) respectively at I = 110 J.m"%,sec™! (according to Fee, 1973). In the same

figure an example is gisen of a response curve for samples of Lake Vechten, de-
termined with the high intensity incubator. The calculation of the primary pro-
duction with the aid of this P vs 1 curve agrees with in situ measurements of
W. de Xloet (unpublished data).

The chlorephyll distribution over the water column and throughout the year
is presented in the Figs. 8 and 9. Until May a uniform vertical distribution
can be observed. This is a result of the vertical mixing of the water layers un-
til that month, The development of the thermocline gives rise to a high and ir-
regular chlorophyil distribution in the epilimnion. In the hypclimnion a low
though uniformly distributed content is present. In October and November the
distributions point to the lowering respectively the disappearance of the thermo-
cline (see Kersting, this report).

In Fig. 1¢ the incubator production of compartment 8 (I = 34.5 J.m"2.sec”') per
mg chlorophyll is given. The light intensity was at all measurements the same
and differences in chlorophyll content are eliminated, Still there are differ-
ences in the production/chlorophyll ratios. Especially during summer and early
autumn there are higher ratios in the hypolimnion. In Fig. 11 the mean of the
production/chlorophyll ratio over the first 5.5 meter is given. This is done be-
cause of the idea that this layer is well mixed. In this figure one can see that

the ratio fluctuates strongly during early spring and spring (1977} and that the
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ratio is almost constant during summer and autumn (1977), During summer and au-
tumn it is clear that the chlorophyll content is a principal steering factor for
the carbon fixation. In spring there are probably other factors beside the chlo-
rophyll content, that regulate the carbon fixation. These factors are unknown,
but looking at the wax and wane of two species of diatoms in spring (see Dorgelo,
this report) one of the factors can be the physiclogical status of the algae.
Since one of the two major factors that influences the amounts of CO: in water
is photosynthesis (the other is respiration) we give the results of the inorgan-
ic carbon concentrations as well (Fig. 12 and 13). In both figures it can be ob-
served that during the temperature stratification in summer the utilization of
CO; by photosynthesis in the epilimmion results in a decrease in the amount of
inorganic carbon. In the hypolimnion an increase of the incrganic carbon by de-

compoesition is visible,
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Table 1,
Place in incubator Joule.m™%,sec ! Y Einstein.m™?,sec™!
comp. 1 .4 8.8
comp. 2 1.95% 12,7
comp. 3 2.8 19.3
comp, 5.2 29.3
comp., 5 7.7 y7
comp. 6 12.4 85
comp. 7 18,25 143
comp. 8 34,8 193

Table 2. An example of the additional input for the computer, necessary for
the estimation of the total daily primary production in a column of
one square meter,

DATE ¥ ™
\"150976 . e e,
INORGANIC CARBON (ppm) ——————-_3333" 35,33 33.33 33.33 LS W17 L
SPECIFIC ACTIVITY (uCi) 3.28 ;2
INCUBATION TIME —3 $3%8,
55{;376 ....: ::
VERTICAL EXTINCTION COEFFICIENT — ! $: 20
997 (11 XY 1]
3 e + 00
150976 ee’es o8
: $:
0 [ 0 2 1 1k (11
21 28 35 b3 L8 56 H
8o b 131 1358 14k 157 ..
IRRADTATION PER 10 MINUTES 170 184 198 206 216 236 H
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363 Lo8 a3 L26 3R 273
36 185 177 177 205 156 .
77 59 61 103 1é 102
Bl 55 32 2h 18 17 .
16 9 13 25 bo as b+
2l 17 19 15 15 15 ee o o2
a b 3 2 1 0 o0
5939 ve: o
1 5 *e - 11
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Table 4. Comparison of Lake Maarsseveen with general ranges of primary
productivity of phytoplankton and related characteristics of
lakes of different trophic categories (after Wetzel, 1875).

Oligo- Oligo- meso- Lake
trephic mesotrophic trophic Maarsseveen
Mean primary
productivity 50-300 250-1000 250
(mg C.m ?.day ™) (25-500)
Phytoplankton
density 1-3 1-8
(em®.m™%)
Phytoplankton
biomass 20-100 100-300 100-250
(mg C.m™?)
Chlorophyll a 0.3-3 2-15 0.5-4

(mg.m™?)
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Fig. 1., The incubator, A. Central axis. B. Perspex disc. C., Perspex
wall. D. Compartment for neutral density filters. E. Incuba-
tion compartment. F., Light source,

Fig. 2. Perspex disc where upon 6 bottles can be fixed with a special
locking-clip for rotation in the incubator.
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Fig. 6. Primary production measurements.
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CHLOROFHYLL CONTENT

—= 1 MG. M

DEPTH (M}
o
0
i

i
' '
105~ H ' i
i ’
] : J
| H . (-
15.5- 4
1
L. }_J
20.5-
k I 1 | 1 1 1 | | T 1

FEB MAR APR MAY JUN JuL AUG SEP ocT NOV

Fig. 9. Depth-time distribution of chlorophyll-a,
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Fig. 10. The carbon fixation per unit of chlorophyll-a of samples taken at
different depth and different times of the year. The productions
at a fixed irradiation of 34%.5 J.m™2.sec™ (incubator rompartment
8) are given.
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GRAZING IN LAKE MAARSSEVEEN

A.D., Hulsmann en P, van Rijswijk

The objective of the present study was to investigate whether the grazing
by zooplankton is a major factor regulating the wax and wane of phytoplankton,
Besides light, temperature and the availability of nutrients grazing might in-
fluence the composition of the phytoplankton quantitatively and qualitatively.

The relation phytoplankton-zooplankton was studied in the open-water zomne
of Lake Maarsseveen. The study was restricted to five domirant phytoplankton
species: Cryptomonas c.f. erosa (Ehrenberg) '), Cryptomonas c.f. ovata (Ehren-
berg) '), Cyclotella comta (Ehr. Kiitzing)/Stephanodiscus astrea (Ehr. Grun.),
Asterionella formosa (Hassall), and Fragilaria crotonensis {Kitton).

The most important zooplankton species are: Daphnia longispina (Miller), Bos-
mina coregoni (Baird), Eudiaptomus gracilis (Sars) and some Cyclops species.
Also rotifers are sometimes present in considerable numbers., The first three
species are considered real herbivores., The feeding habits of most Cyclopse

species are not yet fully understood,

Methods

The results of seven series of ohservaticns performed from May 1978 to May

1979 are reported in this paper (Table 1).

A serie consists of a daytime and a nighttime measurement. The length of each
period is determined by the time of sunset and sunrise and thus depends on the
seasonal variation in daylength.

A standard procedure is used in all experiments.

One hour before sunset or sunrise water from the lake was ccllected. Using a

Van Dorrn sampler three liters were taken at depths of 1, 2, ........ 10 m. This
water was mixed and filtered through 150 ym gauze to remove the larger =zooplank-
ton species. Zooplankton was collected by taking several vertical hauls through

the 10-0 m water column, using a 150 um zooplanktonnet.

1} It is not quite clear which Cryptomonas species occur in Lake Maarsseveen,
but they look very much like (. ovata and . erosa. The smaller one is not
an earlier phase of (. ovata. In a pure culture of O, ovaeta never a cell
that looks like C. erosa is found.
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Until the start of the observation the zcoplankton was stored in a dark and cold
place. Nine 10 liter glass jars were filled with the filtered lake water. To
three of them zooplankton was added in a concentration several times the natural
one (Zoo I). To three jars twice this concentration was added (Zoo II). The ex-
act concentration of zooplankton was determined at the end of the observation by
counting the total numbers in the jars.

The ambient concentration of each zooplankton species in the lake was estimated
by counting individuals in one vertical haul from 10-0 m with a 150 um plankton-
net.

To ensure a natural light and temperature regime the jars were transferred to
the lake. The jars were placed in an iron framework fixed at a depth of five me-
ters in the lake. To prevent settling of the algae the jars were rotated every
three hours., At the start of each observation period three phytoplankton samples
of 1 liter were taken from the mixed lake water {initial value). These samples
were fixated with a Lugol's solution (JKJ). At the end of the experimental peri-
od three samples of 1 liter were withdrawn from each jar and fixated with Lu-
gol's solution.

Cell numbers were counted using an inverted microscope. The zooplankten of each

grazing chamber was fixated with formalin and counted.

Data from fifteen observations are given in Tables 2 (a/e) in terms of num-
bers of phytoplankton cells per liter, averaging the triplicate counts of each
jar and averaging triplicate jars. Standard errors range from 9% to 16%.

Since 1979 the centric diatoms (C. comta and S, astrea) were counted as one
group instead of counting C. comta seperately. When these two diatoms occur si-
multanecusly it is impossible to make a distinetion in routine countings of
large numbers,

The zooplankton species were divided into two groups. In the first place species
thought to be predominantly responsible for the grazing effect in the jars. In
Table 4a these species, D. longispina, B. coregoni and E. gracilis are given as
individuals per liter. They are also represented as percentages of this group.
The ambient concentration in the lake is given in Table Lec.

The other group consists of species either too small or present in too low a
concentration to have a measurable grazing effect. For instance, nauplius larvae
and rotifers, Non-herbivorous species such as Cyelops also belong to this group.
Their numbers per liter are given in Table 4b.

The distribution independent Mann-Whitney-U test was used tc test whether or not
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the differences in phytoplankton numbers are statistically significant (5% prob-
ability). Of interest are the differences between: initial value (1}, final val-
ue in the controls (2), final value in the grazing jars Zocc I (3), and Zoo II

{4). The result of this statistical amnalysis is given in Table 3,

Effects of the population density

In order to realise differences in initial and final values large enough a treat
as a grazing effect, the natural zooplankton concentration had to be increased,
Concentrating the zooplankton may be detrimental to the feeding behaviour of the
animals., Two effects are possible; too many herbivorous zooplankters causes a
deficiency in food. This results in a decrease in grazing-rate. Another possi-
bility is what might be called a true crowding effect, for instance, a mutual
physical disturbance. The animals are inable to behave and to feed normally. Al-
80 this results in a decrease in grazing-rate.

On the other hand, concentrating the =zooplankton is not quite as artificial as
it appears to be. The zooplankters tend to occur in dense patches in the lake,
Measuring their numbers by taking a vertical net haul does not give information
about the actual densities. The densities in which the zooplankton cccurs in
patches is many times the density, as calculated by dividing the numbers caught
by the sampled volume. Two different densities were used, the density in the

Zoo II jars being twice that of the Zoo I jars. The grazing rate per capita (per
herbivorous zooplankter) was calculated. If a density effect in the grazing jars
is present the grazing rate at the highest concentration is expected to be sig-
nificantly lower. Over one year of experiments we have noticed that there is no
or a negligible effect, when the population density (herbivorous and non-herbi-
vorous zooplankters) is lower than 700 animals per liter, and lower than 400
herbivorous animals per liter. In most cases a density effect in the Zoo II Jjars
was present. Therefore no conclusions were drawn from these observations. In one

Zoo I jar (780927) only,the critical concentration was surpassed.

Results

Cryptomonas erosa

In all experiments a marked decrease in (. erosa cells in the presence of
the zooplankton was found., Most diminuations, related to the initial valuas, are
statistically significant, The same hclds for comparisons with the final valueé
in the control jars.
In nine out of fourteen cases there is a significant difference between the fi-

nal number of both zooplankton concentrations. This indicates that at least at
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the low zooplankton concentration Cryptomonag was not depleted.
About half the final values of the control jars were lower than the initial val-
ues, two of them significantly. In this respect there seems to be no difference

between day- and nightperiods.

Cryptomonas ovata

Most final values of the grazing chambers are significantly lower than the
initial values. Also the difference between the final values of the blanks and
the zooplankton jars is significant in most cases. In eight out of fourteen cases
there is a significant difference between the final value of both zcoplankton
jars.
Control jars gave variable results showing a decrease or an increase in (. ovata

cells, though only one cut of fourteen in a significant way.

Asterionella formosa
The results suggest that no influence of the grazing zooplankton on the pop-
ulation of A. formosa is present, The cell counts do not show a particular de-

crease of this diatom in the grazing chambers.

Centric diatoms

Comparison of the final values of the grazing chambers with the initial cell
numbers dces not indicate a large grazing effect, However, in nine out of four-
teen cases the final concentrations in the contrel jars show an increase in cell
numbers. Also the final values of the grazing chambers were lower than those of
the controls in twelve out of fourteen observations. Notwithstanding the fact
that few differences are significant these results suggest a grazing effect on

these diatoms.

Fragilaria crotonenstis

This alga was not always present in detectable quantities in Lake Maarsse-
veen. If present no significant decrease in numbers as a result of grazing was
apparent, On the contrary, in several cases an increase in cell numbers was
found in the presence of zooplankton. In the low concentration zocplankton cham-
ber seven ocut of nine final values were higher than the initial Fragilaria con-
centration. In the high concentration zocoplankton jar seven out of ten cases
show an increase in cell numbers. This suggests a beneficial activity of the
zooplankton.
In the present study there is no evidence that cells of A, formosa and of F.

erotonengig are ingested by zooplankton. However, an artificially increased
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initial concentration of these diatoms in the grazing chambers might have pre-
vented the detecticn of a grazing effect. The large colonies of these algae
might have been concentrated when collecting the zooplankton. Together with the

animals these colonies might have been introduced inteo the grazing chambers.

Zooplankton

There was no large change in the zooplankton composition throughout the pe-
ried of cbservations. Apart from spring 1978 when they were exceptionally abun-
dant, Bosmina coregoni does not exceed 10% of the community of grazers. Daphnia
longispina tends to be the most abundant zcoplankter (50-60%) together with Eu-
diaptomus gracilis (30-40%). In spring 1979 E. gracilis exceeded D. longispina
in terms of individuals per liter,
Hardly a difference between daytime and nighttime numbers in the catches was
present., Most of the zooplankton in Lake Maarsseveen is restricted to the upper
part of the water cclumn. Taking a vertical haul from 10-0 m possible differ-
ences in vertical distribution are cancelled. In order to determine the concen-
tration at which a density effect would occur the amount of zooplanktor added
to the jars was variated throughout the year. The community of grazers in the
Zoo I jars ranged from 7-100 times the concentration in the lake and in the Zoo
II jars from 15-2i4 times this concentration (Table 1).
The concentration in the lake was found by taking a vertical haul from 10-0 m.
As the vertical distribution over this ten meter is not homogenous and patches
might occur, local densities can be much higher. Hence the concentration in the

jars is less artificial.

Discussion

Cryptomonas eroga (Table 5 and Fig. la,b,c)

C. ervsa was observed in Lake Maarsseveen throughout the whole year in den-
sities ranging from 1x10° - 4x10%° cells per liter. Consistently being present
in high and relatively constant numbers makes {. erosq an important species in
Lake Maarsseveen.
The results as presented in Table 5 indicate that the cells were grazed both
during day- and nighttime., Calculating the grazing impact the effect of cell
division must be taken into account. However, the total increase Aa in the con~
trol jar overestimates the cell division in the grazing jar. Half this value was

supposed to be valid for the grazing chambers. So the actual grazing effect was
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calculated as the sum of 1 Aa and Ab being the difference between initial and
final cell number of the grazing jar. In Fig, la the grazing impact expressed as
the decrease in cells per grazer per hour is presented., The shaded bars repre-
sent the dark perioeds. Diurnal differences seem to exist, but nc consistent pat-
tern throughout the year was present.

The initial values of each dark- and lightperiod represent the actual con-
centration in the lake at sunset and sunrise. The difference between thcse val-
ues gives information about the changes in the lake during the first period of
each observation, Twe important processes determine the cell concentratioms,
grazing and cell division. A net increase in the lake means cell division domi-
nates grazing. This is represented as a rising line in Fig. 1b. A net decrease
means that grazing is dominant over cell division. In four out of six cobserva-
tions cell division dominated the grazing during the dark period.

The control jars often showed a decrease in cell numbers probably as a result of
handling the phytcplankton. Another possibility is that the cells got attached
to the walls of the jars. In most cases this decrease is less pronounced or ab-
sent during the dark period, a higher cell division probably compensated most of
the losses (Fig. lc).

The Figs. 1b and lc show that similar tendencies were present in the lake and in
the contrel jars., In periods that a high cell division can be concluded from the
control jars, the concentration in the lake also showed an increase in cells of
C. erosa (mostly during the nighttime). In periods the cell number decreased in
the control jars also the lake concentration showed a net decrease indicating

that grazing dominated cell division.

The following conclusicns can be made from the presented data:

1. €. erosa was grazed by zooplankton, both during day- and nighttime.

2. Diel differences in grazing seem to be present. However, no systematic differ-
ence is apparent.

3. In most cases the activity of cell division was higher during the nighttime.

4, If cell division is high there is a net increase in cell numbers in the lake,
cell division exceeding grazing. This occurs mostly during the nighttime, If
cell division is low, c¢ell numbers decrease in the lake. Grazing dominates

cell division in this case.

Cryptomonas ovata (Table 6, Fig. 2a,b,c)
This large Cryptomonas species is present in Lake Maarsseveen throughout the

whole year though less abundant than the smaller Cryptomonas erosa. Concentrations
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range from 0.1x10% - 4x10* cells per liter. (. ovata is eaten both during day-
and nighttime, as can be concluded from Table 6, Fig. 2a represents the grazing
impact calculated as the sum of 3 Aa and Ab. The estimated grazing effect is ex-
pressed as decrease in cell numbers per grazer per hour, The shaded bars repre-
sent the dark periods. As with (. erosa there were differences in day- and night-
time grazing, but no consistent pattern throughout the year was apparent.

Fig. 2b represents the processes in the lake during the first pericd of each ob-
servation. In only two out of seven cases there is an increase in C. ovata cells
during the nighttime in the lake. This suggests that in most cases grazing is
domirant over cell division during the dark period.

As can be seen in Table 6 cell numbers decrease in the control jars during the
nighttime in five out of sever cases. This decrease is less pronounced or absent
during the daytime. This means that the division of (. ovata cells is maximal
during the daytime.

From the Figs. 2b and 2c¢ can be read that a close comnection exists between the
changes in the lake and the processes in the control jars. An increase in the
jars ccincides with a net increase in (. ovata cells in the lake. Therefore,
cell division dominated grazing. In periods that cell division is less, grazing

plays a more important role.

Four conclusions can be made with respect to C. ovata:

1. The alga was eaten by zcoplankten, both during day- and nighttime.

2. No proof can be found for a consistent diel rhythm in the grazing rate.

3. Activity in cell division was probably higher during the daytime.

4, If cell divisicn is maximal there is a net increase in cells in the lake
{mostly during the daytime). If cell division is low, there is a net decrease

in cells in the lake,

Centric diatoms (Cyclotella comta and Stephanodiscus astrea)
(Table 7 and Fig. 3a,b,c)

Occurring simultaneously it is hardly pessible to distinguish C. comta from
S, astrea in routine countings. In February, March and April a bloom of 5. astrea
was followed by an increase in (. comta numbers, The species was present untill
September. In wintertime the population density was minimal.
Considering the large activity in cell division (Table 7) in the control jars it
is difficult to interprete the processes in the grazing chambers. Grazing may be
masked by cell division. In four cases cell numbers increased in the grazing

jars.
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Almost always the decrease in cell numbers in the grazing jaré is maximal dur-
ing periods of a low activity in cell division. In Fig. 3a the estimated grazing
rate as decreases in cell numbers per grazer per hour is shown. Three experi-
ments only show a notable grazing rate (observation 1, 2 and 3). These results
do not justify the conclusion that a periodicity in grazing exists. During most
observation periods the grazing rate was more or less the same both the day-

and nighttime. There is no evidence for a diel periodicity in cell numbers in the
lake, the density at sunset alternately being higher and lower compared to the
one at sunrise.

In nine ocut of fourteen cases there is an increase of centric diatoms in the
blanks, these increases being higher in periods showing an increase of the con-

centration in the lake.

The following conclusions can be made with respect to the centric diatems,

1. Small decreases only were found in the grazing chambers. However, the consis-
tent increases of cells in the controls suggest that the centric diatoms were
eaten by the zooplankton.

2, There is no evidence for a consistent periodicity in grazing rate.

3. There appears to be no diel rhythm in the cell division respectively grazing
activity as can be concluded from the cbservations in the lake and from the
experiments.

4. A period of high activity in cell division coincided with an increase of cen-
tric diatom numbers in the lake, the cell division being dominant over grazing.
If the activity in division was low, the grazing dominated the cell division.

This resulted in a net decrease in the lake.

Asterionella formosa and Fragilaria crotonensis

These two diatoms were not always present in Lake Maarsseveen. As a matter
of fact they only occurred in detectable numbers during their relatively short
blecom periods. It is not clear what kind of a role these algae play in the zoo-
plankton feeding process. There rarely was a decrease in cell numbers in the graz-
ing jars. The changes in the blanks are very inconsistent and often did not agree

with the changes in the lake,

General discussion

The results indicate that herbivorous zooplankton in Lake Maarsseveen feeds

on {. erocsa, C. ovata and the centric diatoms. Most observations show a signifi-
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cant decrease in cell numbers using the Mann-Whitney-U test.

No significant changes could be found in the Asterionella formosa and Fragilaria

crotonenstie populations. With regard tc these diatoms it is necessary to make

some additional notes,

1. No observations have been performed during a bloom of A. formosa, only at the
end of a bloom pericd.

2. The method used may have a marked influence on the calculated grazing on the

diatom species A. formosa and F. erotonensis.

Considering the experimental results and the observations in the lake, it is
plausible that there exists a periodicity in cell division as far as the Crypio—-
monas species are concerned. This periodicity is less pronounced or absent in
the centric diatoms. The centric diatoms alternately show a maximal activity dur-
ing the daytime and the nighttime. (., erosaq has a maximal cell division during
the nighttime and (. ovata during the daytime. In periods of a maximal cell di-
vision grazing plays an inferior role. This results in a net increase in cell
numbers. In periods with a less pronounced cell division, grazing is relatively
of more importance (though the actual grazing may be the same or even less).
This results in a net decrease in cell numbers in the lake.

Grazing rates calculated in terms of a difference betweeﬁ the initial value and
the final value in the grazing chambers, often result in an underestimation of
the grazing rates. This is especially the case in periods of a maximal cell di-
vision. On the other hand calculating grazing rates as the difference between
the final value in the grazing chambers and the final value in the control jars
results in an overrating. The observations often point to a difference in day-
and nighttime grazing. A consistent diel rhythm can not be found. However, our
results do not exclude the possibility of a more or less constant grazing rate.
In that case, the diel differences must be ascribed to the rhythms in cell divi-
sion. This last process was hard to quantify. In any case the relative impor-
tance of grazing over cell division is subject to diel changes. It is this bal~

ance that is of interest in the wax and wane of the phytoplankton.

The grazing by zooplankton seems to be limited to the smaller phytoplankton
fraction (cells not retained when filtered through 30 pm gauze). The primary
production of these algae is significantly higher than the primary production of
the larger fraction (Ringelberg, this report).

The filtering rate (the volume of ambient medium containing the number of cells
eaten in a given time) of the herbivorous zooplankton in the lake can be calcu-

lated using Gauld's formula:
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- In Ny - 1In Ny , ¥V % 1000

- in Ny - 1In Ny . V

) x 1000

F = filtering rate in ml.grazer — ,hour ™!

M = initial value in cells per liter
N2 = final value in the control jars in cells per liter
N3 = fipal value in the grazing chambers in cells per liter
G = number of grazing zooplankters per jar
= grazing time

V = volume of the jar in liters

Table 8 shows the filtering rates calculated for the three algae that are ap-
parently eaten by the zooplankton. Filtering rates are expressed in ml per
grazer per hour. Two filtering rates are calculated a) using the initial val~
ues in the jars (F;) and b) correcting for the processes in the blank (F;).
The filtering rates for C. erosa (mean value 0.54 ml.G™*.hr™!') and for C. ova-
ta (mean value 0.57 ml.G™'.hr ') are quite similar in most observations. The
filtering rates for the centric diatoms are significantly lower (mean value
0.17 ml.G. 'hr~'). This indicates that the Cryptomonas species are being in-
gested in the same ratio as they cccur in the lake. No selection for the one
or the other is present. The filtering rate based on the ingestion of the cen-
tric diatoms is lower. This could be the result of selecticn. This selection
can occur during the filtering process or a "selection" inside the bedy can
occur. It is possible not all ingested centric diatoms are being digested and
some will come out sufficiently unchanged to be counted as such. Often animals
were seen with complete centric diatoms at the end of the digestive tract.
However, the apparently lower grazing activity on centric diatoms may also re-
sult from the method used. If some centric diatoms have sunk to the bottom of
the jar within three hours (interval at which the jars are rotated), they

are not available as food. A higher sinking rate can be the result of a heavier
cell and the fact that the centric diatoms are immobile where the Cryptomenads
are mobile,

The herbivorous zooplankton in Lake Maarsseveen appears to feed predominantly

on algae that are present throughout almost the whole year. These algae have
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the capacity to compensate the losses due to zooplankton grazing by means of a
very high reproduction rate.

The filtering rates for C. erosa and C. ovata are rather constant throughout
the year. The filtering rate does not change with the actual concentrations of
algae in the lake. This indicates that the percentage eaten is independent of
the quantity of food available. Therefore, the zooplankters filter maximally.

A maximal filtering rate is assumed to ogcur when the food concentration falls
below a critical value, the incipient limiting level, Above this level the fil-
tering rate declines and the feeding rate becomes constant., The data suggest
that the herbivorous zooplankton has to filter maximally in order to obtain
enough food for growth and maintenance. It may even be necessary to filter con-
tinuously to satisfy their needs. Since the lake is of a rather mesotrophic na-
ture, a maximal filtering rate is to be expected. For this reason it might not

be piausible to expect a diel grazing activity in this lake.

Acknowle@gments

This study was subsidized by the Foundation for Fundamental Biological Re-
search, BION (the Netherlands Organisation for the Advancement of Pure Research,
Z.W.0.).



Table 1., Survey of cbservations.

date

780516
780517

780802
780802

780913
78091y

780927
780928

781010
781011

781025
781026

790417
790418

length of the
light period (hr)

16

15

12

12

11

10

14

=138~

length of the
dark period (hr)

12

12

13

14

10

D: observation during the dark pericd.

L: observation during the light period.

concentration factor

(= o N = B -

o

Zoo I

1y
20
35
65

13
3l

54

61
37

96

26
52

Zoo II

18
30
25
123
172

28
L8

99
15

77
54

100
214

32
81
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Table 2a. Number of cells per liter of the dominant species at the beginning and
at the end of the observation periods.

Cryptomonas erosa

date initial (1) control (2) Zoo I (3) Zoo II (W)
780516 D 1.88 x 10° 1,50 x 10° 0.03 x 10° 0.08 x 10°
780517 L 2,72 " 0.32 " 0.1 0.10
780517 D - 1.8 " 1,00 " 0.31 "
780802 L 1,73 0 n 0.99 " 0.16 " 0.02 ™
780802 D 1,11 " 1.05 " 0.15 " 0.09 "
780913 D 2,87 " 3.1 v 1,57 " 0.84 "
780914 L 4,13 M 2,29 " 0.69 " 0.23 ™
780927 D 1,94 " 1,94 v 1,42 " 1,38
780928 L 2.60 M 2,4y 1,42 v 0,22
781010 D 1,94 M 1.59 " 0,43 " 0,17
781011 L 1,45 " 0.77 " 0.20 " 0.1 M
781025 D 2,18 M 2.4y " - o.46 M
781026 L 2,40 M 2,55 M 0.72 " 0.34
790417 D 2,29 M 1.85 " 1.30 " 0,77
790418 L 1.7 v 2,40 M 1.56 " 0.88 "

- not counted

Table 2b.
Cryptomonas ovata

date initial (1) control (2) Zoo I (3) Zoo II (4)
780516 D 0.79 x 10" 0.62 x 10" 0.46 x 10" 0.44 x 10"
780517 L 0.58 " 0.87 " 0.19 " 0,39 "
780517 D - 0.81 " 0,73 " 0.27 "
780802 L 0.71 " 0.70 " 0,08 " 0.01 "
780802 D 1.10 0,76 M 0.03 " 0.07 "
780913 D 1.68 v 1,72 v 0.50 " 0,19 "
780914 L 1.85 ™ 1,45 " 0.51 " 0,18
780927 D 1,74 " 1.67 " 1.24 " 0,99 "
780928 L 1.68 " 1,63 " 1,12 " o.41 "
781010 D 2.84 2,52 " 1,02 " 0.17 "
781011 L 2.00 M 1,76 " 0.21 " 0,12 "
781025 D 2,58 " 2.88 " - 0.29 "
781026 L 4,30 " 4,51 " 1.17 " 0.12 ®
790417 D 6.15 " 0.11 " 0.10 " 0.06 "
790418 L o.oy M 0,10 " 0.05 " 0.03 "
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Table 2c. Number of cells per liter of the dominant species at the beginning and
at the end of the observation period.

Centric diatoms

date initial (1) control (2) Zoo I (3) Zoo II (4)
780516 D 1,16 x 10" 0.96 x 10% 0.70 x 10" 1.18 x 10"
780517 L 0.27 " 0.78 " 0.73 0.92 "
780517 D - 1,81 " 1.86 " 0,92 "
780802 L 1.12 " 1,67 " 0.9¢ " 0.51 "
780802 D 1.30 " 1,17 " 0,72 " 1.09 "
780913 D 0,20 " 0.21 " 0.10 " 0,09 "
780914 L 0,21 " 0,20 " 0,15 " 0,11 "
780927 D 0,25 " 0.40 M 0,28 " o.ou v
780928 L 0.30 " 0.26 " 0.21 " 0,19 "
781010 D 0,19 " o.24 " 0.13 " 0,19 m
781011 L 0.16 0,28 " 0.22 " 0,21 n
781025 D 0,32 " o.uy - 0.34 M
781026 L 0,42 M o.44 M o.u2 v 0.35
790417 D 0.47 M 0.62 M 0.54 " 0.59
790418 L 0,59 " 0,55 " 0,52 " o.49 "

~ not counted

Table 2d.
Asterionella formosa

date initial (1) control {2) Zoo I (3) Zoo II (4)
780516 D 0.88 x 10° 1.10 x 10° 1.03 x 10° 1.04 x 108
780517 L 1,22 n 1.35 " 1.10 " 0.95 "
780517 L - 1.24 " 0.90 " 0.70 "
780802 L 0.04 H 0.01 " 0.01 " 0.01 H
780802 D 0.05% " 0.02 " 0.02 " 0.0u "
780913 D o.007 " 0.005 " 0,003 " 0,002
78091u L o.oo4 " 0.004 " 0,003 " o,oo4 "
780927 D 0,015 "» 0.012 n 0,016 " 0.013 "
780928 L 0.013 " 0.012 "¢ ¢.014 " 0.012 "
781010 D 0.16 n 0.22 b 0.22 " 0.20 "
781011 L 0.26 " 0,22 n 0.19 " 0.18 "
781025 D 0.000 " 0.001 " - 0.000 v
781026 L 0.000 " 0.003 " ¢c.000 " 0.005 "
790417 )y 0,011 ¢ 0,012 c.026 " 0.01s ©
790418 L 0.008 " 0,045 c.009 " 0,025 "
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Table 2e. Number of cells per liter of the dominant species at the beginning and
at the end of the observation period,

Fragilaria crotonensis

date initial (1) control (2) Zoo I (3) Zoo II (u)
780516 D 0.78 x 10° 1.03 x 10° 0.81 x 10° 1.28 x 10°
780517 L 0.64 H Q.74 " 1.59 n 1.17 "
780517 D - 0.59 " 0.58 " 0.55 n
780802 L X X X X
780802 D X X ® X
780913 D X X X X
780914 L X X X X
780927 D 0.18 " 0.09 " 0,14 " 0.13 "
780928 L 0.22 " 0.09 " 0.10 " 0.18 "
781010 b 1,12 » g.90 " 2,57 ¢ 2,74 0"
781011 L 1.68 " 1.10 r 2.84 " 2,72 "
781025 D 1.96 " 1.30 " - 7.87 n
781026 L 1,85 " 1.55 " 3.08 " l1.48 t
7o0417 D 0.00 n 0.00 " 0.01 " 0.03 "
7a0418 L 0.00 " 0.03 " 0.06 " 0.17 "

- not counted

X not present in detectable numbers
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Table 3. The differences in phytoplankton numbers between the initial values (1)
and the final values in the blanks (2) and in the grazing chambers
Zoo I (3) and Zoo II (4) are statistically tested using the Mann-
Whitney-U test.

Cryptomenas erosa Cryptomonas ovata
date 1-2 1-3 1-4 2-3 2-4 3-4 1-2 1-3 1-4 2-3 2-4 3=y
780516 D 0 - - - - 0 0 0 0 0 0 ¢
780517 L - C - 0 - 0 0 0 0 - 0 0
780517 D 0 - - - - - 0 0 C 0 0 0
780802 L 0 - - - - - 0 - - - - 0
780802 D 0 - - - - 0 - - - - 0
780913 D 0 - - - - - 0 - - - - -
780214 L - - - - - - - - - - - -
780927 D 0 0 0 - - 0 - - - - 0
780928 L 0 - - - - 0 - - - - -
7810i0 D ¢ - - - - - 0 - - - - -
781011 L 0 - - - - 0 0 - - - - -
781025 D - -
781026 L 0 - - - - 0 - - - - -
790417 D 0 - - - - 0 0 0 0 -
790418 L 0 0 0 - - 0 ¢ 0 - -

Asterionella formeosa Centric diatoms

date 1-2 1-3 1-4 2-3 2-4 3-4 1-2 1-3 i-4 2-3 2-4% 3~y
7840516 D 0 0 0 Q 0 0 0 - 0 0 0 +
780517 L 0 0 0 0 0 0 0 0 0 0 0 0
780517 D 0 0 - 0 - ¢ 0 0 0 0 0 -
780802 L - - - 0 0 0 + 0 - - - -
780802 D 0 0 0 0 + ¢ 0 - 0 0 0 +
780¢13 D 0 c - 0 - e 0 - - - - 0
780914 L 0 0 ¢ 0 0 0 0 0 - 0 - 0
780927 D 0 0 o 0 0 0 + 0 0 0 - 0
780928 L 0 0 0 0 0 0 0 0 0 0 0 0
781010 D 0 0 e 0 0 0 0 0 0 - 0 0
781011 L 0 0 0 0 0 0 + 0 0 0 - 0
7810285 D 0 0
781026 L 0 ¢ 0 - 0 + 0 0 0 0 0
790417 © 0 ¢ 0 0 0 C 0 0 0 0 0 o]
730418 L 0 0 C ¢ 0 0 0 0 0 0 0 0



-143-

Table 3. (Continued)

Fragilaria crotonensis
date 1-2 1-3 1-4 2~3 2-4 3-4

780516
780517
780517
780928
781010
781011
781025
781026
790417
790418

OO OO OO0
OO0 o0
O 4+ OO0 00
+ 4+ OO0 OO0
OO O0O0OO0O0

o
o
o
o

+ OO+ + +0C+ O
o

oo oeror o

o
(o= N ol
o O
[= N =]

Legenda: 0 difference not statistically significant
+ a significant increase

- a significant decrease

D dark peried

L 1light periocd
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Table 4a, 'Herbivorous' zooplankton in the jars {numbers per liter).

Zoo I Zoo IX

date Bosming Daphnia  Eudiaptomus Bosmina Daphnia  Eudiaptomus
780516 D 12 (17.6)' 25 (36.8)' 31 (u5.5)} 57 (31.8)' 63 (35.2)' 59 (33.0)!
780517 L 53 (36.6) 57 (39.3) 35 (24.1) gy (38.5) 91 (37.3) 59 (2u4.2)
780517 D 81 (38.8) 98 (46.9) 30 (14.3) 45 (47.7) 110 (36.2) 49 (16.1)
780802 L 16 ( 9.2) 84 {(48.3) 74 (u42.5) 57 ( 9.4) 341 (56.2) 209 (34.4)
780802 D 30 { 9.u4) 204 {64.2) 84 (26.4) 67 ( 7.8) 502 (59.4) 276 (32.7)
780913 D 6 ( 4.4) 70 (51.9) 135 (48.4) 13 ( 4.6) 59 (43.7) 131 (47.0)
780914 L 20 { 6.5) 197 (63.5) 93 (30.0) 18 ( 3.8) 299 (62.9) 168 (35.3)
780927 D 8 { 1.3) 368 (60.3) 234 (38.4) 24 ( 2.,1) 805 (54.3) UuB& (u43.6)
780928 L’ 5 ( 5.3) 62 (66.0) 27 (28.7) 68 ( 3.5) 101 (59.4) B3 (37.1)
781010 D 6 { 1.9) 188 (60.8) 115 (37.3) 8 ( 2.,4) 216 {(64.7) 111 (32.9)
781011 L 7 ( 3.8) 120 (84.5) 59 (31.7) 10 ( 3.7) 162 (59.5) 100 (36.8)
781025 D 12 ( 5.4) 79 (35.4) 132 (59.2) 14 ( 3.0) 199 (u2.8) 252 (54,2)
781026 L 14 ( 6.5) 95 (44.4) 105 (49.1) 39 ( 8.2) 200 (u42.0) 237 (49,8)
790417 D 10 (12.0) 17 (20.5) 56 (67.5) 15 ( 8.6) 12 ( 6.9) 17 (84.5)
790418 L 12 ( 9.3) 42 (32.,8) 75 (58.1) 19 ( 7.9) 82 (25,7) 187 75F .y

1} in parentheses percentages of the total herbivorous community in the jar



Table 4b. Rest group zooplankton in the jars

date

780516
780517
780517
780802
780802
780913
780914
780927
780928
781010
781011
781025
781026
790417
790418

CoCoooCroruorruogooor o

Cyelops Cono—
chilus Nauplién

SpP-

31
41
56

131

174

160

138

582
37

141
78

107
96
74
70

Table uc, 'Herbivorous' zooplankton in the

date

7805186
780802
780913
780927
781010
781025
790417

Zoo 1

62
185
813

12

OO0 0000 QF

118
137

—
R

Bosming

3.00
0.18
0,32
.30
0.12
0,12
0.42

15
17
22
16
8
9
4
i1
0
8
1
21
10
27
20
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Kelli-
acottia

19
34
21
KD
25
18

[
OO WO R W

Daphvia

5.50
3.40
6.00
4,35
3.09

(numbers per liter),.

Zoo 1II

Cyelops Cono-

SPp.

92
82
73
359
460
406
228
1183
75
131
129
202
210
122
i3y

1.12.

0.38

chilug Nauplién

499
30
477
11

[eNoNelelNoelNolNelNolie]

163
247

Eudiaptomus

1.50
1.34
3.80
6.75
1,92
0.98
4.68

34
21
23
"
51
21

8
16

1

6

2
34
36
40
27

lake (numbers per liter).

Kelli-
cottia

L7
39
28
174
102
L9
18
13
2

0

0
38
36
0

0
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Table 5. Cryptomonas erosa. Changes in cell number per liter per hour (control
jars) respectively in cell number per grazer per hour (Zco I and Zoo

II jars).
date initial control Zoo I Zoo 11
values o-1 3-1 3-2 -1 Y2
780516 D 1.88 x 10° - 4750 - 3w0 - 270 - 126 - 99
780517 L 2,72 n _ 15000 111 - 8 - 87 - &
780802 L 1.73 ® _ %930 - 60 - 32 - 19 - 11
780802 D 1,11 " - 870 - 33 - 31 - 13 - 13
780913 D 2.87 " + 4500 - 80 - 113 - Bl - 77
780914 L 4,13 " - 15330 - 92 - 143 - 87 - 35
780927 D 1.4 @ 0 - 7 - 9 - 4 -y
780928 L 2.60 " - 1330 - 105 - 90 ~ 117 - 109
781010 D 1.9 " - 2690 - 38 - 29 - 31 - 33
781011 L 1,45 - 6180 - 61 - 28 - uy - 21
781025 D 2,18 " + 1860 - 2 - 30
781026 L 2,40 M + 1500 - 78 - 85 - 43 - 4B
790417 D 2.2 _ 4400 - 119 - 66 - 87 - 62
790418 L 1.7 m + 5280 - 10 - 46 - 25 - 45

Table 6. Cryptomonas ovata. Changes in cell number per liter per hour (control
jars) respectively in cell number per grazer per hour (Zoo I and Zoo

II jars).
date initial control Zoo I Zoo II
values 2-1 3-1  3-2 4-1  4-2
780516 D “0.79 x 10% - 212 - b -3 - 2 -1
780517 L 0.58 n + 181 - 2 -3 -1 -1
780802 L 0.71 n - 87 - 2 -2 -1 -1
780802 D 1.10 " - 378 - U -2 -1 -1
780913 D 1.68 " + 33 -7 -7 -4 -5
780914 L 1.85 " - 333 -4 -2 -3 -2
780927 D 1.74 n - 58 -1 -1 -1 -1
780928 L 1.68 " - 42 -5 -4 - 6 -6
781010 D 2.84 " ~ 246 - -4 - B -5
781011 L 2.00 " - 218 -9 -7 -6 -5
781025 D 2.58 " + 214 - - -3 -4
781026 L 4.30 " + 210 -15 -16 -9 -9
790417 D 0.15 " - 40 -1 - 0.1 -1 - 0.3
790418 L 0.0y " + 7 0] - 0.3 0 - 0,2



-147-

Table 7. Centric diatoms. Changes in cell number per liter per hour (control
jars) respectively in cell number per grazer per hour (Zoo I and Zoo

II jars).
date initial
values

780516 D 1,16 x 10*
780517 L 0.27 "
780802 L 1.12 ¢
780802 D 1,30 ¢
780913 D 0.20 "
780914 L 0,21 "
780927 O 0,25 "
780928 L 0.30 ¢
781010 D 0.19
781011 L 0.16 "
781025 D 0.32 "
781026 L o.42 "
790417 D 047 M
790418 L 0.59 "

1., initial value

2, final value control jar

3, final value Zoo I jar
4, final value Zoo II jar

D
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Zoo I

w
1
[

.
(3]

!
D OO0 O OCOMNMOMND
o . .
W= oo
r

-+
o oo
.- »
F o

3-2

nN

!
OO0 O0OCWNWOW
. e . -
WwFEFNNEe

|
o H O
. -
%] [

1+ 4+ +

£
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[}
(=)

s
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G
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Table 8. Filtering rates in Lake Maarsseveen (ml.grazer™'.,hr').

date C. ercsa ¢. ovata centric diatoms
Fr F2 Fx Fa Fy F,
780516 D 7.61 7.19 0.99 0.55 0.93 0.58
780517 L 1.28 0.36 0.u48 0.65 -0.,43 0.03
780802 L 0.91 0.69 0.8y 0.83 0.05 0.20
780802 D 0.69 0.68 1.26 1.13 0.21 0.17
780913 D 0.23 0,30 0.48 0.49 0.27 0.29
780914 L 0.48 0.32 0.35 0.28 0.09 0.08
780927 D 0.0 0.04 0.05 0.04 -0.01 0.05
780928 L 0.53 0.49 0.36 0.33 0.32 0.19
781010 D 0.38 0.33 0.25 0.22 0.09 0.15%
781011 L 0.97 0.66 1.1¢ 1.0u -0.16 0.12
781025 D - - - - - -
781026 L 0.56 0,59 0.61 0.63 0.00 0.02
790417 D 0.67 Q.42 0.49 0.11 -0,17 0.17
790418 L 0.06 0.24 -0.12 0.38 0.07 0.03
F 0.54% m1.G™,hr~? 0,57 ml.67} ,hr™? 0,17 m1.G™} .hr™?
mean [ obgervations observation observation

excluding: 780516 and 780927 780927 780927
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CRYPTOMONAS EROSA  decrease in cells grazer hr
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Fig. 1A. Grazing impact (30A + AB) expressed as the decrease in Cryptomonas
egroga cells per grazer per hour. Shaded bars represent the dark periods.
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CRYPTOMONAS EROSA
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- changes in cells |
[
5 . .
5.10° in situ
; ¥
,I
<
x Uk »
é" e Fo L
#*. * * ~
\.-“ \“.. *
\‘* *
d I
e ——— T e W W

Fig. 1B. Changes in the actual concentration of C. erosa cells in Lake Maars-
seveen during the first period of each experiment., Changes in cells.17!,
d = dark period
1 = light peried

C.EROSA
1
changes incells |

5104 " CONTROLS

>~— .“*‘,f’/.
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n.i-’

exp. 1 2 3 4 5 6 7

Fig. 1C. Changes in (. erosa cells in the contrel jars. Changes in cells. 1™,
d = dark period
1 = light period



-151-

D L

%

5 —

TN

/
h— 7

exp. 1 2 . 3 4

)

» OO

1
CRYPTOMONAS OVATA decrease incells grazer hr

Fig. 2A. Grazing impact (3AA + AB) expressed as the decrease in Cryptomonas
ovata cells per grazer per hour, Shaded bars represent the dark
periods.
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CRYPTOMONAS OVATA
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Fig. 2B. Changes in the actual concentraticn of C, ovata cells in Lake Maars-
seveen during the first periocd of each experiment.
Changes in cells.l™!,

d = dark period
1 = light peried
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Fig. 2C, Changes in (. ovata cells in the control jars. Changes in cells.l7!,
d = dark period

1 = light period
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1. Introduction

Cur present research in the open-water column is based on the following consid-
erations. It is thought necessary tc measure parameters of the phytoplankton and
zooplankton community simultaneously. For instance, to make possible an cptimal
comparison of primary production and grazing, estimates of both processes have
to be made at the same place and time. A scenario is needed to fix the times and
depths of sampling and measuring,

A second starting-point is the preference to employ more than one methed in
measuring a certain phenomenon. The uniqueness of the research situation in the
field is a drawback toc ecclogical progress. Circumstances might differ within
days or even hours. Another source of variation in field data results from the
rather crude methods employed and the unfavourable working conditions. These fac-
tors make an evaluation and interpretation of ecological field data difficult,
The simultanecus application of methodological different measurements contrib-
utes to an interpretation of data.

In the third place the 24 hours period is thought to be a basic ecological unit
of time. It is impertant to compare the ecosystem's phases of anabolism and ca-
tabolism. Also, the cycle of changing radiation intensities steers circadian

processes.,

During a research season the effort of a university group (with many other du-
ties to do as well) can be focussed a few times only. The most crucial periods

in the development of the ecosystem must be chosen. The research was aimed at
pericds of large changes in the phytoplankton community. Whether large changes
could be expected or not, had to be extrapoclated from the weekly routine sam-
pling and the picture of wax and wane in previous years. In 1978 only two so-
called "crucial research programs" were realised. Several research workers from
other laboratories participated: Dr., R.D. Gulati, Limmnological Institute Nieuwer-
sluis; Dr. J. Vosjan, Netherlands Institute for Sea Research; Drs. A.D. Brinkman,
Technical University Twente; Ir. K.D. Maiwald, Waterloopkundig Laboratorium, Wa-
geningen. They are thanked sincerely. The central group consisted of J. Dorgelo,
B, Fiik, A. Keijser, R. Lingeman, K. Kersting (Research Institute for Nature

Management), A. Hulsmann, P. van Rijswijk and J., Ringelberg, assisted by D. de
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Zwart, J. Peters, Y. Ligtermoet, I. Beenders, I, de Graaf Bierbrauwer.

2. Crucial Research Period 1978-1.

0f the three days of research (May, 16-17-18, 1978} the data of only one day
are discussed here. In some instances data from the other days had to be used to
fill in gaps. The 24 hours were divided into a daytime period ranging from sunrise
to sunset and a nighttime one from sunset to sunrise again. The water cclumn was
divided into an upper and a lower ten meter part. Until April the water of the
lake is well mixed but in May the development of a thermocline starts. In summer
this thermocline is found between 8-13 meter (see Kersting,this report). The col-
umn parts were supposed to be mixed. In most cases water taken at one meter inter-
val was mixed to compose a sample representive for the depth range. Data from

the upper ten meter column are presented here only.

2.1 Phytoplankton species abundance.

Population density of six most abundant phytoplankton species is given in
Fig. 1. For a more extensive overview throughout the year see Dorgelc, this report.
Although still the most abundant ones, the species Asterionella formosa and Dino-
bryon divergens rapidly declined. The other species have constant population sizes.
With the exception of A, formosa and D. divergens no difference in numbers were
found between the upper and lower column parts, For the species mentioned a some-
what lower concentration was found in the 10-20 meter column.

A more detailed distribution of the pérticle volume over the upper 10 meter
celumn is presented in Fig. 2. Samples, taken with a Van Dorn water sampler, were
filtered over 30 um gauze and fixated with formaline. The total particle volume
was counted with a Coulter Counter. With regard to particle volume inhomogeneity
of the upper water layer is small.

It was thought justified tec regard the upper ten meter column well mixed for

phytoplankton,

2.2 The Carbon Content.

The carbon concentration was determined with a Beckmann Carbon Analyser. From
samples filtered cver 150 um gauze two fractions were estimated: Total Carbon
(T.C.)} and Dissolved Inorganic Carbon (D.I.C.). Subtracting the latter from the
first gives the amount of Dissolved Organic Carbon (D.0.C.). Tc determine par-
ticle carbon (F.C.C.) the analyser is not sensitive enocugh, Therefore,a liter

lake water prefiltered over 150 um, resp. 30 um gauze, was filtered over a (.45
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um glass fiber filter, To resuspend the particles in 10 ml filtered water an ul-
trasonic fibrator was used. In this way it was thought to get a 100 fold increase
in particle ccncentration. This method was found to be rather inaccurate and
abandoned in later research, Nevertheless it is worthwhile tc have a lock at
table 1., By subtraction P.0Q.C. > 30 - < 150 um was calculated, Some remarks are:

1. Dissclved Organic Carbon seems to increase during the period of observa-
tion. Compare the sunrise concentrations: 10.3 - 14.2 » 16,4 (upper 10 meter) or
9.0 + 13,3 » 13.8 (lower 10 meter).

2. D.0.C. concentraticn is slightly higher in the upper ten meter.

3. Since Asterionella and Dinobryon decreased during this crucial period one
would expect the P.0.C. fractions to diminish. This is not obvious from the fig-
ures.

L, The concentraticn of the small fraction is the same in both parts of the
column. It is not known whether the nature of small particles is the same in both
parts. Large particle organic carbon seems to be absent in the 10-20 m column.

5. The proportion between D.0.C. and P,0.C. is very high in the lake at this
time. This might be due to an underestimation of P.0.C., however. Scme cells
might have been damaged by the procedure of concentration. The D,0.C. was deter-
mined from untreated samples.

6. The carbon content of the < 30 um fraction averaged twice the content of
the‘large fracticn in the upper column part. Due to large errors the absclute pro-

portion of both fractiomns in the 10-20 meter column has no meaning,

The carbon content of the phytomass was. alsc calculated from the cell volumes of
the different species (measurements P. van Rijswijk). The following relations

(from Strathmann 1967) were used:

Asterionella formosa {volume 1076 u?)
log C = 0,758 log V - 0.422 = 1,876 =+ C = 75 x 10°° mg C per cell

Cyelotella eomta (V = 4083 u?)
log C = 0.758 log V - 0,422 = 2,3151 » C = 207 x 10™° mg C per cell

Dinobryon divergens (V= 625 U°, measurement Hallegraeff 1977 for Maarsseveen
species).
log C = 0.B866 log V - Q0,460 = 1,961 + C = 91 x 10 °® mg C per cell

Cryptomonas erosa (V = 576 u?)
log C = 0,866 log V - 0,460

Cryptomonas cvata (V = 6049 1u?)
log C = 0,866 log V ~ 0,460 = 2.81L4 + C

1.930 + C = 85 x 10~ mg C per cell

653 x 1072 mg C per cell

Fragilaria crotonensig (V = 297 )
log C = 0.758 log V - 0.422 = 1,4523 +~ C = 28 x 107° mg C per cell
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The phytomass carbon content as calculated and the P.0.C. concentration deter-
mined using the Beckman Carbon Analyser is mentioned in Table 2. Samples taken
at sunrise are compared. Though both methods are crude a sufficient correspon-
dence between the pairs is present. It seems the order of magnitude of these

data can be trusted.

2,3 Zocoplankton species abundance,

On behalf of the grazing studies routine zooplankton countings were made
several times. In order to establish the vertical day and night distribution of
the most abundant species a detailed sampling program was executed on May 17,
1978 at 11.30 h and at 23.30 h (miss J. Peters)}. The samples were taken with a
closing net (meshwidth 150 um) over vertical distances of 2 meter to a depth of
10 meter and over vertical distances of 3 meter from 10-19 meter. At each depth
range hauls were made twice, All individuals in the samples were counted. In
Fig. 3 the vertical distribution of three species is presented. The centres
{gravity) of the distributions were used *to test differences in vertical distri-
bution (s;2 = s32 » Student's t—test: B, (Uy = U2); 592 # 592 + T test, see
Sokal and Rohlf 1969). Of the six species studied (see Table 3) five were found
to have a centre of distribution higher up in the column at night. For Bosmina
coregont this was the other way round. A significant difference was present for
Eudiaptomus gracilis, only.

With the exception of B. coregoni all species were caught in larger numbers
during the night. Differences amounted to 1.77 higher night catches for D. lon-
gispina. The total daytime catch of Bosmina was 1.5 times higher than the night

catch.

2.4 Primary production.

Primary productivity was determined using a light incubator (measurements
B. Flik and A. Keliser). At sunrise and noon mixed samples from the 0-10 m and
the 10-20 m ceolumn were taken. These samples were filtered either over 150 um
or 30 um gauze, P vs I curves were determined for both fractions. At the lake ir-
radiation was measured continuously with a Kipp radiometer connected to an inte-
grator. Extinctien in the lake was measured daily. From the phytoplankton res-
ponse curves and the light regime in the lake the daily production was calcu-
lated. However,the highest light intensity realised in the incubator was lower
than some of the high intensities encountered in the field. Therefore the P vs I
curves had to be extrapolzated to these high field values. It was felt better to

use parts of real curves instead of fixed values as in the method of Fee (1973),
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High intensity parts of P vs I curves of sunrise and noon phytoplanktor deter-
mined with & high intensity incubator in August were fitted to the present res-
ponse curves. These parts are indicated by brokern lines in the Figs, 4a,b and
Sa,b. {See for the August curves the Figs. 9 and 10). The composed P vs I curves
were used in the calculations of the daily production. This was the best we could
do. The P vs I curves for sunrise and noon phytoplankton differ considerable. The
sunrise algae showed a high photosynthetic capacity at low light intensities but
a rapid inhibition at higher intensities. Also Pmax is considerable higher in
this early morning plankton. These differences in light adaptation pose a grave
difficulty in the calculation of daily production. It is common practice to base
these productions on incubations of a few hours at a convenient time of the day.
In this case, using either the early morning curve or the noon curve results in

a daily productior of 493 or 192 mg C per column part (0-10 m,m?) (fraction < 150
um). Studies by B, Flik in which every ome or two hours plankton was collected
and P vs I curves determined learned that in the case of a high sunrise response
phytoplankton behaved as noon plankton after abcut 10 o'cleck. At this time adap-
tation seems tc be complete. Of course, complications must be present. It is
realised the velocity of adaptation depends on several factors including irradi-
ation intensity, circulation within the water column etc. In this first step ap-
proximation the productivity of sunrise algae was changed gradually into noon
phytoplankton productivity around 10 o'clock (Table u4). This procedure resulted
in a daily production of 285 mg C per column.

No simple solution to the problem of diurnally changing response curves is
apparent. Incubating samples in situ means fixating phytoplankton at particular
depths. This increases or decreases the velocity of the adaptation process de-
pending on whether the plankton is fixated near the surface or at greater depth.
Daily primary production was estimated for the algae smaller than 30 um and
smaller than 150 um, On May 16, 1978 the values were 162 resp. 285 mg C per col-
umn part (0-10 m,m? ). The difference 123 mg C must be an approximation of the
producticn of the algae between 30 and 15C um. The daily production of the small
fractien is higher than that of the large fraction. On a carbon base (see Table

4) the production of the small fraction is somewhat lower.

Phytoplankton respiration.

The incubation period being short (3 hours), it was thought the labeled car-
bon absorbed by the phytoplankton is not used for respiraticn during this period.
Consequently gross production was measured. At the end of the light incubation
period the noon samples were divided into two equal parts, Of one part the radi-

ation activity was measured with a liquid scintillation counter. The other half
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was placed in darkness for 13.3 hours to determine respiration losses. Grave
difficulties were encountered due to qu assimilation in the dark. In stead of

a decrease an increase in activity was found occasionally. The noon samples es-
pecially demonstrated this phenomenon. An example is given in Table 5. During
this research period unexpected increases in 1qc incorporated in particles re-
tained on 0.45 um filters were also found in samples incubated at low light in-
tensities. For this reason some data derived from dark or low light intensity
incubations had to be disregarded. For instance, the two last values in the pro-
ductivity series in Table 5 will not be found in the P vs I curve of Fig. S5a.
These '"twilight" incorporations of 140 in particles > 0.45 ym have been found
occasionally at other times.

The decreases in luC during the dark period seemed to be proportional to the lHC
incorporation in the previous light peried. This might be in accordance with the
idea of a higher cell formation activity when the previcus preduction is high.

A simple proportionality was assumed and the relative respiration rate was cal-
culated from 13 measurements with noon plankton on May 15 and 16, fraction <

150 ym: R = 0,023 h !, s = 0.026, s, = 0.007. At the end of the light incubation
period it will take some (unknown) time before this recently incorporated luC
enters the pool of organic carbon available for metabolism. Therefore this rate

of respiration must be an underestimation of the real respiration rate.

2.5 Grazing by zooplankton.

The influence of zooplankton was determined by two methods. In the first
place zooplankton freshly caught in the lake was offered phytoplankton that had
been incubated for several days with luC-bicarbonate. After a short grazing pe-
ricd the activity of the different species of zooplankton was measured. These
determinations were performed by R. Gulati, Limnological Institute, Nieuwersluis,
With the second methed freshly caught and concentrated zooplankton was placed
in 10 liter glass vessels with 150 um filtered natural phytoplankton. The grazing
periods ranged from sunrise to sunset (17 hours) and from sunset to sunrise (7
hours) again. Cell counts of the most abundant phytoplankton species were made,
The initial value was compared with the end values ir the glass vessels with and
without zooplankton. For a detailed description of the methods, see Hulsmann,
this report.

Both methods provide a different kind of information. The first one measures the
uptake rates of labeled material by different species of zcoplankton. Nothing
can be said about the phytoplankton species eaten nor whether detrites is eaten

also. With the second method nothing can be said about the consumption by the
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different zcoplankton species. However, the impact cn the different species of
phytoplankton is measured. It is worthwhile to compare the results of both meth-
ods. This can be done only by lumping the effort of the different zooplankton
species respectively the impact on the different phytoplankton species. In both
cases information is lost. Prcblems arise, however, Two different parameters of
the luC method can be used: 1. the grazing percentage per hour, that is the per-
centage of the phytoplankton that is eaten by the zooplankton community., 2. the
filtration rate of the individual zooplankter expressed as the volume filtered
free of algae by an animal of a particular species per hour. In both cases the
question arises what is meant by phytoplankton. If not all phytoplankton species
are eaten equally well and the composition of the phytoplankton used in the graz-
ing experiment is not exactly the same as the one found in the lake an error is
introduced if these parameters are used in calculating the amount eaten by the
zooplankton. For instance, in the case the phytoplankton used in the grazing ex-
periments contains a higher amount of algae that is eaten the grazing in the
lake is overestimated,.

There is no doubt not all species of phytoplankteon are eaten to the same ex-
tent. From a large number of experiments throughout the year it has become evi-
dent the species Cryptomonas erosa and (. ovata are eaten egpecially. Alsc, but
to a lesser extent, Cyelotella comta, Dincbryon divergens and perhaps Asterio-
nella formosa. For the present grazing community, mainly consisting of Daphnia
longispina and Bosmina coregoni (see Table 3) it is fairly certain Fragilaria
crotoneneis does not play a role. It is, howeVver, very difficult to determine
an accurate grazing percentage or filteripg rate using the field method. Since
the grazing pericd is rather long, the difference between the initial and the
end concentration in the grazing chamber is composed of an increase by cell di-
vision and a decrease by grazing. The socalled "blanc'" does not give exact in-
formation on the rate of cell divisicn since this can be ‘different in the ab-
sence of a possible fertilizing effect of zooplankton faeces. It is possible
that this grazing chamber method underestimates the filtering rate. If, for in-
stance, a part of the ingested Cyelotella comta is defaecated again this method
underestimates the filtration rate compared to the qu method.

With these imperfections in mind a comparison of the results of both methcds
must be made., As a common unit the carbon content is chosen, Consequently, the
numbers cf the different algal species were converted into carbon content ac-

cording to the method described in part 2.1,

In Table 6 the results of the laboratory method are mentioned. These data are
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percentages of a phytoplankton community from the field, filtered through a 30
um mesh and incubated for severzal days with qu-bicarbonate in large containers
in the laboratory. Zooplankton from the 0-5 and 5-10 m column was brought into
the laboratory and used within a short time in a natural concentration. The num-
ber of grazers (D. longispina + Bosmina spec. + Eudiaptomus gracilie) in the up-
per part of the lake is 1.8 fold higher (averaged over the day and night period,
see Table 3). Therefore the difference in grazing percentage might be due to a
difference in grazer concentration., The percentage of grazing is low between
sunrise and noon, higher between noon and sunset and the highest at night. The
overall grazing percentage is -0.875 % per hour.

In Table 7 the grazing percentages as estimated by the field method are mention-
ed, A smaller number of estimates is available and the information is presented
in another format. The grazing impact on particular species of phytoplankton is
determined. Ceonsistent data are found for the species Cryptomonas erosa and C.
ovata. Unless the extremely high sunset value (-8.84) is not omitted no differ-
ence between day and night time grazing is found. For A. formosa and C. comta
variable percentages are found. For the first species very low grazing (?) per-
centages as well as increases in cell numbers are found. One night (May 17-18,
1978) an increase in cell numbers of (yeclotella occurred. This increase was even
larger in the presence of zooplankton resulting in a positive "grazing percen-
tage" (+1.22)}. An increase also occcurred in the field (see Fig. 1). For Crypto-
monas erosa and (. ovatq more or less the same grazing percentages are found
throughout the year (see the contribution of A. Hulsmann, this report). The mean
value found in this study (-1.05 % per hour) is in rather goed agreement with
the grand mean found in the laboratory study (-0.875 % per hour). Since the graz-
zing percentage found in the laboratory study holds for the total algal communi-
ty present it might be supposed this experimental community largely consisted

of cells comparable to C, erosa and . ovata in the way of food. This experimen-
tal community originated from a natural one filtered through 30 um. The Crypto-
monas species pass a filter of this size so do cells of Cyclotella comta and
part of the Asterionella formosa cells. Perhaps this is why the grazing percen-
tage found in the laboratory study is somewhat lower than the cne found by the
cell count method.

From the results of both kinds of determinations it must be concluded that about
1% of the species Cryptomonas erosa, C. ovata and probably Cyclotella comta are
eaten. It is certainly not right to suppose this grazing percentage holds for
the total phytoplankton community.

In Table 8 the filtration rates per zooplankton species are mentioned. In 13 out

cf 15 determirnations the filtration rate per individual is higher in animals
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originating from the 0-5 meter column. The mean difference is 1.26, The grazing
percentage was alsoc found to be higher in the 0-5 meter column. This was explain-
ed, however, by a higher concentration with regard to the 5-10 m part. This ex-
planation does not hold in this case. A diurnal difference in filtering rates

is not as apparent as the diurnal difference in grazing percentages.

There are several ways possible to approximate daily ration of the zooplank-
ton. In the first place the grazing percentages as found in the laberatery study
might be used (method 1)}. There are two ways of defining the phytoplankton com-
munity eaten. It might be defined as the fraction < 30 um (1.1) or as consisting
of the species Cyclotella comta, Cryptomonas erosa and C. ovata (1.2). For May
16, 1978 calculations are mentioned in Table 9.

In the second place the percentages as found in the field method can be used
(method 2). Since grazing experiments were not performed on May 16, data from
May 17 are used combined with concentrations found on May 16, The three food ra-
tions obtained are 256.2, 72.6 and 83.8 mg C per column per day. The grazing
population represents a mean (n = 9) total particle carbon content of 1630 % 113
mg C per column (0-10 m, m?) (data Dr. R. Gulati). Therefore the daily ration on
May 16 seems to be approximately 15.7%, 4.5% respectively 5.1%. A value of about
5% seems to be more realistic than 16%., Also for this reason a calculaticn of
the food ration can better be based on the grazing percentages and the concen-
tration of both Cryptomonas species. Whether Cyclotella is included does not
matter too much. It can be concluded that theﬁluc laboratory method and the
field/counting method lead to the same result, However, information about the
algal species eaten is necessary for a reglistic calculation of the ration. This
information can not be obtained by the ll+C methed. On the eother hand the field/
counting methed is extremely laborious. Furthermore it does not provide informa-
tion about the filtering rate per individual species. This information is neces-
sary to further fill in the zooplankton impact picture. Since the depth distri-
bution of the different species Is known (Table 3}, it is possible to calculate
the grazing impact at different depth and time of the day. Such a first step de-
tailed calculation is omitted here. In the above calculaticns a constant algal
carbon content throughout the day is assumed. This content is not constant. To
calculate the food ration a changing carben content of the algae, due to prima-
ry production and respiration, has to be brought inte the calculations, This is

done in a second step overall balance calculation in the next paragraph.
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2.6 Carbon balances

A first attempt to integrate the phytoplankton and the zooplankton community
might be the calculation of the transfer of matter between both compartments.
Seriocus difficulties arise, however, and a calculation with the present data
must be loocked upon as a tryout of pessibilities and impossibilities, Also, a
balance can be considered an instrument to appraise the methods used in the des-
cription of the field situation.

A relative simple compartment is the algal fraction smaller than 150 um but
larger than 30 um. Ne zcoplankton grazing is assumed. Therefore the only fluxes
are production and respiration. At sunrise May 16, a carbon content of 200 mg C
per column (0-10 m, m?) was determined. For this fraction primary production
was estimated at +124 mg C. Respiration was calculated using the mean value of
0.023 mg carbon per mg carbon per hour (see paragraph 2.4), This relative respi-
ration rate was found as the decrease in luC fixed over a previous production
period. Therefore the respiration was approximated as a loss of primary produc-
tion. Starting with sunrise every hour the increase by primary production was
calculated. The respiratory loss was calculated over the cumulative production
minus previcus respiratory losses. This calculation possibly leads to an under-
estimaticon of the respiration, because the existing pool of carbon is neglected.
On the other hand the carbon just fixed is thought to be available for respira-
tion directly. This is not true. A respiration increasing with the amcunt of
primary preoduction is a not unreascnable assumption. The metabolism of carbo-
hydrates in the algal cell consists of maintenance and the making of new mate-
rial leading tc cell division. The first is small compared to the second. This
second source of respiration is proportional tc a primary production of a pre-
vious period.

In Table 10 the balance of this phytoplankton fraction is presented. At
sunset a value of 990 mg C is caleulated and one of %80 mg C is determined, At
sunrise again a wvalue of 967 is calculated. No determination is available at
this time,

In the same table the diel carbon change for the small phytoplankton frac-
tion is presented, Grazing was calculated over the whole fraction. In the pre-
vious paragraph this was reascned to be erroneous. Starting at sunrise with a
carbon content of 1850 mg, at sunset a value of 1786 is calculated and a value
of 1620 found. The last one is most prcbably too low. At sunrise the calculated
value is 1690 which seems to be too low, Since it is known that some species of
the small fraction are grazed upon only, fluxes per algal species have to be

calculated.
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2.7 Some general remarks

The study of the open-water zone is restricted to the epilimnion. At the
time of this research, May 15-17, a first expression of the thermocline was pre-
sent, Therefore, this thermocline can not have functioned as a barrier layer,
Outside the stratification period the column is thought to be completely mixed,
Therefore also in that case the study can be restricted to the upper 0-10 m lay-
er. This particular column part was approximately homogenous for phytoplankton
species, indeed, For the larger zooplankton it does not hold, however, Also a
diel shift could be observed within the upper ten meter. For a study of the re-
lation between phytoplankton and zooplankton it is necessary to make vertical

subdivisions even at this time of the year,

During the research period a rapid decline was present of two dominant spe-
cies, Asterionella formocsa and Dinobryon divergens. The very high incorporations
at low light intensities and in darkness of 140 in particles larger than 0.4%5 um
are possibly related to the dying of these species. At other times of the year
no similar incorporations were encountered. The process seems to be largely un-
known. It seems to be checked by high light intensities,

From the large differences in the producticn response curves when sunrise and
noon phytoplankton is compared, it must be concluded that more frequent determi-

nations of the P vs I curves are necessary to estimate the daily production.

Grazing was determined by two methods. Since both methods give different
though necessary information, both methods must be applied to study the grazing
impact on the phytoplankton. As far as it can be concluded from this first ex-
perience a rather good agreement exists between those results that can be com-

pared.

The making of a carbon budget is mere bockkeeping and serves as all book-
keeping no objective in itself. (However, according to Thienemann: "Okologie
(ist) (oder) die Gesamthaushalt der Natur'). It serves two purposes. In the first
place it is a control on the methods applied. These methods are crude, The cir-
cumstances to work are unfavourable in the field. This results in variable data
that are hard to verify by repeated measurements. Measuring the same process or
state by different methods and entering these data in a balance helps to get an
idea of what the field measurements are worth, The crude budgets presented in
this study illustrate this point.

The second purpose of a budget is to get insight into the relations (processes)
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between the components i.c. the phyto- and zooplankton community. The actual
measurement of fluxes in the field is difficult at the present momernt, Making a
budget model helps if the time dimensions are short., For instance, the daily
amount cf grazing calculated by multiplication of the grazing percentage and

the standing stock (see page 164) is a crude approximation since the diel change
in carbon content of the algae is not taken into account. A daily ration calcu-
lated in the first way amounted to 83,8 mg C in the column. According tec the
budget calculation presented in Table 10 and based con the same grazing percen-
tages the daily ration amcunted to 108 mg C. The grazing studies in the field
have produced the very important result that some species of the algae only pro-
vide a substantial part of the zooplanktons food. This loss by grazing must be
compensated by primary production., It can be argued that production rates must
be higher in the species liable to grazing. However, it is not possible to meas-
ure primary production of individual species in the field. To get insight into
the relations between phytoplankton and zooplankton populations in the field it

is necessary to determine the species specific production.

3. Crucial Research Pericd 1978-2

On August 2-3, 1978 the upper 10 meter coclumn was studied only, A thermo-
cline was present ranging from 8-13 meter. The column was divided into a 0-5 m
and a 5-10 m part. The results of one 24 hour period are discussed, mostly of

the 0-5 meter stratum cnly.

3.1 Phytcoplankton species abundance and vertical distribution.

In Fig. 6 the abundance of the different species during some time before and
after the research period is presented. Compared to the previous crucial peried
Agterionella formosa is less abundant (= factor 100}, but is in a steady state
population. The densities of Cyclotella comta, Cryptomonas ovata and C. erosa
are comparable to the ones found in May. From the last twc species especially
can be said that the population density fluctuates around a rather constant lev-
el throughout the year. Ssze alsc the figures presented by J. Dorgelo, this re-
port. On the other hand Dinobryon divergens is declining very rapidly, as was
the case during the previous period. Well below a depth of 5 meter many dead
colonies of this species were found, especially at 10.5 meter. Also detritus of

another corigin was found at this depth.
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Profiles of the vertical distribution are presented in Fig. 7. The steepest
temperature gradient was found between 8 and 13 meter (see also K. Kersting,
this report). This thermocline is a discontinuity layer also for some phyto-
plankton species, for instance, Fragilaria crotonensis, Cyclotella comta, Cryp-
tomonas ovata and Dimobryon divergens. For the species Asterionella formosa and
Cryptomonas erosa the thermocline is no barrier. Within the epilimnion,species
able to swim, such as D. divergens, Cryptomonas spp. and Ceratium hirundinella
are not equally distributed. Therefore it can not be said the phytoplankten is

homogenously distributed over the epilimnion this time of the year.

3.2 The carbon content

No extensive determinations of the carbon concentrations in the lake were
made this time. The carbon analyser used in research pericd 1978-1 was found to
have a too high detection level. Also concentrating the phytoplankton was
thought rather inaccurate. However, a new technique was introduced and compared
with the previous one. A small sample is enclosed in a glass ampulla together
with a reduction agent. The concentration of the inorganic carbon developed is
measured with an infrared analyser (measurements were made by Ir. A. Hulsmann
using the apparatus of the Netherlands Institute for Sea Research. Dr., G.C. Ca-
dée is thanked for hospitality and advice). From cell counts the carbon content
per species was calculated using the formulae of Strathmann (1967) (Table 11).
Comparable values are listed in Table 12. Carbon concentrations estimated by
the ampulla method are slightly higher than those determined by the Total Carbon
Analyser. The absclute values derived from both methods are wvery close. The car-
bon contents calculated from the cell counts are much lower. This discrepancy is
due to the relative large amount of detritus present in the lake at this time of

the year.

3.3 Zooplankton species abundance

Zooplankton was sampled on August 2 and 3, in beoth cases at noon. Three ver-
tical net hauls were made from 10-0 meter. Each sample was subsampled three
times, For several species the mean numbers per liter are mentioned in Table 13,
A more detailed sample program was performed at nocn and midnight (August 2).

The vertical distribution is presented in Fig. 8. The species abundance as esti-
mated according to the two methods can be compared (see Table 14). With the ex-
ception of Bosmina, there is no statistical difference between daytime and night-
time catches. If the column estimates of vertical hauls and those calculated by

additicn of the separate closing net numbers are compared it is obvious that the
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first method results in smaller numbers for Fudiaptomus gracilis adults, copepo-
dites and Cyclops spec. The estimates of Dapimia longispina and Asplanchna are
the same, however, It is possible that strong swimmers such as the copepods are
able to aveid the slowly rising open net. An extremely high number of nauplius

larvae were caught with the vertical haul. This might be an error.

3.4 Primary production

Daily production was estimated as described for crucial research period
1978-1. An incubator with a sufficient high irradiance was used this time.
Therefore no extrapolations of the P vs I curve were needed toc get productivity
rates at the high light intensities encountered in the field. Phytoplankton sam-
pled at sunrise and ncon was divided into a fraction < 30 um and < 150 um. Mixed
vhytoplankton taken between 0-5, 5-10 and 10-2¢ meter depth was incubated for a
period of about 4 hours. Examples of P vs I curves are presented in the Figs. 9
and 10. Obviously, sunrise and ncon phytoplankton have very different response
curves, Dark adapted sunrise algae have a high productivity at rather low light
intensities but a considerable inhibition as soon as the optimal irradiation has
been surpassed. No productivity plateau is present as is the case with light
adapted noon phytoplankton. These noen algae have a low productivity response (a
low Pmax value) but also a low inhibition at high light intensities. Throughout
the year such a kind if difference between dark and light adapted phytoplankton
is not always found.

In Fig. 11 the response curves of phytoplankton sampled at the same time (noon}
but at different depth is presented. The Pmax value decreases with depth. The
responses of the 0-5 and the 5-10 meter interval algae are very close. On the
other hand phytoplankton originating from 10-20 m has an aberrant photosynthetic
response, The productivity potential is low and irregular. This low response po-
tential combined with the low irradiance at this depth makes the amount of the
daily production negligible.The difference with both other P vs I curves empha-
sizes the change at the 8-10 meter zone at the beginning of the thermocline,

To calculate the daily production a combination was made between sunrise and
noon preductions. Around 10 o'clock sunrise productivities were merged gradually
into noon productivities. Since the wvelocity of the adaptation process is not
known this merging of two responses is arbitrarily done. Knowledge must be gath-
ered about this adaptation process and, of course, the vertical displacement ve-’
locity of the algal cells. The still existing difference in response of algae
from 0-5 m and 5-10 m depth (Fig. 11) is an indication this vertical mixing is

toc slow tc annihilate response differences within the 0-10 m zone after half a
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day.

The daily production for two different size class fractions and three depth
intervals is presented in Table 15, For the 0-5 m interval the hourly produc-
tions throughout the day are given in Table 1€. The small fracticn contributes

for 90% to the daily productien.

3.5 Grazing by zooplankten

As for crucial research 1978-1 grazing percentages were determined by the
luc method {(Dr. R. Gulati) and the method of cell counts (A. Hulsmann, P. van
Rijswijk). The grazing percentages and other relevant datea are listed in Table
17 and 18. Freshly caught zooplankton in natural concentrations was brought into
the laboratory three times a day: at sunrise, at noon and sunset. In between
these periods the zooplankton was stored. Animals were used three times at the
times indicated in Table 17. With the cell count method the grazing pericds
ranged from sunrise to sunset and from sunset to sunrise. The phytoplankton used:
in the grazing experiment has a high carbon content compared to the phytoplank-
ton present in the lake (see Table 11). Probably the algal concentration has in-
creased during the incubation in the laboratory. This increase does not affect
filtering rates since the concentrations are below the insipient limiting level
(see contribution of A. Hulsmann). On the other hand a change in phytoplankton
composition might have affected the grazing percentages as found with the lLLC-
method (see crucial research period 1978-1), since Cyclotella, for instance,
seems to be a less favoured foodsource this time (see Table 18).

The grazing percentages were statistically analysed. First of all the qu-
grazing percentages were normalized to percentages per hour per mg C zooplankton
(see Table 17). The underlined data were thought to belong to the same statisti-
cal population (x; = 5.204; s; =.1.239; n; = 10). The hypothesis Hy was tested
whether single data or pairs of data belong to this population of grazing per-
centages. In case of a pair a F-test was used to loock at the similarity of var-
iances of both groups. In no case the variances of the pairs were fournd to be
significantly different from the population variance. A t-test was used to cal-
culate the probability of X; = ®;. The results are given in Table 17, It is con-
cluded that the grazing percentages of the first experiments in each series dif-
fer significantly from the percentages of the succeeding experiment. Strictly
speaking this does not hold for the 07 hour pair of data but the testparameter
has a value sufficiently close to the one at the 5% level to be suspicious

(ts = 2,052 compare t0.0S(lO) = 2,228), This result suggests time influences the

results, for instance, it is possible to think of an adaptation of the animals
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once they are brought inte the laboratory.

It is also concluded that the high grazing percentages at 20 resp. 05 hour do
not belong to the collectionlof dates found during the rest of the day. This
might be due to an error in the experiments. However, with regard tc the sugges-
tions in the literature of a diel rhythmicity in grazing these aberrant percen-
tages might be looked upon as an expression of a higher grazing activity at sun-
set and sunrise. Assuming a mean zooplankton concentration of Q.17 + 0,024 mg
C.17! in the experiments, a mean grazing percentage is calculated of 0.765 %
per hour for the zooplankton community. The error of this mean is at least 9%,
maximal 25% (9% for the determination of the percentage itself and 16% for the
extinction of the zooplankton community). This makes the luC-data quite compara-
bie to the ones found with the counting method (Table 18), According to Huls-
mann an error percentage of 9-16% must be expected in this case,.

Both metheds to estimate the grazing impact on the phytoplankton lead to compa-
rable results. Apart from rendering different information both methods have ad-
vantages and disadvantages. The cell count method is tedious and time consuming.
Moreover, the error in cell counts is large and the detecticn level for differ-
ences correspondingly low. Long incubation periods were used. This means that
the grazing estimate has the character of an ingestion rate. Also the long incu-
bation time permits the phytoplankton to change cell numbers for instance by
cell division. This affects the calculated grazing percentages. A correction
bosing the change in cell numbers in the chambers without zooplankton is an ap-
proximaticn only, since the behaviour of the phytoplankton might be different

in the presence of zooplankton. _

The 140 laboratory method is a relatively rapid one with a high level of detec-
tion and a relatively small error of determining cell radicactivity. However,
the drawbacks of this method are found in the possibility of a changed phyto-
plankton community composition and an abnormal behaviour of the zooplankton.
Since the various phytoplankton species might have different rates of photosyn-
thesis the radioactivity of the various species can be different. This species
dependent labeling is another source of error if the methed is used for mixed

algae.

3.6 Carbon balances

Previous calculations of the daily budget were made for the whole phyto~
plankton community. Mean rates were used to calculate the phytoplankton lost
due to grazing. The information available for particular species could not be
used because information on the production term iIn the budget formula is avail-

able for the whole community only. As long as no direct measurement of the dai-
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ly preoduction per species population can be made 1t is hard to get an idea of
the basic ecclegical processes leading to the growth and the decline of popula-
tions in the field. To overcome this shortage a medel is introduced to estimate
this desired production by calculation. Since information had to be created as-
sumptions had tc be made. The model is in a preliminary state of which an out-
line is presented. No claim as to the exact value of the different terms is
made,

The carbon content per species is known at sunrise August 2 (C(i,0)) and
August 3 (C(i,24)), 1978 (Table 11}. Differences in these specific concentra-
tions are caused by primary production P(i), respiration R(i), grazing G(i) and

diverse factors leading to a loss of carbon L(i). Therefore

c{i,0) + P(i) - R(1) - G(i) - L(i) = ¢c(i,28)

holds., P(i}, R(i) and L(i) are unknown, but IP(i) is the total production on the
particular day. Respiration was assumed to be proportional to the production per
species, A high photosynthetic activity might lead to a high cell division ac-
tivity. A proportional increase of metabolism can be expected. Obviously, a more
direct estimation of the respiration per species is needed. Grazing rates are
determined per species. The factor L(i) is mentioned for the sake of complete-
ness but is only used for Dimobryon divergens to "explain" the rapid disappear-
ance from the scene. ‘

Per species primary production is calculated with five minutes interval accord-

ing to

C(i,t)
I C{i,t)

P(i) = F(i). « P(t)

The species specific primary production is assumed to be preoportional to the
relative carbon content of the population and a calibration factor F(i). Twelve
recurrent calculations lead to an hourly production, respiration and grazing.
Every hour a new empirical total primary productivity value is introduced, The
grazing percentages were changed at sunset. At the end of 12 X 24 = 288 runs
the calculated carbon content of the population must be equal to the one found
in the field. If this is not the case the calibration factor was changed until

both concentrations were the same. This procedure was repeated for all dominant
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species, TheJresult is presénted in Table 19. Te start at the end, the five domi-
-nant specieéwhave a total production of 219 mg C per day per column part (0-5 m,
‘m?), This:is 7 mg C short of the value found (226 mg, see Table 4) and entered
iﬁ_the computétions. This might be an error or point to an ommission of a source
of production. If we include the species A. formosa and D. divergens into the
large size class (30-150 um) the production of this fraction is 23 mg. This cal-
culated value equals the empirically found value. Therefore, the species neglect-
ed most prcbably belongs to the small size class (< 30 um). An amount of 41% of
the daily production is respired by the phytoplankton., This respiration is a

very weak point in the model. In the first place a species specific rate must
become available. Grazing amounts to 21% of the daily production. The grazing
rates used in the calculation are based on comparable results found with two dif-
ferent methods, This amount of grazing cannot be neglected as a factor influ-
encing the population dynamics of the phytoplankton species. Cryptomonas erosa
and . ovata are the most important scurces of food. These small flagellates

have a high photosynthetic poctential as illustrated by C. erocsa., After alloca-
ting the total primary production over the different species a large amount is'
left for C. ercsa. This means a jump of a population carbon content of 59.92 to
149,21 mg C per column (0-5 m, m?) within a day is possible, Therefore it is not
necessary to assume the large difference in cell numbers found between sunrise

of August 2 and August 3 is due to a counting error.

4, Discussion

In Table 20 certain characteristic data are summarized. For both research
periods the impression of a dying phytoplankton is present. In May this is es-
pecially the case since the population numbers of twoc abundant species, Asterio-
nella formosa and Dinobryon divergens are rapidly decreasing. In August the po-
pulation density of these species is lower and Dinobryorn is dying off again.
The carbon content of the whole community, as calculated from the cell counts,
is 4-5 times lower in August. Detritus has accumulated, however, and the total
particular carbon, as determined chemically, has increased. Notwithstanding
this decrease in the standing stock phytomass the daily primary production in
the water column is remarkably the same. Though dominant in numbers and biomass
about twenty percent of the primary production only originates from these con-
spicuous colonial forms. Eighty percent must be ascribed to small cells, espe~-
cially Cryptomonas erosa and ¢, ovata. The microscopic piecture is dominated by

the net plankton but during these two periods the functional aspects are domi-
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nated by the inconspicious species. It is remarkable these flagellates have a
constant population size throughout the year., Since the zooplankton largely
feeds on these species one wonders whether the regulation of the populaticn

size is due to or notwithstanding the grazing of these animals. Compared to May
the food uptake of the zooplankton is twice as high in August. The abundance of
the total grazer population has increased but less. Therefore part of the higher
food uptake must be caused by the increase of the temperature, The same factor
probably increased the productivity since no larger standing crop was found in
August. The larger phytoplankton species are of minor importance as a source of
food in this lake. Therefore zooplankton dees not play a direct role in termi-
nating the development of a algal population. The rather abrupt termination of
the spring bloom, also in this lake, cannot be explained by increased grazing

of a growing zooplankton population., The fast decrease of some species, such as
Asterionella and Dinobryon must be ascribed te other factors. To understand the
population dynamics of the grazer community in lLake Maarsseveen (and not only

in this lake} it is of importance to measure the daily primary production of
the relevant algal species and at the same time the species specific grazing
rate of the zooplankton. It will be no small matter to overcome the difficul-
ties but worthwhile because it seems we have no idea of the dynamic interactions

in the field.
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Table 1., The carbon content in the 0-10 m column (mg.l'l).

Time of D.0.C P.0.C. D.0.C. <30
day < 30 ym > 30=< 150 pm /o.c. >30-<150
Sunset 7.8 +1 | 0.202 + 0,004 | 0.162 + 0.013 | 21.4 + 3.3} 1.2 + 0.1
May, 15
Sunrise | 10.3 + 1 | 0.185 4 0.006 | 0.090 + C.009 | 37.5 + 4,0| 2,0 + 0.3
May, 16
Sunset 7.6 + 1 | 0,162 + 0.007 [ 0.098 + 0,015 | 29,2 + 4.7 1.6 + 0.3
May, 16
Sunrise | 14,2 + 1 | 0.179 + 0.006 | 0.075 ? 55.9 2.4
May, 17
Sunset 15,2 + 1 | 0.314 + 0.009§ 0.132 + 0.030 | 34.1 + 3.9 2.4 + 0.6
May, 17
Sunrise | 16.4 + 1 { 0,084 + 0.005 | 0©.093 + 0.028 | 92,7 + 11.2| 0.9 + 0.3
May, 18

The carbon content in the 10-20 m column (mg.17!),
Sunset 6.7+ 1 | 0.163 + 0,005 | 0,013 + 0.125 | 38,1 + 8.6 12.5 + 121
May, 15
Sunrise 9.0 + 1 | 0.147 + 0,003 | 0.032 + 0.005 | 50.3 + 6.3 L.6 + 0.8
May, 16
Sunset 9.2 +2 (0,126 + 0.003 [ 0,001 + 0,009 { 73,0 + 17.6 | 126.0 + 1137
May, 16
Sunrise |13.3 + .5| 0,172 + 0,019 | 0,002 + 0,029 | 76.4 + 7.3 86.0 + 1256
May, 17
Sunset 14.3 + .2 0.320 + 0.014 0,104 + 0,028 33.7 + 1.5 3.1 + 1.0
May, 17
Sunrise | 13.8 + .9 0.059 + 0.C04 | 0.089 + 0.064 | 93,2 + 21.2 0.7 + 0.6
May, 18
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Table 2. Comparison of phytomass carbon content calculated

and determined (mg C.liter™}),

date determined calculated
May, 18 0.275 0.270
May, 17 0.254 ? 0.215

May, 18 0.177 0.167
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Table 3. Depth distribution zooplankton on May, 17, 1978 at 11.30 h and 23.30 h.

Individuals per liter. Zm = center of distribution. Data J. Peters,

Daphnia longispina Bosmina coregoni
Depth 11.3C h 23.30 h 11.30 h 23.30 h
meter mean S.E. mean S.E. mean S.E. mean S.E.
0=-2 7.02 3.76 12.77 0.28 4,81 2.63 2,23 0.13
2=-4 3.04 0.71 12.77 0.35 4,79 .35 3.18 0.25
4-g 8.5 0.09 6.399 1.83 9,39 1.45 3.65 0.33
6=-8 2.4 0.35 3.6 .99 2.28 0.09 3.42 0.66
8=-10 1.56 0.32 1.82 0.35 2.29 0.54 2.91 0.41
10-13 0.35 0,11 0.76 0.02 0.51 0.12 0.7 0.0u
13-18 0.29 0,11 0.38 0.02 0.42 0.06 0.28 ¢.01
16-19 0.1¢ 0.01 0.27 0.01 0.25 0.03 0.29 c.19
Zm Loyk 0.u3 3.58 0.55 5.04 0.20 6.17 0.01
Cyelope spec. Naupliug larven
Depth 11.30 h 23,30 h 11.30 h 23.3C h
meter mean S.E. mean S.E. mean S.E. mean S.E.
0-2 3.63 2.39 5.61 0.19 0.19 0.02 0.51 0.13
2-4 3.74 1,03 3.85 6.28 - 0.u5 '0.08 0.53 0.02
4§ L,22 0.14 3.39 0.91 0.86 .08 0.78 0.15
6-~8 1.00 0.02 1.62 0.83 0.72 0.21 1.05 0.25
8-10 1.50 0.09 1.18 Q.54 0.76 0.01 1.13 0.38
10-13 0.30 0.13 0.53 .05 0.40 0.2 0.36 ¢.01
13~16 0.38 0.08 0.22 .05 0.35 0.01 .15 0.01
16-19 0.28 0.086 0.25 0.11 0.23 0.15 0.21 0.06
Zm 5.00 0.22 4,47 0.28 8.55 0.71 6.U6 1.21
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Eudiaptomus gracilis
Depth 11.30 h 23.30 h
meter mean S.E. mean S.E.
0-2 0.8 0.38 2.26 6.28
2=4 1.3 0.02 2.87 0.25
Y-p5 2.2 0.18 2.36 0.15
6-8 1.23 0.26 0.93 0.23
8-10 1.87 Q.47 1.29 0.6
10-13 0.60 0.45 0.71 0.10
13-16 0.52 0.12 0,39 0.10
16-19 0.22 0.08 0.25 0.11
Zm 7.76 0.23 5.81 0.01
Eudiaptomus adult Eudiaptomus copepodites
Depth 11.30 h 23.30 h 11,30 h 23.30 h
meter mean S.E. mean S.E. mean . S.E. mean S.E.
0-2 0.57 0.30 1.53 0 0.22 0.08 .73 0.16
2=-4 0.74 0.01 1.59 0.32 0.56 0.02 1.27 0.06
Y- 1.15 0.05 1.u8 0,05 1.06 0.23 0.89 0.10
6-8 0.62 0.13 0.55 0.17 0.61 d.1u 0.38 0.06
8-10 0.92 0.37 0.82 0.36 0.95 0.10 c.ug .24
10-13 0.28 6.28 0.35 0.1 0.32 0.29 C.36 0.01
13-16 0.3 0.03 0.22 0.04 0.22 0.09 0.17 0.06
16-19 0.15 0.04 0.14 0.01 0.07 0.01 0.12 0.1
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Table 4. Primary Productivity (mg C.m~2.h™') of three phytoplankton
fractions. May 16, 1878, 0-10 m column,

Time of Productivity
day < 30 um < 150 pm >30-<150 um
5- 6 0.10 ' 3,44 3.3y
6= 7 6.59 18.54 11.95
7= 8 22.43 32,861 10,18
8- 9 26.19 37,07 10.88
9-10 27.47 39,00 11.53
i0-11 13.11 26.70 13.59
11-12 B8.68 19.83 11,15
12-13 8.65 19.75 11.10
13-14 8.61 19,20 10,59
14-15 8.12 18,20 10,08
15-16 7,44 18.1¢ 10,66
16-17 8.47 7.99 0
17-18 6.30 5.33 0
18-1% 4,37 8.59 L,22
19-2¢ 4,85 8.16 3.31
20-21 0,93 2,89 1.96
Total 162.31 285,40 124,54
-1 4 -1
See also mg C.(mg C) ™" .h
0.88 1.38
Table 1 1.00 1 97
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Table 5. Compariscn of activity (dpm) of particles < 30 um incubated for
three hours at different light intensities (first column) and
activity of half of these samples (x 2) after a period of 13.3
hour in total darkness (Nocn sample May 16, 1978, 0-10 m),

light incubation dark incubation
dpm dpm
£p
2 1404 1127
— 8 1028 1785
o e 846 1031
o 738 2180
i 636 1191
5 588 1434
3 5Ll 2170
888 3310
dark 9u8 2604




Table 6. Grazing percentages per hour as estimated by the
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laboratory method {(Dr. R. Gulati).

140

Time of day 0-5 meter 5-10 meter sums
- 0,93 - 0.u7
Sunrise - 0.33 - .20 - 3.30
- 0.77 - §.60
- 2,00 - 1.10
Noon - 0.53 - 0.50 - 5.70
- 0.77 - 0.80
- 1.80 - 0,60
Sunset - 0,83 - 0.40 - 6,96
- 2,40 - 0,73
MEAN
Sums -10.35 - 5.40 - 0.875
Table 7. Grazing percentages per hour as estimated

method counting cells (Ir. A. Hulsmann).

by the field

Time of
day €. erosa C. ovata Mean A, formosa | C. comia
Sunrise - 1.78 - 1l.41 - 1.80 - 0.08 - 0.77
- 8.84 7 - 0,93 - 0.93 + 0,32 - 0,95
Sunset
- 0,64 - 0.u49 - 0.586 - 0.23 + 1.22
Mean - 1.22 - 0.93 E=- 1.05 =
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Table 8. Filtration rates (ml.animal™ .h™!) of some zooplankton species as

found by the laboratory lH’C—method (Dr. R. Culati). Mean values

and standard deviations are given.

Zooplankton Sunrise Noon Sunset
species 0-5 m 5-10 m 0-5m 5-10m 0-5m §-10 m
E, gracilis 0,278 0.133 0.315 0.280 0,354 0.228
big + 0.108 + 0,031 [ + 0.054 [ + 0.105 | + 0,022
E. gracilis 0.075 0.102 0.149 0.120 0.1u40 0.118
small + 0.024
D. longispina 0.266 0.150 0.323 0.240 0.262 C.207
big + 0,030 | + 0,092 | + 0,084 | + 0,057 [ + 0.132 | + 0.077
D, longispina 0.079 0.082 0.107 0.096 0,114 0,102
small + 0.015 | + 0,029 | + 0.015 § + 0.018 | + 0,055 | + 0.018
Bosmina spec. 0.187 0.141 0.196 0.183 0.199 0.176
+ 0,018 [ + 0,041 | + 0,032 | + 0.32 + 0.062 | + 0.036
Sums 1.499 1.919 1.896
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Table 9. A first step approximation of the daily food ration of the grazer

zooplankton calculated according to different methods.

Time of depth Dﬂ grazing pericd and method 1.1
day range < 30 um % column value
. 0- 5 m 185 0.93 73.1 mg C per 0-10 m, m?
Sunrise column per light
- . 7- .
5«10 m 185 0.u47 37.0 period (17 h)
- S5m 185 G.57 38.5
Neon
5-10 m 185 0.50 39.5 188.1
Sunset 0- 5m 162 0.80 45.4 per dark period (7 h)
5-10 m 162 C.HG 22,7 68.1
Time of depth Bﬂ grazing period and method 1.2
day range | some algae % column value
. 0- 5m 28,8 0.93 22.8 mg C per 0-10 m, m°
Sunrise column per light
5-10 m 28.8 0.7 11.5 period (17 h)
0-5m 28.8 0.57 .0
Noon 60.5
5-1C m 28,8 c.50 12,2 )
Sunset 0- 5 m 28.8 0.80 8.1 per dark period (7 h)
5-10 m 28.8 0.40 4.0 12,1
Time of column grazing percentage x carbon methed 2
day content (mg C.m™?)
C. erosa C. ovata C. comta mg C per 0-10 m, m?
column per light
Sunrise | 0-10 m |1.79 x 10.4 | 1,41 x 15,7 | 0,77 x 2,7| Peried (17 1)
72.2
Sunset 0-10 m |0.64 % 10.4 | 0,49 x 15,7 | 0.77?x 2.7| per dark period (7 h)

11.6
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Table 10. Diel carbon change of phytoplankton (mg C per column (m?; 0-10 m)
per pericd). Date May 16, 1978. Lake Maarsseveen I,

Time of | In Lake Primary Algal Zooplankton | Budget
Day Determined | Procduction | Respiratien | Grazing Value
B )
Sunrise 1850 Phytomass < 30 um
o4 h l
per light periocd + 162 - 37 - 176 r"‘}
Sunset 1620 e COMPATE e 1786
21 h
per dark period 0 =23 - 73 ————}
Sunrise 1790 Compare 1696
o4 h
Sunrise 900 30 um < Phytemass < 15C um
o4 h I
per light pericd + 124 - 34 0 ‘ l
Sunset 980 g  COmpare g 990
21 h
—
per dark period C - 23 0 ""'}
Sunrise N.D. 967
o4 h
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Table 11. Number of species on different dates and calculated carbon content,
The noon values originate from samples taken at short depth inter-
vals. Numbers and content per column as indicated.

2-8-1878 0-10 m3:m>
sunrise

3-8-1978 0-10 m;m?
sunrise

3-8-1978 0-5 mim>
noon

. number |C-content number | C-content | number | C~content

Species x 107 x 107 x 107
Asterionella formosa 57422 42,75 66+20 49,50 15.34 11.51
Fragilaria crotonensis 0.8 0.22
Cyclotella comta 23% 3 L7.61 18+ 1 37.26 9.35 19.35
Cryptomonas erosa 141+39 119,85 348431 296.80 82,95 70,51
Cryptomonas ovata 25 1 163.25 21+ 1 137.13 11.04 72.09
Dinobryon divergens 41*10 37,31 47+10 42,17 20.29 18.46
Chlamydomonas spec. 49+16 101+ 8
Closterium spec. 25+ 3 284,75 0.55 6.26
Ceratium hirundinella 1.26
Total carbon per 411 563 192

column part

3-8-1978 5-10 m;m>
noon

4-8-1978 0-10 m;m?
noon

1-8-1978 0-10 m3m?
noeon

s number | C-content number| C-content | number] C-content

Species x 107 x 107 x 107
Asterionella formosa 19.868 14,76 uu+ 7 33.00 49+ y 36.75
Fragilaria crotonenstis 1.06 0.30
Cyelotella comta 5.78 11.96 24t 2 49.68 23+ 2 47,61
Cryptomenas erosa 60,28 51.24 286484 243,10 219%27 186.15
Cryptomonas cvata 12.30 80.32 2us 71 156.72 28+ 3| 182.84
Dinobryon divergens 17,24 15.69 16+ 7 14.56 73+ 8 66.43
Chlamydomonas spec. 126+40 56+16
Closterium spec. 0.68 7.75 5+ 1 56,95 3t 1
Ceratium hirundinella 0.37
Total carbon per 17y 554 518,78

column part
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Table 12. Comparison of data derived from different methods to determine carbon
content, All data in mg.l1~' #* standard deviation. (a) Samples directly
from the lake (Ir. A. Fulsmann); (b) Initial values in grazing cham-

bers (Ir. A. Hulsmann); (c¢) cell count data from Table 11.

P.0.C. fraction ampulla method T.0.C. Analyser calculated from
cell counts
~ _ 0.04 (c)
Sun- < 150 um| 0.27 * 0.2 (n=3) (b) 10.20 £ 0.03 (n=21) (b) 0.06 (c)
riSe |1 ¢ 30 um 0.20 + 0,05 (n=19) (b)
< 150 ym | 0.30 (n=1) (a) 0,22 * 0.02 (n= 8) (a) 0.04 (c)
Noon
< 30 um 0.25 £ 0,12 (n= 6) (a)
< 150 um| 0.32 * 0.12 (n=2) (a}{0.34 £ 0,05 (n= 7) (a)
Sun- 0.24 * 0,01 (n=2) (b)|0.22 + 0.04 (n=15) (b)
set
< 30 um 0.22 + 0.02 {(n= 5) (a)
0,18 * 0.05 (n=19) (b)
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Table 13. Concentration (number per liter) of some zooplankton species.

August 2 August 3
Species X sc X S-
Bosmina spec. adult 0.u42 0.08 0.43 0.02
Bosmina spec. juv. 0.43 0.08 0.u47 0.04
Daphnia longispina big 3.90 0.36 1.09 0.08
Daphnia longispina small 0.49 0.12 0.14 0.03
Cyclopa spec. 0.94 0.10 1,02 0.09
Cyelope cop. 2.59 0.21 ©2.39 0.07
Fudiaptomus gracilis 0.73 0.03 0.50 £.07
Eudiaptomus cop. 0.87 0.11 0,80 0.06
Nauplién 9.56 0.25 9.09 0.46
Asplanchna spec. 0.75 0.13 0.78 0.11
Conochilus unicornis 0.34 0.06 0.16 £.05
Filinia longiseta 2,74 0.15 1.67 0.15
Habrotrocha spec. 1.52 0.14 1,07 0.52
Kellicottia longispina 8.60 0.22 7.48 0.52
Keratella cochlearis 49,31 1.58 45,71 0.92
K. quadrata 0.28 0.05 0.26 0.02
Polyarthra spee. 9.38 0.25 7.76 0.17
Synchaeta spec. 0.54 0.03 0.48 0.0u
Trichocerca spec. 2.07 0.18 2,41 0.11
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Table 14. Number of individuals in a column (0-20 m;m?) estimated

according to two methods,

;Zziical Closing Net
Species Daytime Daytime Nighttime
Eudiaptomus gracilis 14 600 45 920 45 860
Cyelops spec. 18 800 74 800 62 060
Nauplius 191 200 14 740 15 100
Daphnia longispina 87 800 69 960 79 020
Bosmina spec. 14 800 5 8uQ 11 460
Budiaptomus copepodites 17 400 30 100 29 700
Asplanchna spec. 15 000 17 080 16 480
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Table 15. Daily production mg C per column part (0-5 m, m?).

Depth < 30 um < 150 um 30-150 um
0- S m 203 2286 23
5-10 m 78 62 0

Table 16. Hourly productivity rates (mg C per column part (0-5 m; m?)
per hour), August 2, 1978 for three size class fractions.

time of Productivity

day < 30 um < 150 um 30-150 um
6- 7 11.10 13.47 2.37
7- 8 18.32 22,59 4,27
8- 9 18.36 20.19 1.83
9-10 15.97 17.83 1.86
10~11 14,96 17.686 2,70
11-12 14,62 16.79 2,17
12-13 14,87 15.890 0.93
13-14 15.1% 17.07 1.93
14-15 14,92 16,28 1.36
15-16 14,37 15.80 1,23
16-17 13,10 13.72 0.62
17-18 13.97 15.02 1.05
18-19 11.02 11.51 0.49
19-20 8.46 §.84 0.38
20-21 3.34 3.54 0.20
21-22 0.10 0,11 0.01
Total 202.62 226.02 23.40
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Table 17. Grazing percentages (%.h™!) according to luC method (data dr. R.

Gulati) and other relevant data (August 3,4, 1978},

See alsc text.

Time of day 1 2 Information 1 2 P
07 h | 0,504 0.405 phytoplankton 3.679 2.956 0.1>P>0.05
0.291 mg C.17!
can L[] g .
o 09 h 0.773 0.876 S.642 6,394
3
g zooplankton
@| 12 h | 0.733 | 0.420 | 0.137 mg C.17' | 5.350 | 3.066
12-13 h | 0.365 | 0,333 phytoplankton 2.085 7 1,903 P < 0.01
0.320 mg C.17¢
= 17 h 0.934 1.096 5.337 6,263
o .
9 zooplankton
20 h 2.880 1.198 0.175 mg c.17! 16,457 6,845 P << 0,001
20-21 h | 0,213 | 0.147 | phytoplankton 1.638 ) 1,131 ] P < 0,01
I 0.363 mg C.17}
§ 24 h | 0.609 | 0.u33 4,685 | 3.331
3 zooplankton
05 h | 0.667 | 2.18 0.130 mg C.17" | 5,131 {16,769 | P << 0,001
o ? 0 0.322 phytoplankton
o 0.242 mg C.17}
§ zooplankton
6.125 mg c.17!
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Table 18. Grazing percentages (%.h~!) for different algal species {(data

Ir. A. Hulsmann, P, van Rijswijk). August 3,4, 1978.

Time of day A, formosa C. erosa C. ovata C. comta
sunrise-sunset 0.88 0.84 0.97 0.0
sunset-sunrise 0.14 0.35 1.10 0.11
sunrise-sunset 0.70 0.4l 0.84 0.u8
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Table 2C. Comparison of some important data,

mean value per

May 1978 August 1978
A. formosa 2 x 10° (declining) 6 x 107 per m® (stationary)
D. divergens | 1 x 10° (declining) 4 x 107 (declining)
C. comta 1  x 107 (increasing) 2 x 107 (stationary)
C. erosa 2 x 10% (stationary) 1.4 x 10° (stationary)
C. ovata 1.5 x 107 (stationary) 2,5 x 107 (stationary)
Carbon con- 187¢ - 2700 411 - 563 (cell count C)
tent (mg) per column 0-10 m, m? 2000 - 3400 (Total P.0.C.)
daily pro-
duction 285 288
mg C.m™2
grazing per 25 mg C 49 mg C
day 3

m° for 0-5 m column

grazer com-

munity

13.000

individuals in 0-10 m; m?

16.000

column
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Concentration of some phytoplankton species
(number of cells perliter +1S.E.)

IN

4__
6
1x10 2
4 12105
Asterionella formosa a {“'I
2
4
Dinobryon divergens
2__
4
14104
s
* 2
1 \
b §
Cyclotella comta 1105 | cryptomonas erosa
2
Ay
z_ X 1x104 /T
\ . \1
1104 i :
Fragilaria crotonensis Cryptomonas avata
12 16 17 18 23 12 16 1718 23
May, 1978

Fig. 1. The abundance of six dominant phytoplankton species at
the time of ecrucial research period 1978-1.
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Fig. 2. Total particle volume < 30 um on May 17,
1978, 15.45-16.00 hours (Coculter countings
on June 8 (crosses) respectively June 15,
1978}, (Data Kersting).
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liiknimals.liter"
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Daphnia longispina
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’_4

Eudiaptomus gracilis

Fig. 3. The vertical distribution of three dominant zoo-
plankton species. Samples were taken on May 17,
1978 at 11.30 h (histogram on the left) and at
23.30 h (at the right). Note difference in scale.
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Fig. #4a. Phytoplankton response curve (P vs I curve), fraction < 30 um, depth
range 0-10 m, sunrise May 16, 1978. Broken line: extrapolation ana-
lcgous to an empirical response curve,
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Fig. 4b. See legend ua. Fraction < 150 pm,
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Fig. 5b. See legend #4a. Fraction < 150 um, Noon May 16, 1978,



-199-~

Nun}ber
[ o
1—0—— cells ,
per liter
1 Dinobryon divergens
o [}
_— ’ o °
: Cryptomonas erosa
] o
) | ° o o
°|
10° + Asterionella formosa
| Cryplomonas ovata
——
@
\Cyclotella comta
\
104 \
\
_ \
\
3
Research Period 1978-2
i I
103 \u i
'I[I‘I'I I'I'I'I‘I‘I'I[I'I'I'I'l'I'i'l'l'l't'
12 juli 1aug 1978
Date —=

Fig. 6, The abundance of five dominant phytoplankton species before
and after the research period 1978-2,
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Fig. 7. The vertical distribution of some phytoplankton species on August 3,
1978.
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Fig. 9., Productivity as a function of incubator irradiance
(P vs I curve). Phytoplankton sampled between 0-5 m
at sunrise (August 3, 1978) and divided into two
fractions ( e < 150 um, % < 30 pum), Productivity
in desintegrations per minute, irradiation in
log Joule.m™2,sec™’, (Data B.J.G. Flik).
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Fig. 10. P vs I curves of phytoplankton sampled between 5-10 m at
noon (August 3, 1978) and divided into twe fractions
( » < 150 ym, * < 30 um). Dpm means desintegrations per
minute. (Data B.J.G. Flik).
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Fig. 11. A comparison of P vs I curves for ncon phytoplankton
from 0-5, 5-10 and 10-20 m depth intervals. (Dpm is
desintegrations per minute).(Data B.J.G, Flik).






-205-

THE SUBMERGED AQUATIC MACRCPHYTES IN LAKE MAARSSEVEEN I: SPECIES COMPOSITION,
SPATIAL DISTRIBUTION AND PRODUCTIVITY

P.H. Best

Limnological Institute
Nieuwersluis

Introduction

So far information about the submerged vegetations of the lakes arocund the
river Vecht area is scarce. Only a few reports are available, all referring to
other, more shallow lakes. A study on the vegetation of the nearby Botshol by
Westheff (1949), which was supplemented only for the submerged plants by Vroman
(1976), makes mention of the occurrence of several submerged angiosperm species
as well as charophytes, but no gquantitative data are given. Den Held et al.
(1970) carried cut an investigation on the emergent, floating and submerged ma-
crophytes in the De Haak lakes, applying the method of Barkman et al. (196u4)
for the vegetation analysis. By Westhoff ef al. (1971} the distribution of sub-
merged macrophytes, including charophytes, is noted in the Nieuwkoop-lakes,

In Lake Maarsseveen I the distribution and abundance of the submerged and
floating macrophytes were studied in order to find ocut a) which species were
present, and b) to assess their role in the nutrient cycles of the lake.

Sampling occurred with the use of SCURA, which has proved adventageous in
ecological studies on these plants {(Wood, 1963, 1975; Chapman & Clayton, 1975;
Love & Robinson, 1877; Sheldon & Boylen, 1978).

All macrophytic species present were listed, and of the predominant species
the seasonal changes in biomass were measured during the year. The plant cover
was mapped out into main vegetation types, and their related standing crops,
carbon and nitrogen values were measured.

In the present study Wetzel's (1975) definition of aquatic macrophytes is
used, in which alsc watermosses and charophytes are included - this iIn contrast

to Sculthorpe's (1967) definition, referring to vascular aquatic plants only.

Materials and methods

In 1976 an initial survey of the submerged macrophytes was made during the
growing season. Therefore, as an alternative to the widely used transect based

on distance with variable depth, every time a variable distance at the same depth
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was covered. Depth and direction were adjusted by aid of, respectively, depth
gauge and compass. Signals between the SCUBA-diver and hoat-operator were ex-
changed to indicate stations. The stations were based on landmarks and distance
was estimated using a topographic map. The survey was carried cut from the lake's
surface down tc the limit of the photic zone. From 1976 to 1979 many observations
were made to complete the inventory of the submerged macrophytes. Identification
of the species was done with several keys (Fassett, 1975; Haslam et al., 1975;
Heukels and Van Ooststroom, 1970; Velddeterminatietabel 1977; Wood & Imahori,
1865),

In eorder to study the structures of the macrophytic communities indicatioms
are given of either the presence or absence cf a species, related to depth, and
the species predominance within the vegetation.

In general, a submerged vegetation is not suitable for frequency analysis
since the community is either too monotonous or too intricately interwcven. The
widely used methed of Braun-Blanquet (1951) is not applicable since the vegeta-
tions are usually very dense and divided intc several layers within the water.
This method was originally developed for terrestrial plants, and it is based on
an estimate cof the percentage surface area covered by the vertical projection of
the plants concerned. A more suitable method for the classification of submerged
aquatic vegetations, based on a combination of floristic, structural and ecelogi-
cal data, was developed by Den Hartog & Segal (1964). This method, in general
used by non-SCUBA divers, is very time~-consuming since extensive sampling by
means of a grub is required, in order to take the minimum area of every single
gpecies intc account, SCUBA-divers can indicate accurately the parts of the lake-
bottom that are overgrown, and their vegetal occupants, and, therefore, make ex-
tensive sampling superfluous.

Since the aim of the present study was more directed towards a quantifica-
tion of the plant bicmass than to merely vegetation analysis, no attempt was
made to classify more than five main vegetation types.

As a result of the earlier mentiocned first survey a) the composition of the
main vegetation types and b) their sites could be determined,

Growth of the dominant species, notably two charophytes and three angiosperm
species, was recorded., As parameter for growth the ash-free dry weight per plant
shoot was chosen. In order to avold confusion about the differences in age, the
plants were marked with metal tags at the onset of the growing season. Monthly
three tagged plants were sampled throughout the year. To estimate the related
standing crops, every two months a square was harvested from the center of the
vegetation, using a metal rectangular of 25 by 25 cm. The plant material was

freed from periphyton, by means of rinsing them with water, and freeze-dried.
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The ash content was determined at 550°C (resulting ash including carbecnates) and
at 980°C (carbonates removed). In addition to the ash-free dry weight, also the

carben and nitrogen contents were determined as parameters for biomass.

Results and discussion

About 50% of the shoreline of Lake Maarsseveen I is surrounded by a narrow
zone of emergent plants, mainly Phragmites augtralis, This zone will be studied
later on. 25% of the Lake's total surface area is occupied by a more or less
dense cover of submerged macrophytes. The plants are present until a depth of
10~11 m, apparently the limit of the photic zone. In general the image of the
submerged vegetation is determined by charophytes, which are conly completely ab-

sent at sites with a dense cover of Elodea sp.

Vegetation types

The distribution of the main vegetation types, related to depth, is indi-
cated in Fig. 1, and their stylized representation is given in Fig. 2.

In the north-western part cf the lake only one single characee occurs from
3 te 11 m depth, i.e. Chara globularis. The same species is present also, and
in the same densities, in the south-western part of the lazke, from 2 to 11 m,
ané in the southern part, from 2 to 6 m depth, but the vegetation in these parts
is mixed with Elodea sp., Zanmnichellia palustris and FPotamogeton perfoliatus.
Although both Z. palustris and P. perfoliatus co-determine the image of the veg-
etation - the former grows in tufts whereas of the latter only single plants occ-
cur with regular intervals - they do not.represent a substantial amount of bio-
mass. Elodea, on the contrary, contributes considerably to the biomass of this
mixed vegetation. In the southern part of the lake, a small region (about 1% of
the total lake area) is occcupied exclusively by Elodea sp.: both Elodea cana-
densis and Flodea nuttallii are found, but E. nuttallii prevails, Aleng the ma-
jor part of the southern, eastern and northern shoreline, at depths from 6 to
10 m, meadows occur, constituted either esclusively by Flodea sp. or charophytes.
The latter are predominated by Nitellopsig obtusa.

Mainly along the eastern shore several Zamnichellia-predominated patches oc~-
cur, at depths from 2 to 6 m. Potamogeton lucens grows also in patches, but
larger cnes than those of Zamnichellia, and the sites are scatterred over the

lake's bottom from 2 to 7 m depth.

Submerged plant species

All submerged plant species, which are detected in the lake in the period



ranging from June 1976 to August 1979, are presented in Table 1. Included are al-
so the species that occur often emergent or floating in other waters, but which
are almost never found in this stage in the lake Maarsseveen: respectively, Alig-
ma spp., Hydrocharie, Nuphar and Utricularia.

The bottem of the lake consists mainly ocut of sand, which lies bare until a
depth of about 3 m in the western part of the lake. Although occupation of this
region by plants might be pessible, it is inhibited probably by the damaging ac-
tion of swimming people.

Most angiosperms grow in the relatively shallow regions, from 3 to 5 m depth,
arcund the outlet at the northern side, and along the southern and the south-
eastern side of the lake, They occur among the vegetations either predominated
by exclusively Chara globularis or those predominated by the same species as well
as Elodea spp., P. perfoliatue and Z. palustris. Ceratophyllum demerswn, Myrio-
phyllum sp. and Ranunculusg circinnatus grow in tufts, Since the Myriophyllum-
plants did not flocwer in the lake, these could not be identified with their spe-
cies name. Potamogeton pectinatus and Potamogeton pusillus grow in patches among
the earlier menticned vegetations. Potamogeton crispus and Potamogeton obtusi-
folius occur enly in the eastern part of the lake, where also but on three loca-
tiens only, Najas marina is found. The latter species is considered to belong to
oligchaline to mesohaline waters, exemplified by De Haak and Botshol, where the
Cl -concentrations range from 224 to 1100 mg.l~! (Den Held et gl., 1970; Vroman,
1976). In contrast, the maximum Cl -concentration in the open water of the lake
Maarsseveen is much lower, i.e. 36 mg.l™ . This might point to seepage on the
sites where the Najas-plants occur. Potamogeton obtusifolius is also a seepage
indicator. Only & few single plants of Hydrocharis morsus-ranae and Nuphar lutea
were found, submerged, around the water inlet. They originate probably from dit-
ches around the lake where beth species grow abundantly. Utricularia vulgaris
occurs on several places abundantly and it forms garlands on top of the charo-
phytic pillows (mainly Witellopsis obtusa).

It is suggested that most submerged angicsperms propagate vegetatively in
the lake, since only the Flodea spp. and P. lucens were seen flowering. Winter
buds were found in several cases, notably C. demersum, Myriophyllum sp., P. ob-
tusifolius, P. pusillus and U. vulgaris.

O0f the normally emergent macrophyte Alisma plantago-aquatica and Alisma gra-
minewn, several spedimens are found, meostly submerged, and both species flowered
in the lake. A. plantago-aquatica occurs along the whole southern shoreline and
around the inlet, A, gramineum, however, is found only at the latter site,

Among all angiosperms discussed above, A, gramineum, N. marina, P. lucens

and U. vulgaris have a small ecclogical amplitude, whereas N. marinag is consider-



ed also a rare species according to Westhoff (1949). The occurrence of P. lucens,
P. pectinatus, C. demersum, Elodea sp. and, more so, N, morsus-ranae and N, lutea
point to a fairly high nmutrient supply in the water at the southern side of the
lake and especially near the cutlet, whereas P. pusillus, on the other hand, is
less tolerant in this respect (Segal, 1865).

Cnly a few specimens of the water moss Fontinalis antipyretica are found
along the northern shoreline between the Phragmites-stems. This species is a
clear water-indicator.

Charcphytes cccur in general in non-polluted, clear waters. In the lake Maars-
seveen, several species are present and they are therefore discussed separately.
Their distribution and predominance related to depth are represented in Fig, 3.
Most frequently Chara globularie is found: it is a small, fragile plant and it
predominates in the shallowest regions as well as in the deepest ones. Also in
very shalliow regions Chara major occurs, a very robust plant, that can reach
heights of about 60 em. The lower boundary of this mixed Chara vegetation is
formed by Chara vulgaris and Chara aspera, both fairly small plant species. Among
these vegetations alsc several angiosperms occur as is discussed earlier., Nitel-
lopsie obtusa, a very tall (heights until 1 m recorded) charphyte without corti-
cal cells, forms very dense meadows from 6 to 10 m depth, among which almost no
other charophytes or angiosperms are present (U, vulgaris is the only exception).

Propagation of the charcphytes occurs vegetatively as well as sexually in
the lake. Part of the vegetaticn hibernates and starts to grow again in spring.
Only in very cold winters when the ice reaches the bottom in the more shallow
regions, the plants are frozen and Pemovgd by the movements of the ice, Then
propagation might occur orly by means of odspores (Murris, 1971). Most charophytes
are found fructifying abundantly. In the case of Nitellopsis obtusa mainly male
plants are found; this species is dioecious. In general, the charophytic species
and their sequence with respect to depth distribution are similar to those re-
ported for the nearby Botshol (Heimans, 1949; Vroman, 1976). The range of their

depth distribution, however, is greater.

Estimate of bicmass and standing crop

The seasconal dependency in growth of the predominant species was determined
by harvesting the tagged plants monthly. The quantitatively most important charo-
phytes, notably Chara globularis and Nitellopsis obtusa, showed different growth
patterns (Fig. 4). N. obtusa had a higher productivity, and reached its maximum
biomass much earlier in the season than . globularis (Table 2). In both species

the carbon and nitrogen concentrations varied considerably and, consequently, al-
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so their C:N ratic's. Less than half of their dry weight consisted of organic
matter, which is in agreement with values reported by Westlake (1965}, Up to 40%
of their ash was made up by carbonates (Table 2}, & commen phencmenon in charo-
phytes. As to 2. palustris, P. lucens and Elodeaq sp., these species had their
maximum biomass in, respectively, July, August and September (Fig. 4). Particu-
larly P. lucens-plants represent a very large biomass. P. lucens and Elodea sp.
had very high productivities (Table 2}, which were considerably higher than those
of Z., palustris and both charophytic species, During the growing period the C:N
ratio's were lower in the angiosperms than in the charophytes.

From the biomass data mentioned above, and the standing crop samples the ex-
tremes of the total standing crop cf the main vegetations in the lake were cal-
culated (Table 23). The Chara sp. vegetation is considered tc be composed mainly
by C. globularis. The Chara and Elodea meadows cover about 50% of the total re-
gion indicated in Fig. 1, both species occur in monotypic stands and account for
half of the plant-occupied area. The charophyte concerned in this case is Nitel-
lopsis obtusa, Elodea sp. grows in the same densities in the meadows and in the
much larger monotypic stand in the scuthern region of the lake. In the mixed
vegetation, . globularis grows in the same densities as where it occurs in a
monotypic stand, Elodea sp. and Z. palustris, however, in densities of about 1/6
and 1/4, respectively.

To assess the significance of the submerged plants to the nutrient cycles of
the lake, the input to the dissolved organic matter (DOM) pool can be calculated
from the differences between maximum and minimum standing crcop (Table 3), Al-
though the charcphytes cccupy the largest area of the lake, they do not play the
most important role in the nutrient cycles concerned in this case (carbon and
nitrogen). Obviocusly P, lucens contributes most to both, carbon and nitrogen cy-
cles, the two charophytic species and Elodea sp. play a significant role alsc,

whereas Z. palustrie does not cause a large input of organic matter.

Summarx

The submerged littoral zone of Lake Maarsseveen T is well-developed and it
occupies about 25% of the total surface area of the lake. Several macrophytic
species cccur which have become more or less rare in the Netherlands, notably
the angicsperms Alisma graminewnm and Najas marina, and 5 charophytic species.
The plant cover can be divided into § main vegetaticn types.

Although the largest area of the littoral zone is occupied by charophytes, the
Potamogeton lucens vegetation contributes most significantly to the total DOM

input of the lake. High productivities were found for Potamogeton lucens, Elodea
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sp. and the charophytes, a considerably lower one for Zannichellia palustris,
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Table 1., Macrophytic species detected submerged in Lake Maarsseveen I,

between June 1876 and August 1878.

Pteridophytes

Alisma gramineum Lej.

" plantago-auqatic L,
Ceratophyllum demersum L.
Elodea canadenstis Michx.

" wnuttalli? (Planch.) S5t. John
Bydrocharis morsus—ranae L,
Myriophyllum sp.

Najas marina L.

Nuphar lutea (L.) Sm.

Potamogeton crispus L.
"

lucens L.
" obtusifolius Mert. et Koch
" pectinatus L.
" perfoliatus L.
" pusillus L.

Ranunculus cireinnatug Sibth.
Utrieularia vulgarts L.
Zannichellia palustris L.

Brzoghztes

Fontinalis antipyretica

Phxcthztes

Chara aspera Deth. ex Willd..
" globularis Thuill.
" major Vaillant
" vulgaris
Nitellopsis obtusa (Desv. in Leis,) J.Gr.
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CHARA SP N ELODEA SP

CHARA ELODEA R PERFOLIATUS,

Z.PALUSTRIS

P LUCENS Z.PALUSTRIS

Fig. 2. Stylized representation of the main submerged vegetation types
present in Lake Maarsseveen I,

C.GLOBULARIS

C . MAIOR
C.VULGARIS
C . ASPERA

DEPTH DEPTH

(m) 2‘ (m) 2.
( |
4
r
-

N. OBTUSA

C.GLOBULARIS

Bl iL 8
L ; 1 ] :

C.m CA C.WV C.G. NG,

CHAROPHYTIC SPECIES

Fig. 3. The vertical distribution of the Charcophytes in Lake Maarsseveen I.
a) Upper and lower limit for growth,
b) Depth at which the species predominate.
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PERIPHYTON ON EMERGENT MACROPHYTES IN MAARSSEVELN, AN ENUMERATION

P.J. Roos

A. Periphyton associated with Phragmites australis

A.l., Available substratum (with E. de Ridder).

The zone of great emergent macrophytes in Lake Maarsseveen I consists pre-
dominantly of Phragmites australis., It covers more than 90%. This reed cccurs
in pure stands or intermingled with Typha spp. and/or Carex spp. Stands of
pure Scirpus lacustris, at one place mixed with Phragmites australis, are also
found. The density of Phragmites over the whole emergent vegetation zone, has
a mean of 52.64 individuals.m'z, with a 95% confidence interval between 49.68
and 55.60, based on 664 countings of 0.25 m?. From aerial phetographs, checked
in the field, a total area of emergent macrophytes of 16,893 m? was caiculated.
This amcunts to an estimation of 889,221 stems (95% confidence interval Letween
839,219 and 939,223, The mean diameter, at mid-water depth, of 398 randomly
sampled stems appears to be 0.742 cm (95% confidence interval 0.74C-0,7u4u),

The mean length of the submerged parts of Phragmites stems, based on 362 random
depth recordings is 32,98 cm, with a 95% cconfidence interval between 30,91 and
35.05 cm. An estimaticn cf the surface of Phragmites, available as a substratum
for periphyton is now calculated as being about 6833 m? (35% confidence inter-
val between 6044 and 7670 m?). This holds true for the emergent reed stems. 0l-
der stems, consisting of small parts greatly varying in length, amount to about

808,272 individuals. Variation in length made reliable sampling impossible.

A.2. Structure and develecpment of periphyton on reed-stems (with A. Post).

From August 1977 till August 1978 the periphyton in one reed stand was stud-
ied. Samples were taken every two weeks. It was to be expected from the litera-
ture that a difference could be found between periphyton from older and ycunger
stems (Hillebrand, 1976), or between reed-stems from *the peripheral and central
parts of the reed stand (Meschkat, 1934), Stems were therefore collected from
the outer side of the reed stand, facing open water and from the central part,
From the outer zone living stems, less than one year old, and stems from the
foregoing growing season were taken. The submerged parts of the stems were
transported to the laboratory in PVC containers. There one square cm at every

10 cm was scraped off and examined immediately under the microsccpe. With the
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exception of the diatoms, all organisms were identified and counted. This mate-
rial was subsequently rinsed over to a cover glass and glowed for diatom exami-
nation. The glow-method was chosen in favour of the hydrogen peroxide-potassium
dichromate method (Van der Werff, 1955) in corder to preserve the original con-
figuraticn.
The following positions of the epiphytic taxa were compared by means of statis-
tical analysis:

lake side vs. bank side of the stems;

central stems vs. peripheral stems;

stems from the foregoing growing-season vs. younger stems;

upper part of the submerged stem vs. lower part,
It was found that:
Cymbella prostata and Achrnanthes spec, occur more on the lakeside, while Coceo-
nets and Rhotcosphaenia prefer the bankside of the stems;
Mougeotia and Spirogyra occur more on peripheral stems than on central ones
just like Cymbella ventricosa, while on the contrary Cocconeis, Rhoicosphaenia
and Gomphonema are to be found predominantly in the central part of the reed
stand; 7
Cymbella affinis, Tabellaria, Synedra and Gomphorema grow more frequently on
younger stems, (. ventricosa mcre on older ones.
Striking differences were found between upper- and lower parts of the stems,
Dividing the submerged part of the stem into three regions: upper, middle and
lower, the algae of the order Zygnematales {(Mougeotia, Spyrogyra and Zygnema)
are found predominantly on the upper part, as de the diatoms Cymbella ventrico-
sa, Rhoicosphaenia curvata and Gomphonema spp. Oedogoniales and Ulothrichales
cceur in greater numbers on the middle and lower parts. In the lower region,
mainly in the neighbourhood of the adventive rootlets, the greatest numbers of
Batrachospermum, Cocconeis spp. and blue-green algae are to be found, Seasonal
changes in total numbers of individuals and of species are also obvicus. The
species~-list is given in section D, the temporal variation is briefly discussed
below,
The young sprouts that appear in May are raplidly colonised by the green algae
Oedogontium spp. and Bulbochaete spp. and by diatoms. These epiphytic diatoms
also occur on the cells and hairs of the green algae. These offer an additicnal
substratum, and therefore enlarge the available substratum for diatom growth.
Nevertheless, the green algae are better colonizers than the diatoms. Oedogonium
and Bulbochaete reach a maximum in July, with about 60 individuals per cm?, At

2

the same time a minimum number of abcut 10000 diatoms per cm® is found., During



the summer Osdogonium and Bulbochaete become covered by a layer of lime, This
lime becomes densely packed with diatoms of the genera Achnanthes, Anomoeoneis,
Cocconetis, Rhoicosphaenia and Symedra. Consequently, the number of diatoms in-
creases significantly. Also the stalks of Cymbeilla lanceolata, the tubes of
Cymbella prostrata and the filaments of FHomoeothriz juliana offer additional
substratum, At the end of the summer the number of Cymbella's and blue-green
algae is still increasing. The number of individuals of Oedogonium and Bulbo-
chaete however decreases to about 10 individuals.cm™. At the same time the num-
ber of invertebrate animals increases. Predominant among these are peritrich
Ciliates, Nematodes, Oligochaets, the bivalve Dreissena polymorpha, the snail
Potamopyrgus Jjenkinsi and several insect-larvae, especially Trichoptera and
Chirconomids. In December the lime formed during the summer disappears, as do
nearly all green algae. At that time Cymbella lanceclata and Cymbella prostrata
start with an explosive bloom, which continues teo the end of the winter, result-
ing in densities of 3500 C. lanceolata and 2000 C. prostrata per cm?. The total
number cof diatoms may rise to nearly 2,000,000 per em?, the half of which is
situated on stalks and tubes of Cymbella spp. When in April most of the Cymbel-
la's disappear, the total number of diatoms decreases also abruptly. The stem,
now nearly one year old, is then barely overgrown by periphyton. Sccn the de-
velopment of the periphyton on thig stem correspends to the settlement of epi-

phytes on the new sprouts.

A.3. Structure and development of periphyton on reed roctlets (with J.,M., Revier},

The periphyton of the adventive rootlets consists mainly of epiphytic algae.
The complete list of species is given in section D. In number of species as well
as in number of individuals the diatoms are dominating. Cther striking organisms
are: Homoeothriz juliana, Oedogonium spp., Bulbochaete spp., Asterocystis smarag-
dina and a number of epiphytic protozcans, especially Vorticellids. Homoeothrix,
and other blue-green algae, occur predominantly on the lowest adventive rootlets,
Cedogoniales dominate the higher ones. Settling alsc occurs on epiphytic algae,
with a slight preference of some organisms for certain substrates. The diatoms
Cocconeils and Amphora are frequently found on Homoeothrix, Achnanthes spp. occur
on this blue-green alga as well as on Oedogoniuwm, Bulbochaete and on stalks of
Cymbella lanceolata. Bushes of Synedra are often to be found on tubes of Cymbella
prostrata. The peritrichous ciliates grow both on the rootlets and on epiphytic
algae, the Vorticellids more on the rootlets, the Vaginicolids Vaginteola and
Cothurnia show a preference for the algae. There is some evidence that a bloom

of diatoms and multicellular algae alternates with mass-growth of Vorticellids,
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The lowest rootlets are mostly free of the periphyton described above., Often
however, the Zocoflagellates Codosiga utriculus and Salpingoeca spec. occur on
these rootlets. To a lesser extent Bicoeca spec. is to be found. During the
periocd of this part cf the investigation, February - June 1978, Vorticella cam-
penula had a maximum in February, declining tc a minimum in April. The same
holds true for the other Vorticella's, which recovered after that time. During
the summer V. campanula was scarcely met. This is in accordance with findings
in an other lake in the region (Roos & Trueba, 1977). In March and April there
also is a minimum in coverage of multicellular algae, but there is & luxurious
growth of diatoms,

In comparison to the periphyton on the stems of Phragmites the greater number
cf faunistic elements in the periphyton of the adventive rootlets is especially
noteworthy. Among the animals Verticellids are conspicucus. Homoeothrix juliana
which is very common on the rootlets, is to be found on the stems only in the
neighbourhood of these roctlets. The diversity of green algae is greater on the

stems than on the rootlets.

A.4. Distribution of the periphyton on Phragmites in Lake Maarsseveen I
(with N. Bas and R. Koolma).

The situation described abeove is based on observations from cne sampling
station only. In order to check the representativity of the periphyton of this
station a comparison has Leen made between periphytorn from this locality and
other localities along the same bank. Samples were tzken from September till
December 1978, Only the proportional contribution of the diatom genera has been
taken into account. This reveals a striking difference in the ratic of the two
dominant genera Achnanthes and Gomphonema, At the previously investigated local-
ity these two genera make up 72.4% of the total number of diatoms, the Achnan-—
thes/Gomphonema ratio being 6.3. The greater part of the area along the same
bank, however, has a ratio of 0.5. Both genera make up 81% of the total diatom
community. Along this bank there was also one sampling station with a varying
composition of genera that shifted from Aefmanthes predominance teo Gomphonema
hegemony. These findings have given rise to an extension of this investigation
over the emergent vegetation of the whole lake during a longer peried. This has
been carried cut from January +ill July 1979. It appears that there are local-
ities which differ from other localities in predominance of Achnanthes or Gom-
phonema, This phenomenon is mest evident in early winter. When in spring and
summer the number of Cymbella spp. and of algae cf the order Oedogoniales rises,

all localities become Achnanthes dominated, At the end of the summer however,
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the previcusly Gomphonema dominated localities return te their initial genus-
composition. At a representative locality the Achnanthes/Gomphonema ratio shifts
gradually from .26 in February to 8.77 in May and moves back in September,

reaching a value of .50,

A.5. Comparison of Phragmites-periphyton from the two lakes in Maarsseveen

(with M, de Nooij).

The above mentioned investigations were carried out in Lake Maarsseveen I,
which is relatively poor in nutrients. The smaller Lake Maarsseveen II has a
higher degree of euvtrophication, Since a differentiation hased on the ratio of
diatom genera proved to be to work out fruitfully, the same procedure was fol-
lowed. Two localities from Lake II were compared with one locality in Lake I
and mutually, during April and May 1979, In this period no significant differ-
ences in the Achnanthes/Gomphorema ratic are found. Comparison takes place ac-
cording to Kadlubowska (1877), using Spearman's rank-correlation. This shows a
high similarity between the two localities in Lake IT, each of which differs
significantly from the representative locality in Lake I, In all samples Ach-
nantheg predominates, followed immediately by Gomphonema and Fragilaria.
Differences between the two lakes are to be found in the less frequent genera.
In the samples from Lake I Cymbella occurs always in a higher propertion than
in the samples from Lake IT. Tabellaria, always present in Lake I, although in
low numbers, is not found in the samples from Lake II. Amphora and Eunotia oc-

cur in somewhat greater numbers in Lake II.

B. Diatoms associated with Typha latifolia (with B, Huizing).

During the winter 1978-1879 a comparison was made between the diatoms as-
sociated with Typha latifolia from different localities in Lake Maarsseveen I
and between the diatom genera associated with Typha latifeclia and Phragmites
from the same station. As the "stem" of Typha is in fact a bundle of leaf-
sheaths, the submerged part of Typha is not easily comparable to Phragmites
stems, A possible difference between inner- and outer side of the leaf-sheath
has tc be taken inte account. The list of species is given in section D.

The Achnanthes/Gomphonema ratio on the outer side of Typhka equals that on Phrag-
mites stems from the same locality. Therefore along the bank that was studied
by us, most of the Typha stems are comparable. The chosen bark is the same as

the previously investigated area described in section A.4. The proportiocn of
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less frequent genera is significantly lower on Typha than on Phragmites. These
genera, like Cymbella, Anomoeoneis, Asterionella, Diatoma, Fragilaria, Navicula,
Syrnedra and Tabellaria occur more frequently on the inner sides. Moreover, on
the inner side of the leaf-sheath the Achnanthes/Gomphonema ratio has a larger
value than on the outer side. The proportion of Cocconeis on the contrary is sig-
nificantly higher on Typha than on Phragmites, which holds for the inner as well
as for the outer side of the leaf-sheath, No differences are found between upper

and lower regions of the submerged part of Typha latifolia.

C. Architecture of the periphyton,

In the descripticn cf the development of the periphyton as well as in the
obscuration of differences in Achnanthes/Gomphenema ratioc, some emphasis is
laid on the presence or absence of multicellular algae and large stalks and
tubes of Cymbella species. The presence of these structures appears to offer a
considerable, temporal additional substratum. Large numbers of diatoms may occur
on these structures, The following desecribes the situation observed in March
1977. Several Cymbella lanceclata stalks bear more than 250 Achnanthes cclonies
or solitary individuals. On the same stalks that attair a length of about % mm
also more than 50 Synedra individuals occur, often in dense bushes. Multitudes
of diatoms, especially Achnanthes and Synedra, may be present on Bulbochaete and
Oedogoniwn., Not all algae are colonized. Apart from the above mentioned algae
the blue-green alga Homoeothrix is overgrown by Achnanthes, Cocconete and Amphora.
The latter genus is lacking on the green algae. Generally, no periphyton is found
on Zygnematales, Ulothriz and Microspora.
In scanning electron microphotographs of Bulbochaete there appears a gradient as
regards overgrowth, Young cells at the top of the branches are apparently bare.
Details cof the cell surface are clearly visible. No diatoms are settled there. On
somewhat older cells a number of bacteriae is present, together with a clesed
layer covering the cell surface. This ldyer is apparently thicker on cells at
still greater distance from the top. This probably represents the mucoid matrix,
the ‘existance of which was revealed by Allanson (1973) and was required for the
medel of Wetzel and Allen (1970). When this matrix is present a great number of
diatoms is found. However, setae of Bulbochaete, on which no matrix is demonstra-
ble, are also favoured by Achnanthes and Synedra. This matrix may also play a
rele in the formaticn of a lime-crust arcund these algae. The lime, offering an

enlargement of the available substratum, becomes densely covered by diatoms, pre-
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dominantly Achnanthes.

The normal winter situation is characterised by an undergrowth of Cocconets,
Rhoicosphaenia, lower Gomphonema and Achnanthes., Higher up rise greater Gompho-—
nema colonies, sometimes in touch with long Cymbella prostrata tubes. High up
rise towering Cymbella lanceolata, older stalks of which are covered by Achman-
thes and Synedra., Achnanthes grows more near reed surface, Synedra cccurs predom-
inantly in free space. The same holds true for the overgrowth of the Cymbella
tubes. In between this wickerwork are woven the chains and guirlandes of the
araphid genera Diatoma, Fragilaria and Tabellaria.

In summertime the supporting Cymbella's are gradually replaced by multicellular
green algae. In this web, of which the supporting individuals are firmly attached
to the substratum, the members of the loosely interwoven cclonies are tightly
commected. In this way the periphyton forms a unity, not only functiomal, but

structural as well.
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D. Species list.

In the fcllowing species-list a distinction is made between periphyton occurring
on Phragmites-stems (PS), Phragmites-rootlets (PR) and submerged parts of Typha

(TS). Mollusca, Annelida and Arthropoda are not included,

Cyanophyta
Chamaesiphon spec. PS
Homoeothrixz Jjuliana PS PR
Lyngbia spec, PS PS
Merismopedia spec, PS
Oseillatoria spec. Ps
Symploca spec. PS
Chlorococcales
Pediastrum boryarnum PS PR
Pediaetrum spec, PS
Scenedesmus acuminatum PR
Seenedesmus spec. PS
Ulothrichales
Coleochaete scutata PS
Microspora tumidula PS
Mierospora spec. PS PR
Ulothriz spec. PS PR
Ulothrix zonata PS
Chaetophorales
Aphanochaete srec. PS
Chaetosphaeridium pringsheimi PS
Chaetosphaeridium spec. PS
Coleochaete spec. PS PR
Draparnaldia spec. PS
Stigeoclonium spec. PS PR
Oedogoniales
Bulbochaete mirabilie PS
Bulbochaete spec. PS PR
Oedogonium spec. PS PR
Siphonocladiales
Cladophora spec. PS PR

Rhizoolonium PS PR
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Zygnematales

Closterium spec.
Cosmarium spec.
Mougeotia spec.
Staurasitrum spec.

Spirogyra spec.
Zygnema spec.

Xanththzta

Vaucheria spec.

Centrales

Cyclotella comta
Melosira spec.
Melosira varians
Stephanediscus astrea

Pannales

Achnanthes
Aehnanthes
Achnanthes
Achnanthes
Achnanthes
Achnanthes

affinis
clevel
dispar
lanceolata
minutissima
spec.

Amphora ovalis
Armphora spec.
Anomoeoneis exilis
Asterionella formosa
Calonetis amphisbaena
Cocconeis pediculus
Cocconeis placentula
Cymatopleura elliptica
Cymatopleura solea
Cymatopleura spec.
Cymbella affinis
Cymbella aspera
Cymbella cistula
Cymbella helvetica
Cymbella lanceolata
Cymbella microcephala
Cymbella navieuliformis
Cymbella cf. parva
Cymbella prostrata
Cymbella turgida
Cymbella ventricosa
Diatoma anceps
Diatoma elongatum
Diatema vulgare
Epithemia sorex
Eunotia pectinalis
Eunctia spec.
FPragilaria capucina
Fragilaria construens
Fragilaria crotonensis
Fragilaria intermedia
Fragilaria pinmata

-0 =

PS
PS
Ps
Ps
PS
PS

PS
PS
PS
PS

PS
P8
PS
PS
PS

PS

PS
PS
PS
PS
PS
PS
PS
PS
Ps
PS
PS
Ps
PS
FS
Ps
BS
PS
PS
PS
P8
PS
PS
PS
PS
PS
PS
PS
PS
PS
Ps

PR
PR
PR
PR
PR
PR

PR

PR

PR
PR

PR
PR

PR
PR
PR
PR
PR

PR

PR

PR

PR
PR

PR
PR
FR
ER

TS

TS
TS

TS
TS
TS

TS
TS

TS

TS

TS

TS

TS

TS
TS

TS

TS

TS
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Gomphonema
Gomphonema
Gomphonema
Gomphonema
Gomphonema
Gomphonema
Gomphonema
Gomphonema
Gomphonema

acuminatum
angustatum
constrictum
gracile
intricatum
Longiceps
olivaceum
parvulum
spec.,

Gyrosigma acuminatum

Gyrosigma
Gyrosigma

attenuatum
spec.

Navicula
Yavicula
Navicula
Navivula
Naviceula
Navieula
Navicula
Navicula
Navicula
Navicula
Navicula
Navicula

eineta
eryptocephala
cuspidata
dicephala
gastrum
gracilis
hungarica
pupula
radiosa
riynchocephala
spec.

tuscula

Neidium iridis
Nitzschia angustata
Nitzschia dissipata

Nitzschia

reatq

Nitzschia sigma

Nitzschia spec.
Pinnularia spec.
Rhotlecosphaenia curvata
Stauronetis lapponica
Stauronets phoenicenteron

Stauroneis spec.
Surirella robusta
Surirella spec.

Synedra
Syrnedra
Synedra
Synedra
Synedra
Syredra
Synedra
Synedra

acus
affinis
parasitica
pulchella
rUMpens
tabulata
ulna
vaucheriae

Tabellaria fenestrata
Tabellartia flocculosa

RhodthXta

Asterocystis smaragdina
Batrachospermum spec.

Mastigophora

Bicoeca sp
Bodo spec.
Codosiga u
eomonas

ec.

triculus
spec.
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PS
PS
PS
Ps
PS

Ps
PS

PS
PS

PS
s
PS

PS

PS
PS
PS
PS
PS
PS
PS

pPS

PS
PS
PS5
PS
PS
PS

Ps
PS

Ps
PS
PS
PS
PS
PS
ES
PS

PS
PS

Ps
PS

PS

PR

PR

PR
PR

PR

PR

PR
PR

PR

PR

PR
PR

PR

PR
PR

PR
ER

PR

PR
PR

TS

TS

TS

TS

TS

TS

T8
TS
TS

TS

T8

TS
TS



Salpingoeca spec.

Rhizopoda
Actinophrys spec.
Aetinophrys subalpina
Amoeba spec.
Arcella spec.

Chlamydophrys stercorea

Pyxidicula operculata
Raphidiophrys pallida
Vampyrella spec.

Ciliatea

Aeineta tuberosa
Carchestium polypinum
Cothurnia spec.
Euplotes spec.
Lacrimaria olor
Lacrimaria spec.

Laerimaria vermicularia

Lionotus spec.
Opercularia spec.
Podophrya spec.
Stentor

Vaginicola spec.
Vorticella campanula

Vorticella convallaria

Vorticella miavostoma
Zoothammium simplex
Porifera

Spongilla lacustris

Cnidaria

Hydra spec.

Rotateria

Adineta spec.
Brachionus spec.
Collotheca spec.
Conochilug spec.
Ptygura spec.
Sinanthering socialis

Nematoda

Prodesmodora spec.

Gastrotricha

Chaetonotus spec.

PS
PS
PS
PS5
PS

ES

s
Ps
PS
PS
ps

s
PS

Ps
PS
PS
Ps

Ps

PS

PS
P8

PS

Ps

PR

PR

- PR

PR
PR

ER

PR
PR

PR
PR
PR
PR
PR
PR
PR

PR
PR

PR

PR
PR

PR

PR
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MACROFAUNA IN THE BOTTOM AND THE LITTORAL VEGETATION

L.W.G. Higler

Research Institute for Nature Management

Introduction

A study of macro invertebrates was started in 1977 with preliminary inves-
tigations in different types of vegetation, along different shores and with a
numper of artificial substrates. The first objective was to find the best ap-
proach for a quantitative inventory. The bottom fauna has been investigated
with a Peterson grab in a number of stretches from the shore to the deepest
part of the lzke. In 1878 we carried out a programm of inventory in the litto-
ral vegetation and the bottom, the results of which are briefly reported here.
In 1979 three types of natural vegetation were sampled for biomass estimation.
This part is under study. As the resulis of the 1978 investigations are still
in & reporting phase, we shall iIndicate some of the main findings that can give
a2 first insight in the structure of the macrofauna cenoses to be found in the

lake.

Methods

a. Natural vegetation. Scuba divers took samples from the littoral vegeta-
tion with a specially constructed handnet with an opening of approximately
1200 em?, The vegetation consisted predominantly of Potamogeton lucens {(June-~
November). In dependence of the season the samples had to be taken near the
shore at 1.5 m depth or further to the centre of the lake with a maximal depth
of 8§ m. For comparing the results in a quantitative way the volume of the plant
material was assessed by measuring the water displacement (law of Archimedes).
The numbers of organisms have been counted and expressed as numbers per stan-
dard sample of 230 ml of vegetation.

b. Artificial plants. In the littoral some lines of artificial plants were
attached just above the bottom. At depths of 3, 6, 11 and 16 m 4 plants were
placed. Moreover, in the open water zone cutside the vegetation belt at a depth
cf 6, 11 and 16 m a few units of three plants were placed. In these units the
plants are cconnected above each other (Fig. 1). At the moment of sampling the
artificial plants were enveloped with nets. All manipulations were executed by
scuba divers. The surface of each artificial plant is 0,31 m?,

c. Bottom. The bottom fauna has been sampled with a Peterson grab on depths
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of 3, 6, 9, 11, 18, 21 and 27 m. At each depth 5 grasps were taken. The organisms
have heen calculated as numbers per grasp per depth, which comprises a surface

area of 400 cm?.

Results

We found a total number of species of about 180. Of these 131 species were
found cn the natural vegetation (21 exclusively), 112 species on artificial
plants (14 exclusively) and 120 species in the bottom samples (26 exclusively).
The natural vegetation and the artificial plants had 96 species in common. In
Table 1 some figures have been given for numbers of species and, for the natural
vegetation, of specimens in the different months of investigation.

In all cases an increase in species numbers towards the end of the year can be
observed, especially in the natural vegetation. Here a similar increase in num-
bers of organisms per volume of plant material occurred. Because of the late
start in growth of the natural vegetation the colonization of the artificial
plants tock place at least one month earlier, The bottom fauna is partly consti-
tuted of animals living on detritus irn the shaliew part. The animals living in

the deeper parts of the lake are less influenced by the season.

In Table 2 the numbers of species within taxa of different levels is given
per method of sampling and as total numbers as well. A number of species was
captured once or a few times and in very low numbers. This was due to the sam-
pling methods enabling quick-swimming organisms to escape. For some of these
species the unsuitability of the sampled substrates must have been another fac-
tor. The caddis larva Anabolia nervosa for example can be found at the stony
shore where the water is turbulent and rich in oxygen. The species has been
found only once in the bottom samples and none were observed in the natural veg-
etation or on the artificial plants. Ancother caddis larva however, Mystacides
longicornis, was found in most samples. We present the numbers per sampling
method in the months of collecticn in Table 3. This speciles was encountered in
the littoral with a frequency of 70% out of 37 samples. The increase in numbers
during the season is beautifully demonstrated here. As the flight period of
this species is from June-September, the high numbers in autumn constitute the

next years generation,

The most numerous organisms in the littoral vegetation were by all means the
snail Potamopyrgus Jenkingii, the bivalve Dreissena polymorpha and larvae of the
chironomid Endochironomus albipernis. The latter species did not occur in the

bottom fauna samples, but the numbers on artificial plants were very high. From
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Table 4 the enormous numbers of individuals found can be read, It is evident
that the above mentioned organisms constitute a very important part of the food
chain in the littoral. As for Dreissena there is a direct line to birds such as

coots and ducks.

The bottom fauna samplings demonstrate the relation between the occurrence
of organisms and depth. In Fig. 2 we plotted the number of species (total, arith-
matic mean) of the bottom fauna for each sampled depth, There is a sharp bend in
the curve around 10 m of depth. At this depth the maximal extension of the lit-
toral vegetation is reached. Moreover, the metalimnion is formed at a depth of
8 (June) to 11 m (Autumn). The bottom samples in the epilimnion contain quite a
number of species that populate the detritus., Therefore numbers increase after
June as can be seen in Fig. 3. In the hypolimnicn seasonal influence on the spe-
cies composition can hardly be discerned. The numbers of specimens may increase
during the year, just as is found in the natural and artificial vegetation (for
example the molluscs in Table %), However, this does not hold for all species.
In Fig. 4a the numbers of specimens of tubificid worms (bottom samples) with
hair chaetae are given. These organisms are characteristic for the bottom fauna.
Their numbers are not influenced by the "autumn growth" effect, On the other
hand the Tubificidae without hair chaetae (Fig. 4b) show an increase in numbers
from June tec October and a decrease in December on their preferred depth of 16
m. So there is a remarkable difference irn distribution between these two groups
of worms., It is suggested that the Tubificidae with hair chaetae are adapted to
the weak mud in the deeper parts of the lake, where those without hair chaetae
sink down into the mud. Such distributicn patterns in relation to the depth
have been analyzed for all species. A clear vertical distribution in the bioce-
noses is apparent. The three different sampling methods have proved to supply

each other perfectly.

Most species belong to a group with a distribution pattern that can be des-
cribed as decreasing in numbers from surface to deeper parts, either in gradu-
ally diminishing numbers or according to a steep curve. In other groups stable
numbers zare present until a depth of & m or even 11 m is reached before the de-
crease starts. Apart from these patterns sometimes an increase in numbers with
progressing depth can be cbserved (Fig. d4a). Alsc a maximal number at a certain
depth, for instance at 16 m can be present (Fig. ub).

Additional information is derived from cluster analysis. On the basis of the
quantitative species composition all samples have been compared. These data are
being worked up at the moment. The first results seem most promising. Comparing

2ll samples of the three methods a division in four clusters was obtained. The
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main division shows two clusters, one consisting of bottom samples from 9 m and
deeper including the artificial plants at the 16 m depth, and cne of the vegeta-
tion samples together with the 'shallow water'" samples from bottom and artifi-
cial plants. In this last category a seascral influence dominates the further

division.

Some general conclusions

The littoral vegetation starts its development cnly in June and reaches its
richest expansion in autumn. By that time the organic debris from these plants
start to play an important role for detritivorous organisms. The quantitative
development of the fauna in the littcoral is highest in autumn and early winter.
The bettom fauna in the hypolimnetic parts of the lake is less dependent on the
season. The experiments with artificial plants have shown that most species are
present at the time when nc littoral vegetation can be observed. The absence of
substrate in the form of vegetation with epiphyton as a major food resocurce

keeps the numbers low in spring and early summer.

Acknowledgements

The data for this contribution have been gathered by Addie Koman and Corinne
van Bemmel and in particular by Ad Mol, Michiel Schreyer and Paul Vertegaal. I

am greatly indebted for their information and collaboration.



Table 1. Numbers of specles and specimens in different months.
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1978 May | June | July | Aug. | Sept.|Oct. | Nov. | Dec.
Natural vegetation
number of species U6 61 87 107
number of specimens/230 ml 80 648 2231 | 3136
idem without Dretssena 55 600 868 | 1031
Artificial plants {species) 42 74 87 80
Bottom (species) L5 8% 75 89
Table 2. Numbers of species in total and per method.
total nat. veg. | artific. bottom
SPONGILLIDAE 1 1 - -
HYDROZOA Y 4 4 -
BRYOZ0A 2 2 - 1
OLIGOCHAETA
Naididae 10 9 5 Uy
Tubificidae 1 g 1 12
Lumbriculidae 1 - - 1
TURBELLARIA 5) 3 ) 2
HIRUDINEA 7 5 5 6
NEMERTINI 1 1 1 -
GASTROPQDA + Dretissena 18 10 14 12
LAMELLIBRANCHIATA
Pisidium 1 2 8
CRUSTACAEA y 4 3 2
HYDROCARINA 33 27 20 24
INSECTA
Ephemeroptera 6 6 5 3
Odonata 2 1 1 1
Hemiptera 1 - 1 1
Megaloptera 1 - 1 1
Neuroptera 1 - 1 -
Trichoptera 16 11 11 10
Lepidoptera 3 3 1 1
Coleoptera 4 3 2 1
Chironcmidae 35 30 27 28
2 1 1 2

other Diptera




Table 3. Numbers of Mystacides longicormis.
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1978 May June | July | Aug. | Sept.| Oct. | Nov.| Dec.
Natural vegetation (N/230 ml) 1.89 1.9 119 39
Artificial plants (N/plant) 22.71 5.3 20,5 | 42
Bottom (N/grab) 2.2 1.9 5.5 13.2
Table 4. Numbers of the most abundant species of macro crganisms.
1978 May | June | July | Aug. | Sept.|Oct. | Nov. |Dec.
Potamopyrgus jenkinsii
Nat. veg. (N/230 ml) 26,4 | 9.3 70,4 | 284 .4
Art. pl. (N/plant) 13.3) 11.8 39.5 [ 25.8
Botteom (N/grab) 6.4 | 29,5 32.2 120.6
Dreissena polymorpha
Nat. veg. (N/230 ml) 4.2 3 1a4cy | 2105
Art. pl. (N/plant) 6.71 21 1562 [ 2695
Bottom (N/grab) 9.3 |22.2 85.5 175
Endochironomus albipernis
Nat. veg. (N/230 ml) 1.9 | 554 9.4 [ 10.2
Art, pl. (N/plant) 37 6.5 73.1 |41y
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Fig. 1. Position of artificial plants with nets,
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4b. Idem of Tubificidae without hair chaetae,






INTERRELATIONS BETWEEN MACRO- AND MICROFAUNA IN THE LITTCORAL ZONE

C. Davids

Introduction

My contribution tc the present report consists of a description of a number
of small-scale investigations that could not have been realized but for the ef-
forts of our technical assistants and students during the past two years,

These investigations, together with others to be carried out in future years
will ultimately lead us to the understanding of the ecological factoers that de-
termine the appearance of exactly that combination of animal species, now pre-
sent in the littoral zone of Lake Maarsseveen I,

In the initial phase of such a field of research, inventories, studies on
species distribution according to depth and on the fluctuaticns in numbers in
time will be predominant. The preliminary contribution by DAVIDS and WEGENER
SLEESWIJK, an inventory of the testaceans in the lake, is also to be considered
as a part of the description of the structure of the littcral zone.

In order to obtain the above mentioned purpose, a good deal of research in-
tc autecological and population-dynamical problems is needed.

Among the macrofauna, the mest important taxonomic groups studied now are the
chironomids (viz, contribution by DAVIDS, KOUWETS and SCHREYER) and the water
mites (viz. contribution by DAVIDS, DE GROOT andé MOL). Among the microfauna, the
following groups can be mentioned: Cladocera, Copepoda and Ostraceda. A contri-
bution on the Ostracoda is shortly te be published (SLUYS, Hydrobiol.Bull., in
press).

It seems that the water mites make up the most important group of predators
in Lake Maarsseveen I, together with scme species of chironomids and copepods.
Their preys probably consist of representatives of almest all taxonomic groups.

Items that will be studied, both in the field and in the laboratory, are
predator-prey relations, dynamics of populations, parasitic relations (between
water mite larvae and insects), interspecific competition and annual cycles of
species. Results are to be translated toward the situaticns in the field, A stu-
dy by DAVIDS, HEYNIS and WEEKENSTROO (Hydrobiocl.Rull,, in preparation) can be
regarded as a first step in the realization of this program.

In order to obtain a correct estimation of the results of these studies, it
will sometimes be necessary to compare data from Lake Maarsseveen I with those

from other lakes, a.c. Lake Maarsseveen II.
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Moreover, the mutual exchange of organic and anorganic material between the pe-
lagial and littoral zones in Lake Maarsseveen I must be considered, Apart from
the natural sedimentation, also filter feeders will deposit a fair amount of
organic material. It is, for instance, well-knocwn that more chircnomid larvae
cccur between banks of the bivalve Dreissena polymorpha than on localities

where these banks are lacking. The contribution by DAVIDS and TEN WINKEL deals
with the part played by D. polymorpha in the development of the layer of bottom-

sediment,
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TESTACEANS (RHIZOPCDA, TESTACEA) FROM THE BOTTCM SEDIMENTS OF
LAKE MAARSSEVEEN T AND IT,.

C. Davids and Corien VWegener Sleeswiik

Presented are the results of a preliminary study on the compariscn of the
testacean associations in the two Maarsseveen lakes. The samples were taken on
comparable depths in the two lakes, viz.:

a, Beyond the emerged vegetation (1 m), D. Beyond the zone of vegetation {sub-
littoral), lake I 8 m; lake II 5 m. c. Below the thermocline, lake I 12 m; lake
II 10 m. d. In the deeper part of the predundal, lzke I 20 mj lake II 15 m.
Scuba divers collected 3 litres of the superficial mud layer on each of the in-
dicated depths. The cecllecting hottles had an extra opening to let the air es-
cape out of the bottle, so water and mud could enter smoothly. The sampling
date for Lake I was July 30th 1979 and for Lake II August 6th 1979,

Each sample was concentrated by sieving through a net with meshes of 30 um. The
samples were stored for one or two days in bottles., In this period the mud had
deposited and the testaceans had congregated in the superficial mud layer. By
pipetting off this layer cne can collect most of the amcebae from the original
3 litres sample.

The material was preserved and from each depth 50 specimens were counted. For
this purpose the testaceans in one drop were counted under the microscope and
next we examined as many drops as necessary in order to find the desired 50
specimens. Mostly we needed 20 drops (5-52) to complete this number. The data
are gsummarized in Table 1.

It was not always possible to identify to the species level, so a part of
the testaceans has been identified to the genus. The following remarks can be
made concerning the various species found,

Especially on the depth of 20 m in Lake I we found specimens very close to Dif-
flugia amphora Leidy, but we are not quite sure.

Arcella rotundate var. aplenata Defl. is mentioned once for the dutch fauna by
A.G. Vorstman (1956} in a Meyendel report.

Among specimens belonging tc the genus Centropyxis, we were able to identify a
number as Centropyxis aculeata Fhr,: but since these identifications combined
with the counting method are very difficult, we are not sure of the exact num-
bers,

Once we found (. delicatula Pen.; pecssibly more specimens collected belong to

this species. For these reasons we tabulated all the Centropyris specimens to-
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gether. Once we found Euglypha aspera Pen.; the specimen was so similar to the
description of Penard that we are sure of our identificatioen. The species is

new to the dutch fauna. Cyphoderia trochus Pen., a very rare species of the
duteh fauna, was found once by DE GROOT {personal communication}. Campascus mi-
nutus Pen. is new to the dutch fauna,

Comparing the samples from Lake II we see a great similarity between the re-
sults of the several depths, while in Lake I differences exist between the as-
sociations of 8 and 12 m on one hand and 1 and 20 m on the other. The latter

two are comparable with the results of Lake II.

The area around the thermocline (8 m and 12 m) in Lake I is characteristic be-
cause of the presence of rather large quantities of Corythion, Cyphoderia and
Campaseus. Minor differences between Lake I and II are the presence of larger
numbers of Difflugia oblonga and Fuglypha laevis in Lake II than in Lake I,

In Lake I we found 22 species belonging to 10 genera and in Lake II 17 sgpecies
belonging to 6 genera.

When comparing the species composition of the two lakes and considering the fact
that different distribution areas for testaceans can be distinguished in Lake I,
we conclude that Lake II is more polluted than Lake I. This is in agreement with
cther studies,

There are only a few data from other deep'lakes. PENARD (1905 and previous pa-
pers) collected from depths of 20 up till 50 m especially in Lac Léman, ETEPA-
NEK (1968} ccllected in the Bodensee 653 specimens from 4 up till 251 m (12-73
specimens per depth). Both authors found Difflugia on any depth in similar num-
bers, just as we did. We found much larger numbers of Arceillaq than were found

in the Bodensee, Arcella and Centropyxis were not found in Lac Léman. Just like
STEPANEX we did not find Centropyrts in the deeper parts of the lake (this ge-
nus being most abundant above the thermocline), There is agreement concerning
the numbers of Euglypha between Lake I and the Bodensee. In Lake II Fuglypha is
mere abundant than ir the lakes just mentioned. Also concerning the distribu-
tion of Cyphoderia similarity exists between Lake I and the Bodensee. STEPANEK

found Cyphoderia between 10 and 30 m, we did so between 8 and 20 m,
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Table I. The testaceans with their numbers collected on different depths of the

Lakes Maarsseveen I and II.

Lake I Lake II
depth Im]8m(l2 mi20 m 1 m|5mii0 milom
leflugta acuminata Ehr. : 1 1 1 1 1 1
eorona Wallich 2 1 1 1
" elegang Pen. 1 1
" gramern Pen, 4 1 1 2 1 2 2
" lobostoma Leidy 2 1 2 1 1 3 5
" obilonga Thr. 1 2 2 7 118 |13 | 14
" sSpp. 10 2 6 17 10 uy 3 Y
Lesquereusia modesta Rhumbler 1
Arecella conica Defl, 1 1
n discoides Ehr. 1 3 2 3 3 3
" gtbbosa Pen. 2 3 1 2 L 2 3
" hemisphaerica Perty 5 3 |10 9 1 8 5
" rotundata var. aplanata 1 2
Defl.
" vulgaris Ehr, 1 p; 1
" SpD. 3 3 2 2 2 1 1 3
Centropyxis spp. 19 1 2 11 | 12 6 1
Cryptedi fflugia cviformis Pen. 3 2 1
Euglypha aspera Pen, _ 1
laevis (Ehr,) 1 1 2 7 4 7 3
Trinema enchelys (Fhr.) 1 1
Corythion cf. dubium Tarének 13
" pulchellum Pen. 1 1
Cyphoderia ampulla (Thr.) 20 9 1
" laevie Pen. a
" trochus Pen. 1
Campaseus minutus Pen, L
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CHIRCNOMIDS (CHIRONOMIDAE, DIPTERA) FROM LAKE MAARSSEVEEN I

C. Davids, F. Kcuwets and M. Schreyer

Chironomids occur in large numbers In the benthic zone of Lake Maarsseveen
I and play an important part in the food-web within the lake. Moreover there
are several relationships between chironomids and water mites, The larvae of
the majority of the water mite species from Lake Maarsseveen I are parasitic on
chironomids. Besides this, the adult stages of several mite species are preda-
cious on chironomid larvae. For these reasons it is worthwhile teo study the
chironomid assoclations of Lake Maarsseveen I, the abundance of the separate
species and their bionomics.

In 1978 the third author (M. Schréyer) collected and identified the chiro-
nomid larvae that were sampled on different subs*trates. The imagines were col-

lected and identified in 19789 by the second author (F., Kouwets).

Chircnomid larvae

This investigation is a part of the general survey of the macrofauna in
Lake I, presented in this volume separately by HIGLER. HIGLER alsc describes
the sampling methods, which include the use of artificial plants.

Apart from in Lake I, samples were also taken in the peat bog area near
Lake Maarsseveen T.

The results of the sampling on the various substrates have been presented
in Table 1. Identification of the specimens is based mainly on the monography

of Moller Pillot (1978-1979).

Imagines

The imagines were collected by sweeping a net along the vegetaticn and the
shrubs arcund the fileld staticn. One of the disadvantages of this method is
that we are not sure whether or not all the specimens originate from the lake,
but for certain reasons we did not use floating cages for collecting purpcses.

On every fortnight, from May up till October 1979, we collected several
hundreds of chironemids. The total number of collected specimens was 12,292,
These were anaesthesized by means of aethylacetate and subsequently preserved
in alcohol 70%. A list of species is presented in Table 2,

Chironomids harbouring water mite larvae were observed for the first time

in the end of May, and were from then on continuously found until the end of
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the sampling period. The identification of these parasitizing water mite larvae
has not yet heen completed,

Once in the night of July 3th 1979 collecting was done by means of a light
trap. On this cccasion, the chirconomids that alighted on the screen behind the
light were collected separately from those that gathered round the lamp and were
caught by the sweep-net. The results of these catches were compared with the one
cbtained on the previcus day by means of the regular sampling method.

During the day 678 chironomid specimens were caught, belonging to 45 species. At
night we collected from the screen 453 specimens, belonging tc 28 species, In

this sample especially females of Cricotopus sylvestris were abundant (131 speci-
mens). From the air round the lamp we collected 911 specimens belonging to 29
specles., Also this sample ccntained many (103) females of C. sylvestris, but

even more females of Procladeus choreus (106) and of Phaenospectra flavipes {118).
The latter two species therefore are strongly attracted by the light, but do net
alight on the screen. The number of chironomids caught in the daytime has been
included in Table 2.

Special remarks on the larvae (see Table 1).

The species Pogonoeladius consobrinus, Potthastia longimana, Parakieffertel-
la bathophila have their main distribution arez in alpine arnd subalpine lakes in
Scandinavia and Austria. Potthastia longimana occurs alse in the so-called
"Eifelmaaren" in western Germany (BRUNDIN, 1949; THIENEMANN, 1854), Very little
is known on the distribution ecology of Pogonocladius consobrinus. The main dis-
tribution area should be northern Europe {MOLLER PILLOT pers. comm.). BRUNDIN
(1949) has found the species in lakes in eastern Greenland.

DPotthastia longimana is a species that prefers small ,well aerated and swiftly
flowing waters and also highly oxygenated parts of lakes (THIENEMANN, 1954).
Parakiefferiella bathophila is a common species of subarctic lakes in Lapland,
it is much less common in central Eurcpe.

The group of the Tanytarsini as well as the species belonging to the genus
Chironiomug often constitute a rather large part of the benthal fauna of lakes.
We obtained indications (see Table 1) that in Lake I the Tanytarsini in general
mainly inhabit the sandy soil of the littoral zone, Chironomus species inhabit
the prefundal zone from a depth of 16 up to 30 m. Tanytarsini and Chironomus
spp. are often found to compete in lakes where the groups cccur together (THIE-
NEMANN, 1854}, The data shown in Table 3 alsc seem to indicate this.

It appears further from Table 1 that several species mainly inhabit the sub-

mergent vegetation and are all but absent from bottom samples. Many species of
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the Orthocladiinae are mining species, which accounts for their presence in the
natural submergent vegetaticn., When compared with non-mining species they occur
in low numbers. Filterfeeders make use of the submerse vegetation exclusively
as a substrate. This is illustrated by the fact that species belonging to this
group also occur in large numbers on the artificial plants. This is shown for
Endochironomus albipennis and Glyptotendipes spp., and to a lesser extent for
Microtendipes group chloris,

Something more can be said about the identity of the specimens belonging to
Microtendipes gr. chloris, On Fig. 1A the distribution of larval length in the
course of the year is shown, When comparing this diagram with the data on the
relative abundance of the imagines of M, pedellus (Fig. 1B) (in percentages of
the total numbers of specimens per sample) we can draw the following prelimi-
nary conclusions: 1, that the larvae most probably belong to the species M. pe-
dellug; 2. that this species has two generations per year. According to the
datz of Moller Pillot (1978-1879) M. pedellus is on the wing between early May
and the second half of October, with peaks in July and in September. In our

data these maxima appear in August and October,

Special remarks on the imagines (see Table 2).

Camptocladius stercorariug, Pseudorthocladius filiformis and Smittia spp.
have terrestrial larvae. Limnophyes globifer, Metriccnerus atratulus, M. tris-
tellug and Paraphaenocladius impensus possibly have terrestrial larvae or larvae
that live in the border area between land and water. The bi-monthly percentages
of Procladius choreus among the samples remalned stationary during the whole
period. 59 (15%) male specimens were infested with water mite larvae.

The relative abundance of Ablabeertyia monilis in the samples showed also very
little variation with the exception of the sample of 14th August when the num-
ber of specimens was very low.

Krenopelopia nigropunctata and Zavrelimyia melarura are known to occur in
springs (MOLLER PILLOT, 1978-1979}., The latter species is new for the Dutch
fauna.

Cricotopus spp. were collected especially from the middle of June up till the
middle of July.

Chironomus anthracinus was very commern in the beginning of May (70% of the sam-
ple),in July-August the species appeared again but in much smaller numbers than
in May. Chironomus cingulatus was especiizlly collected in the beginning of July.
C. plumosus has been found throughout the sampling pericd. The larvae of Demeye-
rea rufipes and Xenochirovmomus xenolabis live in freshwater sponges. Endochiro-

nomus tendens was especially collected in August, and Glyptotendipes paripes
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and Limnochironomus lobiger wainly occurred in June.

Limmochironomus wnervosus and L. tritomus are difficult to distinguish from each
other. These species were infested rather fregquently with water mite larvae.
Microtendipes chlorus was only collected in May. M. pedellus was common through-
out the ccllecting period (in August up to u4C% in the samples, see Fig. 1A and B
and comments above). The mean infestation rate by water mite larvae was 7% of
the 117¢ d¢ collected.

Parachironomus arcuatus cccurred throughout the collecting period, especially in
June. P. e¢inctellus is new for the Dutch fauna (LEEMANN, 1970). The larva of Pa-
rachironomus sp. 1 (see Table 1) possibly belongs to P, einctellus.
Stictochironomus sticticus made up 40% of the sample taken in the end of May,
but in the other samples the species was present only incidentally.

Tribelos intextus was found in the largest numbers in the second half of May.
The largest numbers of Tanytarsus bathophilee were found in May and in July-
August. A high infestation rate by mites was found in the second half of the sum-
mer (up to 40%}., T. lestagei was especially found at the end of the summer sea-
son. The infestation rate by mites was very high (up to 70%). The species occurs

in lakes with a cemplete 0y saturation (REISS & FITTKAU, 1971),
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Table 1, List of collected larvae of chironomids on different substrates in Lake
Mazrsseveen I and in the peat bog area. Numbers indicate percentages.
+ less than 0.5%; *not collected as imago (see Table 2).

Substrate
Species artifi- bottom natural peat bog
clal vegeta- area
plants tion
TANYPODINAE
Coeletanypodini
Clinotanypus nervesus +
Macropelopiini
Procladius sp. 2 1 +
Pentaneurini
Ablabesmyia longistyla™ + + +
Ablabesmyia monilis/A. phatta 3 + + U
Guttipelopia guttipennis* +
CRTHOCLADIINAE
Ortheocladiini
Cricotopus sp. + + 2 7
Microcricotopus bicolor + + 1
Pogonoeladius consobrinus® 1
Potthastia longimana™ + + +
Prodiamesa olivacea +

—
=
+

Psectrocladius ex gr. dilatatus®*

Psectrocladius sirulans™ 1 + 1 +
Pgectrocladius ex gr. psilopterus 2 + 2 +

Metriocnemini
Corynoneura sp. + + + +
Parakrefferiella bathophila ¢ + 1 +

CHIRONOMINAL

Chironomini
Chironomue ex gr. plumosus + 2 +
Chironomus ex gr. thwmmi s.l. 19 28 + 1
Cryptechironomus sp.* 1 € 1 +
Cryptocladopelma ex gr. laccophila® +
Cryptotendipes sp. + 1 +
Demicryptochironomis vulneratus 1 2 +
Limmochironomis ex gr. lobiger + 2 1
Limochironomus ex gr. nervosus + 5 1 2
Limnochironomus ex gr. tritomus ) 1 3 2
Endochironomus albipernis 31 1 56 23
Endochironocmis tendens 1
Glyptotendipes cf. caulicola* 4
Glyptotendipes sp.l 3 + 1 22
Harnischia sp. 2 +
Microtendipes ex gr. chloris 24 15 18 9
Parachironomus ex gr. arcuatus 2 + 4 2
Parachironomus sp.l 1 + +
Fhaenopsectra sp. + + 2 +
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Table 1. (Continued)

Substrate
Species artifi- bhottom natural peat bog
cial vegeta~ area
plants tion
Polypedilum ex gr. bicrenatum 1 2 1 +
Polypedilum ex gr. nubeculosum 1 7 + +
Polypedilum ex gr. sordens + + + 10
Stictochironomis sp. 8 + +
Tribelos intextus + 4 + 2
Xenochironomus xenolabis +
Zavreliella marmorata™ +
Tanytarsini
Cladotanytarsus sp. 1 3 1 +
Pargtonytarsus sp. + 1 +
Tanytarsus sp. 2 2 2 1

100% 100% 100% 100%

Total number cf specimens 4408 3978 Lu4B0 3897



Table 2. List of chircnomid imagines collected Ly sweep-net arcund the field sta-
tion at Lake Maarsseveen I from May till October 1979. The total number
of chironomids was 12 292, *rather common, ** common, *** very common
(more than 1%, 5% and 10% of the total amount respectively). The nomen-
clature is after Pinder (1978), except for Tribelos intextus where Mol-
ler Pillet (1978-1979) is followed.

TANYPODINAE

Coelotanypodini
Clinotanypus nervosus (Meigen)
Macropelopiini
**Procladius choreus (Meigen)
P. gimplicigtylus Freeman
Psilotanypus lugens (Kieffer)
F. ruforittatus (van der Wulp)
Pentaneurini
*Ablabesmyia monilis (L.)
A. phatta (Eggert)
Krenopelopia nigropunctata (Staeger)
Zarrelimyia melanura (Melgen)
Z. spec, 1
Tanypodini
Tanypus punctipermis Meigen

CRTHOCLADIINAE

Orthocladiini
Cricotopus (Cricotopus) albiforceps {Kieffer)
C. (C.) festivellus (Kieffer)
C. {C.) flavoeinetus (Kieffer)
*Cricotopus (Isocladius) intersectus (Staeger)
. (I,) sylveetrig (Fabricius)
Microcricotopus bicolor (Zetterstedt)
Paratrichocladiue rufiventris (Meigen)
Pgectrocladius sordidellus (Zetterstedt)
Metricenemini
Camptocladius stercorarius (Degeer)
Corynoneura edwardst Brundin
Limmophyes globifer Brundin
Metriocremus atratulus (Zetterstedt)
M, trigtellus Edwards
Parakiefferiella bathophila (Kieffer)
Paraphaenccladius impensus (Walker)
Paratrissocladius spec., 1
Pseudorthocladius filiformis (Kieffer)
Smittia leucopogon (Meigen)
S. pratorwm (Goetghebuer)

CHIRONOMINAE

Chironomini
Camptochironomus pallidivittatus (Malloch)
**Chironomus anthracinus Zetterstedt
*C. eingulatus Meigen
C. luridus Strenzke
C. obtusidens Goetghebuer
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Table 2. {(Continued)

*C. plumosue (L.)

C. ripariue Meigen

Cryptochironomus spec. 1

£, spec. 2

Cryptocladopelma virescens (Meigen)

C. viridula (L.)

Cryptotendipes spec. 1

Demeijerea rufipes (L.)
Demieryptochironomis vulneratus (Zetterstedt)
Einfeldia dissidens (Walker)

E. longipes (Staeger)

E. pagana (Meigen}

Endochironomus impar (Walker)}

E. lepidus (Meigen)
*E. tendens (Fabricius)

Glyptotendipes cf. mancunianus (Edwards)
G. pallens (Meigen)

*G. paripes {Edwards)

Harmischia curtilamellata (Malloch)
Kiefferulue tendipediformis (Goetghebuer)
Leptochironomua tener (Kieffer)
Limmochironomus lobiger (Kieffer)

L. nervosus (Staeger)

L. notatus {Meigen)
*L. pulsus (Walker)

L. tritomus (Kieffer)
*Microtendipes chloris (Meigen)
*se), pedellus (Degeer)

*Parachironomus armatus Goetghebuer

P, cinetellus Goetghebuer

P, digitalis (Edwards)

P. frequens Malloch

P. monochromus (van der Wulp)

P. parilis (Walker)

D. terutcaudatus (Malloch)
Pentapedilum sordens (van der Wulp)
*Phaencpgectra flavipes (Meigen)
Polypedilum cultellatum Goetghebuer

P, nubeculosum (Meigen)

P. scalaenum (Schrank)

P, spec, 1

Stenocchironomus gibbus (Fabricius)

*esStictochironomue stieticus (Fabricius)
*Tribelos intextus (Walker)
Xenochirovomie xenolabis (Kieffer)
Tanytarsini

Cladotanytarsus nigrovittatus Coetghebuer
Paratanytarsus laetipes (7Zetterstedt)
P. tenuis {Meigen)
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Table 2. (Continued)

Stempelling bauseil (Kieffer)
** Tanytarsus bathophilus Kieffer
T. eminulus (Walker)

7. exeavatus Edwards

T. gregarius Kieffer

T. holochlorig Edwards

T. inaequalis Goetghebuer
7. lestagei Goetghebuer
7. pallidicornis (Walker)
T. usmaensis Pagast

T. verralli Goetghebuer
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Table 3. Chironomis spp. and Tanytarsini: numbers collected by

bottom sampler on different depths in Lake Maarsseveen I,

Depth

Chironomis spp. 80 22 24 | 127 | 297 | 301 | 2u8

Tanytarsini 103 | 139 9 b 5 7 1




-257-

¢ 149 Microtendipes pedellus A
£ -
£ 12
]
R
>
& 10 p I | q
5
i = g - {
© J
- Ll -

o1 |

1 L Oor |

- |
2 4 100%
0 T | T ~—T T T T
may june july aug. sept. oct. nov. dec.
50 o B
%
30 _
10 4 H ﬂ
1 . !—l . 1 T T T
may june july aug. sept. oct. nov. dec.

Fig. 1 A. lLength freguency distribution of M, pedellus larvae on different
sampling dates in 1978.
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by sweep-net during summer 197¢.






THE WATER MITE FAUNA OF LAKE MAARSSEVEEN I

C. Davids, Ch. de Groot and 4. Mol

Introduction

Water mites are cur main field of study. Important subjects are for in-
stance their role in the food web and the parasitic relationships of the lar=~
vae with insects,

It is necessary that our first object of research will be the species associa-

tions, the distribution in the lake and the abundance of the different species,

Once possessing such basic knowledge we can plan our further studies.

The following collecticn methods have been used.

a. Collecting by dip net aleng the shores.

b. Ccllecting by dip net, handled by scuba divers, in the littoral zcne.

¢c. Collecting whole plants from various depths which were brought to the sur-
face surrounded by nets. Natural as well as artificial vegetation was sam-
pled this way.

d. Collecting by bottom sampler.

e, Collecting stones by dip net in exposed areas.

f. Collecting by underwater light traps in the littoral and profundal zcnes.

The metheds mentioned sub ¢, d and e have been applied by the third author (A.

MOL). They are described in detail in the contribution of HIGLER elsewhere in

this volume.

The light trap used by us (DAVIDS and DE GROOT) is 30 cm in diameter and 15 em

in height. It consists of four plexiglass funnels placed in a circle. The open-

ing in each funnel is z square with sides of 1 cm, It is constructed in such a

way that no light can escape upwards. In the centre of the trap is placed a

chemoluminescent light source. It consists of a sealed outer polyethylene tube

containing a liquid reagent and a tubular glass ampcule containing a second

liquid reagent. It is activated by flexing the polyethylene cylinder to break

the glass ampoule, allowing the two reagents toc mix. The tube is then shaken

vigourously, and the chemoluminescent reacticn Is almost instantaneous. The

emission spectrum for the light source shows that the highest intensity is at

a wave-length of 516 nm. About 50% of the total emission lies between 480 nm

and 548 nm ("green") (see BARR, 137¢), This author provides more practical de-

tails a.0. on the correlation between the temperature and the intensity and on

the decay in intensity of the light scurce,
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The species of water mites of the two lakes compared

In 1977, we carried out some pilet sampling in the Lakes Maarsseveen I and
1I. This was done five times by dip net, in the period April-August and one time
(August) by light trap. By these methods, we collected 30 species in Lake I and
19 species in Lake IT during 1977, from which we concluded that the richer water
mite fauna is present in Lake I. In 1978 we collected mainly by light trap and
incidentally by scuba diving, exclusively in Lake I. In 1979 we did the same but
results of this year are not yet available, apart from some incidental data
which are included in Table 1. The general list of species in Lake I consists of
all available data of these three years,

From the results of 1977, it became evident that the following species are
very common in Lake II: Hydrodroma despiciens (640 collected specimens, against
8 specimens from Lake 1), Piona coceinea coceinea, P. stjoerdalensis and Unioni-
cola crassipes. Of these the two Piona species are very rare in Lake I, while
U. erassipes is very common in both lakes. Characteristic among the list of spe-
cies from Lake T (Table 1) are hoth species from deep lakes (Arrenurus nobilis,
Plona paucipora, P. coccinea irmminuta) and species common in lowland streams
and unpelluted waters (Hygrobates trigonicus, Piona longipalpis) (see alsc DA-
VIDS, 1879), Pilona pusilla disjuneta, a new (sub)species for the Dutch fauna,
was hithertc only known from a lake in Pomerania (VIETS, 1930). For another num-
ber of species (Piona paucipora, Arrenurus biscissus and A. nobilis) Lake Maars-
seveen I is the only known finding-place in the Netherlands (DAVIDS, 1979),

Table 2 and 3 give indicatiens about the abundance ¢f the different species.
Tt appears from these multiple data that -a number of mite species occurs very
frequently in Lake I. One of these dominant species is Unionicola ecrassipes,
which together with U, minor forms the group of the so-called sponge-mites, be-
cause they have an obligatory relationship with freshwater sponges (Spongilli-
dae}. The eggs are laid in the sponge tissue and alsc the transformation stages
(proto- and tritonymph) need the sponge so the mites do emerge from and re-en-
ter the sponge during deutonymphal and adult stages.

It has become apparent to us that U, crassipes is present throughout the lake in
large numbers. On the other hand, the distribution of the freshwater sponges is
by no means uniform, as has been observed by scuba diving and by other means.

In 1978, Spongilla lacustris completely covered the gauze partition of the swim-
ming pool, the wooden palisade in the yachting-harbour and the mocrings of the
working platform; on the latter it occurred up to a depth of about 10 m. Also,
the sponge Ephydatia fluviatiiis was found in large quantities (about 25% of the

total sponge mass) in the harbour. Contrary to cur chservations of 1978 we found
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in 1879 a fair amount of 5. lacustris alsc on dead reed-stems and dead branches
near the ditch connecting the lake with the peat-bog area. Anyway, for the mo-
ment we must assume that the mites, after leaving the sponges, will swarm over

the whole areaz of the lake.

Distribution of the species in depth

The purpose we had when using light traps in 1978 was twofold:

a. tc establish on what depth the various species occur,
b. to cbtain information on the rate in which water mites leave the bottom, in

other words to find out which species appear regularly in the pelagizl zone,
During 7 nights between May 1lst and the end of October we used the underwater
light trap on various depths. Each night the trap was placed on the bottom on
5 different depths along an imaginary line perpendicular to the shore. The trap
remained during 30 minutes on each depth. The total catching pericd of three
hours and 30 minutes mentioned in Table 2 is the sum of units of 30 minutes
catching time during these seven nights,
The data presented in Table 2 need little further comment., By far the largest
numbers of species and specimens in the 4th column {deeper than 10 m) were
found between 10 and 12 m. The specles found deepest was Unionicola crassipes
(27 m). Our list of species (Table 1) and of species distribution in depth
(Table 2) show a great similarity with data given by VIETS (1924 and 1330) for
the lakes in northern Germany and by KOWALIK (1977) for a deep lake in Poland.
When the catching results by light trap (Table 2) and by dip net are compared
it is evident that several species that were numerous in the net were not at-
tracted by the light (see alsc Table 3). This holds true for Arrenurus albator,
Brachypoda versicolor, Hygrobates longipalpis and Piona longipalpis. On the
other hand, it is likely that Mideopeis orbicularis is restricted to the bottom
to such an extent, that this species is hardly caught by dip net (see also
Table 3), but it is found in the light trap in large numbers.
Since the various mite species apparently differ in their reactions tc the
light, cne must consider the data on the vertical distribution for each spe-
cies separately. A comparisen between the species would be incorrect, as long
as the intensities of the reactions to the light for the different species are
unknown.
The number of species present decreases with increasing depth (Table 2). This
is also shown in Fig. 1, that represents the data obtained by the 3rd author
with other collecting methods. The figure suggests that the artificial vegeta-

tion arttracts meore water mites and offers them sufficient shelter, with the re-
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sult that more specimens remain in deeper layers than would do sc without this
substrate. This seems to be a plausible explanation of the differences found on
greater depth between the results of ccllecting by means of bottom sampler and
of artificial vegetation, beside the fact that these sampling methods are fun-

damentally different.

The occurrence of water mite in the pelagial zone

This preblem was investigated by using twe light traps simultaneously, one
of which rested on the bhottom and the other floated at a vertical distance of
0.75 to 3.0C m straight zbove the first one. The number of specimens caught in
the floating traps was only a fraction of that caught in the traps con the bot-
tom (107 against 2413 specimens). These specimens belong mainly to a few species,
that are regarded as good swimmers, viz, Forelia variegator (8 in floating trap,
against 93 in bottom trap), Plona spp. (46 against 63%), Unionicela spp. (27
against 538). By contrast, conly one specimen was found in floating traps of the
species Arrenurus crassicaudatus and Mideopsis orbicularis, of which respective-
ly 242 and 308 were caught on the bottom. Species belonging to the first catego-
ry, although clearly bound to the bottom or the substrate are able to leave this
zene incidentally. The second group coneists of species that are strictly con-
fined to the bottom,

The statements presented above are corroborated by observations on the behaviour
of Arrenurus, Plona and Unionicola species in aquaria, that are discussed else-

where in this volume.

Distribution according to habitat

In Table 3 the data, obtained by the collecting methods ¢, d and e (see above)
are shown. Sampling amcng the natural vegetaticn was also partly done by scuba
divers. This was carried out in the following zcnes: among the reeds up to 1 mjy
on sandy soil, Flodea and Chara 1 to 1.50 m; on Potamogetor 1.50 to 3 m; on dense
Flodea and Chara vegetation 3 to 6 my on diffuse EFlodea and Chara vegetation 6
to 10 m,

The most exposed parts of the shore are protected by rubble, among which a num-
ber of stones were collected and examined, Moreover, more stones and tiles were
placed in this zone and examined after an exposure time of several weeks.

By these methods Mideopsis orbleularis and Arrenurus crassicaudatus were
found mainly on the bottom, which is in agreement with light trap results. It is .
not clear, why several other species were caught iIn smaller numbers than could

be expected, Of the bottom-dwelling species Unionicola crassipes for instance,
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only a few specimens were caught by the sampler. Probably this must be ascribed
to the collecting methed. U. crassipes was collected in considerable numbers on
the artificial plants, even on greater depths (e.g. 122 specimens on 11 m depth).
On the natural vegetaticn azlmost all species occur that are known from the lake
{no further comment in the third column in Table 3 is needed).

In the zone exposed to wave action, Hygrobates longipalpie and, to a lesser ex-
tent, H. trigonicus and Atractides ovalis occur in large numbers when compared
with those found on other substrates. Both these species are also known from

brocks and apparently prefer moving water and well aerated habitats.

The results gathered by the different methods described in this paper give
already a good impression of the water mite fauna and the distribution of the
mites in the lake. The data of 1979 from light trap samples as well as those
collected by scuba divers in the different vegetation types will complete our

present view,
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Table 1. List of water mite species of Lake Maarsseveen T,

Arrenurus albator (0.F.M.)}

. bisceissus Lebert

" buceinator (0.F.M.)

4 erassicaudatus Kramer

r globator (0.F.M.)

r latus Barrois et Mcniez
nobilie Neuman
perforatus George
securiformis Piersig

" stnuator (0.F.M,)

" tricuepidator 0,F.M,

" truncatellus (0O.F.M,)
Atractides ovalis Koenike
Azonopsis complanata (0.F.M.)
Brachypoda versicolor (0.F.M.)
Eylaie extendens (0.F.M.)

Forelia 1iliacea (0.F.M.)

" variegator (Koch)
Frontipoda musculus 0.F .M.

g globosa (De Geer)
Hydrochoreutes krameri Pilersig

" ungulatus (Koch)

Bydrodroma despiciens (0.F.M.)
Hygrobates longipalpts {(Hermann)

" trigonicus Koenike
Limmesia fulgida Koch

" maculata (0.F.M.

" undulata (0,F.M.
Limnochares aquatica (L.)
Midea orbiculata (0.F.M.)
Mideopsis orbicularis (0,F.M.)
Neumania deltoides (Piersig)

" limesa (Xoch)

4 vernalis (0.F.M,)

Oxus strigatus (0.F.M,)
Prlong eoeccinea cocetnea (Koch)
" " imminuta (Piersig)
" econglobata (Xoch)
" longipalpis (Krendowsky)
paucipora (Thor)
puszila (Neuman)
pusilla disjuncta Viets
" protundoides (Thor)
" stjoerdalensis (Thor)
" variabilis (Koch)
Unionicola aculeata (Koenike)
" erassipes (C.F.M.)
" minor (Soar)
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Table 2., Distributicn in depth of water mites in Lake I, collected with chemolu-
minescent bait on several dates during the summer of 1278. Each column
represents a catching pericd of 3 hours and 30 minutes.

depth
Species 0-2 m 2.5-5m 5.5-10m >0m
Arrenurus albator 4
" bigsetssus 7 7 1
" erasstcaudatus 786 90 66 12
o latus 19 1
" nobilis 3
i securiformis 11
t stnuator 17
" truncatellusg 27
Brachypoda versicoclor 3 b
Forelia liliacea 1 6 1
" variegator 12 20 58 11
Hydrochoreutes ungulatus 1 u
Hygrobates longipalpis 7 1
Limnesia maculata 20 92 122 1
" undulata 4 11
Mideopsis orbicularis 65 118 123 3
Neumania deltoides 33 33 19 9
Piona coceinea imminuta 31 15 72 85
" paueipora 77 261 137 27
" pugilla 8 13 7 5
" potundoides 33 38 18 2
" variagbilis 1
Unionicola crassipes 138 77 ay €9
" minor B3 65 ug 13

Total 657 855 769 239



-2B6-

Table 3., Water mites from Lzke Maarsseveen I collected in 1978 from different ha-
bitats. Numbers indicate percentages; + less than 0.5%. The total num-
ber of specimens per habitat is given at the bottom.

bottom artificial natural stones irn
Species plants vegetaticn exposed areas
Arrenurus albator + 1 1
" biscissus 7 1 2 1
" eragsicaudatus 16 L 7 3
" glebator +
" latus +
" perforatus 1 + +
" securiformis 1 + + 1
o stnuator +
Atractides ovalis 1 B
Axonopsis complanata + 2
Brachypoda versicolor 3 6 2
Forelia liliacea L + 1
" variegator 4 7
Frontipoda musculus +
Hydrochoreutes krameri + +
" ungulatus 2 1 +
Hydrodreoma despieiens + +
Hygrobates longipalptis 1 2 26 52
" trigonicus 2 + 1 3
Limmesta fulgida + +
" maculata 3 1 3 2
" undulata 7 2 1u
Limmochares aquatica + +
Midea orbiculata + +
Mideopsis orbicularis 34 18 16 9
Neumania deltoides 1 + 1
" limosa 3 + +
4 vernalis + +
Oxus strigatus + 1
Piona coceinea s.s. 1 2 +
" eonglobata + 1
" longipalpis 1 1 1
" paueipora 3 1 +
" rotundoides 5 1 4 1
" atjoerdalensis + +
Unionteola crassipes 1 54 14 12
" minor +
100 % 100 % 100 % 100 %

Total number 390 458 1040 302
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Fig. 1. Numbers of water mite species plotted against the depth. The solid
circles represent the numbers ccllected by bottom samples. The open
circles represent those ccllected on artificial plants.
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FOCD SELECTION BY THE FRESHWATER MUSSEL Dretissena polymorpha PALLAS,

C, Davids and E. ten Winkel

In Lake Maarsseveen I the numbers of Dreissena polymorpha are or a very high
level, These filter feeders influence the phytoplankton biomass by their filter-
ing activity and they will play a significant role in the benthic biccoenosis
a.o. by depositing pseudofaeces {(material rejected by gills and palps) and fae-
ces (STAﬁCZYKOWSKA, 1978). Faeces and pseudofaeces are very important for growth
of bacteriae and are valuable food resources for benthic invertebrates e.g. chi-
ronomid larvae {IZEKOVA & LVOVA- KACANOVA, 1972).

The aim of the present research was to determine the abilities of food se-
lection of the mussels. For this purpose we determined the fraction (percentage)
of each algal species in the lake plankton (P) and that of the stomach and in-
testine together (E), The ratio E/P is then a measure for the intake of that
particular alga or its rejection by the mussel., When for a certain alga E/P < I,
this species is possibly rejected by the mussel and will occur for a larger
part in the pseudcfaeces. When E/P > 1, there is possibly a positive selection.
The ciliary mechanism within the stomach transports certain algae directly to
the intestine and others tc the digestive diverticula. The ratio's of algae in
stomach (S) and intestine (I) can be calculated as is indicated above., The S/I
ratio's indicate which species become digested and which possibly will leave
the intestine unharmed. '

The value of the 5/I ratioc is more questionable than the E/P ratiec's, because
we know next to nothing about the time which the different algae need to pass
the stomach or intestine,

The work started in the autumn of 1978, On every sampling date twenty mus-
sels were killed immediately after collecting and the contents of stomach and
intestine were fixed in Lugol. The percentages of the algae in the mussel and
in the plarkton were calculated from in general more than 400 specimens per
sampling site, nevertheless there were high standard deviations, especilally
for the smaller percentage values, However, by repeating the experiment on var-
ious days we got the same or comparable results,

We worked with spherical algae and with diatoms. Working with diatoms has the
advantage that by chemical manipulation of the contents of stomach and intes-
tine only the diatom valves will remain and can be ccunted easily, The disad-
vantage is their non-spherical shape, so selection by diameter can not be de-

tarmined clearly in this way. The problem with other algae is the difficulty
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to calculate reliable percentages because of the food mass within stomach and
intestine.

In Table I data are given about the diatoms. From preliminary results in 1978
we got the Iimpression that zlgae with a diameter of 20 um are highly preferred
and that algae larger than about 50 pm are rejected., So we divided the diatoms
in twe groups, with axes shorter and longer than 4C um.

It is clear from Table I that the ratio of the smaller diatoms is larger within
the mussel than in the lake plankton. Possibly, a majority of the larger dia-
toms is rejected. The same calculation can be made for two common diatom spe-
cies, one small and one large sized e.g. Stephanodiscus astraea minutula (diam.
20 um) and Asterionella formosa (90-100 x 2 um). The data are given in Table 2
together with the cell densities within the lake plankton. It is cbvious again
that the ratio of the smaller one (Stephanodiscus) is larger within the mussel
than in the lake plarnkton. These data indicate that small algae are preferred
tc larger ones. This is in agreement with the literature data. For instance
MORTON (1871) comncluded from the filtering rate of Dreissena polymorpha a pref-
erence for small algae (in his case Chlamydomonas).

However, when we consider separate algal species with approximately equal
diameters, there seems to be a different level of preference within one size
class. In Fig. 1 the E/P ratic's for spherical algae obtained in several exper-
iments are shown. On the varicus dates the species compesition of the algae was
different. Hence it was not possible to calculate E/P ratio's for certain algal
species on every sampling date because of their small amount., When twe algal
species of about the same size are compared, it appears that Trachelomonas vol-
voeina is highly preferred above Melosira (Fig. 1). From Fig. 1 we see also
that Phacotue lenticularis is not taken by the mussel (E/P < 1),

Besides this we see in Fig. 1 the same phenomena as we did in Table 1 and 2,

namely that in general the smaller algae are preferred above the larger ones.
So it is likely that on the gills and palps besides a selection on size there
is also a possible selection of chemical nature ("taste').

A problematical alga is Cryptomonas. We did not include it in Fig, 1, be-
cause sometimes it could be found in the stomach and scmetimes not. We never
found Cryptomonas in the intestine, Cryptomonas is present in the lake plankton
throughout the year in concentrations of 100-400 cells per ml and must be one
of the main food resources of the mussel. Apparently Cryptomonas is crushed in
the stomach socn after entering it and digested.

Apart from observations on mussels collected in the field our conclusion
about Cryptomonas is also based upon laboratory experiments, We had twe algal

cultures available, Asterionella formosa (20 x 2 um) and Cryptomonas ovata



-7~

(20 % 12 um), sc it was possible to make mixtures in varicus concentrations of
the two species. In the experiments we used Asterionella in concentrations of
430, 2100, 4300 and 8600 cells per ml, and Cryptomonas in a constant concentra-
tion of 600 cells per ml. Mussels were introduced in the mixtures and sacrificed
after 1 hour. In all concentrations of Asterionella used, we found within the
stomach of the mussel one Asterionella cell against 400-600 Cryptomonas cells,
The pseudofaeces contained only Asterionella cells, In this situation the mussel
apparently is able to reject nearly all Astericmella cells, In nature we found
far more Astericnella cells in the stomach, however 1in a lower ratio than in
the lake plankton.

In natural plankton, too many particles of different size and nature prevent
such a clear demonstraticn of selectivity. These experiments under contrclled
circumstances therefore have strongly corroborated our hypothesis that Cryptomo-
nas is one of the highly favoured algae.

The comparison of the contents of the stomach with that of the intestine is
questionable as is indicated before. Nevertheless if we consider the given per-
centages in Table 1 and 2 and we calculate from these data the S/I ratioc's, it
will be clear that the largest particles can be found more in the intestine
than in the stomach. Apparently the ciliary mechanism in the stomach transports
the larger particles directly to the intestine. The same phenomencn was observed
for organisms embedded in gelatinous material (e.g. Chroococeus). It is known
that cladocerans excrete such organisms without damaging them. In our study
Chroocoecus and Phacotus were found more frequently in the intestine than in the
stomach of the mussel. Cells of these types will pass the whele gut unharmed and
cbviously these undigestable bodies are recognized somehow and rejected by se-
lection.

The algae that are significant as food, can be found in larger ratio's in
the stomach than in the intestine. We found for instance high 8/I values for
Trachelomonas volvoeina. It seems that algae with gelatincus or cellulcse walls
can not be used as food, contrary to certain thin-walled algae or brittle ones
like most diatoms (e.g. Adsterionella).

The compound of the pseudofasces is not uniform. Certain pieces of pseudo-
faeces produced by one mussel may contain only several large algae, while sub-
sequently emitted pleces may only consist of small algae. Alsc, pileces contain-
ing nething but Chroceoccus-like algae can be found.Different selection areas
on gills and palps must be responsible for this phenomencn. This cbservation
prevents us from calculating the percentages of the algae in the pseudofaeces
and comparing them with the ratio's in natural plankton or with algal ratio's in

the stomach and intestine,
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In Dreissena polymerpha the processes of selection are very complicated on
the gillis and palps, combined with the pumping rate, as well as in the stomach.
Moreover they are variable and witheut any doubt influenced by subtle changes
in the envircnment, as temperature and the amcount and composition of the feood.
In this respect, we got the impression that in late autumn at low algal densi-
ties the selectivity level is lowered and more large sized algae can be found

in the gut than in summertime.

LITERATURE

IZEKCVA, E.J. & LVOVA-KACANOVA, A.A., 1972, Sedimentation of suspended matter
by Dreissena polymorpha Pallas and its subsequent utilization by Chironomi-
dae larvae, Pol.Arch,Hydrobiol., 19: 203-210,

MORTON, B., 1971, Studies on the biology of Dreissena polymorpha V. Some aspects
of filter-feeding and the effect of micro-organisms upon the rate of filtra-
tion. Proc.malac.Soc.Lond., 39: 289-301.

STAﬁCZYKOWSKA, A., 1978, Occurrence and dynamics of Dreissena polymorpha (Pall.)
(Bivalvia), Verh.Internat.Verein.Limnol.,, 20: 2431-2434,



-3

Table 1. The percentages of diatoms in two size classes in the s*tomach and in-
testine of Dreissena polymorpha and in the lake plankton are given,

The E/P ratio's for both size classes of diatoms are calculated,

Diatoms smzller than 40 um Diatoms larger than 40 um
Dates 1979 { stomach|intestine|plankton|E/P || stomach|intestine|plankton|L/P
% % % % % %

III- 7 11 3] 6 1.4 89 e} 94 1.0
IT1-21 12 18 11 1.4 88 82 83 (1.0
IVv- & 83 71 u7 1.6 17 29 53 0.4
IV-17 71 63 53 1.3 29 37 y7 0.7
V=28 93 53 29 2.5 7 L7 71 {0.4

Table 2. The percentages of Stephanodiscus astraea mivutula in the stomach and
intestine of D. polymorpha and for the lake plankton are given. The
same is done for Adsterionella formosa., The sum of the percentages for
both diatom species together is 100. So the values for 4. formosa can
be calculated from the values of S, astraea. The numbers of cells per

ml in the lake plankton are also indicated.

S. astraea A. formosa
Dates | stomach | intestine | plankton | nr. ml. L/F E/P | nr. ml.
1979 % % % plankton plankton
ITI- 7 7 6 7 1% 1.¢ 1.0 230
IIT-21 11 14 3 S0 L.8 0.9 1250
IV- 6 71 85 35 15 2.3 0.3 28
Iv-17 Bu 69 35 18 1.9 0.5 25
V-29 95 69 26 150 3.2 0.3 510
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Fig. 1. Relationship between the food selection of Dreiesena polymorpha (L/P
ratio, see text) and planktonic algae of different size. ® Nov. 24,
19783 O March 21, 1979; A April 6, 1979; A April 17, 1979.
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THE ECCLCGY OF BITHYNJA LEACHT (SHEPPARD, 1823) (GASTRCPCDA:
PROSOBRANCHEIA) IN THE LITTORAL ZCNE OF THE LAKES MAARSSEVEEN

W.J.R. de Wijs and E. van den Broek

Observations in previous years (see Keulen, internal report 1979) indicated

that the prosobranch snail Bithynia leach? is common in Lake II and occurs fair-
ly regularly in Lake I. Very little is known of the biclogy of this species in
Western Europe.

‘In the pericd from April 12th tc November 20th 197%, samples were taken from
both lakes, generally every fortnight, at permanent collecting staticns: two in
Lake I, four in Lake II. If possible, &t each station the following substrates
were examined: stones, polythene bags, wood, and large emergent macrophytes,
both alive and decaying. The most suitable macrophytes were: Phragmites, Typha,
Carex, Spargantum; these will in the following be indicated as "reed'". Sampling
was done at a depth between 0 and 50 cm, and four species of prosobranchs were

collected. The results of the study are summarized very briefly,
1. Relative abundance of B. leachi. See tables I and II.

2. Population dynamics: growth.
Growth is indicated by the change in relative sbundance of size classes (length
of shell in mm) throughout the observation period. In Fig. 1 this pattern is re-
presented for Lake II where the population of B, leachi is apparently undisturb-
ed. This is concluded from the general trend in the pattern which can be des-
cribed briefly as follows.
From April through June: general increase In size,
End of June, first weeks of July: size class distribution becomes bimodal; dimin-
ished frequercy of large-sized animals; appearance of a new generation.
From seccnd half of July through September: the old generation disappears and is
no longer present after the middle of August, The new generation increases quick-
ly in size,
From Octcber through November: growth has stopped, general population structure
as in April.

The most striking deviations from this pattern found in Lake I are:
a. Reduction of size in the older generation (see below).

b. Prolonged appearance of the older generation In the samples.



c. Appearance of new generaticn about four weeks retarded.

3. Population dynamics: numbers.

The numbers given are the total numbers found in Lake II. These are calculated
as the numbers of snails found per minute of searching time (i.e. corrected
ccllecting time) and therefore can be considered propertional with density.

Presentation is given in Fig, 2.

4, Preference for type of substrate.

Since the various types of substrate will have a different algal flora, a pref-
erence for cne of the categories of substrate by the proschranchs will be in-
fluenced by a preference for a certain type of food.

Table III shows the mean numbers of B. leachi per minute searching time,
averaged during a) the whole investigation period, b) the oviposition period
(samples of 22-V, 6-VI, 19-VI and 3-VII),

"Reed" seems to be the less preferred substrate. Stone as a substrate was
often much less available than the other substrate types which is the probable
cause of the great standard deviation., Nevertheless the densities per substrate
type varied almost parallel throughout the research pericd with one exception:
plastics were clearly preferred during the oviposition peried (last week of May

- last week of June), see Table III.

5. Preference for food.
Examination of faeces of animals that were fixed Immediately after ccllection,
showed that in spring (May 7th) algal substances, especially diatoms, dominated
and that in autumn {Cctober 23rd) vegetable detritus was abundant besides pen-
nate diatoms and remains of fungi.

During choice experiments in petri dishes it appeared that the diatoms Aste-
riovella formosa and Fragilaria crotonensis were preferred as food to Chlorella

vulgare and, to scme extent, to detritus from the littoral of Lake I.

6. Oviposition.

The rate of oviposition was determined by counting the number of eggs per egg
mass as well as the number of eggs per female. Table IV shows that the values
for beth parameters decreased strongly after the end of May, probably caused by
increasing senility of the parent. Apart from the season, the temperature was
important: the higher the temperature, the higher the number of eggs laid during

a certain period. No significant differences in oviposition were found between
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animals taken from Lake I and Lake II, or between animals kept in water from

Lake I and Lake TI.

7. Influence of temperature on egg develcpment rate,

It is illustrated by Fig. 3a that eggs laid at rocm temperature and kept in
tanks at different temperatures, showed a maximal survival at QQOC. For the sur-
viving eggs, the period between laying and hatching was clearly dependent on
temperature (Fig. 3b). It would seem that the high mortality of the eggs placed
at temperatures other than room temperature, is caused by a temperature shock,

and not by the damaging influence of an unsuitable temperature in itself.

8. Interactions between B. leach? and *the other prosobranchs (see Table I}.
Ameng the gastropods of the litteoral zene in Lake II, B. leachi is the most nu-
merous species (according to Keulen (1972 l.c.) about 50% of the collected gas-
tropods are B, leachi). In Lake I, however, its numbers are very small in com-
parison with those of other snails, In this lake, Potamopyrgus jenkinsi is very
abundant, especially from July through September. Since B, leachi and P, jenkin-
87 occur in the same habitat and are about equal in size, the hypothesis is put
forward that the twe species compete, and that in Lake I B. leaqch? is partly
suppressed by P, jenkinst,

Since the population pattern of B. leach? in Lake IT can be considered as
normal and undisturbed, deviations from this pattern as found in Lake I are
probably caused by the presence of P. jenking?., These are:

a. In Lzke I the density (number per minute searching time) of E. leachi falls
steeply from June 19th onward, i.e. when P. jenkingi becomes abundant.

b, In Lake I the parent generation disappears much later from the samples and
oviposition occurs much (= about four weeks) later as well.

¢. Specimens from Lake I are significantly smaller (see Table V), as was also
chbserved in 1978 by Keulen (1979, l.c.).

This apparent success of P, jenkins? when compared with B. leachi in Lake I
can partly be explained by certain properties of the former species that place
it in a more favourable pesition. On several of these properties, cbservations
were carried out,

The average speed of movement of P. jenkinsi (more than 3 m per hour) was
about twice that of B, leachi (and of B, temtaculata). This enables P. Jenkinst
to find favourable feeding sites before other prosobranchs do.

P, Jjenkinsi was nearly always observed on the upper side of the substrate,

which is more exposed to light and will probably have a more dense algal growth
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than the underside, which is occupied by Bithynia spp.

Predation by cyprinid fish was studied in the laboratory. Medium-sized fish-
es (about 12 cm in length) rejected far more P, jerkinsi than B. leachi of a
certain size. It seems that the shells of P. Jjernkinsi are much harder and more
difficult to crush by means of the pharyngeal teeth of the predators than those
of Bithynia spp. This means that P, jenkins? is better protected against the
smaller fish that occur in the littoral zone than B, leach? and can expose it-
self at a lesser risk. Moreover, the species is ovoviviparous and its eggs are
therefore well-protected also.

The problem why P. jenkins? does not occur in large numbers in Lake II falls
beyond the scope of the present investigation.

Summarizing it can be stated that B, leachi shows a normal, undisturbed pop-
ulation pattern in Lake II; that the population of B. leachi is suppressed in
Lake I by P. Jenkinei; and that this suppression is possible because P. Jjenkin-
87 has a number of properties that favour this species when in competition with

Bithynia leachi.
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Table I. Numbers of counted specimens of the four prosobranch species cellected
in the Lakes Maarsseveen in the period April 12th - November 20th 1979,

Lake T Lake II
Bithynia leachi (Sheppard, 1823) 552 2404
B, tentaculata (L., 1758) 543 69
Potamopyrgus Jenkinst (Smith, 1889) thousands ') 3y
Marstoniopsis scholtz? (Schmidt, 1856) 120 1

') During the early summer P, jemkinsi increased tremendously in Lake I which
made counting impossible.

Table II. Proportion of B, leachi of all collected Bithynia specimens.

1978 (Keulen) 1979 (De Wijs)
Lake I 35.9% 59.9%
Lake II 3,0% 97.2%

Table III. Choice of substrate of B, leach? in Lake II: mean, (sd).
Further explanation: see text.

period n polythene bags stone wood "reed"

a 13 6.01 (3.25) 4.88 (4.72) 4,01 (2.25) 2,65 (1.66)

b i §.89 (3.87) 1,45 (1,41) 5.04 (1.98) 2.65% (1.32)
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Table IV, Oviposition of B, leachi in 7 days periods in glass jars.

number of eggs | period n range mean sd t

per mass April-May 22 | 4.43-8,15 | 6.13 0.89

<
June-July | 21 | 1.85-4.30 | 3.17 | o.e2 | ~2+° Pe<0.001

per female April-May 22 | 16.0-49.2 | 32.7 10.5

<
June-July | 21 | 2.u-25.4 | 16,4 5. | 6% P <0.001

Table V. Shell height in mm of specimens of B. leachi. Both lakes compared.

n range mean sd t

Lake I 497 0.8-6.0 3.17 1.03

5,03 p < 0.001
Lake II 2167 0.8-6.7 3,45 1.12
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FIG.2. NUMBERS OF 8..£4cH) PER MINUTE OF SEARCHING TIME IN LAKE Ii .
SUMMARIZED FROM ALL CATEGORIES OF SUBSTRATE .
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HELMINTHOLOGICAL INVESTIGATICONS IN THE TWC MAARSSEVEEN LAKES:
INTECTIONS OF GASTROPCGDS BY LARVAL DIGEREA,

Elisabeth van den Broek

Introduction

The first attempt to characterize large water bodies on the basis of their
parasitofauna has been made by Wisniewski (1958). An important aspect of such
water bodies is their trophic level. This character clearly determines the com-
position of its bioccenosis, which alsc means the availability of suitable hosts
for successive stages of parasitic animals and the position of each host species
within the food-web of the biocoencsis. Apart from such biotic factors, the oc-
currence of parasitic helminths (Monogenea, Digenea, Cestoda, Nematoda, Acantho-
cephala) in a lake is influenced by abiotic factors, such as the ranges of tem-
perature and salinity.

Parasitic helminths often have various successive stages, for each of which
a different type of host may be required. In most cases, the first larval stages
are aquatic and they generally develop in Invertebrates. Subsequent larval and
adult stages may occur within the water body (e.g. in fishes) or cutside it
(e.g. in amphibians or birds). Wisniewskl based his opinion that "the character
of a water body influences and determines its parasitofauna" on comparative stu-
dies of the parasitofauna in several Polish lakes. The most important of these
studies was a large-scale investigation in a big, shallow, eutrophic lake (Lake
Druznc) by a team of helminthologists. Within three years, all species of poten-
tial vertebrate and invertebrate hosts were examined for the presence of stages
of helminths (Wisniewski, 1958},

Later studies on this theme, but confined to fish parasites only, have been
carried cut especially in Britain. Chubb (1970) stated that the trophic level
of large British lakes influences the compcsitien of the fish fauna and, through
this, the composition of the parasitcfauna., Kennedy (1975) discussed results of
more recent work by various authors cn this subject.

One of the aspects studied by Wisniewski (12858) in Lake Druzno was the occ-
currence of larval Digenean Trematodes. Since in this group the first stages
develop in molluscs, mainly in gastropods, information on Digeneans involved in
the bioccencsis of a lake can be obtained by dissecting snails. The cercarial
stage (see diagram) is the most suitable for identification. As many studies on

digenean life cycles have been published, it is often possible to indicate to
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which systematical group a given cercarial form, even an undescribed one, be-
longs. In many cases this further indicates in which group of definitive hosts
{vertebrates) the adult form of the Digenean occurs, In this way, by collecting
snails and their parasites in a lake, one obtains additional informatior on the
vertebrates occurring there, either permanently or temporarily.

The aim of the present study is to compare the larval Digeneans in the two
Maarsseveen lakes, which are cof a markedly different trophic level. Research
started in spring 1977, and will be continued for several years, during which
various specles of possible snail hests will be successively studied. The re-
sults and conclusions presented here are preliminary, since a limited number of

snail species has been examined thus far in suitable numbers.

Material and methods

Pulmonate and prosobranchiate snails were collected from stones, polythene
bags, vegetation and other substrates in the litoral zone of both Lake I and II.
Sampling stations, at suitable spots, were visited several times throughout the
summer season. In Lake I these stations were situated on the South West bank,
in Lake II on the North East bank.

In 1977, five samples were taken from Lake I and four from Lake II in the
period between May 27th and October 11th. All collected snails were dissected
and examined. In 1878, the sampling pericd was between March 2nd and August 15th
(eight times in both lakes, at a varying number of stations in each lake).
During this peried Mr. S.M. Keulen concentrated on the Digenean fauna of the
proscbranchs Potamopyrgus jenkinsi, Bithynia leachi and B. tentaculata. Mean-
while I dissected small numbers of Planorbis (dnisus) vortexr; the latter study

is to be centinued throughout the summer season of 1976,

Results

The tables I and II show the numbers of snails dissected in the various
years and the infections by larval Digeneans,

The tctal number of species of cercariae found in 1977 was 13 (from five
host species), in 1978 this was 15 (from five host species). Several of the
forms found in 1978 are probably new, Keulen will publish a description of these
forms elsewhere.

Snails may alsc act as intermediate hosts for encysted cercariae, the meta-
cercariae (see diagram, and tables I and II). Keulen described the metacercariae

found by him in detail (internal report, 1979).
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Discussien

The differences between the Lakes I and II regarding their molluscan fauna
are mainly quantitative (see also: De Wijs and Van den Broek, this volume, table
1).

By far the most dominant gastropod species in Lake I is Potamopyrgus jenkinst.
During summer this mollusc is present in huge numbers. This species seems to
play nc vital part in the life cycle of any digerean. In Lake 1I, Bithynia
leachi seems to be most abundant, and this species harbours stages of various
digeneans.

As regards the cercariae, our data are not yet complete enough tc construct
a general picture of the cercarial fauna in both lakes, Ne sampling has as yet
been carried out in early autumn, z pericd when the cercarial fauna iIs general-
ly most diverse and abundant.

In Lake I we found & series of single infections by four species of Psilo-
stomid cercariae in Bithynia tentaculata. This group consists of various spe-
cies, the adults of which live in birds, especially in Anatids,

A striking feature in Lake II is the occurrence, in varicus snail species,
of a group of Xiphidiocercariae that mature in frogs. The most common species
of this group (see Fig. 1) alsc occurred occasionally in Lake I,

In both lakes, Monostomid cercariae cccur regularly. Final hosts of these
digeneans are mainly Anatids and Coots. We found three cercarial species of
this type. One of these is rather commen in Planorbis vortex and was found dur-
ing the whole pericd of investigation.

Up till 15th June 1979 we have found ‘twice as many cercarial species in
Lake I as in Lake IT (19 and 9 respectively). The twc lakes had five species in
Ccommon,

A preliminary comparison between the twe lakes as regards the definitive
host of the cercariae is given in table III. Since especially the large Lym~
naeids, which are important hcsts for a wide range of cercariae, have hardly
been studied (see tables I and I1), the picture now presented may change con-
siderably irn the future.

It appears that the digenean species from homoiothermic hosts are compara-
tively numerous in both lakes. In the eutrophic Lake II, the digeneans of fish
are scarce and these of amphibians are well represented. In the ocligo-mesotro-
phic Lake I, more Digeneans of fish occur, and these of birds dominate. If we
consider the frequency of occurrence of the species from the bird (and mammal)
group, it appears that from the eleven species found in Lake I, seven have been

found only once, five of which beleng to the Psilostomid cercariae. During win-
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ter, large flocks of Anatids visit the lake (Roos and students, pers.comm.),
and it is very probable that these birds, which breed in Eastern and Northern
Furope, are the definitive hosts of these Philostomids. Their cercariae were
mainly found in spring and early summer. In Lake II, only one bird species out
of four has been found once. This species is reported to be fairly common in
snails in Polish lakes (Niewiadomska, pers.comm.). It seem therefore that the
hibernation of so many birds on Lake I causes an important contribution to the
cercarial fauna of this lake. It is, of course, not certain that the life
cycles of these digeneans can be completed here.

The study of the metacercariae from the snails seems to corroborate these
conciusions. In the life cycle of digeneans the metacercariae must be eaten by
the definitive host where they can develop into egg-producing adults. Metacer-
cariae are therefore mainly found on or in plant or animal species that serve
as food for the definitive hosts. Thus, the occurrence of metacercariae in a
given host species may indicate its position within the food web of a biccoeno-
sis.

Vertebrate predators of the snails studied by us are probably mainly fishes,
and tc a lesser extent variocus species of birds. Keulen was unable to identify
his metacercariae, but he could distinguish several types. The majority of
these types seem to belong to digenean species that mature in birds. On the
other hand, the number of infecticns by a metacercaria that probably would ma-
ture in fish was about 75% of the total number of iInfections found by Keulen.
Also, it appears from tables I and II that the infection percentages of the
snails by metacercariae are highest irn Lgke I, although the number of metacer-
carial types found is equal in the two lakes.

Summarizing these results the preliminary conclusion is drawn that the di-
genean fauna in Lake I is rather varied, and highly influenced by the presence
of large numbers of hibernating birds. In Lake II, where fewer species were
found, the compeositicn of the digenean fauna seems to be more stable,

As a result of his studies in Lake Druzno, Wisnjewski (1958) stated that
the predeminance of bird parasites is characteristic for large eutrophic lakes,
Esch (1871), who compared the parasitofauna of fish and gastropods between a
large oligotrophic lake and a smaller eutrophic one in Michigan, U.S.A., agreed
with this conslusion. In the former lake, Esch found many species that complete
their life cycle in predatory fish, and in the latter the species maturing in
birds were dominant. The results of the investigations on‘parasites of fish and
of snails clearly showed the same trend.

Among the Maarsseveen lakes, it is the oligotrephic ome in which the bird
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parasites dominate. It can be argued that this picture may change when the in-
vestigaticns are continuved for several years, and more groups of snails will be
involved. In my opinion, however, human activities must have a considerable in-
fluence on the composition of the parasitofauna of these two lakes. As regards
the vertebrate hosts of the digeneans, birds will be driven away by recreants
during summer, and probably be attracted by large, quiet water bodies during
winter, In order to stimulate angling, varicus species of figh have been intro-
duced, and this process will continue. Amphibians may be exterminated when re-
creation pressure becomes more heavy, especially round Lake II. It would appear
that the majority of the aquatic invertebrate species is far less influenced by
human activities. But since both lakes are man-made and very young, long-term
research might reveal changes of their fauna, in particular of the parasito-

fauna, which cannot now be predicted.
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Table III. Composition of the cercarial fauna of the Lakes Maarsse-

veen, based on grecups of definitive hosts (Vertebrates).

number of cercarial species in

Definitive host a Lake I Lake II
fish i 1
amphibian 1 3
bird {(or mammal) 11 4
unknown 3 1

total 19 Q
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HOST:
VERTEBRATE
HOST:
INVERTEBRATE
OR VERTEBRATE
adult
digenean

metacercaria
often encysted

egg

cercaria

miracidium

sporocyst

PJR.

Diagram: succession of various stages in the life cycle of a Digenean

Trematode (generalized).
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Fig. 1. Pleurogenes claviger (Rudelphi, 181%), larval stages from Bithyniag
leacht.

a. Cercaria,
b. Sporocyst, coentaining embrycs and developing cercariae,
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APPENDIX

Chemical Analyses

Samples for chemical analyses were taken each month in the
years 1976, 1977 and 1978, In 1975 alsc some samples were
taken. The samples were taken from a depth of about 0.5 me-
ters near the rafts in both Lakes Mzarsseveen. The analyses

were performed by the "Waterleidingbedriijf Midden-Nederland"
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Conductivity microS.cm-1"
pH

KMn04 unfiltrated mg/L
KEMn04 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg SO4/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NH&4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness °D

Bicarbonate Hardness D

Conductivity microS.cm-1
pi

KMn04 unfiltrated mg/L
KMnO4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NHA4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness D
Bicarbonate Hardness D

LAKE MAARSSEVEEN I

75/ 6/12

3706.00
8.20
21.00
13.00
35.00
0.02
1.60
21.00
175,00
0.04
0.26
0.35
0.02
60.00
23.00
2.80
9.60
8.10

76/ 3/ 5

390.00
8§.10
38.00
25,00
35.00
0.01
1.50
15.00
175.00
0,02
0.35
0.30
0.11
59.00
18.50
2.00
9.40
8.00

75/ 7/11

340,00
8.30
23.00
14.00
34.00
0.01
1.00
18.00
175.00
0.01
0.45
0.35
0.03
55.00
19.00
3.00

9.2
8.1

oo

75/ 8/ 8 75/ 9/11 75/11/ 6 75/12/ 9
340.00 350.00 370.00 370.00
8.10 8.20 7.80 7.80
45.00 24 .00 22.00 24.00
22.00 17.00 19.00 12.00
36.00 35.00 35.00 34.00
0.03 0.03 0.02 0.01
1.00 0.80 1.30 17.20
16,00 22.00 16.00 13,00
160,00 160.00 170.00 175.00
0.01 0.01 0.01 0.03
0.20 0.26 0.25 0.23
.30 0.06 0.10 0.40
0.03 0.01 0.01 0.01
54.00 49.00 57.00 59.00
23.00 19.00 17.50 19.00
2.70 2.20 2.50 2.40
8.70 8§.50 9.20 9.60
7.30 7.30 7.70 7.80
76/ 4/28 76/ 5/26 76/ 6/24 76/ 8/18

360.00 380.00 360.00 350.00
8.20 7.70 8.20 8.40
25.00 17.00 25.00 30.00
13.00 12.00 23.00 24,00
34.00 40.00 70.00 38.00
0.01 0.01 0.02 0.01
0.90 1.70 1.00 1.10
15.00 16.00 15.00 16,00
170.00 175.00 185.00 155.00
0.01 0.04 0.04 0.02
0.28 0.35 0.25 0.27
0.35 0.40 0.21 0.31
0.02 0,05 0.01 0.01
57.50 62,00 61.00 54.00
17.00 15,50 15.50 19.50
1.90 2.10 2.00 2.00
9.00 9.90 9.70 8.80
7.80 3.10 8.40 7.00

76/ 2/ 5

370.00
.00
28.00
21.00
34.00
0.01
2.30
13.00

76/ 9/14

360,00
8.20
25.00
17.00
37.00
0.01
0.10
12.00
165.00
0.05
0.33
0.35
0.02
55.00
15.50
3.00
8.80
7.60



-295-

Conductivity microS.cm-1
ph

EMn04 unfiltrated mg/L
KMn0O4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH&4/L
Organic Ammonium mg NH&4/L
Iron mg/L
Calcium mg/L
Sodium mg/L
Potassium mg/L
Total Hardness D
Bicarbonate Hardness D

a

Conductivity microS.cm-1
pH

KMn04 unfiltrated mg/L
KMnO4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg SO04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH&4/L
Organic Ammonium mg NH4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness D
Bicarbonate Hardness D

76/10/12

370.00
8.10
35.00
21.00
37.00
0.02
0.90
5.00
170.00
0.03
0.31
0.43
0.05
58.00
17.00
2.10
8.50
7.80

77/ 5/25

360.00
8.10
22.00
19.00
34.00
0.02
2.70
25.00
175.00
0.01
0.23
0.40
Q.05
60.00
17.00
2.30
9.80
8.10

LAKE MAARSSEVEEN 1

76/11/ 9

370.00
7.90
10.00
6.00
37.00
0.01
1.00
8.00
170.00
0.02
0.35
0.40
0.10
55.00
17.00

2.20
8.90
7.80

77/ 6/22

360.00
§.30
19,30
11.00
37.00
0.01
1.20
16.00
185.00
0.46
06.10
0.55
0.07
61.00
17.50
2.30
9.70
8.40

76/12/ 7

380.00
7.90
15.00
6.00
36.00
0.01
1.90
20.00
175.00
0.02
0.10
0.48
0.14
61.00
17.00
i.90
9.80
8.10

77/ 7/22

350.00
8.30
16.00
11.090
37.00
0.01
1.30
18,00
170.00
0.01
0.35
0.40
0.02
60G.00
17.00
2.30
9.60
7.80

77/ 2/ 2

360,00
7.90
20.00
15.00
35.00
0.01
1.50
10.00
185.060
0.12
0.20
0,22
0.10
63.00
15.50
2.40
10.10
8.40

77/ 8/17

350.00
7.80
14.00
9.00
36.00
0.02
0.80
16.00
165.00
0.02
0.23
0.25
0.04
58.00
17.00
2.20
9.40
7.60

77/ 3/ 2

370.00
7.90
20.00
13.00
35.00
0.01
1.60
16.00
180.00
0.03
1.30
0.30
0.14
62.00
17.50
2.30
9.90
8.30

77/ 9/14

340,00
8.20
16.00
13.00
36.00
0.01
0.70
17.00
165.00
0.02
0.30
0.24
0.05
59.00
18.00
1.90
9.40
7.60

77/ 3/29

380.00
7.90
23.60
16.00
36.00
0.02
1.50
15.00
185.00
0.02
0.25
¢.30
0.20
60.00
16.50
2.10
9.70
8.40

77/10/11

380.00
8.00
17.00
11.00
37.00
0.01
1,20
14,00
175.00
0.02
0.20
0.35
0.16
60.00
16.50
2.10
9.90
8,10

77/ 4/27

350.00
8.00
18.00
16,00
37.00
6.01
2.20
18.00
180.00
0.01
0.34
0.23
0.06
63.00
17.00
2.10
10.00
8.40

77/11/ 9

380.00
8.00
16.00
8.00
36.00
0.02
0.90
15.00
175.00
0.01
0.21
0.30
0.07
63.00
16 .50
1.90
10.00
8.10
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Conductivity microS.cm-1
pH

KMn04 unfiltrated mg/L
KMn04 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NH&4/L
Iron mg/L

Calcium mg/L

Sodium mg/L
Potassium mg/L

Total Hardness D
Bicarbonate Hardness

2

D

Conductivity microS.ecm-1
pH

KMn04 unfiltrated mg/L
KMnO4 filtrated mg/L
Chlioride mg/L

Hitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg 504/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NH4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness D
Bicarbonate Hardness D

°

77/12/14

380.00
8.10
16.00
10.00
36.00
0.01
1.10
14.00
175.00
0.02
0.08
0.23
0.16
60.00
17.50
2.00
9.60
8.10

78/ 6/22

370.00
§.30
18.00
9.00
36.00
0.01
1.20
15.00
170.00
0.02
0.18
0.30
0.03
59.00
15.50
1.70
6.70
6.70

LAKE MAARSSEVEEN 1

78/ 1/19

380.00
8.20
17.00
7.00

78/ 8/16

370.00
8.40
18.00
13.00
37.00
0,01
0.70
16.00
160.00
OOON’
0.30
0.25
0.04
58.00
18.00
1.80
9.40
7.30

78/ 2/21

380.00
8§.10
15.00
7.00
36.00
0.01
1.00
13.00
180.00
0.15
0.25
5.30
0.08
62.00
16.00
2.50
10.00
8.40

78/ 9/15

380.00
8.10
20.00
8.00
37.00
0.01
0.60
25.00
170.00

78/ 3/30

390,00
3.10
17.00
5.00
35.00
0.01
1.30
19.00
180.00
0.06
0.18
0.20
0.07
61.00
19.00
1.80
9.80
8.20

78/10/10

370.00
8.00
16.00
6.00
36.00
0.01
0.70
20.00
170.00
0.02
0.13
0.20
0.03
60.00
19.50
1.80
9.60
7.70

78/ 4 /26

380.00
8.30
16.00
10.00
36.00
0.01
0.40
19.00
180.00
0.15
0.30
G.40
0.06
63.00
15.50
1.60
10.10
8.10

78/11/ 8

380.00
7.90
24,00
14.00
37.00
0.01
1.20
20.00
170.00
0.02
0.11
0.12
0.08
61.00
19.50
1.80
9.80
7.80

78/ 5/25

380.00
8.20
18.00
6.00
36.00
0.03
1.60
18.00
180.00
0.04
2.00
0.30
0.04
61.00
18.50
1.90
9.70
8.30

78/12/14

370.00
7.90
15.00
9.00
37.00
0.01
1.40
17.00
180.00
0.09
0.20
0.30
0.09
63.00
17.50
1.80
9.90
8.30
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Conductivity microS.cm-1
H

MEDOa unfiltrated mg/L
KMn0O4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S0&4/L
Bicarbonate mg HCO3/L
Phosphate mg P0O4/L
Ammmonium mg NH4/L
Organic Ammonium mg KH4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness D
Bicarbonate Hardness D

@

Conductivity microS.cm-1
pH

KMnO4 unfiltrated mg/L
KMn04 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NH&4/L
Tron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L |

Total Hardness D
Bicarbonate Hardness D

75/ 6/12

510.00
9.00
60.00
30.00
72.00
0.24
5.80
49.00
140.00
0.92
0.35
1.00
0.05
70.00
47.00
8.80
11.390
6.40

76/ 3/ 5

530.00
7.60
55.00
40.00
60.00
0.05
6.90
9.00
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LAKE MAARSSEVEEN I1I

75/ 7/11

520.00
9,20
60,00
35.00
84,00
0.38
3.50
63.00
115.09
1.50
0.80
1.30
0.01
69.00
54.00
8.50
11.50
5.30

76/ 4/ 5

530.00
7.80
45.00
35.00
65.00
0.22
6.10

75/ 8/ 8

530.00
9.50
70.00
40.00
91.00
0.11
1.00
52.00
115.00
0.87
0.18
0.65
6.07
61.00
55.00
§.50
10,60
5.30

76/ 4/28

600.00
§.20
55.00
40.00
83.00
0.75
7.50
54.00
1%0.00
1.50
3.30
1.10
0.03
70.00
49,00
8.30
11.50
8.70

75/ 9/11

590.00
9.10
45.00
17.00
95.00
0.26
2.10
56.00
135.00
1.90
0.54
0.88
0.04
63.00
61.00
8.00
10.90
6.30

76/ 5/26

790.00
7.80
35.00
23.00
135.00
0.47
8.30
66.00
205.00
1.70
6.20
0.90
¢.15
85.00
70.00
9.50
13.90
9.50

75/11/ 6

600.00
7.60
36.00
30.00
88.00
0,07
5.90
57.00
175,00
1.40
1.30
0.60
0.50
69.00
50.00
7.00
11.30
8.00

76/ 6/24

850.00
7.90
45.00
35.00
150.00
0.60
9.00
61.00
200.00
7.00
6.50
0.85
0.14
00

84,
380.
11.
13.

9.

NXo O
o000 o

75/12/ 9

550.00
7.40
47.00
25.00
75,00
0.10
9.50
60,00
170.00
1.00
1.00
1.40
0.01
70.00
45.00
8.00
11.70
7.80

76/ 6/24

850.00
7.90
45.00
35.00
150.00
0.60
9.00
61.00
200,00
7.00
6.50
0.85
0.14
84.00
80.00
11.00
13.80
9.20

76/ 2/ 5

540.00
7.60
43.00
34.00
64.00
0.07
11.00
48.00
165,00
0.60
0.50
0.65
0.08
68.00
36.00
7.50
11,30
7.60

76/ 8/18

840.00
9.30
40.00
30.00
180.00
0.01
14.00
84.00
28.00
2.20
0.14
9.90
0.03
8§1.60
105.00
10.00
13,50
4.50
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Conductivity microS.cm-1
pH

KMn0O4 unfiltrated mg/L
KMnO4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NH4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness D
Bicarbonate Hardness D

Conductivity microS.cm-1
pH

KMn04 unfiltrated mg/L
KMn0O4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg SO04/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH&4/L
Organic Ammonium mg NHL/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L .

Total Hardness D
Bicarbonate Hardness D

76/ 9/14

790.00
8.20
35.00
19.00
160.00
0.90
1.20
77.00
165.00
4.40

77/ 5/25

560.00
7.90
45,00
35.00

LAKE MAARSSEVEEN II

76/10/12

810.00
7.70
30.00
25.00
155,00
0.450
16.00
75.00

77/ 6/22

580.00
7.70
30.00
20.00
105.00
0.50
11.00
56.00
170.00
5.30
2.20
0.30
0.11
75,00
57,00
8.30
12.20
7.80

76/11/ 9

790.00
7.50
13.00
7.00
135,00
0.60
5.40
67.00
180,00
5.20

77/ 7/22

630.00
8.70
30.00
14,00
120.00
0.60
12,00
65.00
145.00
3.90
0.55
0.65
0.05
83.00
64,00
9.00
13,590
6.70

76/12/ 7

750,00
7.50
20.00
9.00
125.00
0.18
16.00
66,00
185,00
4,80
3.00

77/ 8/17

630.00
7.50
25.00
11.00
115.00
0.45
12.00
62.00
165.00
3.60
0.33
0.30
0.10
75.00
67.00
8.00
12,30
7.60

77/ 3/ 2

610.00
7.60

=

77/ 9/14

610.00
7.70
26.00
15.00
105,00
0.28
7.00
60.00
175.00
3.50
0.90
0.60
0.09
75.00
59.00
7.50
12.20
8.10

77/ 3/29

630,00
7.60
50.00
26.00
89.00
0.07
9.50
59.00
175.00
1.80
0.75
0.60
0.12
80.00
47.00
§.00
13.00
§.10

77/10/11

690.00
7.790
30.00
14.00
110.00
0.45
11.00
56.00
170.00
3.80
0.70
0.50
0.16
74.00
58.00
7.70
12.20
7.80

77/ 4/27

560.00
7.70
35.00
25.00
87.00
0.35
1.00
57.00
175.00
1.40
0.70
0.45
0.10
30.00Q
45.00
8.00
12.80
8.10

77/11/ 9

650.00
7.60
27.00
11.00
105.00
0.25
4.70
56.00
175.00
3.60
0.70
0.45
0.07
80.00
57.00
8.00
12.90
§.10
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Conductivity microS.cm-1
pH

KMnO4 unfiltrated mg/L
KMnoO4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg SO&4/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH&/L
Organic Ammonium mg NH4/L
Iron mg/L

Calcium mg/L

Sodium mg/L

Potassium mg/L

Total Hardness D
Bicarbonate Hardness D

Conductivity microS.cm-1
pH

KMn04 unfiltrated mg/L
KMn0O4 filtrated mg/L
Chloride mg/L

Nitrite mg NO2/L

Nitrate mg NO3/L

Sulfate mg S0O4/L
Bicarbonate mg HCO3/L
Phosphate mg PO4/L
Ammmonium mg NH4/L
Organic Ammonium mg NHE4/L
Iron mg/L
Calcium mg/L
Sodium mg/L
Potassium mg/L
Total Hardness D
Bicarbonate Hardness D

@

77/12/14

580,00
7.60
45,00
35.00
80.00
0.95
6.00
57.00
165.00
4.60
1.20
0.40
0.34
73.00
42,00
7.50
12.00
7.60

78/ 6/21

620.00
§.70
35.00
14,00
84.00
0,90
8.30
61.00
165.00
3.00
0.85
0.75
0,09
77.00
48.00
8.30
12,60
7.60

LAKE MAARSSEVEEN IT

78/ 1/18

560.00
7.80
45,00
19.00
72.00
0.30
7.60
36.00
175.00
2.00

78/ 8/16

580.00
9.10
35.00
10.00
89,00
0.08
6.50
61.00
130.00
3.00
0.30
0.90
.03
72.00
53.00
7.50
11.90
6.00

78/ 3/ 1

560.00
7.70
40.00
11.00
67.00
0.12
8.40
56.00
175.00
1.50
1.10
0.80
0.14
74 .00
34.00
7.50
12.10
8.00

78/ 9/13

580.00
7.90
35,00
16.00
89,00
0.13
7.00
34.00
175.00
3.10
1.00
0.75
0.07
71.00
53,00
7.30
11.80
§.00

78/ 3/30

540.00
7.80
45,00
i6.00
59.00
0.27
8.30
57.00
176.00
1.90
0.50
0.50
0.16
72.00
36.00
7.20
11.60
7.90

78/10/10

610.00
7.60
30.00
21,00
86.00
0.05
7.80
59.00
175,00
2.90
1.10
0.40
0.09
74.00
48.00
7.80
12.20
8.10

78/ 4/26

520.00
8.20
45.00
24.00
60.00
0.23
3.40
58.00
175,00
2,60
0.40
0.70
0.09
76.00
30.00
6.50
12.20
8§.00

78/11/ 6

590.00
7.50
35,00
22.00
86,00
0.02
12,50
57.00
175.00
2.80
1.00
0.65

78/ 5/25

3%0.00
7.80
35.00
i6.00
75.00
0.45
10.00
60.00
180.00
1.70
6.18
0.50
G.08
75.00
44,00
m.uo
12.30
§.30

78/12/12

570.00
7430
35.00
21.00
76.00
0.01
9.50
58.00
180,00
1.60
0.40
0.70
0.20
73.00
46.00
7.80
11.90
8.30






