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NETHERLANDS CENTRAL INSTITUTE FOR BRAIN RESEARCH 
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PROGRESS REPORT 1970 

DIVISION OF MORPHOLOGY 

1. Section of Histology and Cytology 

Prof. Dr. J. Ariëns Kappers: 

Aid was given to Drs. H . Romijn and A. R. Smith concerning their 
work on, respectively, the light- and electron microscopie investigation 
and innervation of the rabbit pineal organ, and on the topographical 
relations of the rabbit pineal, in particular to the large intracranial venous 
system. 

An investigation was started into the quality and the quantity of 
pineal lipids in rabbit. 

Drs. R. A. C. de Vries: 

The program on the mode of action of the rat pinaal gland was somewhat 
revised and concentrated upon changes in hypothalamic magnocellular 
enzymatic activities caused by pinealectomy in order to elucidate if a 
correlation exists between pinaal function and gonadotropin levels, possibly 
due to an alteration in activity of the magnocellular neurosecretory nuclei. 
A first series of experiments with male rats, pinealectomized between 
the age of 4-8 weeks, showed a very pronounced decrease in thiamine
diphosphate phosphohydrolase activity in the supraoptie and paraventri
cular nuclei. A seeond series of experiments with female rats is started 
to establish whether there is any sex-bound difference in effect of pinaal
ectomy on the enzymatic activity mentioned. 

A. R. Smith: 

The investigation on the topographieal relations of the rabbit pinaal, 
in particular to the large intracranial venous system and on the arterial 
supply of the organ, was finished and is in press now. It appeared that, 
in the rabbit, the caudal tip of the pineal organ invaginates into the sinus 
confluens as weIl as in one of the sinus transversi. This and the fact that 
the pinaal is surrounded at all sides by large veins implies that pinealectomy 
in the rabbit for experimental purposes is practically not feasible. 

2. Section of Comparative and Quantitative N euroanatomy 

Dr. G. J. Smit: 

Continuation of earlier work included the investigation of eell body 
and nuclear volumes of neurones as a funetion of their depth under the 
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pia mater. It was aimed to prove the hypothesis that, anatomically, 
the structure ofthe cortex is determined by its thickness only. The nuclear 
volumes of glial cells have now been included in the measurements. This 
work, carried out in cooperation with mrs. L. V eldmaat-W ansink, is now 
progressing and will be completed next year. Some interesting results 
concerning the applicability of the analysis of variance have already been 
obtained. 

It also appeared that decoloration of the gallocyanin stain during the 
flrst two months after staining does not affect the results. The gallocyanin 
staining technique is of ten used for quantitative work, since it gives clear 
cytological pictures and allows for a good differentiation between neuronal 
and glial nuclei. 

In cooperation with Dr. M. Ten Hoopen (Department of Medical Physics 
of the Organization T.N.O.) a new method for quantitative investigation 
of the dendritic tree has been developed. Some interesting results have 
already been obtained and presented at the 89th meeting ofthe Netherlands 
Anatomical Society, held at Antwerp, May 22nd, 1970. The cooperation 
of Mrs. L. Veldmaat-Wansink is greatfully acknowledged. Since, much 
work has been devoted to an analysis of the angles at which dendrites 
bifurcate. This analysis could be carried out on the same material and is 
now nearly completed. 

The new techniques mentioned are very promising, not only for an 
analysis of dendritic trees in the adult rabbit cortex, but also with respect 
to the developing dendritic tree and for the analysis of the dendritic trees 
in the spinal cord. The flrst-mentioned aspect will be studied by H. Uijlings 
and it has been planned to work out the second aspect with C. van der 
Sloot. 

In cooperation with Miss N. Blom an evaluation has been made of some 
techniques for measuring the diameter of axons and the thickness of 
their myelin sheaths. Accurate measurements of these parameters are of 
importance since they aIlow for a classiflcation of axons running in a 
given nerve within different functional groups. Experimental measurements 
leading towards a standard technique that is, on the one hand, accurate 
enough, and, on the other, not so time-consuming as to make it practically 
inapplicable, are now weIl under way. 

Like during the last year, much time has been devoted to giving sta
tistical advice to other investigators, both from the Institute as weIl as 
from other Departments, with respect to the planning of their experiments 
and the statistical analysis of the data obtained by them. Most important 
has been the collaboration with Drs. A. P . van der Meché from the 
Institute concerning a careful analysis of the spontaneous behaviour of 
the gold flsh in a specific set-up. 

Drs. P. Kenemans and R. T. Krediet : 

The macro- and microstructure of the brain stem of PolypterU8 and 
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Calamoichthys, bony fishes believed to be living representatives of the 
ancient Palaeoniscoidei, has been investigated. The study was based on 
normal material which was siIver-impregnated or Nissl-stained. 

The pertinent literature was studied in order to compare the results 
obtained which are partly of a descriptive, partly of a quantitative nature, 
with those obtained in other species. Much attention was given to the 
accurateness and the limitations of our method, previously reported, for 
the study of topological transformations. It could be concluded that this 
technique allows for such inter-species comparisons in a semi-quantitative 
way. In order to complete this investigation the comparisons will now 
be made with the aid of computer techniques. 

Drs. C. J. van der Sloot: 

The inventory of the microscopie anatomical elements present in the 
spinal cord of the turtle (Testudo hermanni) has been continued. The 
study of the cytoarchitectonics, on the basis of Nissl-stained sections, 
was supplemented by investigations into the chemoarchitectonics using 
the acetyl-cholinesterase staining technique. The segmental distribution 
of this enzyme is studied. Furthermore, a program me has been worked 
out in order to obtain good Golgi-stained sections. The Golgi-Cox method 
proved to give optimal results when compared to all other variations of 
this technique tried out. An attempt will now be made to characterize 
different cell types on the basis of the Goigi series obtained. 

Special interest has been given to the cytoarchitectonics of the ventral 
hom. A programme has been developed in order to determine the locali
zation of gamma-motoneurones by means of anatomical methods. For 
this purpose a quantitative analysis of the ventral gray columns and of 
the ventral roots will be made. 

Drs. E. van der Wieie: 

In order to establish the number of neurosensory receptor cells in the 
olfactory mucosa of the turtle (Testudo graeca) histological sections were 
prepared from the nasal tissues, both in the transverse and in the sagittal 
plane. It was found that double counting of the nucleoli of the receptor 
elements gave the most consistent approximation to the number of 
receptor cells present in a 15 p. section. 

Samples of the nasal mucosa were taken over a length of 100 p. from 
sections at several levels in the fronto-caudal and the medio-Iateral di
rections in such a way that the total number and the density ofthe receptor 
cells in the various parts of the nasal mucosa could be determined. 

Then, the number of axons in the olfactory nerve and the number of 
mitral cells in the olfactory bulb were counted. The same procedure was 
followed regarding the receptor elements in the vomero-nasal organ, the 
vomero-nasal nerve and the accessory olfactory bulb. 
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Drs. K. C. Hodde: 

At the beginning of the year a visit was made to the group of Llinas 
in Chicago. In consequence of this visit a start was made with an extensive 
paper on the structure of the dogfish spinal cord based upon the literature 
and on recent experimental work, including that of the author. This work 
is still in progress. 

3. Section of electron micr08coPY 

Drs. H. J. Romijn: 

Using the Richardson (1960) method for silver staining, which we 
developed further, good information was obtained regarding the sympa
thetic innervation of the rabbit pineal gland. Two types of innervation 
could be distinguished: 
1. via the pineal blood vessels entering the gland; in this case the nerve 

fibre bundies run in the perivascular space, and 
2. by means of two nervi conarii nerve fibres reach the gland. The nervi 

conarii enter the organ near to its caudal tip and distribute among 
the pinealocytes within the pineal parenchyma. 

Interestingly, also a number of intrapineal, probably intramural autono
mic neurones, was observed. Until now afferent nerve fibres from the 
habenular and the posterior commissural systems could not be detected. 

The autonomic nerve terminals do not show true synaptic structures. 
They contain "synaptic" vesicles and are present either in the perivascular 
spaces or among the pinealocytes. Two different types of nerve endings 
could be distinguished. One type is loaded with clear as weIl as with 
dense-cored vesicles measuring ab out 500 A in diameter whereas the other 
type is filled exclusively with clear vesicles also measuring 500 A in dia
meter. The fust type probably belongs to noradrenergic fibres entering 
the organ via the perivascular spaces while the second type possibly 
belongs to cholinergic nerve fibres running via the nervi conarü. 

On the ultrastructurallevel, acetylcholinesterase could be demonstrated 
in the nerve fibre bundles, but control experiments have still to be done 
in view of specificity . 

80 far, the results seem to indicate that two different types of inner
vation are present in the rabbit pineal, a noradrenergic and a cholinergic 
one. This would possibly explain the two mutual independent rhythms 
of serotonin and melatonin in this organ. A histogram showing the distri
bution of axon diameters from sections of 40 autonomie nerve bundies 
was made. 

Investigations on the ultrastructure of pineal of rabbits which were 
kept for 14 days in constant light or in constant darkness, respectively, 
showed that there are interesting differences as to the structure and the 
quality of the smooth endoplasmic reticulum in the terminal buds of the 
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pinealocytic processes. It is known that this type of endoplasmic reticulum 
is constantly present in organs which synthesize biogenic amines. From 
biochemical experiments it is also known that the indole amine serotonin, 
and its derivates, such as melatonin, are synthesized in the pineal gIand, 
their synthesis and concentration being influenced by light and darkness. 
These stimuli are mediated by the autonomic innervation of the organ. 
Using the experiments described it will, therefore, probably be possible 
to find a correlation between the ultrastructure and the biochemistry of 
the gland. The administration of the precursor of serotonin, 5-L-hydroxy
tryptophan, or of the specific inhibitor of this synthesis of serotonin, 
p-cholorophenylalanin, gave comparable results as the structure of the 
smooth endoplasmic reticulum mentioned was concerned. 

Af ter bilateral removal of the superior cervical ganglia, the noradrenergic 
nerve endings totally disappeared while those nerve endings which are 
possibly cholinergic were still observed, although being somewhat reduced 
in form and contents. This leads to the hypothesis that the cholinergic 
nerve fibres showing this type of terminal may originate from the intra
mural pineal autonomic neurones. 

Some investigations into the ultrastructure of nerve cells in brains of 
rabbits having been experimentally made a.therosclerotic were also per
formed. 

4. Section of N eurohistochemistry and N eurocytochemistry 

Dr. J. F. Jongkind : 

The "criticaI" period of EEG development in the forebrain of the 
chick embryo was studied chemically by means of the "closed system" 
approach of Lowry. A preliminary account of this investigation is in press. 
More elaborate experiments on :this subject are now finished and will be 
also published. 

The termination of norm al forebrain EEG-activity in decapitated chick 
embryos as registered by Dr. Corner was correlated with the levels of 
high energy phosphate compounds (ATP, p-creatine) at that time. A pre
liminary account of this work is in press. The results of more elaborate 
experiments will be published in combination with those obtained from 
the study mentioned first. 

The high energy phosphate flux upon ischaemia of the molecular and 
granular layers of the cerebellum of the 19-days old chick embryo was 
determined. An ultramicro method for ATP and phosphocreatine has been 
developed. The preliminary results point to a difference in ATP-utilization 
in the different layers. 

A new method for AMP was developed in order to determine adenyl
cyclase in frozen-dried hypothalamic sections. The work on hypothalamic 
adenylcylase and activation of this enzyme by incubation with hormon es 
will be carried out jointly with Dr. Swaab as a Fungo project. 
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Dr. D. F. Swaab: 

The activity of the supraoptic and paraventricular hypothalamic neuro
secretory nuclei of the rat was determined by means of histochemical 
and microchemical procedures. Neurosecretory activity was shown to be 
affected during conditions causing an increased release of posterior lobe 
hormones, e.g. during water deprivation, parturition and lactation. More
over, this activity was stimulated during circumstances causing a change 
in the level of gonadotropic hormones, e.g. during mid-pregnancy, af ter 
gonadectomy, during early oestrus and light-induced persistent oestrus. 

This relation between gonadotropic hormon es and neurosecretory ac
tivity could be explained by the stimulative effect of gonadotropic hor
mones on this activity. This effect on the neurosecretory nuclei was demon
strated by the stimulative action of gonadotropic hormones (HeG, HMG, 
NIH-FSH, NIH-LH), and by the inhibitory effect of oestrogens on neuro
secretory activity. Prolactin (NIH) did not affect this activity. It appeared, 
furthermore, that the same ceUs of the neurosecretory nuclei are activated, 
irrespective of the type of stimulus. The results of this investigation have 
been published in some papers and in a thesis. An investigation into the 
biochemical mechanism of activation of neurosecretory activity by gona
dotropic hormon es was started. 

A. R. Smith: 

A study was started concerning indole- and catecholamine fluorescence 
in the rabbit pineal gland. The identification and distribution of serotonin 
containing yeUow fluorescent ceUs and of yeUow autofluorescent cells were 
investigated by means of several methods, viz., a modification of the 
Falck-Hillarp technique, quantification, a histochemical staining procedure, 
as weIl as under several experimental conditions, that is af ter adminis
tration of pharmaca (DL-parachlorophenylalanine dimethylester hydro
chloride), and during the circadian rhythm. 

Drs. G. J . Boer: 

Research on the relation between glial ceUs and neurones in brain tissue 
was started with the neurohypophysis as a model system. Determination 
of carbonic anhydrase activity, an enzyme, specific for glial ceIls according 
to Giacobini (1962), was done in the entire pituitary gland of mice, with 
and without deprivation of water. Microdetection of the enzyme in frozen
dried sections of the neural lobe is now being investigated. 

Dr. Barbara Broniszewska-Ardelt (guestworker from Warzawa, Poland, 
for 3 months): 

A study was made of the effect of hypoxia on substrate levels in the 
brain of the adult mouse. Mice were submitted to a gas mixture of low 
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oxygen content and killed at different times af ter anoxia. Major energy 
reserves were determined. The results will be published. 

Dr. L. Szegedy (guestworker from Budapest, Hungary, for 6 months): 

The energy metabolism in mouse brain during uraemic conditions was 
studied. Mice were brought in an uraemic condition by clamping the 
ureters. Energy reserves like glucose, ATP, P-creatine, and glycogen were 
determined in blood and forebrain. Energy fluxes were calculated from 
the data obtained af ter transforming the brain into a closed glycolytic 
system. The manuscript is in preparation. 

Dr. R. Gossrau (guestworker from Würzburg, Germany, for 1 month): 

Certain aspects of microchemical methodology such as enzyme determi
nations, weighing of sub microgram pieces of tissue and the theory under
lying substrate measurement by means of oil-well cycling techniques have 
been learned during the short time available. 

Dr. F. Grégoire (guestworker from Brussels, Belgium, for 14 days): 

The microphosphate determination was learned in order to study 
phosphatases in kidney. 

Johanna A. M. Giesen (guestworker from Rotterdam, for 3 weeks): 

Miss Giesen, technical assistent of Prof. Dr. H. Galjaart, University 
of Rotterdam, learned the technique of glucose-6-phosphate dehydrogenase 
determination in single cells by means of oil-well cycling techniques. 

DIVISION OF PHYSIOLOGY 

1. Section ot Experimental N eurology 

Dr. J. P. Schadé, Drs. B. Van Cranenburgh, Drs. W. Van Emde Boas 
and J. P. Muizelaar : 

The meaning of different types of impulse sequences in neurones in 
the central nervous system is largely unknown. In all complex neuronal 
systems large variations occur which are difficult to relate to the differences 
in the microbehaviour of the neurones and the underlying morphological 
substrate. 

The specific aims of our research project may be summarized as follows: 
a. to detect changes in the electrical properties of neurones at the micro

level during the course of a decrease in receptive surface of the neurones; 
b. to analyze the sensitivity of the neuronal membrane to iontophoretic

ally applied neurotransmitters during the abovementioned condition ; 
c. to analyze the differential vulnerability of various neuronal populations 
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as a consequence of reduced oxygen supply, and degeneration of the 
neuronal membrane. 

For this purpose the impulse sequences of neurones in various cerebral 
areas were registered. This report deals with 4 series of animals : 2 control 
series, Cl and C2; 2 experimental series: Al - 3 months atherosclerosis, 
A2 - 6 months atherosclerosis. The total nu mb er of neurones analyzed 
in 4 series was 536. 

Mter a number of trials, an electrode-track was selected through plane 
Bb of Gangloff and Monnier. In this way it was possible to register impulse 
sequences from neurones in the cerebral cortex, caudate nucleus, globus 
pallidus and amygdala. 

There is a wide variation in the structure of the impulse sequences 
between cells in the various areas. In a first approach, the trains of impulses 
were statistically analyzed by the study of frequency distribution and 
interval histograms with the aid of a data retrieval computer and an 
IBM digital computer. The various parameters (mean frequency, mean 
interval, coefficient of variation) were plotted against depth as measured 
from the pial surface. For convenience, all data were assembied in classes 
of 15001-'. In the control and in the experimental series a clear-cut profile 
was obtained which enabled us to identify the various neuronal popu
lations. 

Shifts in mean frequency of impuls es were obtained, e.g. in the globus 
pallidus, in the two experimental series as compared to the control series. 
Also the distribution of neurones as a function of depth shows differences. 
Histograms of interspike intervals of 3 minutes periods were classified 
as either exponential, y-(2, 3), normal, or irregular. 

Generally , each depth class of neurones could be identified on the basis 
of this subdivision. In the control series a high incidence of the exponential 
distribution occurred in the first five classes, and a high incidence of 
y-distribution in classes 6-10. 

An entirely different distribution was found in the experimental series. 
In the A2 series, for instance, the number of exponential distribution 
decreases and the ratio of y - to exponential distribution increases sig
nificantly. 

At present these results are being further analyzed to show their possible 
physiological significance. 

Dr. J. C. de Valois and Drs. J . P. C. Peperkamp: 

The results of cerebral blood flow (CBF) measurements obtained during 
the last two years of experimentation have been extensively analyzed. 
The CBF studies were centered around the reactivity of cerebral vessels 
to chemical agents. 

In 1970, about 1000 CBF measurements were performed to detect the 
influence of vaso-dilator drugs and anaesthetics. The anaesthetics tested 
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included the neurolept-analgetic agent hypnorm, the barbiturates Kemithal 
and nembutal and the volatile anaesthetics nitrous oxide and fluothane. 
All anaesthetics caused a significant decrease in CBF. 

The relationship between flow values and the relative weight of fast 
and slow perfused compartments could be expressed in mathemathical 
terms. The relationship between relative weight and flow values has been 
simulated in multi-compartmental systems using the IBM-1130 continuous 
modelling program. 

In the series of animals treated with a diet containing 1 % cholesterol, 
CBF studies were performed aftel' 3 and 6 months. No significant changes 
in CBF were observed. These results must be considered preliminary. 
Further investigations on this model of experimental atherosclerosis are 
necessary to arrive at definite conclusions. 

In the course of 1970 a clinical set up was built at the neurosurgical 
clinic ofthe University of Amsterdam to study cerebral blood flow in man. 
This project was started as a joined initiative of the neurosurgical and 
neurological departments of the University of Amsterdam and the section 
of experimental neurology of the Brain Institute. This clinical work will 
start with CBF measurements in cerebral atherosclerosis and arachnoidal 
haemorrhage. 

2. Section of Oomparative and Developmental Physiology 

Dr. M. A. Corner: 

An improved method was developed for culturing whole (chick) embryos 
or isolated nervous tissues in vitro. The second part of the project consisted 
in adapting the classical chorio-allantoic grafting technique for in vitro, 
instead of for in ovo utilization. Success has already been achieved in 
culturing the embryo for more than two weeks, in contrast to the maximum 
of 4-5 days using previous methods. Brain fragments too survived for 
this long upon the extraembryonic membranes. Neuronal dift'erentiation 
and extensive outgrowth of nerve fibres have been demonstrated histo
logically in such explants. Attempts are in progress both to extend the 
life of the cultured system by reducing the growth of the "host" embryo, 
which is needed to provide for the blood circulation, and to incubate 
the whole embryo until it normally would hatch. Both these techniques 
are anticipated to faciIitate research into prenatal physiology, especially 
if it proves equally weIl possible to maintain mammalian tissues and 
embryos. 

Aid was given to Dr. A. P. C. Bot in the completion of his thesis con
cerning developmental aspects of cerebral "seizures" in the chick embryo. 
Moreover, a microscopic study was rounded oft' using Golgi-stained brain 
sections, in order to provide a histological basis for the patho-physiological 
results obtained. Especially the growth of the dendritic surface area 
proved to be clearly correlated with changes in functional capacity during 
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prenatal development. Biochemical analysis of energy utilization pointed 
to the determining role of cellular structural factors in the capabilities 
revealed by paroxysmal patterns of bioelectric activity. Normal functional 
activity, on the other hand, is more likely to be regulated essentially 
by the biochemical changes taking place during ontogeny. In collaboration 
with Dr. Bot and Dr. Jongkind publications are in preparation regarding 
these physiological phenomena in the chick embryo. 

Together with Drs. W. L. Bakhuis a project has been undertaken of 
recording the cerebral electrical activity (EEG) of the unrestrained chick 
immediately af ter hatching. It was wished to find out in this way when 
the alert behavioural state in this species first becomes reflected in a 
specific bioelectrical pattern generated by higher brain centres. The 
spontaneous movements of the animal required the construction of ex
tremely small telemetry senders which could transmit the EEG free from 
artifacts. This problem has been successfully solved and the result has 
emerged that cerebral activity continues to be typically "sleep-like" in 
character, even during behavioural arousal and orientation, for many 
hours af ter the post-hatching transitional phase. A trend towards the 
expected "desynchronized" electrical record then develops gradually, such 
that the mature pattern is already attained during the first days of life. 

In collaboration with Drs. H. van Dis of the Section of Behavioural 
Physiology, coaching has been started of the experimental work of Drs. 
K. Boer, with the aim of exploring several possibilities for a doctoral 
thesis subject. The technique of faithfully recording EEG activity during 
unrestrained behaviour in the rat by means of telemetry is being worked 
out. Cerebral registrations have been made, free of any kind of artifact, 
and a start was made in recording from specific hypothalamic nuclei 
during sexual behaviour. 

Dr. H . van Wilgenburg : 

Investigations concerning an electrophysiological analysis of neurones 
in the visceral and parietal ganglia of the snaH (Helix pomatia) were 
completed. The results have been published in a doctoral thesis. Data 
on spontaneous postsynaptic membrane phenomena were used to classify 
the neurones according to their pharmacological properties, based on 
perfusion and iontophoretic application of acetylcholine, dopamine and 
serotonin. The influence of postsynaptic potentials upon spike generating 
processes were described with the aid of several statistical methods. 
Results concerning the locus of initiation, conduction velocity and path
ways of spikes were checked using special purpose computers, while also 
the intracellular injection of the fluorescent dye, Procion yellow, used 
in combination with histochemical techniques proved to be helpful in 
achieving this aim. Finally, all data have been used for attempting an 
interpretation of the role of these neurones in controlling the cardio
respiratory reflexes in this species of snail. 
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A new research programme has been started concerning the specifity 
of the membrane properties of different types of neurones. Special attention 
will be paid to the role of cyclic 3-5 AMP in determining the response 
to humoral factors, such as monaminergic substances and steroid hormones. 
Beside iontophoresis through multibarreled micropipettes, the technique 
of membrane voltage clamping is now being developed. In cooperation 
with Dr. J. P. Schadé the influence of these same substances upon the 
firing pattern of neurones is also being studied in rabbits by means of 
iontophoresis using multibarreled micropipettes. 

Drs. H . A. A. de Jong: 

A study on the statocyst-evoked neural activity in the snail (Helix 
pomatia) has been continued. A special electrode technique has been 
developed for registration of the activity from the abovementioned sense 
organ and from the CNS. Furthermore, a set-up has been realized for 
the registration of neural responses on minute differences in rotation speed, 
acceleration and spatial orientation. By means of a specially adapted 
multichannel analyzer system, the total activity of the sensory cells was 
demonstrated in the form of an "amplitude spectrum". The spectra 
obtained proved to be specific for each position in space and are, therefore, 
able to resolve the various active units. A response, both in the static 
nerve and in the cerebro-pedal connectives, correlated with stimulation 
of the preparation by means of precise movements, has been analyzed. 
Light- and electron microscopic investigations confirmed the prediction, 
based on the physiological results, that, quantitatively, several morpho
logical classes of nerve fibres would be found. 

3. Section of Behavioural Physiology 

Drs. A. P. van der Meché, Vera Kappers, G. Mondeel and J. P. Pol: 

An experimental procedure was developed in which six identical shuttle
boxes are simultaneously controlled by an apparatus, which is located 
in a neighbouring room. Until now we have only been able to work with 
punishment conditioning while a reward conditioning automatic feeding 
apparatus is being developed. 

Different aspects of spontaneous behaviour (goldfish) and learning 
behaviour (goldfish and trout) were studied. During early spontaneous 
behaviour experiments the fish showed a very distinct preference for one 
of the two compartments of the shuttle-box. During later experiments 
this preference turned out to be an artifact. The method used to find this 
result can now be used for detecting slight deviations in shuttle-box 
symmetry. 

Spontaneous barrier-crossing during long-term experiments is very 
variabie. With the help of Dr. G. J . Smit it was tried to find a mathematical 
model for this behaviour. Moreover, we tried to find a conditioning metho-



16 PROGRE88 REPORT 1970 

dology which would give reproducible results in a short time. A suitable 
method has been found now. 

Drs. J. P. C. de Bruin: 

Besides the program on learning and memory in fish, the study of 
brain functions for the innate behaviour of teleost fish has been resumed. 
As an experimental animal the Siamese fighting fish has been chosen 
because it has a rich variety in behavioural display. The brain parts of 
interest are the telencephalon, exerting mainly a facilitating and inhibiting 
influence on behaviour, and the diencephalon and mesencephalon, where 
centres for many behavioural displays are presumably localized. A de
scriptive study is being made of these brain parts with the intention of 
preparing a comprehensive atlas of the fighting fish brain. Preliminary 
experiments have been carried out to determine if the technique of high
frequency lesions, used for various mammais, is also feasible for the fish 
brain. The ethological observation techniques are being extended by the 
introduction of a 20-channel recorder and accompanying keybord, which 
will enable more accurate and complete quantitative ethological recordings 
of the various behavioural parameters. 

Drs. H. van Dis and Drs. N. E. van de Poll : 

Male rats castrated neonatally and treated with androgen in adulthood 
will show impairment of their sexual behaviour. Approach of the receptive 
female appears to be undisturbed, but the animals are unable to achieve 
penile insertion and ejaculation (Grady, Phoenix and Young, 1965; 
Larsson, 1966). Effects of neonatal castration upon the penis and upon 
spinal sexual reflexes have been demonstrated (Beach, Noble and Orndoff, 
1969; Hart, 1968). The present work provides data indicating functional 
differences in the preoptic area following neonatal castration, using the 
method of intracranial selfstimulation. Mter treatment with androgen in 
adulthood, neonatally castrated rats showed a lower rate of selfstimulation 
when compared with littermates castrated as adults. Following cessation 
of the androgen treatment, the selfstimulation rates of neonatally castrated 
animals increased, whereas the selfstimulation rate of the adult-castrated 
rats decreased. Neonatally and adult-castrated rats with electrodes im
planted in the lateral hypothalamic area showed neither any difference 
in selfstimulation rate during androgen treatment nor did they reveal 
the differential effect in response to androgen withdrawal. These results 
indicate the importance of androgen in early development for the rein
forcement properties of the preoptic area in adulthood. 

4. Oomputer section 

Ir. J. Smith: 

Various functional aspects of the central nervous system have been 
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approached with statistical mathematical techniques and models as part 
of multidiciplinary studies. A system analysis on the information processing 
servomechanism in the hypothalamo-hypophysial-adrenal system was 
performed as a preliminary approach to further neurophysiological studies of 
this system. Also, using iterative data and byextensive literature research, 
an adrenal model was developed with Dr. A. Papaikonomou, in collabo
ration with Prof. Dr. Ir. P. Eijkhoff (T.H. Eindhoven) and Dr. J. P. 
Schadé, resulting in a thesis of the former. This functional integrative 
model simulatcd the biosynthesis of glucocorticoids. Simulation is performed 
with the IBM 1130 - Oontinuous System Modelling Program (CSMP). 

Together with Dr. J . P. Schadé, Drs. B. van Cranenburg and Drs. 
W. van Emde Boas a joint research project is in progress, studying the 
computer analysis of impulses in the brain of animals with experimental 
atherosclerosis. Recordings of spontaneous activity on the unit level in 
different parts of the rabbit brain were made, using standard micropipettes 
procedures. In order to detect changes in the functional activity of the 
neurones a quantitative analysis was performed. For this purpose software 
has been developed, regarding the spontaneous action potentials as an 
event in time. Multibarrel recording together with chemical stimulation 
is initiated, in combination with the software development for post
stimulus event analysis. 
Software package : 
I . For each spike train recorded, seven statistical parameters are cal cu

lated. 
2. Plotprocedures of mean-firing rate against depth, standard deviation 

against depth, ratio of meanfstand. deviation against depth. 
3. Regression analysis of standard deviation against mean. 
4. Spike interval histogram. 
5. Spike time histogram. 
6. Serial auto-correlogram program plus renewal process test. 
7. Periodogram plot program. 

In collaboration with Dr. J. C. de Valois and Drs. J . P. C. Peperkamp 
a two to six compartment model of the isotope clearance curve was 
developed using C.S.M.P. 

The development of a mathematical model of ischemia was initiated 
with M. Reith in collaboration with Dr. J. F. Jongkind. This simulation 
is also done with C.S.M.P. on the IBM-1130 computer. 

DIVISION OF NEUROCHEMISTRY 

Dr. J. Vos : 

Research on acid mucopolysaccharides was completed. 

Dr. A. B. Oestreicher : 

An investigation is initiated illto the effects of certaill antibiotics 
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inducing ion-permeability changes upon the activity of the Na+, K+
stimulated ATPase of synaptosomes. In connection with the interest in 
the properties of the synaptic membrane, also other enzymatic activities 
and receptor sites for neurotransmitters in neural membranes will be 
studied. 

Drs. C. van Leeuwen: 

Aspects of the surface charge of subcellular particles, especially of 
synaptosomes, and the protein structure of the synaptic membrane is 
studied. Data will be gathered concerning the identity of different groups, 
involved in the apparent surface charge of synaptic particles. These data 
can be eventually used in in vitro binding studies. An enriched synaptosome 
fraction has been isolated by means of sucrose density gradient centri
fugation. This fraction has been characterized by several enzymes of which 
the subcellular distributions are known. 

A study of the surface charge of isolated synaptosomes as a function 
of the pH and the ionic strength is in progress. Human erythrocytes will 
be used as a marker in these experiments. The uncorrected mobility of 
rat brain synaptosomes in a continuous sucrose density gradient at 25°C, 
pH 7 and 8 Volt/cm is -1.95 ",/sec/Volt/cm; under the same conditions 
the value for red cells is -1.50 ",/sec/Volt/cm. 

Modifications of the outer surface of the different particles brought 
about by chemical and enzymatic methods will be pursued in order to 
study their influence on electrophoretic mobility. It is hoped to determine 
the definite role of NANA on these particles in view of its influence on 
the red cell surface. 

DIVISION OF NEUROPHARMACOLOGY 

Dr. J. J . Meisch and Drs. M. van Wijk: 

The monoamine levels (noradrenaline, dopamine, serotonin) in whole 
brain as well as in different brain regions (brain stem, cerebellum, hypo
thalamus, caudate nucleus, and cortex) of normal rabbits have been 
compared with those in cholesterol rabbits which were kept on a special 
diet during varying periods of time. As the amine levels in brain do not 
reflect functional activity of the neurones, the turnover rates of the 
various amines were measured. Various analytical procedures for the 
determination of metabolites such as 5-hydroxyindole acetic acid and 
homovanillic acid are now developed. 

The research project concerning the metabolism of false transmitters 
in rat brain was continued. Some technical problems such as the combined 
fluorimetric determination of ~-methyl-m-tyramine and metaraminol in 
tissues were solved. It is now possible to detect these ~-methylated com
pounds down to 0.01 mg/g brain and achieve good and consistent re-
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coveries. 1X-Methyl-m-tyrosine, 200 mg/kg was injected i.p. in rats and 
the time curve of the formation of <x-methyl-m-tyramine and metaraminol 
was made. The effect of reserpine and antidepressant drugs on the release 
of the false transmitters was studied. W ork with special antiparkinson 
drugs is in progress. 
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I. EARLY AMPIDBIAN DEVELOPMENT 

a. Experimental morphology and cinematography 

l. The vegetalizing action of the Li ion on recombinates of animal and 
vegetative material from blastulae (Ambystoma mexicanum) (P. D . 
Nieuwkoop) 

In experiments carried out in 1967 recombinates of various animal 
and vegetative zones isolated from blastulae of stage 8-9 (Harrison) were 
treated with LiCI and subsequently reared in Holtfreter solution for 5-6 
days. The quantitative results were partially inconclusive, probably due 
to selective loss of cells during the relatively long cultivation period. 
Therefore, an extensive series of similar experiments was carried out 
under the most stringent experimental conditions and with a cultivation 
time of only 3 days. The results (see sect. VIII , ref. 14) showed a very 
pronounced vegetalization of the recombinates, the presumptive ecto
neuroderm being transformed into mesoderm, and even further into 
endoderm. That this is probably due to an enhancement of the meso
and endodermal competence of the animal ("ectodermal") half of the 
blastula by Li is indicated by the fact that isolates of presumptive ectoderm 
alone were weakly mesodermized by the same concentration of LiCl. 

The quantitative data, based on the volumes of the structures formed, 
showed highly significant differences between treated and untreated 
isolates and recombinates. 

2. Study of recombinates of disfreaggregated animal and vegetative 
material from blastulae (Ambystoma mexicanum) (P. D . Nieuwkoop) 

Preliminary experiments were carried out in which recombinates were 
made of disaggregated animal ("ectodermal") and vegetative ("endo
dermal") parts of blastulae of stage 8-9 (Harrison). The purpose of these 
experiments was to establish (1) in how far the induced mesoderm is 
capable of self-organization into its characteristic regional pattern, and 
(2) to what extent the pattern depends upon possible pre-existing regional 
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differences in competence in the ectodermal part as well as upon the 
regional differences in inductive capacity already demonstrated to exist 
in the endodermal part of the blastula (see previous report, sect. I.a.I-3). 

Two phenomena interfered with the theoretical plan of the experiments: 
(1) the ectodermal parts of the recombinates were neuralized to a con
siderable extent as a result of the disjreaggregation procedure, and (2) 
the amount of mesoderm induced in the recombinates was relatively small 
and notochord differentiation was seldom observed. The second phenome
non may be due either to a delay in the re-establishment of the endo
ectodermal inductive interactions, or to a decrease in mesodermal compe
tence of the strongly neuralized ectodermal part, or to both factors. 

The experiments will be repeated using less easily neuralized pre
sumptivc ecto-neuroderm of other urodelan species, and disaggregating 
the material at very early blastula stages. 

3. The regional differentiation and regional inductive capacity of the 
blastula endoderm (Ambystoma mexicanum) (E. C. Boterenbrood) 

The mesoderm-inducing capacity of the blastula endoderm (see previous 
report, sect. La.I-3) declines from stage 8i to stage 10 (Harrison). During 
this period there is a consistent dorso-ventral decrease in the capacity 
to induce notochord, and a consistent dorso-ventral increase in primordial 
germ ceU and blood ceU induction. However, the induction of muscle 
tissue and pronephric tubules is stronger dorsally at stage 8i, but stronger 
ventraUy at stage 10. At the latter stage the dorsal portion ofthe endoderm 
has completely lost its capacity to induce pronephric tubules, primordial 
germ ceUs, or blood ceUs. 

The endodermal structures produced by the inducer itself in general 
show increasing regional specificity from stage 8i to 10. No strict correlation 
could be found between the regional structures produced by the endoderm 
and the regional character of the mesodermal inductions. 

In order to be able to extend these investigations to earlier blastula 
stages it is necessary to know the minimal time of contact between endo
derm and mesoderm that is required for induction to take place. Pre
liminary experiments have shown that a period of contact of at least 
7-8 hrs. is necessary. No relation could yet be demonstrated between the 
period of contact and the regional character of the induced mesodermal 
structures. 

4. The induction of gastrulation (Ambystoma mexicanum) (M. H. M. 
Doucet-de Bruïne-doctoral thesis subject, Univ. of Utrecht-with 
financial support of the Netherlands Organization for the Advancement 
of Pure Research) 

The changes in ceU shape which occur in purely vegetative blastula 
halves isolated at stage 8 (Harrison) or later, and which are thought to 
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represent gastrulation movements (see previous report, sect. La.4), were 
recorded cinematographically. The films fully confirmed the earlier obser
vations. Vegetative isolates of stage 7%· completely lack the capacity 
of spontaneous flask-cell formation ; apart from a slight indication of pre
gastrula ingression movements in a few cases, no morphogenetic movements 
are seen. 

The experiments made so far to test the possibility of evoking flask-cell 
formation in such isolates, by recombining them with prospective ecto
or mesoderm from various stages and from various regions of the animal 
half, were not yet fully conclusive and are being extended. It is doubtful 
whether the extensive flask-cell formation seen in older isolates ever occurs 
in these recombinates, but a transitory invagination groove appears at 
the same time as in control blastulae. The groove disappears again af ter 
4-5 hrs. 

5. Cinematographic study ofthe cleavage pattern (Ambystoma mexicanum) 
(K. Hara) 

The study of the norm al cleavage pattern by means of "double-camera" 
time-lapse cinematography (see previous report, sect. I.a.5, and this report, 
ref. 8) was continued. Ten more film pairs were taken and their analysis 
is in progress. 

Furthermore, cleaving eggs were dissociated and their cleavage patterns 
studied cinematographically in two different manners : (1) The fertilized 
egg was placed with the vitelline membrane intact in 1/15 M Sörensen 
phosphate buffer (pH 7.4) . Synchronous cleavage waves succeeded each 
other normally as in sterile tap water, but apparently due to the absence 
of normal cell-to-cell contacts no blastocoel was formed, and no gastrulation 
movements took place at the expected time; (2) The two-cell embryo 
was placed in Sörensen buffer and the vitelline membrane removed. 
Cleavage proceeded but the blastomeres separated and spread out in a 
partly single, partly double layer. Nevertheless, synchronous cleavage 
waves were seen to occur; in one case 11 such waves took place; some 
hours af ter the 11th cleavage cycle the number of cells was determined 
and found to be c. 8,800. 

These observations suggest the possibility that at least during the first 
10 or 11 cleavage cycles the cleavage process is governed only by the 
intra-cellular machinery of the individual blastomeres and does not require 
inti mate cellular interactions. 

6. Cinematography of the local growth of new cell surface in the cleaving 
egg (Xenopus laevis) (J. G. Bluemink) 

Eggs devoid of their vitelline membrane were exposed to 10 Jlg cyto-

• interpolation into the Rarrison series according to the quantitative stage criteria 
of Rara and Boterenbrood (see previous report, sect. I.a.6). 
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chalasin B per mI. half-strength Holtfreter solution (see seet. I.b.2. below). 
As a result of the treatment the first cleavage groove regressed, and the 
egg underwent considerable flattening under the influence of gravity. The 
pattern of growth of new ceH surface in the regressed furrow region is 
being analysed by means of carbon marks placed at selected locations 
within this region, followed by time-lapse cinematography. 

b. Electron microscopy 

1. Electron microscopy of the first cleavage of the egg (Xenopus laevis) 
(J. G. Bluemink) 

This study was undertaken to establish whether the structural alter
ations observed during first cleavage in the axolotl have general validity 
(see previous report, sect. I.b.l, and this report, ref. 2). 

As in the axolotl, surface folds and protrusions come into being during 
cleavage as a result of constringent surface movements. The early groove 
that results from surface constriction is characterized by a superficial 
layer of oriented 100 A filaments at its advancing end, underlain by a 
zone packed with light vesicles and vacuoles. Osmiophilic stacked lamellae 
found in the area of local growth of the cell surf ace are thought to represent 
material that is to be integrated into the new membrane. 

Initial interblastomeric contacts are established by ceH surface pro
trusions from both sides bridging the groove. Unlike the ceH surface 
outside the furrow region, the cell membrane lining the groove becomes 
coated with fuzzy, lanthanum-binding material. At the points of contact 
the ceH membranes remain separated by a gap 500-600 A wide. At the 
onset of second cleavage the cell wall separating the first two blastomeres 
is still incomplete (see ref. 20). 

2. Effects of cytoehalasin B on surface eontractility and cell contact 
formation during first cleavage (Xenopus laevis) (J. G. Bluemink) 

According to a current working hypothesis cytoplasmic cleavage results 
from the joint action of cell constriction, ceH contact formation, and 
ingrowth of new ceH surface. In order to unravel the relative contributions 
of these processes, the mould metabolite cytochalasin B, which is supposed 
to seleetively eliminate surface contraction, was applied to uncleaved and 
cleaving eggs. 

Eggs were exposed to various concentrations of cytochalasin B at differ
ent stages. The completion of eytoplasmic cleavage is prevented by 5-10 pg 
cytochalasin per mI., despite the fact that surface contraction during 
furrow formation is unimpeded. However, the furrow regresses, af ter 
which an unpigmented band of cell surface appears, inserted into the 
original furrow region. Bundies of oriented intact 100 A filaments are 
present in the middle region of this band, which represents the original 
advancing tip of the groove. 
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Notwithstanding complete regression ofthe first cleavage furrow, surface 
contraction in the region of the second cleavage furrow is initiated and 
proceeds in norm al fashion. Oriented 100 A filaments ofnormal appearance 
are present. 

It could be shown that the effe cts of cytochalasin treatment depend 
on the phase of furrow formation rather than on the duration of treatment. 
Apparently the sub stance primarily affects the outer side ofthe ceU surface, 
and by doing so interferes with the formation of stabie interblastomeric 
junctions. In their absence furrow regression coincides with the local 
growth of new cell surface. 

At concentrations of 50-100 flg cytochalasin per mI. surface contraction 
is al most completely abolished. These findings have important implications 
for the interpretation of the normal cleavage process (see ref. 20) (see 
also sect. I.a.6 above). 

c. Histo- and cytochemistry 

1. Polysaccharides in early cleavage stages (Ambystoma mexicanum) (G. A. 
Ubbels) 

As stated in the previous reports considerable amounts of (muco)poly
saccharides are present in the blastula and early gastrula of amphibians. 
Most of this is glycogen, which is found in the form of separate or clustered 
tiny granules scattered among the yolk granules, but acid mucopoly
saccharides are also present. 

Very probably the fixation method used so far lacks specificity. There
fore a procedure for freeze-drying and formol-vapour post-fixation of 
cleavage and blastula stages was worked out and is being improved further. 
With this method the distribution of glycogen during the first cleavage 
cycle of axolotl eggs was studied. 

At the shallow cleavage-groove stage a considerable amount of glycogen 
is found in the animal cortical region of the two future blastomeres. 
Glycogen is also abundant in a narrow zone of cytoplasm located between 
the two cleavage nuclei, where later the new ceU membrane will appear. 
When the cleavage furrow deepens a fair amount of glycogen and pigment 
granules is found in its walls. Around the bottom of the furrow there is 
a clearly delimited area of cytoplasm which is rich in glycogen and pigment 
granules, but almost entirely devoid of yolk granules. 

At present the distribution of glycogen in still earlier stages is being 
studied, as well as that of acid mucopolysaccharides in relation to cleavage. 

2. Autoradiographic study of mesoderm induction in the blastula (Am
bystoma mexicanum) (G. A. Ubbels and P. D. Nieuwkoop) 

This work is a continuation of that described in the previous report 
(sect. I.c.2). The nuclei of early blastulae (Harrison stage 8) were labeUed 
with 3H-thymidine by means of Chibon's injection method. The blastulae 
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were allowed to develop till stage 9, and parts of them were then recom
bined with parts of unlabelled blastulae of the same stage and allowed 
to develop in Holtfreter solution for 40-68 hrs. The recombinates in all 
cases confirmed that the mesoderm is formed from the "ectodermal" half 
under the inductive influence of the endoderm (see previous report, 
sect. La.I-2). 

The vegetative endoderm does not contribute to the mesodermal 
structures; the animal ("ectodermal") half, on the other hand, furnishes 
all the material for the mesodermal structures and moreover contributes 
to some endodermal structures. These structures could not be identified 
since the recombinates were not far enough advanced in differentiation 
at the time of fixation (however, see results of xenoplastic recombinates, 
previous report, sect. La.I). 

Single cells or small groups of cells sometimes behaved in a way different 
from the general rule outlined above; since their morphological charac
teristics clearly revealed their origin from either ectoderm or endoderm, 
it could be concluded with certainty that these cells represented "con
taminations" having originated at the time of operation. 

d . Biochemistry 

1. Isolation and characterization of embryonic ribosomes (Xenopuslaevis) 
(P. Th. M. van der Saag and H . Nederbragt) 

This work is a continuation of that described in the previous report 
(sect. I.d.I). Mter the difficulties inherent in the isolation of ribosomes 
were largely overcome, their localization in the various fractions obtained 
from homogenates was studied. Also, a beginning was made with the 
dissociation of the 80 s ribosomes into 60 s and 40 s subunits (using 
potassium ions as recommended by Martin and Wool, 1968), and their 
re-association into intact ribosomes. 

2. Further purification of embryonic ribosomes and their use in a cell-free 
system (Xenopus laevis) (P. Th. M. van der Saag, Th. F. J. de Greeff 
and J. M. Vlak) 

Ribosomes isolated from eggs and embryos were chromatographed 
through columns of DEAE cellulose. The preparations obtained in this 
way were of much higher purity than those obtained by other methods, 
mainly because large amounts of glycogen and non-ribosomal proteins 
could be eliminated. 

In collaboration with B. A. M. van der Zeyst, M. Sc. (van 't Hoff 
Laboratory, Utrecht) a beginning was made with testing the biological 
activities of such ribosomal preparations in a subcellular, protein-synthe
sizing system. The possibility is being investigated of using such a system 
for the study of regulation of protein synthesis at the translation level. 
To this end also enzymic factors involved in protein synthesis are being 
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isolated from Xenopus eggs and embryos, and further purified. The aim 
is to assem bIe a homologous system in which all components originate 
from the same source material. 

Finally the experiments on dissociation and re-association of ribosomes 
(see 1 above) were extended. 

3. Isolation of embryonic polyribosomes (Xenopus laevis) (P. Th. M. van 
der Saag and J. M. van der Meer) 

An essential step in the further analysis of the regulation of protein 
synthesis would be the isolation of polyribosomes. However, for various 
technical reasons this has proved to be very difficult, and no results have 
been obtained so faro 

4. Isolation and purification of tubulin from early embryos (Xenopus 
laevis) (P. Th. M. van der Saag) 

It has long been feIt that it would be cssential for the study of the regu
lation of protein synthesis in early development to be able to concentrate 
on a very specific protein. A possible candidate would seem to be tubulin, 
the major constituent of microtubules, neurotubules, and mitotic spindIe 
fibres. A study of this protein was therefore started and some preliminary 
results were obtained. 

e. Biophysics 

1. Electrical membrane characteristics of pre-gastrula embryos (Am
bystoma mexicanum, Xenopus laevis) (S. W . de Laat and F. M. Lux
wolda) 

Detailed measurements were made of the membrane potential and of 
both the input and transfer membrane resistances during pre-gastrula 
development. A striking correlation was observed between these three 
membrane characteristics and the cleavage cycle. This phenomenon is 
being investigated further. 

In Xenopus, up to the 16-cell stage newly formed cell membranes do 
not seem to contribute to the transfer membrane resistances. In other 
words, at these early stages the blastomeres are fully coupled electrically. 
Preliminary experiments suggest that at later stages the newly formed 
cell membranes do contribute significantly to the transfer resistances. 

2. Changes in sodium and potassium content and activity during pre
gastrula development (Ambystoma mexicanum, Xenopus laevis) (S. W. 
de Laat) 

Dry weight and total water content of individual embryos at different 
developmental stages were determined with standard weighing techniques. 
Subsequently the sodium and potassium content of the same eggs was 
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determined by means of flame photometry. Changes in sodium and po
tassium content were found, which appeared to be correlated with the 
cleavage cycle. However, there was considerable variation among egg 
batches. One possible reason could be insufficient accuracy of stageing. 
This possibility is being tested. 

In the near future determinations will be started of intracellnlar sodium 
and potassium activities by means of ion-selective micro-electrodes. 

3. Determination of extracellular space in pre-gastrula embryos (Am
bystoma mexicanum, Xenopus laevis) (8. W. de Laat and P. Th. M. 
van der 8aag) 

Measurements of extracellular space at different stages of development 
by means of the inulin method have been started. The values found 
should provide a correction factor for the determination of intracellular 
water content. 

4. Cell membrane structure in pre-gastrula embryos (Ambystoma mexi
canum, Xenopus laevis) (8. W. de Laat) 

Recently an electron-microscopic study of the structure of newly formed 
cell membranes has been started, with the aim of fin ding out whether 
there is a correlation between membrane structure and electrical coupling. 

II. AVIAN DEVELOPMENT 

a. Experimental morplwlogy 

1. The origin of the regional pattern of neural differentiation (Gallus 
domesticus) (K. Hara) 

The experiments described in the two previous reports, in .which parts 
of the neuro-ectoderm were isolated, recombined with mesoderm from 
various levels, and cultured in vivo as "open sandwiches" were extended 
and the results analysed. The analysis showed that some additional ex
perimental series will be necessary. 

b. Organ and cell culture 

1. Proportionate growth ofthe skeleton and the action ofthyroid hormone 
in vitro (Gallus domesticus) (K. A. Lawson) 

The metabolic differences between a fast-growing limb bone rudiment 
(metatarsus) and a slowly growing one (radius), and the effect of 10-7 M 
trüodothyronine (Ts) on this pattern in vitro have been studied further 
(see previous reports). The rate of incorporation of sH-IeucinejDNA is 
higher in the metatarsus than in the radius, but the relative difference 
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is not as great as when the incorporation of 35S04 is measured. That these 
results reflect metabolic differences between the bon es in vivo is suggested 
by an experiment in which embryos were injected with a mixture of 
3H-leucine and 35S04. The ratio oftota1 35S incorporated to 3H incorporated 
into TCA-insoluble material was higher in the metatarsus than in the 
radius of 8 and 9 day old embryos. 

T3 stimulates the incorporation of 3H-leucine into both metatarsus and 
radius in vitro. Unlike the effect on the incorporation of 35S04 (see previous 
report, sect. IIl.4.b.) there is no significant difference in the relative effect 
on the two bon es. 

These results support the suggestion that a major growth difference 
between the metatarsus and radius is in the synthesis of intercellular 
matrix. 

2. Is cyclic AMP involved in the response of the metatarsus and radius 
to T31 (Gallus domesticus) (K. A. Lawson ang Th. M. Konijn) 

The possibility that the increased incorporation of 3H-thymidine, 35S04 

and 3H-leucine in response to T3 in vitro is mediated via cyclic AMP was 
tested using the Dictyostelium discoideum bioassay (see also sect. VI below). 
No increase in cAMP was found in rudiments taken 30 mins. to 18 hrs. 
af ter exposure to T3. This suggests that cAMP is not involved in the 
metabolic alterations occurring in this system during the first 18 hrs. 
of T3 treatment. 

3. The effect of T3 on cartilage cell cultures. (Gallus domesticus) (J. J. 
Haaijman) 

The heterogeneity in ceH type of limb bone rudiments has hampered 
the interpretation of biochemical results obtained on this system with 
respect to T3. Sternum can be easily stripped of connective tissue, yielding 
hyaline cartilage, and the net synthesis of protein is stimulated by T3 
in organ cultures of this rudiment. 

Suitable culture conditions for growth and functional differentiation of 
sternal chondrocytes have been sought. Chondrocytes, liberated from their 
matrix by a mixture of pronase and collagenase, were cultured in plastic 
petri dishes in medium 199 with various supplements. Chick embryo 
extract (1 % or 5 %) in the presence of serum had a marked growth
promoting effect; 10 % cock serum supported better growth than 10 % 
fetal bovine serum. Refractile-rimmed polygonal cells were found in 
medium containing fetal bovine serum and embryo extract, but clearly 
differentiated cartilage was only found af ter adding ascorbic acid to this 
medium. Chondrocytes in cock serum-containing medium became fibro
blastoid and 150 p,g ascorbic acid/mI. was toxic. The only observed effect 
of 10-7 M T3 was a reduction in proliferation in the medium containing 
cock serum. 
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lIl. MAMMALIAN DEVELOPMENT 

1. Localization of amylase activity in the fetal parotid gland cultured 
in vitro (Rattus rattus) (K. A. Lawson) 

Parotid epithelium is able to grow and differentiate when recombined 
with mesenchyme in vitro; the degree of morphogenesis of the epithelium 
and the amylase activity of the recombinate is dependent on both the 
source and the amount of mesenchyme, e.g. more amylase activity develops 
in a recombinate of parotid epithelium with submandibular mesenchyme 
than in a recombinate of the same epithelium with its own mesenchyme 
(unpublished results). 

The distribution of amylase activity within recombinates was studied 
using cryostat sections and a starch film as substrate; activity waslocalized 
in the terminal buds and in the lumina of the tubules and could not be 
demonstrated in the mesenchyme. Owing to the large variation in activity 
throughout the explant and the crudeness of the method it was not possible 
to assess whether the epithelium in recombinates with submandibular 
mesenchyme had a higher activity per acinar eeU as weU as more acinar 
ceUs. 

IV. AMPHIBIAN LIMB REGENERATION 

1. The morphogenetic capacities of a large mass of transplanted blastemal 
mesenehyme in the absence of digit formation (Ambystoma mexicanum) 
(M. 1. Michael and J. Faber) 

This problem arose from the work of N. J. de Both (see report of 1968, 
sect. IV.2, and this report, ref. 5) . It seemed possible that a large mass 
of blastemal mesenchyme would be capable of forming proximal skeletal 
elements of the limb in the absence of distal elements. 

In these experiments four undifferentiated fore limb blastemas (pro
duced by amputation through the humerus) were denuded of their epi
dermis and transplanted in close apposition into a groove made in the 
axial musculature of a host larva. The mesenchyme was covered with 
whole back skin, which is known not to support the outgrowth of the 
mesenchyme that normaUy leads to digit formation. The results are being 
analysed. 

v. DEVELOPMENTAL GENETICS IN INSECTS 

1. Genetics, morphology, and development of homoeotic mutants (Dro
sophila melanogaster) (W. J. Ouweneel-with financial support of the 
Netherlands Organization for the Advancement of Pure Research) 

la. Development and differentiation of the eye imaginal disc in loboid
ophthalmoptera 

Some of the experiments carried out in 1969 (see previous report, 
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sect. V.l) were extended before being published: (a) not only were very 
young ld-opht eye discs cultured in vivo in wild-type adults, but also 
wild-type discs in ld-opht flies; the results led to the conclusion that 
homoeotic and autotypic differentiation are autonomous in either host; 
(b) abnormal outgrowths from ld-opht eye discs were cut out and cultured 
separately; the results show that they indeed represent presumptive wing 
tissue (see ref. 17). 

A large series of transplantation experiments is in progress to test the 
possible effect of colchicine on proliferation in the homoeotic outgrowths 
of ld-opht. The concentration of colchicine that is high enough to be 
effective but not so high as to be fatally toxic was determined. Unequivocal 
effects on the penetrance and expressivity of the homoeotic effect have 
not yet been observed. 

1 b. Two new homoeotic mutants in Drosophila 

Two new homoeotic mutants were examined (see ref. 18, 25). In arista
tarsia (art) the arista is to a greater or lesser extent replaced by a tarsus; 
a major factor is located on the 3rd chromosome and exhibits functional 
allelism with Antp. In the second mutant, halteroptera (hl), the halteres 
are replaced by small wings, and the metathorax partly by a mesothorax; 
the mutation is an allele of bx. It appeared that mutations with "antp" 
effect are frequently associated with other homoeotic effects (hl, "opht", 
"Hx"). 

Ic. Developmental interactions between homoeotic mutations 

The assumption was tested that homoeotic mutations are able to inter
fere with the effe cts produced by other homoeotic mutations. Indications 
from combinations of pb with ssO-, of Cbx with bx, bxd and pbx, and of 
tet with ey-opht support this assumption. It was concluded that homoeotic 
mutations may act at any point in the organism where the rest of the 
genome autotypically or allotypically determines a tissue to follow a 
developmental pathway with which these mutations can interfere (see 
ref. 27). 

VI. CYCLIC AMP AND MORPHOGENESIS IN THE CELLULAR SLIME MOLDS 

1. Chemotaxis in the cellular slime molds (Acrasieae) (Th. M. Konijn 
and co-workers) 

Chemotaxis plays a key role at two stages in the life cycle of the cellular 
slime molds: in the vegetative and in the aggregative phase. During the 
vegetative phase myxamoebae feed on bacteria, which are not only their 
food source but also secrete substances that attract the 8omoebae. Starving 
myxamoebae 80ggregate into mounds of cells. The aggreg8otion is 8olso 
mediated by a chemotactic compound. 
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Myxamoebae of Dictyostelium discoideum, D. mucoroides, D. purpureum, 
and D. rosareum are attracted by adenosine 3', 5'-monophosphate (cyclic 
AMP). The smaller species, D. minutum, D. lacteum, D. aureum, D. poly
cephalum, Polysphondylium pallidum, and P. violaceum are not attracted 
by cAMP. The attractants for these smaller species, which are still under 
investigation, are widespread in nature; they are present in bacteria, milk, 
urine, and liver homogenate. 

The possibility cannot be excluded that some species may be attracted 
by more than one substance, as has been shown for the true slime molds 
Physarum pusilIum and Didymium iridis (ref. 24). 

la. Isolation, purification, and identification of the chemotactic agent 
responsible for aggregation (Dictyostelium vinaceo-Iuscum) (Th. M. 
Konijn and J . Garssen-Hoekstra) 

One or more strongly chemotactic compounds of this species, which 
is not attracted by cyclic AMP, are present in urine and milko Purification 
of the latter seems to indicate that indeed more than one factor may be 
involved. 

lb. The attraction of myxamoebae by analogues of cyclic AMP and other 
cyclic nucleotides (D. discoideum) (Th. M. Konijn) 

The 3',5' ring of cAMP seems to be the part ofthe molecule indispensible 
for attraction. Configurational changes in the base, sugar, or ribose moiety 
of the molecule reduce its chemotactic activity to various degrees (see 
ref. 23). 

Ic. Synthesis by myxamoebae of the cyclic AMP-inactivating enzyme 
phosphodiesterase (D. discoideum) (Th. M. Konijn and G. Speziali, 
Van 't Hoff Laboratory, University of Utrecht) 

Incubation of myxamoebae with 10-5 M cAMP results in a minimal 
production of phosphodiesterase. Higher and lower concentrations of 
cAMP increase the phosphodiesterase concentration (see ref. 23). 

ld. Catabolite repression and cyclic AMP production (D. discoideum) 
(R. van Wijk, Van 't Hoff Laboratory, University of Utrecht, Th. M. 
Konijn, and C. J. Hessels-Boogh) 

Glucose concentrations and enzyme activities are being measured in 
myxamoebae at different physiological stages, and the cAMP concen
tration at these stages is being determined with a microbiological assay 
(see ref. ll) 

2. Cyclic AMP in various other organisms, and its possible function 

Th. M. Konijn collaborated in the following projects: 
a. Intracellular cAMP levels and the specific activity of IX-glucosidase 

and succinate dehydrogenase were measured in yeast cells. The intracellular 
amount of cAMP is higher in cf'lls which show a lower degree of catabolite 
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repression (see ref. 30). Whether it is justified to conclude that cAMP 
plays a role in the regulation of enzyme synthesis is under investigation 
(R. van Wijk, Van 't Hoff Laboratory, University of Utrecht). 

b. Embryonic mouse cartilage incubated with parathyroid extract 
showed a significant increase in cAMP level. The increase was less than 
in embryonic mouse bone tissue exp08ed to parathyroid extract (see ref. 9). 
Preincubation of calvaria before exposure to parathyroid extract resulted 
in an increased cAMP level (M. P. M. Herrmann-Erlee, Laboratory of 
Cell Biology and Histology, University of Leiden). 

c. Does cAMP play a role in the hormone-receptor interaction of 
parathyroid extract in isolated bone cells of embryonic rat calvaria ~ The 
rate of increase of cAMP level upon incubation with parathyroid extract 
depends on the way in which the isolated bone cells are obtained. Dis
sociation of calvaria with DNAse and collagenase resulted in the highest 
increase of cAMP level under the influence of the hormone (J. W. Rekkel
man, Laboratory of Cell Biology and Ristology, University of Leiden). 

d. The role of cAMP and catechol amines in melanophore pigment 
migration in Xenopua laevis (adult and larval stages, see ref. 19) was 
approached further by studying the effect of calcium. No effect of calcium 
on the cAMP level was observed (F. C. G. van de Veerdonk, Zoological 
Laboratory, University of Utrecht). 

e. The possible role of cAMP in the "appendix" of Sauromatum guttatum 
(Araceae) was studied. The cAMP level at various stages of floral develop
ment was measured. The results are not yet conclusive and the experiments 
will be extended (B. J. D. Meeuse, Department of Botany, University 
of Washington, Seattle, Wash., U.S.A.). 

VII. MISCELLANEOUS 

1. Dr. Rosine Chandebois stayed at the Laboratory during five weeks 
in May and June to study literature and to practise some experimental 
techniques. 

2. Dr. W. P. Luckett made a renewed visit to the Central Embryological 
Collection during June and July. Re studied material from the Rubrecht 
and Hili collections relating to the development of the placenta and foetal 
membranes in Primates. 

P. D. NIEUWKOOP 

J. FABER 
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1. Division of Fungus Taxonomy 

Drs. H. A. van der Aa 

Much time was devoted to a revision of the genus Phyllosticta Pers. ex 
Desm. The collection of available cultures was expanded with isolates of 
species which had not been studied in pure culture before. Material of 
the Phyllosticta-state of Guignardia aesculi could be collected in several 
places in W. Germany, where the disease, caused by this fungus on 
Aesculus hippocastanum, has been spreading rapidly during recent years. 
Several new collections of Guignardia philoprina and its conidial states 
from different hosts, partly from mediterranean regions, increased our 
knowledge of this very common and polyphagous species. 

The spore-germination of all the available species sporulating in culture 
was studied in moist chambers, with special attention to the formation 
of appressoria, which have a characteristic shape in some species. Much 
time was spent on preparing and translating the text of the paper and 
the solution of nomenclatural problems. Sometimes it was necessary to 
study type specimens in this context. 

Concerning the other Sphaeropsidales, special attention was paid to the 
genus Coniothyrium. An ever increasing number of isolates of this genus 
is being sent to the CBS for identification. Most of them are soil fungi 
or were isolated as saprophytes. Since no modern treatment of this genus 
is available, most of the species can only be distinguished by means of 
the host plant. To get more information on cultural characters, such as 
formation of pigment and rapidity of growth, new isolates are being 
compared on several media. On this information and on morphological 
characters, it should be possible to subdivide the genus without con
sidering any host relationships. 

A great number of isolates of Coniothyrium olivaceum, which is a very 
common saprophyte on different plants, were studied. On media con
taining starch a reddish pigment, which turns greenish when treated with 
NaOH, is produced. Also the common soil fungus Coniothyrium minitans 
has been encountered repeatedly; it produces a yellowish to cinnamon 
pigment on all the media used. This turns purple with NaOH. The type 
species of the genus Granulodiplodia, G. pinea, was studied for the first 
time in pure culture and does not seem to differ from Botryodiplodia. 
Also members of the genera Strasseria and Chaetophoma were cultivated 
in pure culture for the first time. Collection and study of Coleophoma 
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species were continued. The conidial stages of Guignardia cytisi, a collective 
species, were isolated from new collections of Spartium junceum. The 
solution of this problem requires more material from related, mediter
ranian hosts. The conidia of Arthrinium curvatum yielded isolates which 
produced only the ascigerous state. This species, described as Pseudo
guignardia scirpi, is the only known species of the genus and appears 
to belong to the genus Physalospora. 

Dr. J. A. von Arx 

The manuscript of the publication "The genera of fungi sporulating 
in pure culture" was completed for the press. Most of the illustrations 
were prepared. The publication appeared in September. 

A fungus with a yeast-like and a mycelial state was investigated. The 
hyphae are provided with clamp connections. Elongated, thick-walled 
sporophores bearing a cluster of blastospores (exospores) acropetally are 
formed on the hyphae. The sporophores are interpreted as basidia, the 
blastospores as basidiospores which develop directly without sterigmata 
being formed on the sporogenous cello These spores proved to be haploid 
and uninucleate; single-spore cultures developed yeast-like colonies. This 
yaast state has been identmed by Drs. L. Rodrigues de Miranda as Candida 
capsuligena. Crossings resulted in a dicaryotic state with hyphae forming 
clamps and "basidia". The fungus was shown to be bipolar. The dicaryotic 
state fits the genus Filobasidium, described by Olive in 1968. This genus 
is closely related to Leucosporidium FeIl. & al., described in 1969 to 
include yeasts with an Ustilaginales-like dicaryotic state forming chlamy
dospores and sporidia. 

In another project the genus Sporotrichum was studied. The lectotype 
of the genus is Sporotrichum aureum, from which a type-specimen more 
than 160 years old was compared with a recently isolated pure culture. 
In some of the hyphae septa with clamp connections were observed. Also 
characteristic for the fungus are the l-celled, golden yellow aleuriospores. 
The fungus is considered to be a conidial basidiomycete. Two other 
unidentmed cultures could be described as 2 new species of the genus 
Sporotrichum. One of these is characterized by 2 different types of conidia 
and by multiple clamps in a whorl; it is called Sporotrichum dimorpho
sporum. It is suggested that all other species described as Sporotrichum 
should be excluded from the genus. Some of them belong to Chrysosporium, 
another one proved to be identical with the type species of Trichosporiella . 

Dr. K. W. Gams 

The monographic treatment of Cephalosporium-like moulds was finished. 
131 species, belonging mainly to the genera Acremonium and Verticillium 
have been described and keyed out. The manuscript was completed at 
the end of April and is being published by Gustav Fischer Verlag, Stuttgart. 
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The first proofs arrived in December. The investigation of Oephalosporium
like moulds was continued and in the moontime two species which could 
not be included in the monograph have already been found. The ascigerous 
state of Verticillium olivaceum, described in the book, was found and 
identified as N ectria cosmariospora Ces. & de Not.; it appeared to be 
heterothallic. 

In the forests of Groeneveld noor Baarn the perfect state of the common 
Trichoderma koningii was found; it is preliminarily identified as Hypocrea 
delicatula Tul. sensu Broome. Much attention was also paid to species 
of the genera Verticillium and Gliocladium. 

In collaboration with Dr. J. Grinbergs, Valdivia, the description of. 
Ascoidea corYrrWosa spec. nov. was prepared for publicIlotion. This species 
was repeatedly isolated in Chile from bark of Araucaria araucana. In pure 
culture it produces large numbers of asci which can proliferate several 
times. The description of a new Hyphomycete genus Tolypocladium with 
3 new species was also prepared for publication. This genus resembles 
Beauveria, but it forms phialides. It is also related to Harposporium, 
but does not parasitize nematodes. Strains of all 3 species had been isolated 
12 years ago during an investigation on alpine soil fungi; since then they 
were isolated repootedly by several mycologists, but could never be 
properly identified. 

In collaboration with the Indian guest, Dr. D. S. Malla, the description 
of Dactylaria lanosa spec. nov. was prepared. This species was isolated 
from washed roots of Picea abies in Denmark. 

From Prof. K. H. Domsch, Brunswick, several homothallic strains 
which appeared to be related to M ortierella elongata, were obtained. They 
produce zygospores abundantly on numerous media. Shortly afterwards 
heterothallic strains of M . elongata, the zygospores of which strongly 
resembIe those ofthe above strains, were obtained from J. H. van Emden, 
Wageningen, and Chiu-Yuan Chien, Athens, Georgia. Conditions for 
zygospore formation and species delimitation are being investigated. 

Jointly with Mr. J. A. J. M. Stalpers, an investigation of cultural 
characters of resupinate Aphyllophorales was started, with special empha
sis on Corticiacooe. Fresh material of numerous species was collected, 
mainly during a foray week in Gerolstein/Eifel, Germany, and during a 
weekend in the Teutoburger Wald, under the guidance of Dr. H. Jahn, 
Heiligenkirchen. Of the identified species ca. 50 % could be cultivated. 
A selective technique making use of the systemic fungicide Benlate (Be
nomyl) - which inhibits the growth of the common contaminants Tricho
derma and Penicillium, whilst allowing in low concentrIlotions most Basi
diomycetes to grow-was applied successfully. The microscopic and 
macroscopic characters of the pure cultures were drawn and photographed. 
They were transfered to a punch card system for manualsorting, according 
to our own code which was designed as a refinement of Noble's key. This 
should facilitate the identificIlotion of Basidiomycete cultures in the future. 
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Mrs. Drs. E. J. Hermanides-Nijhof 

The study of strains of Fusarium javanicum Koord. (= Nectria haema
tococca Berk. et Br.) was continued. A homothallic strain regularly pro
duced perithecia when subcultured from a single ascospore culture. The 
further use of either ascospores or conidia gave equally good results. With 
the heterothallic strain the ability to produce perithecia was reduced con
siderably when the single-ascospore cultures were subcultured several 
times. Especially with crossings of series of single-ascospore cultures from 
different perithecia the perithecia appeared in only a few of the expected 
combinations; and when formed, it was of ten in small numbers. Before 
any useful results can be expected from the crossing-experiments, more 
information should be obtained on the factors that initiate and influ
ence the production of perithecia. Experiments on this subject were 
started. 

The comparing of strains belonging to the Series Martiella showed that 
cultures grown in the dark produced smaller conidia with fewer septa 
than cultures exposed to daylight. Cultures that developed in a very 
humid atmosphere made large and thick conidia in most of the cases. 
In general the cultures that were grown in the dark conformed best to 
the description of Wollenweber. 

Mrs. Drs. A. J. van der Plaats-Niterink 

Much attention was paid to the fungus responsible for flax scorch: 
Pythium megalacanthum sensu Buisman. Several experimental fields in 
North-Holland and Friesland in which flax scorch occurs, were visited 
and soil samples and diseased plants collected. Attempts were made to 
isolate new strains of this species, but these were not successful because 
of the presence of an abundance of much more quickly growing Pythium 
spp. such as P. sylvaticum and P . oligandrum. The trials will be repeated 
in 1971 earlier in the spring. 

The taxonomic position of P. megalacanthum sensu Buisman is not clear. 
Up to now the fungus has only produced oogonia and scarcely makes 
mature oospores. Therefore eft'orts were made to force this species to 
form sporangia and zoospores. This was done by cultivating the strain 
at various temperatures, in buft'ered solutions of different pH, by varying 
the light circumstances or by addition of soil extracts, Ca ions, etc. to 
the liquid media used. In addition inoculation experiments on flax seedlings 
ware done for the purpose of getting zoospore producing cultures from 
the aft'ected living roots. The seedlings originated from disinfected scorch
free seeds of a variety of flax susceptible to this disease. These experiments 
will be continued. 

Isolations from about 120 soil samples and diseased plant .. m.at~rial 

yielded a number of first records of Pythium spp. for the Netherlan.d.si: 
~~ch as P. dissimile isolated from soil alongthe .IJsel near Zutphen,-
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P. middletonii and P. periplocum occurring in the soils of the polders 
Eastern and Southern Flevoland. 

Many of the isolated strains produced only filamentous, slightly or 
unswollen sporangia. They do not show morphological differences. They 
are of ten isolated from rather wet soils. From a comparison of their 
appearances on special media and their temperature-growth relations it 
is obvious that this group is made up of a number of species. As hetero
thallism may be a cause of the absence of oogonia, crossing experiments 
were started and these are still in progress. 

An examination of Corsican forest soils yiclded a conspicuous number 
of isolates of P . heterothallicum. This species, which is rare in the N ether
lands, turned out to be common in dry forest soils of Corsica. Besides 
some other Pythium species an undescribed, rather slow-growing Pythium 
sp., which forms spherical non-proliferating sporangia and spiny oogonia, 
was isolated. 

Miss Drs. M. A. A. Schipper 

The study of the possibility of dividing the genus Mucor into natural 
phylogenetical groups of species was continued. Since the genus Mucor 
comprises many species, it is usefnl to group the species into sections. 
Traditionally the species ofthe scctions have been grouped for convenience 
and to facilitate identification, rather than to show phylogenetic relation
ships. The oldest separations were into groups with unbranched, mono
podially or sympodially branched forms. However, the branching of the 
sporangiophores varies with agc, extern al eonditions and depends on 
strain properties. 

A grouping system still in general use with slight modifications was 
developed by Zycha (1935). Zycha stressed the shape and size of the 
sporangiospores, next to the height and the color of the colony. 

Though the shape and the size of the sporangiospores are rather con
stant in most Mucor-isolates, there may be variation between strains 
of one species. (In Mucor racemosus and in }rIo griseocyanus strains with 
broadly oval and strains with globose sporangiospores occur. On the other 
hand species like M. zychae and M. megalosporus strongly resembie each 
other in most morphological features, but differ in the shape of the 
sporangiospores. ) 

To gain a thorough insight into thc variability of a species it is necessary 
to study a large number of strains. In rare species this knowledge naturally 
remains poor. In cases wh ere sevcral strains, known to belong to one 
species by mating freely, were available, comparison of these showcd that 
the strains of one species can vary rather eonsidcrably. Placing such a 
species in one of the existing grouping systems was not possible. During 
the mating experiments it was noted that species that seemed to belong 
together from a general morphological point of view, produce similar 
zygospores. 
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Based on this knowledge and af ter studying as many available strains 
of the species concerned as possible, a start was made on the grouping 
of Mucor species into more natural assemblages. 
- Mucor pusillus (M. tauricus) M. miehei ; zygospores brown with a reddish 

shade. 
- Mucor racemosus (f. racemosus, f. chibinensis, f. sphaerosporus) M. plum

beus, M . tuscus; known zygospores reddish brown, then dark brown. 
- Mucor circinelloides, M. circinelloides f. azygospora, M. bainieri, M. lusi

tanicus, M. griseocyanus (f. griseocyanus, f. janssenii); reddish brownish 
zygospores. 

- M ucor lamprosporus, (Backusella circina = M ucor pseudolamprosporus) 
M. megalosporus, M. zychae and others; yellowish to reddish brown 
zygospores. In this group only mating partners of M . lamprosporus 
and the related Backusella circina were available. The zygosporic 
stage of the other species could not be studied, or only in interspecific 
matings that resulted in the production of few zygospores. Striking 
in this group are the sporangiospores of M. heterosporus sensu 
Mehrotra. Grown on the usual media (ca. 4 % sugars) the sporangio
spores are irregularly polyhedral, provided with rounded projections. 
At increasing sugar contents of the medium, the irregularity of the 
sporangiospores decreases. On beerwort agar + 40-60 % saccharose, 
subglobose spores are produced. 

M ucor saximontensis RaIl proved to be an agamie strain of Zygorhynchus 
moelleri. Production of zygospores could be induced by strains of some 
Mucor species with strong mating abilities. 

Drs. R. A. Samson 

A taxonomie study of the genera Penicillium and Aspergillus was 
started. The knowledge of these fungi was essential because he has to 
carry out identifications of fungi belonging to these genera. 

A taxonomie study of the closely related genus Paecilomyces was started 
with the purpose of revising this genus. All strains of Paecilomyces in the 
CBS collection were examined. Especially the development of the phialo
spores and the morphological characteristics of the phialides were studied. 
Since Paecilomyces is also related to Acremonium, Gliocladium and Scopu
lariopsis, representatives of these genera were also included in this study. 

A number of species originally described as Isaria are now considered 
to belong to Paecilomyces. The genus Isaria comprises mainly parasites 
of insects. It has mostly been characterized by macroscopical features, 
especially the occurrence of synnemata. As far as the sporogenesis is 
concerned, this genus is not a natural one. Therefore species of Isaria 
with phialides and conidia formed in chains must be included in a study 
of Paecilomyces. 

Acrophialophora is another genus which is closely related to Paecilo
myces. Some &uthors even consider it a synonym of Paecilomyces. T. 
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Mahmood (Pakistan) and Prof. K. H. Domsch (Braunschweig) have sent 
cultures for identification belonging to Acrophialophora. They differ from 
the type species which is the only known species of this genus. They 
appeal' to represent a new species. A manuscript was prepared with an 
emended description of the genus Acrophialophora. Moreover descriptions 
of the new species and of a species originally belonging to Paecilomyces 
were given. 

Miss Drs. A. C. Stolk 

In co-operation with Dr. H. C. Evans (Keele, England) a paper de
scribing a new species of Talaromyces, isolated from coaltips in Stafford
shire: T. leycettanus (st. conid. Penicillium leycettanum), was completed. 
This thermotolerant species is remarkable because its ascospores agree 
completely with those of the thermophilic species T. thermophilus. How
ever, besides their difference in temperature relationships the two species 
proved to differ also in morphological characteristics (the thickness and 
colour of the wall of the ascomata, the shape of the chains of the asci 
and the structure of the imperfect state). Because of its imperfect state, 
T. leycettanus may be considered as an intermediate form between the 
genera Talaromyces (st. conid. Penicillium) and Byssochlamys (st. conid. 
Paecilomyces). The structure of the ascomata is characteristic for Tala
romyces. 

In co-operation with Dr. D. S. Malla, a guest worker at the CBS, a 
manuscript was prepared describing a new species of Penicillium: P. 
inflatum, which is placed in the P. nigricans series. Because of the inflated 
apices of their conidiophores and the large number of strollgly diverging 
metulae, well-developed penicilli resembie conidial heads of an Aspergillus. 
However, this species shows a closer relationship with P. nigricans. 

Concerning the investigation of the genus Eupenicillium, a number of 
new strains were examined. A strain isolated by Dr. W. Gams proved 
to be closely related to E. egyptiacum and E. crustaceum. A comparison 
of Dr. Gams' strain with these two species demonstrated a difference 
between the ascospores of the examined isolate and those of the above 
mentioned species. A strain approximating E . meridianum and isolated 
by Mr. R. A. Hill (Reading, England) is still under observation. A key 
to the genus is being constructed. 

A number of the new species of Penicillium received in recent years 
were examined and delimited as far as possible in the existing series. 
Some of them are identified with existing species. 

2. DiviBion of Biochemistry 

Dr. G. W. van Eijk 

Two pigments were isolated from Ohrysosporium cf. merdarium by means 
of ethyl acetate extraction. Pigment A, the major product, was purified 
by recrystallization. Pigment B was obtained in a pure state by chromato-
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graphing the mother liquor on preparative silica gel G layers. Both com
pounds on thin layer chromatograms showed a red fluorescence in ultra
violet light. The Rf value of B was significantly higher than that of A 
for all solvent systems used. The ultra-violet and visible spectra of A 
and B were very similar. A close relationship between the two components 
was presumed. The shape of the spectra was characteristic for anthra
quinone derivatives. Mass spectroscopy gave a molecular formula C16HIZ06 
for A and C16HIZOS for B. The decomposition patterns also pointed to 
anthraquinones. The infra-red spectra revealed the presence of one free 
CO group and one bonded CO group. It was concluded that this bonding 
was due to an OH group attached in peri position. B was marked as a 
monomethylether of emodine, since demethylation of B in conc. HZS04 
yielded emodine. It was gathered from the results that in the molecule 
of A one -CHzOH group and in the molecule of B one -CH3 group was 
attached to the aromatic skeleton. 

Comparison with data reported in the literature revealed that the 
compounds A and B might be identical with questinol and questine 
respectively, 2 anthraquinone pigments isolated from Penicillium frequen
tans IMI 96659 = CBS 787.70 by A. Mahmoodian and C. E. Stickings, 
Biochem. J . 92, 369 (1964). The properties of A, Band derivatives of A 
compared with those of authentic questinol, questine and derivatives of 
questinol were completely similar in all respects. Thus A is identical with 
questinol (1,6 dihydroxy-3-hydroxymethyl-8-methoxyanthraquinone) and 
B identical with questine (1,6 dihydroxy-3-methyl-8-methoxyanthraqui
none). 

Formerly the isolation of a green pigment and of a strongly blue 
fluorescent compound from Roesleria pallida, CBS 407.51, has been men
tioned. Now the elucidation of the structure of the fluorescent compound 
is completed. The substance is identical with that which can be obtained 
from atrovenetin and from herqueinone by chemical reaction. (D. H . 
BARTON et al., Tetrahedron 6, 48 (1959). Atrovenetin and herqueinone 
are pigments from Penicillium atrovenetum and Penicillium herquei re
spectively. The fluorescent compound has been assigned by the authors 
just mentioned as the "anhydride", owing to the fact that the substance 
can he taken for the anhydride of a substituted naphthalic acid. Preparation 
of the "anhydride" starting from atrovenetin as weIl as from herqueinone 
yielded a product completely identical with the compound from Roesleria. 
Recently the structure of herqueinone and indirectly of the "anhydride" 
has been established by J. S. BROOKS and G. A. MORRISON, Tetrahedron 
Letters No. 12, 963 (1970). Whether the green pigment of Roesleria pallida 
is related to the green pigment produced by Penicillium herquei grown 
under special conditions, is a point needing further investigation. 

The study regarding the nature of acid production by fungi of the genus 
Rhizopus has been completed. It was concluded from the results, that a 
renewed morphological study of a number of Rhizopus species is necessary. 
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3. Division of Medical Mycology 

Dr. G. A. de Vries 

45 

A study of cultural, microscopical and biological characters of 3 
Trichophyton-strains was concluded. On account of the results of this study 
the 3 strains were identified as Trichophyton tonsurans Malmsten. Thiamine 
did not stimulate the growth of two strains in contrast to what is reported 
in the literature. The isolation of one of the strains from a case of mouse 
favus in 1933 was difficult to explain. All the strains produced undulate 
and uncinate macroconidia in great abundance. This work will be published 
in the next number of Sabouraudia. 

During 1970 74 soil samples were collected in the polders Southern 
and Eastern Flevoland. The thick overgrowth of sedges, rushes and reed 
and the high water level in Southern Flevoland made sampling impossible 
at several places where it was quite easy before. As a substitute several 
samples were collected in fields in Eastern Flevoland. Special attention 
was paid to the occurrence of keratinophilic, thermophilic and thermo
tolerant fungi and actinomycetes. No representative of the first group has 
been isolated so faro The thermophilicjthermotolerant group was repre
sented by Thermoascus aurantiacus, Talaromyces thermophilus, Toruia 
thermophila, Humicola lanuginosus, Sporotrichum thermophile, Aspergillus 
fumigatus and a Streptomyces species. Strains of the latter were found to 
inhibit the growth of Trichophyton rubrum and T. mentagrophytes. Nocardia 
asteroides was inhibited to alesser extent. The only effect on Keratinomyces 
(Trichophyton) ajelloi was an inhibition of the pigment formation. Until 
we know more about the active principle, the name of the species will 
not be published. 

Extensive comparative cultural studies were carried out on 6 Strepto
myces strains mostly for industries abroad. 

4. Division of Yeasts (Laboratory of Microbiology, Delft) 
Head: Prof. Dr. T. O. Wikén 

Miss Drs. W. Ch. Slooff 

Some work was done on a strain of Cryptococcus neoformans received 
from the National Communicable Disease Center, Kansas City. The yeast 
existed in a mucous and a rough form; the mucous form representing 
the original isolate, developed "rough" colonies on plates. Structures were 
found like those described by van der Walt in Cryptococcus albidus, e.g. 
endospores and hyphae of restricted length. On malt agar, the medium 
that stimulated the change into the "rough" form, hyphae with clamp
connections have been encountered infrequently; this feature was not 
noticed in Cryptococcus neoformans earlier. Several single colony cultures 
have been selected for investigations into the ploidy of the "mucous" and 
"rough" forms. 
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Examination of yeasts from Indian honey, sent by Dr. G. B. Deodikar 
(Poona) has led to the discovery of osmophilic species in Schiwsaccharo
myces. Two types ofisolates were identified: the typicalSchizosaccharomyces 
octosporus, maltose fermenting, and some that were incapable of maltose 
fermentation. The second type was also exceptional because of its ability 
to grow weIl on a medium containing 60 % (by weight) glucose. The 
morphology of these osmophilic strains was identical with that of Schiz. 
octosporus; nevertheless it is proposed to describe them as a separate 
species, analogous to the description of Schiwsaccharomyces malidevorans, 
the maltose-negative yeast related with Schizosaccharomyces pombe. Other 
isolates involved proved to belong to Saccharomyces rouxii. Fermentation 
of maltose was very much retarded in some of them : they could represent 
transitions towards Sacch. bisporus var. mellis. Van der Walt recently 
underlined the relationship between the latter variety and Saccharomyces 
rouxii. 

In an attempt to identify an isolate from leaf of gherkin, its affinity 
towards Sporobolomyces antarcticus Goto, Sugiyama et lizuka was es
tablished. Since it was questioned whether this species belonged to Sporo
bolomyces, the presence of ballistospores in both strains was investigated. 
A variant of the method used by do Carmo Sousa and Phaff was applied. 
The "faIl" of conidia from the long chains that had developed on com 
meal agar could be demonstrated; no "throwing off" of ballistospores 
was noticed. In strains which produce conidia in profusion the results 
of the spore-faIl method should be judged with criticism. 

Drs. L. Rodrigues de Miranda 

Drs. L. Rodrigues de Miranda continued his work on relationships of 
some asporogenous yeasts with basidiomycetes. Special attention was 
given to some isolates classified as Leucosporidium capsuligenum, a species 
deviating in many respects from the other species in this genus. 

Together with Dr. von Arx he studied the sexual behaviour of a number 
of single-spore cultures of a fresh isolate with regard to other single-spore 
isolates and to the strains already present in the coIlection. Besides conju
gations and true mycelium with clamp connections, as described by Fen 
and al., he found basidia-like bodies with spool-shaped exospores arranged 
in a whorllike a flower. "Mating" of some strains present in the coIlection 
also resulted in formation of true mycelium with clamp connections and 
basidium-like bodies with exospores. This species win now be transferred 
to the genus Filobasidium, described by Olive (University of North 
Carolina, USA). 

Professor Dr. A. Capriotti of the Institute for Agrarian Microbiology, 
Sassari in Italy sent a number of strains which he intended to describe 
as new species. Four of them belong to existing species, one was new. 
A latin description has not yet been published because Prof. Capriotti 
died in the meantime. His successor has been contacted to consider the 
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possibility of publication. The name Torulopsis capriottii has been 
proposed. 

D. Yarrow 

All the CBS-strains of the genera Leucosporidium and Rhodosporidium 
and some strains of the genera Rhodotorula, Oryptococcus, Sporobolomyces, 
Oandida and Trichosporon were tested for the ability to hydrolize cellulose. 
The method used was that of Eo GINS & Pugh (Nature 193: 94-95, 1962). 
Cellulose was finely suspended in an agar medium in petri dishes and 
four organisms were streaked on each dish. Mter two weeks of incubation 
clearing of the medium which is indicative of cellulolytic activity, was 
observed for only one strain. This was an undescribed Trichosporon sp., 
strain AL 16.68 (CBS 5989), which had been deposited in 1969 by L. R. 
Hedrick. 

A number of strains named Saccharomyces delbrueckii and S. exiguus 
but reported to have different antigen ic structures by TSUCHIYA et al. 
(Japan. J. Microbiol. 9: 149-159, 1965) were examined. Only the strains 
with the antigenic structure 3, 4, 24 were in fact S. delbrueckii, those 
with the antigens 3, 4, 5, 6, 10, 23 were identified as S. unisporus and 
those with the antigens 3, 4, 5, 6, 10, 26 as S . dairensis . A strain labelled 
S. exiguus with the antigens 3, 4, 24 was identical with S. valer; the type 
strain of this species was found by SCHEDA & Y ARROW (Arch. Mikrobiol. 
55: 209-225, 1966) to be a mutant of S. delbrueckii. Two other species 
were found by TSUCHlYA et al. to have the antigens 3, 4, 24, namely 
S. rosei and S.lermentati. The proton-magnetic-resonance spectra, supplied 
by Dr. J. F. T. Spencer, of the cell-wall mannans from the type strains 
of S. delbrueckii, S. valer, S. rosei and S. lermentati were identical, as weU 
as that of S. inconspicuus, a species not examined by TSUCHIYA et al. 
Ten strains representing these five species were all able to use D-alanine, 
D- and L-Iysine, and taurine but not cadaverine, ethylamine and methyl
amine, as their sole source of nitrogen for growth under the conditions 
tested. 

A similar pattern was not encountered in any other of the Saccharomyces 
species. Their morphological and sporulation characteristics are also very 
similar. Moreover, the GC content of the DNA of S. delbrueckii strain 
IFO 0425 ( = CBS 1146) is 40.2 % (K. Komagata, personal communication) 
which is virtually the same as that of S. rosei, which was reported to contain 
40 % (T. Nakase & K. Komagata, Yeast News Letter 17: 4, 1968. The 
strain of S. delbrueckii reported in this publication as having a GC content 
of 30.2 % is IFO 0726 (=CBS 2420) and is in fact aS. unisporus). These 
five species can be regarded as a very closely related group; they differ 
in only a few, and in some cases unstable, physiological properties. A 
further finding was that a culture of the strain of Torulaspora delbrueckii 
reported as fermenting glucose and galactose by Stelling-Dekker in 1931 
no longer agreed with her description. This strain was received from 
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Naganishi in 1917 and the culture examined was lyophilized in 1949. 
AH the single-ceH clones isolated from this culture fermented sucrose and 
raffinose and so had become identical with S . valer. It seems very probable 
that sucrose-utilizing mutants had overgrown the original strain owing 
to their selective advantage during the long period of cultivation on malt 
agar befOl'e lyophilization. 

J. A. VON A.Rx 
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Fig. 1. Geographical position of the Institute of Ecological Research. 

( +) Headquarters at Arnhem. 
1. National Park De Hoge Veluwe, main scene of the field work on the Great Tit. 
2. Voorne's Duin (dunes of Voorne), with the Biological Station Weevers' Duin, 

site of the Department of Botanical Ecology. 
3-4. Zuidelijk and Oostelijk Flevoland, newly reclaimed Zuiderzeepolders, scene of 

the field work of the Department of Distributional Ecology. 
5. Vlieland, with additional field work of the Departments of Population Ecology 

and Bird Migration. 



50 PROGRESS REPORT 1970 

DEPARTMENT OF POPULATION ECOLOGY 

Population dynamics of tke Great Tit, Parus major 

a. Regulation of numbers (H. N. Kluyver) 

Groot Tits are territorial songbirds of woods and gardens, more numerous 
in oakwoods with a rich supply of food than in pinewoods where food 
is scarcer. They prefer artificial nestboxes for breeding and of ten have 
two broods a year. The number of fiedglings is far greater than that needed 
to compensate for the annual mortality of the adults. Many young die 
soon af ter fiedging. The oorly disappoorance (mortality and emigration) 
is higher the later the young are bom in the season, even if enough food 
is available. Moreover, the emigration in every age group is relatively 
stronger the more birds of other groups are present. 

On the island of Vlieland, artificial repression of the reproduction to 
ab out 40 % of the normal level resulted in a doubling of the annual 
survival rate of the adults. 

The regulation of the population is mainly realized in early autumn, 
i.e. in a season with a relatively favourable food situation. lts mechanism 
has to be sought in intraspecific strife, more than in shortage of food. 

During the investigations on Vlieland some complications were caused 
by a sudden incroose of the tit population. It is most probable that the 
carrying capacity of the wood was raised by better growth of young oaks, 
caused by the cutting of older conifers. 

b . Mortality, disperaal, and moult in 1969/1970 (J. H. van Balen) 

The study of mortality and disperaal of the Great Tit population in 
the Hoge Veluwe area was continued. The results ofthe 1969/1970 season 
were similar to those of 1967/1968. Both yoors are characterized by a 
large numerical decrease during the first two months af ter the breeding 
season, esspecially among the yearlings. 

The number of immigrants in summer was relatively high. During the 
past season three distinct waves of immigrants were apparent, the first 
one occurring shortly af ter fiedging (in July) , the second during and 
shortly af ter the presumed period of territorial activity (in September
October), and the third during the period of spring dispersal (in Mareh). 
Ofthe immigrants entering the area between July lst and September lOth, 
70 % were recognized as fiedglings from first broods, as judged from the 
moult stage. In several categories of Great Tits the rate of decrease in 
numbers before and after September is negatively correlated. This supports 
the supposition that intraspecific competition plays a part in determining 
the numbers surviving until the next breeding season. 

c. Parasitism by Protocalliphora azurea, Fall. (C. W. Eshuis-van der Voet, 
H. N. Kluyver). 

The research on the biology of Protocalliphora and the infiuence of its 
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larvae on nestling Great Tits was continued at the Entomological labora
tory of the Agricultural University in Wageningen. 

We established that the fiies lay their eggs in the nest-material, close to 
the nestlings, usually during the second half of the nestlingperiod, some
times even so late that the nestlings fiy out before the larvae are far 
enough developed to pupate. So far, egg-Iaying has not been obtained 
under laboratory conditions, although the flies were known to have eggs 
in their ovaries. 

Chickenblood (with sodium citratc added as anticoagulant) was offered 
to larvae transferred to the laboratory at different ages. This blood was 
accepted by young as well as old larvae, although very young ones died 
due to the method of offering. Older larvae reached pupation, but pupae 
and resulting imagines were always smaller than those from comparable 
bird-fed larvae. Date were collected on mealsize of bird-fed and chicken
blood-fed larvae. 

Flies from first broods of Great Tits proved able to lay eggs in second 
broods. Flies differing in age and hatchingdate were collected and preserved 
in alcohol to investigate eggdevelopment. 

Apparently, the influence ofthe larvae on the nestlings is not sufficiently 
severe to reduce weightincrease and wingdevelopment or to prolong the 
nestling period. However, we found a remarkable reduction of the haemo
globin level in the blood. According to the slight indications obtained, 
this occurs only during those days in larval development on which blood 
is sucked. This point requires further investigation. 

Social thermoregulation in nestling Great Tits, Parus major (J. A. L. Mertens) 

Introduction 

Earlier experiments on the infiuence of brood size on the heat production 
of nestling Great Tits (MERTENS, 1969) showed that the heat production 
of ten day old tits in broods of up to 12 nestlings in a nestbox could be 
described by the formula: 

MN = 63W~672 gcal/hour (W N = total weight of the brood) 

when the temperature outside the nestbox was kept constant at 12°C. 
In that paper I concluded prematurely that this relationship could not 

be observed in the results of the experiments at 18°C also reported there. 
Cios er consideration of these latter results indicated that at this temper
ature the relation between the total weight of the nestlings (W N) in broods 
of up to 4 nestlings and their heat production (MN) can be described by 
the formula: 

MN = 50W~668 gcal/hour. 

The exponent ofWN increases gradually from 0.668 to 1.00 in the 18°C 
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results with increasing brood size from 4 up to 10 nestlings. A hypothesis 
to explain this and the results of further experiments, which were carried 
out in 1969 and 1970 and provide support for this hypothesis, will be 
given here. 

Thermoregulation mechanisms of nestling tits 

The system nestbox-plus-brood can be considered as a heat producing 
unit, just as can a single adult bird. A brood of nestling Great Tits up 
to an age of ten or eleven days can be considered as an unfeathered body 
of an adult bird. The nest-plus-nestbox functions as a feather coverage. 

Fig. 2 shows the variations in heat production of a feathered bird 
when exposed to changing ambient temperatures. This response curve 
is common to all homoiotherms : they increase their heat production at 
decreasing temperatures, thus compensating for their greater heat loss. 
At increasing temperatures they decrease th~ir heat production up to a 
minimum level : the basal heat production. The temperature at which 
they just reach their basal level is called the critical temperature. 

At temperatures above this critical point adult birds regulate their 
body temperature by physical means: increasing water evaporation and 
lowering the heat resistance of the plumage by pressing down the feathers 
against the body, thus varying the plumage thickness. 

The thermoregulation mechanism of a brood-plus-nestbox unit responds 
in a similar way, differing at only one point: a brood-plus-nestbox system 
is unable to change the heat resistance of the nest-plus-nestbox in the 
region of physical thermoregulation. However, they regulate their body 
temperature in this region by means of a mechanism possessed only by 
them and not by single adult birds: they enlarge their (common) surface 
by moving away from each other. This mechanism is responsible for the 
change ofthe exponent ofWN from 0.668 to 1.00 in the 18°C experiments. 

The slope of the curve in the region of chemical thermoregulation is an 
inverse measure of the heat resistance of the nest-plus-nestbox or in the 
case of a single adult bird, an inverse measure of the heat resistance of 
the plumage. 

This inverse measure is called the conductance of the system. It is 
expressed in calories per unit time per °C. 

H we denote this conductance by the symbol C, the chemical thermo
regulation part of the curve in fig. 2. can then be described by the equation 

M=C(Tb-Ta) (1) 

in which Tb is the skin temperature, Ta the ambient temperature, and 
C the tangent of the angle between the sloping part of the curve (in the 
chemical thermoregulation region) and the temperature axis. 

H we call c the conductance per cm2 skin surface in contact with insu-
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lating material, then C equals S x c, S denoting the total skin surface 
in contact with insulating material. 

We assume that nestling tits try to keep this surface as small as possible 
in the region of chemical thermoregulation, which implies that the mass 
of broods of different volume and weight will have comparable shapes. 

heat 
production 

I 
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I', I 

.. 1 I cntlca 
" I 

,body 
'---__ --:--____ t_e-;-m_p=---. ___ '~t-e-m-=-p-.-~ ambient 
hypo - chemical Iphysical I hyper - temp. 
thermic' thermo- Ithermo- Ithermic 
reg ion I regulation Iregulation l region 
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I~omoiothermic regio~1 

Fig. 2. Thennoregulation response of homoiotherms at changing ambient temper· 
atures. 

The surface of all solids with a comparable shape can be computed 
with the equation S=k x V2/3, in which k depends on the geometry of 
the solids and V is the volume of the solid. 

S = 417: (!:y/3 when the broods in the relevant temperature region have 

a spherical shape. If this is converted into the weight of the broods, 

S = 417: (0.9~v:. 417:y/3, since the weight of nestling tit biomass is about 

0.95 times its volume. Thus, we can write for the surface of a brood in 

file:///body
file:///temp
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the temperature region under consideration: 

S=k'W2/3. 

Combination of equations (1) and (2) gives: 

M=c·k'· W2/3. (Tb-Ta). 

The results of the experiments (published in 1969) showed that : 

at 12°C: M=63W2/3 gcalfhour 
and 

at 18 °C: M=50W2/3 gcalfhour. 
Therefore, 

c ·k' .(Tb-12)=63 
and 

c·k' .(Tb-18)=50 

(2) 

(3) 

(4) 

(5) 

If we assume that the conductance of the heat-producing systems 
per cm2 (brood) skin surf ace was the same in both series of experiments 
and that the broods had comparable shapes, we find that: 

63 50 
(Tb -12) = (Tb -18) or Tb = 41°C, which is a quite normal body- or 

skin-temperature of nestling tits. 
2.17 

Substituting Tb=41 in equations (4) and (5), we find that c= k' 
gcalfhourtCfcm2• So the thermoregulatory response of broods in the 
region of chemical thermoregulation can now be described by a simple 
formula: 

MN = 2.17 x (Tb - Ta) x W~s gcalfhour. (6) 

Since I had arrived at this formula af ter a number of assumptions, 
I checked its reliability by approaching the problem in another way. 

Equation (6) was derived from the results of two series of experiments 
in which I measured MN at varying WN and constant ambient temper
ature (Ta). 

In 1969 and 1970 I measured MN of broods with a weight of about 50 
and 100 g, at various ambient temperatures, the nestlings being 3, 6, 9, 
12, or 15 days old. For the 3 day old broods, smaller brood weights were 
also used. The skin temperature of the nestlings and the ambient temper
ature outside the nestbox were measured by means of copper-constantan 
thermocouples. The heat production was measured in the same way as 
previously described (MERTENS 1969). 

In this way a number of thermoregulation response curves were obtained 
from which I calculated the conductance (C) of the brood-plus-nestbox 
system by calculating the tangent of the angle between the chemical 
thermoregulation part of the curves and the ambient temperature axis. 
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The results of the measurements on the 50-g broods are shown in fig. 3. 
The measurements on lOO-g broods gave similar results, except that the 
slopes of the curves in the region of chemical thermoregulation are steeper 
and the level of the basal heat production is about twice that of the 
50-g broods. 
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Fig. 3. Heat production of broods weighing about 50 g, at various ambient tempe r
atures. 
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The calculated conductances are plotted in fig . 4. as a function of the 
weights of the broods. The regression line through these points is described 
by the equation: 

log CN=0.660 log WN+0.4441 

from which follows the relation between C and W : 

CN = 2. 78~660 gcal per °C per hour. 

loge 

logW 
1.0+----r--.----.----r--.----.----.--.----.----.--~-"'"T'"--

1.0 .1 .2 .3 .4 .5 '.6 .7 .8 .9 .2 2.1 

Fig. 4. Relation between the iogarithm of the conductance of Great Tit broods 
and the logarithm of their weight. The numbers in this graph denote the age of 

the relevant broods. 

Thus, according to the 1969 and 1970 measurements the response of 
broods of all ages in the region of chemical thermoregulation can be 
described by the formula: 

MN = 2.78 x (Tb - Ta) x W~660 gcal/hour. (7) 

Equations (6) and (7) differ only in the value of the cofactor (2.17 
and 2.78, respectively) . 

Because equation (7) is based on many more measurements than 

2.2 
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equation (6) and Tb was only measured in the experiments leading to 
equation (7), equation (7) is more reliable than (6). Nevertheless, (7) does 
not differ greatly from (6) and the difference will perhaps prove not to be 
significant, but this has not yet been tested statistically. 

The measurements of 1969 and 1970 also indicate that there is no 
influence of age on the conductance. Frankly, I had expected this for 
nestlings younger than 10 days, but I was not sure about older nestlings, 
which have a well-developed plumage. It is obvious now that this plumage 
does not contribute measurably to the conductance of the nest-plus
nestbox system. 

These and additional characteristics of the thermoregulation mechanisms 
of Great Tit broods will be published and discussed in more detail in 1\ 

futnre paper. 

Reference 
MERTENS, J. A. L., The influence of brood size on the energy metabolism and water 

1088 of nestling Great Tits, Parus major major. Ibis 111 (1969): 11-16. 

Energy balance ol Starling, Sturnus vulgaris, nestlings (H. N. Kluyver, 
K. Westerterp) . 

During the breeding seasons of 1968 to 1970 an investigation was 
carried out on the energy balance of nestIing Starlings. A Starling colony 
was established with the aid of artificial nestboxcs and measurements 
were done on the food intake, growth, heat production, and excretion 
of the nestlings on a calorie basis. 

Food intake was measured by sampling the food brought in by the 
parents and counting the frequency of feeding ; growth by daily weighing 
of the young and determing its energy contents. Heat production was 
measured by putting the young in a respiration chamber; excretion by 
sampling the excreta and counting the nu mb er produced daily by the 
young. The samples of food, excreta, and nestlings were processed in a 
bomb calorimeter. All observations were made in broods with four young. 
In all years the measurements were hampered by a rather high mortality, 
probably due to lack of food in the experimental field. 

From the third up to the sixteenth day of age we succeeded in approxi
mating the energy balance. Growth was about 30 % of the food intake 
up to the sixth day and then diminished to reaeh 6 % on the sixteenth 
day. Heat production decreased from 50 % on the third day to 35 % 
on the tenth day and than increased to reach 40 % on the sixteenth day. 
Excretion increased from 15 % on the third day to 43 % on the twelfth 
and later days. 

Ecology ol the Collared Dove, Streptopelia decaocto (J. H. van Balen). 

The dove population in the Harderwijk-Ermelo area was studied in 
weekly samples. The results of the program are not yet fully worked out. 
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During the 1970 breeding season much attention was paid to the nests 
of the Collared Dove in the study area near Ermelo. On the one hand, 
we hoped to ring substantial numbers of nestlings in order to supply the 
population with birds of known age, and thus facilitate study of the moult 
and related subjects. On the other hand, direct information was needed on 
the length of the breeding season, clutch size, and nesting success. 

In the main study area 53 clutches were found, with first-egg dates 
ranging from March 27 to September 24. The majority of the clutches 
were started in June and July (28 % and 30 %, respectively), with smaller 
numbers in May and August. The gradual build-up of the number of 
clutches suggests that the start of reproduction differs considerably for 
different pairs of doves. 

In some cases two or three broods in succession were reared on a single 
nest. From these cases it can be calculated that potentially, 4 to 5 broods 
may be reared during the period from April to September. Information 
on the average number of broods reared in a year is still lacking. 

For the study of productivity, the breeding season was divided into 
three two-month periods (April-May, June-July, August-September), ac
cording to the laying dates of the clutches. For each of these periods, 
hatching success and fledging success were calculated separately. 

The clutches almost invariably consisted of two eggs. The number of 
young hatched per nest was 1.5 on the average. During the first period 
this figure was rather low due to total losses of clutches in storms and 
(presumably) by predation. 

Losses of nestlings also vary during the season. They are small at the 
start (13 %) and increase during the summer and autumn (19 % and 
23 %, respectively). Hence, the number of young fledged per successful 
clutch decreases sharply during the season, but the high egg losses during 
the first two months tend to cancel this out, resulting in small differences 
in the number of young fledged per clutch started: 1.05, 1.28 and 1.25 
during the three periods. An estimate of the total number of young 
produced per pair cannot be made until the number of nests started per 
pair is known. For this purpose, the identification of pairs on the nest is 
necessary. 

Ecology of the Ooot, Fulica atra (J. H. van Balen, J. Visser) 

The accumulation of records on clutch size and dates of egg-Iaying over 
a number of years has enabled us to study the effect of intemal and extemal 
factors on these aspects. 

The age of the female influences laying date and clutch size such that 
with increasing age first the clutch size increases, next the date of laying 
advances, and finally in 4-5 year old females both tendencies become 
reversed. 

The relation between breeding density, clutch size, and laying date 
has been studied by comparing three areas with widely differing breeding 
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densities. As far as can be concluded from the 1970 data, a high breeding 
density is accompanied by early egg-Iaying and small clutches. This 
surprising result may be partly understood by assuming that the availa
bility of a large number of nest sites promotes both a high breeding 
density and early egg-Iaying. The age composition of the populations 
is also important, but information on this subject is still lacking. 

In general, clutch size tends to decrease during the breeding season, 
but this tendency does not show up clearly in all years. The factors 
affecting this phenomenon are to be studied. 

Clutches of 7 and 8 eggs are the most frequent, whereas clutches of 9 
to 14 eggs appear to be most productive, as judged from the size of broods 
originating from these clutches. 

The survival of the chicks up to the age of 8 to 13 weeks is affected 
by the date of hatching. Broods hatched during the main hatching period 
(May 6-18) are more productive than broods hatched earlier or later 
in the season. 

. 
DEPARTMENT OF BIRD MIGRATION 

Spontaneous migration activity ot ChaJfinches in the Kramer cage (A. C. 
Perdeck) . 

The experiments and observations described in the 1969 report are 
being continued. 

Emlen found that in autumn (under the natural sky) Indigo buntings 
(night migrants) reverse their migration direction if they are kept under 
an increasing day-length. Since the pattern of the stars in the spring is 
different from that in the autumn, it may be concluded from this evidence 
that the directional choice of these buntings is not determined by the 
altered pattern of the stars in spring. 

Comparable experiments with Chaffinches are in progress at our labora
tory. Chaffinches (day migrants) use the sun as celestial cue. We have 
kept a number of birds under a day-night rhythm simulating the situation 
six months earlier, but because of the high mortality among our birds, 
only three could be used in the autumn for experimentation. Our tentative 
results do not show a clear preference with respect to the direction of 
spring migration. The experiments will be continued with new birds 
caught during the autumn migration. 

Experiments on discrimination between geographical places by Starlings 
(A. J . Cavé). 

Last year we reported that displaced birds of several species tested 
in portable Kramer cages showed no clear preference for the homeward 
direction. This negative result led us to search for other ways to approach 
the problem of homing orientation. Our basic idea was that if a bird flies 
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from an unknown geographical place to a known goal, the bird must 
know first of all that the places are different. 

This gave a first question: what cues does the bird use to distinguish 
between geographically differing places 1 Since the unknown places must 
provide the bird with the information needed to select the proper direction, 
the second question is: how is the proper direction selected 1 

To answer the first question we designed a method to determine whether 
a bird can distinguish between two different localities separated by a 
distance of several hundred kilometres. The method consists of training 
a bird to do things differently at the two different places. If a bird can 
learn this, we know that it discriminates between the two situations. 
Elimination of possible cues makes it possible to analyse the cues used 
by the bird. 

We build a cage (see fig . 5) with two perches (one white and one black). 
If the bird lands on one of these perches, it receives a reward (piece of 
meal worm) . The mechanism is so built that the experimenter can choose 
which perch produces a reward. Each jump on the perches is recorded 
electrically. To avoid effe cts on the magnetic field in the neighbourhood 
of the cage, neither the cage nor the instrument producing the rewards 
has any ferrometalic parts. For the same reason, recording is done 25 m 
from the cage. 

The birds stay in the cage outside experimental periods as weIl. All the 
birds used are Starlings, af ter the first year of age, females. 

We train our birds to use the black perch (see fig. 5) 100 kilometres W 
of Arnhem (dunes near Monster) and the white perch 100 kilometres E 
of Arnhem (agricultural land near Gimbte, Germany). At both testing 
places two birds are trained during 45-minute period starting 50 minutes 
before no on (local time at Arnhem) and two birds in a 45-minute period 
starting at 5 minutes past 12 o'clock (local time Arnhem). During training 
they have an unobstructed view of the landscape. Training is done - if 
possible - four days a week under all types of weather conditions except 
hard wind or rain. Whether the birds discriminate between the two 
situations can be determined by placing them in the training situation 
without reward. 

At this time (February 1971) we are able to conclude that one of our 
birds discriminates between the two situations when the landscape and 
the sun are visible. This means that this experimental set-up might be 
useful for detecting the cues used by a bird to discriminate between 
geographically different places. 

DEPARTMENT OF DISTRIBUTIONAL ECOLOGY 

As in the foregoing years, most of the field work was done in the polder 
of Zuidelijk Flevoland (42,000 ha), the most recently reclaimed area of 
the IJsselmeer. 



Fig. 5. Experimental cage to t est Starlings with respect to their sense of geographical position. 
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This polder became dry in 1968, and since then its colonization by 
higher plants and by some insect groups has been followed. Some obser
vations are also made in the older polder of Oostelijk Flevoland (dry 
since 1957). 

Vegetation development in Zuidelijk Flevoland (J. van der Toorn). 

The total number of plant taxa found during the first three years aftel' 
reclamatioll (1968-1970) amounts to 159. This is between one-half and 
one third of the mean value expected for an area of 42.000 ha in the 
Netherlands (according to the data of AD RIA NI and VAN DER MAAREL, 
1968). The main reaSOll for this poverty is the small chance for most 
species to reach the area (low accessibility; HEIMANS, 1940). Another 
important factor is the extreme habitat consisting mainly of poorly 
aerated clay soil, although drier parts of sand and clay occm locally. 

In the Wieringermeer - anothel' IJsselmeerpolder reclaimed in 1930-
more taxa were found in the first three years, viz. 296 according to 
FEEKEs (1936), owing to the less extreme habitat (more sandy soil with 
relatively good drainage) and the better accessibility (directly bordering 
on "old land" and polder, in contrast to Z. Flevoland which is separated 
from the old land by lakes). 

The vegetation development in 6 relevés (each 25 m2 ) representative 
of the area and sown with Phragmites communis, was as follows: 

The plant cover increased regularly and reached a maximum (of about 
100 %) in the spring of 1970. Annual and biennÏ<~1 species, especially 
Senecio congestus and Ranunculus sceleratus, had a maximum (about 30 %) 
in the spring of 1969. Perennials (mainly Phragmites) covered about 20 % 
of the surface at that time, aftel' which they increased very quickly, 
crowding out species with a short life cycle. 

The nu mb er of species increased dUl'ing the first and second years due 
to germination of seeds buried in the soil before it became dry and to 
later seed dispersal. At the end of the second year, a maximum of 12 
species per relevé (7 annual and biennial spp; 5 perennial spp) was reached. 
This number dropped during 1970 to a level of 5 (2 annual and biennial 
spp; 4 perennial spp) due to the strong competition of Phragmites. 

In the area not sown with Phragmites the following zonation becamc 
apparent during 1970: (1) a zone with Phragmites communis, (2) a zone 
with Typha latifolia and (3) a zone with Senecio congestus. 

This zonation is determined by a difference in water regime, the mean 
water level increasing from zone 1 to 3. Phragmites established itself 
mainly from seeds washed ashore during the period of sowing. Like Typha 
latifolia, it spreads vegetatively in a downward direction ; Typha also by 
seedlings. 

Senecio congestus, which initially dominated in the whole range, was 
limited at the end of 1970 to the lowest places, as favourable conditiollS 
occurred here during some weeks in the summer. 
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The first two zones are intermingled with Salix spp, especially Salix 
triandra, locally forming dense bushes with individuals up to 5 m high. 

Vegetation mapping is done in the same region of the polder on the 
basis of false colour infrared aerial photographs covering about 5.5 km2 

(scale 1: 4.000). Photographs were taken in July 1969, June 1970, and 
August 1970. The four dominant species mentioned above, are clearly 
visible on the July and August surveys. This photographic method, which 
permits highly detailed mapping and gives excellent information on the 
rapid plant succession, will also be applied in subsequent years. 

Reference 
ADRIANI, M. J. en E. VAN DER MAAREL, 1968: Voorne in de branding, Sticht. 

Wetensch. Duinonderz., Oostvoorne. 
FEEKES, W ., 1936: De ontwikkeling van de natuurlijke vegetatie in de Wieringer. 

meer. Diss. Amsterdam. 
HEIMANS, E ., 1940: Ned. Kruidk. Arch. 50, p. 74. 

Oolonization of the IJsselmeer polders by carabid beetles (J. Haeck). 

a. Sampling in Zuidelijk Flevoland 

In 1970, the third year af ter reclamation of the Zuidelijk Flevoland 
polder, sampling of carabids was continued at full capacity. Although 
much of the catch from 1969 and 1970 is not yet identified, one striking 
finding may be noted: the occurrence of some short-winged individuals 
of dimorphic species. These appeared in 7 out of the 17 dimorphic species 
found, in 4 species also in the middle of the polder. This phenomenon 
constitutes a strong argument for the hypothesis that in newly founded 
populations of wing-dimorphic species, brachypterism may be introduced 
incidentally via the air by macropterous females fertiIized by brachyp
terous males before migration. It is our intention to test this hypothesis 
by breeding experiments. 

Some of the trapping stations in the polder show marked differences 
in the species composition from one year to another. But until the survey 
is more complete, correlations with, for instance, changes in the vegetation 
cannot be distinguished. 

b. Possibilities for hibernation In Zuidelijk Flevoland 

In the summer of 1970, to investigate a possible influence of distance 
from the dike, 15 temporary stations were installed across the polder to 
supplement the trapping stations sampled throughout the year. These 
new stations were sampled at the peak periods of carabid activity. Partial 
identification of the catches suggests that the influence of distance is 
disturbed to some extent by the influence of the water tabIe, possibly 
especially in winter. 

The central part of the polder was covered with water in the winters of 
1968/1969 and 1969/1970; 7 trapping stations were located in this area. The 
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drainage of the marginal parts has already been improved. A total of 55 
carabid species was found, 30 in the central and 52 in the peripheral area. Of 
the 30 species occurring in both parts (or only in the central part) 26 are 
reported in the literature to hibernate as imago, 1 as larva, and 3 as 
larva or imago. Of the 25 species found only in the peripheral area 14 
hibernate as imago, 8 as larva, and 3 as larva or imago. These data suggest 
that there are different chances of establishment for imago-hibernators 
and larva-hibernators in the wet parts of the polder. 

This suggestion is strengthened by the findings in a sampling experiment. 
In the early spring of 1969 a patch of soil was covered with fine-meshed 
netting, the edges of which were dug in. The subsequent catch from the 
funnels under the netting, which must have been formed by animals 
that hibernated here (or their offspring), was compared with the catch 
from normal funnels at the same spot in the spreceding year. Only imago
hibernators were found (12 species) under the netting, where there were no 
specimens of the three most frequent species in 1968, all three of which 
were larva-hibernators. 

c. Colonization of a new terrain ll1 Oostelijk Flevoland 

In Oostelijk Flevoland a reserveu terrain with a relatively wide variation 
in soil type and water tab Ie is destined for ecological research. In 1967 
and 1968, af ter ploughing of the meadow and heavy uisturbance of the 
natural vegetation, new grassland and plantations of deciuuous trees were 
laid out. In this terrain we will follow the gradual differentiation in the 
composition of the carabid fauna for different vegetation and soil types. 
Besides a gradual shift is expected in the proportion of unwinged individuals 
in dimorphic species. A survey now available of the results of the 1968 
and 1969 catches (53 species) shows that the differellce between the samples 
from sand and heavy loam is greater than that between grassland and 
plantation. 

Oolonization by some phytophagous insects (J. H. Mook) 

As in former years, the sampling sites in Zuidelijk Flevoland were 
restricted to a line running SW -NE through the polder. The insects sampled 
were living on Common Reed (Phragmites communis) and on willows 
(Salix sp.). For most species the sampling concerned not the migrating 
in se cts themselves but their offspring or traces (galIs, mines, or other 
damage to the plant). This complicates the picture, because what is 
observed is the accumulation of dispersal and egg-Iaying behaviour during 
the span of a whole generation, with the influence of the environment, 
i.e. accessibility and susceptibility of the host plant, superimposed on 
these processes. Nevertheless, the method may be considered to produce 
useful results, especially wh en a number of species is compared. 

In 1969, wh en the willow trees were still smalI, whole trees were sampled 
initially, and the mean number of galls etc. per plant at various sampling 
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sites were assessed. It soon became evident that these numbers were 
correlated with the size of the tree, and therefore in a second period 
(end of September) a number of twigs on each tree were collected and 
the nu mb er of galls or mines was related to a unit number of leaves. 
These twigs were placed in the laboratory freezer. The material kept 
very weIl for several months and could therefore be investigated during 
the winter. The results do not differ principally from those obtained by 
the first method, but are more suitable for comparison with the results 
of later years. In September 1970 the same procedure was followed. 

A drawback in the study of these willow insects is that the trees are 
distributed very irregularly over the polder. They occur in large clusters 
in drier areas separated by large stretch es of reed vegetation in which 
hardly any willows are found. This situation does not exist for reed 
insects, because the reed vegetation in the polder is almost continuous 
over large areas. Two species of reed insects will be treated here in more 
detail. 

The gall midge Giraudiella inclusa induces small hard raised lumps at 
the inside of the stem wall of reed. One generation a year is mentioned 
for this species in the literature. Reed shoots sampled during the winter 
of 1969/1970 showed galls already evacuated by their inhabitants together 
with galls with larvae. Since the empty galls occur in the lower intern odes 
and the full galls predominantly in the higher internodes, there were 
probably two generations in this material. Comparison of the infestation 
in different places along the line taken through the polder showed no 
systematic differences, and it was already fairly high (up to 40 % of the 
shoots) during the first generation. The parasites have also been collected, 
but this material has not yet been worked out. 

Because an inftuence of the environment on the degree of infestation 
was suspected, samples of reed were taken in June 1970 from two places 
a short distance apart in the Zuidelijk Flevoland polder, one with dry 
sandy soil and the other a wet clay soil. In this material the infestation 
of narrow shoots was relatively lower than of wide shoots. The mean 
fraction of infested shoots was lower in the dry (0.27) than in the wet 
place (0.41), possibly because on the average the shoots on the wet soH 
had a greater diameter than those in the dry place, but other factors 
mayalso have been involved, since the fraction of infested shoots was 
somewhat higher in the wet than in the dry place for all diameter classes 
of the shoots. 

Of the reed insects, the noctuid moth Archanara geminipuncta also 
deserves mention here. The moths fty and lay eggs during the summer 
and the young larvae overwinter in old reed shoots. In the spring they 
move to fresh shoots and eat the inside of the reed stem, which is de
stroyed. One larva destroys more than one shoot, but the actual number 
is not known. In samples taken at the end of June in 1970 the ratio of 
the mean fraction of damaged shoots to the number of Archanara per 
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shoot was about two to one. Because the samples were taken at a time 
when about half of the larvae had already pupated, this figure is probably 
a good estimate. Analysis of the samples revealed that the number of 
damaged shoots or of larvae or pupae per unit area was not correlated 
with the total number of reed shoots in that area, so that the proper way 
to express the density of the species is as a number per unit area. 

In June of 1970 the larvae had damaged an average of 50.4 shoots 
per square metre near the dike forming the boundary between Zuidelijk 
Flevoland and the older Oostelijk Flevoland polder. This density de
creased rapidly with increasing distance from the dike (at 1.5 km it was 
16.0, at 2 km 10.8, at 2.5 km 2.7, and at 3.8 km 3.1), which suggests 
that a large part of the population of egg-Iaying moths disperses over 
only small distances. 

It was also established for Archanara geminipuncta that there is a 
pronounced correlation between shoot damage and shoot width. In the 
samples of reed shoots from the wet clay and dry sand soils mentioned 
above, none of the narrowest shoots (basal diameter under 2.5 mm) were 
damaged, but 70 % of the widest shoots (more than 6.5 mm) showed 
injury. There was a similar correlation between mean number of larvae 
and pupae per shoot, but the latter did not occur (in this period, i.e. 
end of June) in shoots with a diameter of less than 4.5 mmo The mean 

action of damaged shoots in the wet place (0.41) is more than twice 
as high as that in the dry place (0.17). The same holds for the occurrence 
of larvae and pupae (0.18 and 0.08 per shoot, respectively). Because of 
the small differences between these fractions in the wet and dry places 
within a certain diameter class, it is probable that the differences in over-all 
infestation between the dry and the wet place is the result of the difference 
in the frequency of shoot diameters, because the narrow shoots predominate 
in the dry place. 

On the basis of these data the estimates of damage in different places 
can be corrected for differences in available shoot diameter. For the data 
collected along the sampling line these corrections had little influence. 

Acoustical behaviour of Ohloropid {lies (J. H. Mook, C. G. Bruggeman). 

The signalof Lipara similis c!c! derived from Czechoslovakia was 
recorded, and proved to be quite distinct from the sounds of other Lipara 
species. Sounds of three other Chloropids from Common Reed and one 
from Reedgrass (Phalaris arundinacea) were also recorded for the first 
time, so that now signals are known for 11 different species. 

Observations on the behaviour of Lipara fles in the field were started, 
and proved to be feasible in the early morning. The results do not yet 
permit the drawing of conclusions. 

Observations were also begun on agonistic behaviour between male 
flies in the laboratory . 
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BIOLOGICAL STATION "WEEVERS' DUIN" 

DEPARTMENT OF BOTANICAL ECOLOGY 

Biological values in the southwestern part of The Netherlands (M. J . Adriani 
and Miss E. Heeres) 

In the southwestern part of The Netherlands great changes are taking 
place. The reduction of the coastallength, an effect of the Delta Works 
project, entails the disappearance of original estuaries and their conversion 
into large inland lakes (with the exception of the mouth of the Wester 
Schelde). Within these bodies of water the salt gradient and the tidal 
movements have disappeared. Moreover, the settiement of industry, the 
expansion of towns and villages, and the construction of roads are reducing 
the already limited green space. In the near future planological decisions 
of major importance will be taken. With respect to the optimalization 
of environmental conditions, it is necessary to distinguish the biological 
values in the region and to map them. For this purpose, a number of 
biologists from several institutions (Delta Instituut voor Hydrobiologisch 
Onderzoek, Yerseke; Mdeling Natuurbeheer en Natuurbehoud van de 
Landbouwhogeschool, Wageningen; Mdeling Geobotanie van het Bota
nisch Laboratorium der Katholieke Universiteit, Nijmegen; Vestiging 
Zeist van het Rijksinstituut voor Natuurbeheer; Provinciale Directie 
Zuid-Holland, Noord-Brabant en Zeeland van het Staatsbosbeheer; Staf
afdeling Natuurbehoud van het Staatsbosbeheer, Utrecht; Biologisch 
Station "Weevers' Duin", Oostvoorne) have formed a working group 
ad hoc. 

The effect of the Delta Works and industrial settiement has been an 
impoverishment of the biological environment in the southwestern part 
of The Netherlands. In view of the future, it is important to establish 
a scale of values concerning the changes in the biological environment. 
To this end, biological values have been determined and mapped as they 
were present before the closure of the sea arms; these data are indicated 
as "data 1970-". In addition, a prognosis was drawn up respecting these 
values as they probably will evolve af ter the completion of this large
scale project. Data concerning the expected situation are indicated as 
"data 2000+". 

Comparison of these series of data gives an impression of the changes 
and the biological degradation to be expected. The maps 2000+ can also 
be used as a contribution by biologists to the discussions about the future 
structure of the landscape. 

To classify the scientific value of a landscape and its biological com
ponents, the following criteria (La.) have been used : 

Richness in species. 
In biotic communities the number of plant species present is a serviceable 
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criterion. A vegetation or an area rich in species is linked with a fauna 
of great diversity and a varied landscape. From the number of plant species 
present and the size of the area an "index of diversity" can be computed. 
This index makes it possible to classify and compare the biological value 
in an objective way. 

Rarity. 
The criterion taken for the rarity of a biotic community or a landscape 

is the frequence of occurrence both within and outside the Delta region. 
The possibility of substitution has been taken into account. 

Hydrobiological criteria. 
The waters outside of dikes were classified according to oxygen content, 

Liebmann index, algal flora, and number of animal species. The waters 
inside the dikes were classified according to plankton composition, algal 
flora, number of animal species, and landscape features. The maps were 
compiled on the following points: 
a. Geomorphology and landscape. 
b . Salt content and tides. Changes that have occurred or can be expected. 
c. Hydrobiological values of waters inside and outside the dik es (1970-

and 2000+) . 
d. Biological values of terrestrial areas: 

d.l. botanical values 
d.2. ornithological values 
d.3. lepidopterological values and some other faunistic values. 

3. Integrated biological values (af ter a, b, c, d) for 1970- and 2000+. 
As a result of the closure of the river estuaries, tidal movements and 

currents no longer act upon large areas of water, mud flats, and salt 
marshes. This brackish tidal environment, which is rare even from an 
international viewpoint, will disappear together with its characteristic 
biocoenoses. This means the end of the mass production of food for the 
tens of thousands of waders, ducks, and geese, but also that the greater 
part of the diversified halophilous vegetation characteristic of the south
western part of The Netherlands will disappear. 

A great number of extremely valuable and very valuable areas still 
on the foreshore in 1970- will change such that they will fall in a lower 
category. On the sea side of the dikes the possibility exists for the de
velopment of extensive beaches, sandbars, and mudflats which could 
become of great value if properly managed . The balancesheet shows a 
decrease of biological values. What is left should be hand led with care 
by the planologists. The definite report will be published in 1971. 

Ecophysiological investigations of Gentaurium littorale (A. H. J. Freijsen) 

Results of earlier sand-culture experiments with the oligohalobious plant 
Gentaurium littorale (Turner) Gilmour (see Progress Report 1969) were 
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compared with those of small-scale experiments on other flowering plants 
and with data from the literature. A paper dealing with this part of the 
investigations will be published in 1971. 

In the summer of 1970 a water-culture experiment with two varieties 
of Oentaurium littorale was carried out in the greenhouse. Oentaurium 
littorale var. littorale is a common plant of young sandy dune slacks. 
Oentaurium littorale var. latifolium is restricted to some old humous salt 
marshes on the western Frisian islands (FREIJSEN 1967). Rosettes of these 
paramorphs were grown on three different culture solutions in l-litre pots: 
pure t conc. Hoagland solution, Hoagland solution with 1 mI NaCI 1 N 
per pot, and Hoagland solution with a N aCI content corresponding to a 
suction tension of 4.2 atm. Table 1 and fig. 6 give the values concerning 
the growth physiology and mineral composition of the experimental plants. 
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Fig. 6. The mineral composition of two varieties of Oentaurium littorale in a water
culture experiment. 

(C-A)=(K++Na++Ca++)-(NOä+Cl-+H.POi+SOi - ). Mg++ was not deter
mined. 

With respect to the growth physiology, there is a striking difference 
between the two varieties of Oentaurium littorale. In var. latifolium rela
tively less dry matter is used to build up the rosette, as shown by a lower 
shoot/root ratio. Nevertheless, the relative growth rate is as high as that 
of var. littorale. This is in agreement with the morphology of the leaves 
of both paramorphs. Oentaurium littorale var. latifolium is characterized 
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Table 1. The relative growth rate and the shoot/root ratio of two varieties of 
Centaurium littorale in a water-culture experiment_ (mean values of 10 plants) 

variety var. littorale var. latifolium 
culture period 20 May-3() J uly 27 May-30 July 

NaCI level 0 1 mI 4.2 atm. 0 1 mI 4.2 atm. 
calcul. initial dry weight (in g) 1.8 1.8 2.1 1.0 0.9 1.1 
harvest dry weight (in g) 4.4 4.9 4.2 2.4 2.2 1.8 
RGR (in mg.mg. -1 day-l) 0.013 0.014 0.010 0.013 0.014 0.008 
shoot/root ratio 2.5 2.7 2.1 1.6 1.6 1.3 

by thin, broad leaves. Furthermore, this variety has a lower salt toleranee ; 
its growth rate is depressed more at a salt level of 4.2 atm. This is con
sistent with ecological differences between the two varieties. The humous 
soH in the environment of var. latifolium has a stabie and rather high 
moisture content as weH as a low and equable salt concentration. In the 
young dune slack with Centaurium littorale var. littorale the topsoil is 
typified by fluctuating moisture conditions resulting in the periodic oc
currence of medium salt concentrations (FREIJSEN 1967). The results of 
this experiment show that the growth of Centaurium littorale is not fa
voured by sm aH quantities of NaCl, as had been suggested by the earlier 
sand-culture experiments. 

In both varieties there are clear differences in mineral composition 
between the non-salt plants and the plants grown at 4.2 atm. NaCl. 
In the latter group, Cl- accumulates in the tissues and as a re sult the 
(C-A) content in the dry matter is low. Since these effe cts are most pro
nounced in the plants of var_ latifolium, there must be a relationship with 
the growth retardation. Although a disturbed water balance could also 
be responsible, this factor seems to be of minor importance in this ex
periment. The osmotic potential- calculated on the basis of the total 
mineral content of the plant tissue-attains a higher value in var. lati
folium. It is noteworthy that the uptake of essential nutrients by plants 
of both varieties is not seriously hampered under saline conditions. 

Reference 

FREIJ8EN, A. H. J., (1967) - A field study on the ecology of Centaurium vulgare 
Rafn. Thesis Utrecht. 

Microbiologie (P. A_ I. Oremus) 

This year the experimental work concerned the distribution of the 
endophyte of Hippophaë rhamnoides in the dunes of Voorne. Sterile 
seedlings of Hippophaë rhamnoides were planted in sets of five in glass 
jars containing soH samples from different locations. 

Four months later, the total number of nodules and the total nodule 
weight per plant were determined. These values are a measure of the 
amount of infective endophyte material in the soil. 



Origin of 
the samples 

sandy beach 
sandy beach 
outer dunes 
outer dunes 
outer dunes 
outer dunes 
outer dunes 
ou ter dunes 
inner dunes 
inner dunes 
inner dunes 

70 PROGRESS REPORT 1970 

The activity of the nodules was also measured. Since nitrogen fixation 
is a reduction process, the quantity of ethylene formed from excess 
acetylene in one hour was used as a measure of the activity of the nodules. 

Table 2 gives a survey of observations made this year. 

Table 2. Survey of the observations on Hippophaë rhamnoides 

mean ",mol mean 
mean number dry ethylene 

sampling shoot of weight formed in 
depth vegetation type length nodules of 1 hr per 
(cm) (cm) nodules g dry per 

per plant weight plant 
(mg) nodule 

0-5 none 10.7 3.0 37.1 65.0 
5-10 none 3.0 0.5 0.2 15.0 
0-5 Ammophila 5.0 4.8 1.2 0.0 
5-10 Ammophila 5.0 1.4 0.4 0.0 
0-5 ± 3-4 year old H ippophaë 5.8 3.3 5.8 67.0 
5-10 ± 3-4 year old Hippophaë 6.3 1.0 0.8 0.0 
0-5 ± 6 year old Hippophaë 10.6 17.0 17.6 24.0 
5-10 ± 6 year old H ippophaë 7.9 12.6 17.2 54.5 
0-5 ± 3-4 year old Hippophaë 15.5 28.5 29.7 37.0 
5-10 ± 3-4 year old Hippophaë 7.3 5.9 6.6 53.5 
0-5 ± 6 year old Hippophaë 14.0 16.0 34.2 32.0 

Vegetation research (C. W. P. M . Blom) 

One of the aspects of the research in the dune area on Voorne and 
Goeree concerns the influence of recreation and grazing on the vegetation. 
The dunes in this region are under very strong recreational pressure and 
for a number of years there has been grazing mainly by cattle, on the 
Groene Strand of Voorne and the West Duinen on Goeree. A common 
effect of both is the trampling of the vegetation. 

Toward the end of 1970, a study was started on the problem of soil 
compaction due to trampling. The problem was approached at both the 
plant sociological and the autecological levels, the former by fieldwork 
i.e., comparison of areas with and without trampling in relation to changes 
in vegetation composition and soil compaction. 

The program of the plant-sociological field work is as follows: 
1. Selection of a number of sample plots (e.g. 2 x 2 m) for annual research 
2. Analysis of the seasonal periodicity and fluctuations of the species 

in the respective areas. 
3. Charting of individual patterns and total patterns on scale of 1 : 10 

to 1 : 100. 
4. Mapping of the vegetation on scale of 1 : 250 to 1: 2500. 

",mol 
ethylene 

formed in 
1 hr per 

plant 

2.579 
0.003 
0.000 
0.000 
0.385 
0.000 
0.404 
0.933 
1.133 
0.281 
1.094 
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5. Periodic determinations of soH characteristics and the ground-water 
levels. 

6. Measurement of the shootjroot ratio of the species under consideration. 
The autoecological aspects will be studied in the "naturai" vegetation 

and experimentaIly. 
Experiments are planned on some species of the genera Plantago, 

Trifolium, and Potentilla: 
a. Germination experiments on soils with various degrees of compaction. 
b. Experiments on the survival and development of the seedlings at 

various degrees of soH compaction. 
The first type of experiments (a) will be carried out in the laboratory 

and the second both in the laboratory and in experimental plots. These 
experimental plots will be laid out on the grounds of the Biological Station. 

Micrometeorology (Ph. Stoutjesdijk) 

Thc reliable measurement of surface temperatures is of great im
portance for the study of heat transfer and evaporation. In previous work 
we used a radiation thermometer (STOUTJESDIJK 1966) consisting es
sentiaIly of a copper block provided with a cylindrical bore holding a 
radiation detector at the bottom. This detector is a copper-constantane 
thermopile made by electroplating and painted white to reduce its sensi
tivity to short-wave radiation. The opening in the block can be cIosed 
by a glass shutter, which provides a reference temperature. With this 
construction, the readings are insensitive to reflected light. This instrument 
gives satisfactory results but has the disadvantage of a wide angle of 
acceptance (40°), which means that the minimum size of the target is a 
circle with a diameter of 25 mmo 

To reduce the field of view effectively, not only the diameter of the bore 
but also the size of the detector must be reduced, which would involve 
a great loss of sensitivity. 

To keep the sensitivity at the same level and at the same time reduce 
the field of view, we tried using a bolometer instead of a thermopile as a 
radiation detector, miniature thermistors with a diameter of 0.5 mm 
serving as the sensitive elements. Two thermistors and two fixed resistors 
were used in a Wheatstone bridge circuit. This device gave good sensitivity 
as weIl as rapid response (5 seconds), but the stability was lower than 
with a thermopHe and there was always a considerable zero-drüt. Further
more, the calibration of a bolometer is rather sensitive to changes of the 
ambient temperature. 

Af ter due consideration it was decided that in spite of its lower sensi
tivity, a thermopile would offer advantages over a bolometer as far as 
the ultimate sensitivity (minimum detectable power) and ease of operation 
are concerned. Sin ce very sensitive microvoltmeters with suitable charac
teristics for field use have recently become available, the low output of a 
thermopile is no longer a serious drawback. 
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To obtain the desired improvements we arrived at a construction in 
which a manganine-tellurium-manganine thermocouple is used as a radi
ation detector. The thermocouple, a thin strip measuring 0.1 x 3 x 10 mm, 
receives the radiation at one end through a diaphragm with a diameter 
of 3 mmo The detector is placed at the bottom of a bore 4 cm long and 
5 mm in diameter. The radiometer with these basic dimensions has an 
angle of acceptance of 12° and a minimum target size of less than 1 cm. 
Owing to the good thermo-electric properties of tellurium, a sensitivity 
of 0.2 I-' V IOC is obtained for the measurement of surface temperatures. 

As compared with the instruments that have been commercially availa
bIe in the last few years, the device described above has a rather high 
angle of acceptance but a rather small minimum target size. Accuracy 
is similar for both types of instruments. The commercial instruments 
have a quicker response and can be read directly, whereas with our 
instrument three readings have to be taken to compute a surface temper
ature (by means of a simple nomogram), but the commercial instruments 
are too heavy (12 kg) to carry over rough ground. 

Lastly, commercial instruments operate in a wavelength band between 
8 and 14 nanometer, which makes the readings insensitive to reflected 
light and enables the instrument to 'look' through heavy atmospheric 
layers. But when a surf ace emits less heat radiation than a theoretical 
black surface of the same temperature, the temperature measurements 
will be too low. This error can be expected to be much lower for a detector 
receiving the whole infrared spectrum, in which case reflected sky radiation 
will compensate for a considerable part of the error caused by the lower 
emmissivity. 

Reference 
STOUTJESDIJK, P., (1966) - On the measurement of the radiant temperature of 

vegetation surfaces and leaves. Wentia 15, 191-202. 

w. H . VAN DOBBEN 
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The studies of the three main projects - the lakes Vechten, Tjeukemeer 
and IJselmeer - were continued. The project Vechten was extended to 
include the artificially deepened lakes, the lakes Wijde Blik and Vinke 
veensche Plassen. The algological work was also continued. 

PROJECT TJEUKEMEER 

Chemistry and Primary Production (Dr. J. Moed, Drs. H. de Haan, Dr. 
H. Golterman) . 

As has been reported in the earlier reports the hydrology of the lake 
has a great influence on its chemical composition. Due to the inflow of 
IJselmeer water (half of May-September) the concentrations of Na+, CI-, 
Ca++, HC03 - , Mg++, S04- and the pH increased. As the IJselmeer and 
the Grote Brekken (see fig. 1) were sampled this year, it could be con
clusively established that these increased concentrations are due to the 
inflow of IJselmeer - and the changes in its chemical composition-and 
the buffering capacity of the Grote Brekken. 

Fig. l. Geographical position of IJselmeer, Grote Brekken and Tjeukemeer. 
Winter· and summer watermovements are indicated. 
A = Lemsterrijn ; B = Follega sloot; C = Scharster Rijn; D = Broeresloot; 
E = Pier Christiaan sloot. 
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During the months September and October the chemical composition 
of the Tjeukemeer remained rather constant. In November the discharge 
of polderwater started again. Table I gives typical examples of the concen
trations of the major elements of the different waters. 

Table 1. Chemical composition (major elements) of Tjeukemeer (mean of three sampling stations), 
Polderwater (Vierhuis) and IJselmeerwater. 

Date 

6-4 
1970 

28-9 
1970 

Lake pH Ca++ Mg++ Na+ K+ EKation HCOi CI- SO; 

Tjeukemeer 7.7 1.80 0.56 1.00 0.25 1.37 1.18 0.50 
3.61 

Vierhuis 7.6 2.27 0.52 0.97 0.28 1.91 1.14 0.24 
4.04 

Grote Brekken 7.7 1.75 0.51 1.20 0.28 1.26 1.32 0.77 
3.74 

IJselmeer 8.7 3.49 0.90 3.20 0.22 2.26 4.00 1.25 
7.81 

Tjeukemeer 8.5 2.55 0.84 2.76 0.21 1.89 3.17 1.08 
6.36 

Vierhuis 8.3 2.53 0.63 2.61 0.20 1.87 2.68 0.93 
5.97 

Grote Brekken 8.9 2.87 1.14 4.00 0.20 1.74 4.69 1.42 
8.21 

IJselmeer 8.6 3.14 1.24 4.00 0.21 2.02 5.07 1.38 
8.59 

From this table it can be Been that the water of the Grote Brekken 
had nearly the same chemical characteristics as the IJselmeerwater at 
the end of the summer (28-9) and that the Tjeukemeerwater is influenced 
strongly by IJselmeerwater. At 6-4 - just before the inflow of IJ selmeer
water-the Tjeukemeer and the Grote Brekken have the same composition 
as the polderwater. 

An excess of kations is found rather constantly both in polderwater 
and Tjeukemeerwater. This is more pronounced in the winterwater (6-4) 
than in summerwater (28-9). 

Although the COD of the water does not change much with time, it 
is believed that part of the calcium is bound to humic compounds and 
should not be included in the ionic balance. Further research into th is 
problem is in progress. 

Due to the inlet of polderwater the winter values of the minor elements, 
phosphate, silicate, nitrogen and iron are high. (See table 2). This year 
the following phosphate fractions are determined: Totalphosphate (Tot-P), 
inorganic phosphate (P04-P), particulate phosphate retained on a 2 ft 

filter (Part-P2) and particulate phosphate from this filtrate retained on 
a 0.3 ft filter (Part-PO.3-1P). All these 4 fractions decreased nearly linear 
between 10 March and 8 June (see table 2). The values of Tot-P and 
P04-P for the whole year are mentioned in table 3. Silicate (Si02-Si) 

EAnion 

3.05 

3.29 

3.35 

7.51 

6.14 

5.48 

7.85 

8.47 
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Table 2. Concentrations of minor elements in Tjeukemeerwater from 9 March-
8 June. All valuea are in mgfl. (If a range is indicated, the three sampling stations 

are more than 10 % different). 

9 March 6 April 11 May 8 June 

Tot-P 0.400 0.350 0.275-0.300 0.100 
P04-P 0.200-0.250 0.110 0.050 0.005 
Part-pzl' 0.150 0.200 0.150 0.050-0.100 

Part-po.s-Zl' 0.050 0.075 0.025-0.050 0.010 
SiO.-Si 2.9 3.3 0.07 0.18 
NHa-N 1.6 0.62 0.25-0.35 0.17-0.27 
NO.+NOs-N 1.6 2.3 1.75-1.85 0.12-0.24 
Fe 3.0 4.6 2.6-4.3 1.1-1.4 

decreased between the 8 April and the 10 May and remained low around 
100 rIl during the summer. 

From the samples of polderwater (Vierhuis) it can be seen that the 
silicate enters the Tjeukemeer with the polderwater. Moed investigated 
whether a part of this silicate comes from the populous areas, which 
may happen - via the Tjonger and the Broeresloot (see fig. 1) - dependent 
upon the amount of rainfaU. 

Nitrogen was present as ammonia and nitrate during the winter. 
Ammonia decreased between 22 March and 20 April. Nitrite and nitrate 
increased between 9 March and 6 April, (in which period the temperature 
rose from 2 °C to 10 °C) and feU till the 10 J une and remained low during 
the whole summer. 

Iron (Total-Fe) fluctuates between 0.5 and 4.6 mg/l. The concentrations 
seem strongly related to that of phosphate, especiaUy Part-Pzl'. It is not 
yet clear wh ether both are dependent on the incoming of polderwater 
or if a causal correlation between Fe and Part-Pzl' exists. 

Humic compounds (Drs. H. de Haan and Dr. J. Moed). 

Using gelfiltration of humic substances De Haan showed that the 
molecular size distribution ofthe extract depends on the extraction method. 
Yellow material extracted in the presence of a phosphate containing 
eluant, according to sephadex G-25 analysis, contained more large mole
cules than material from lyophilized water. The results of the gelfiltration 
of fraction dT depended on the use of different concentrations of the 
elektrolyte in the eluant. 

In combination with optical density and fluorescence determinations 
of Tjeukemeerwater the gelfiltration in neutralized water gave reliable 
results. The sephadex elution patterns of fraction dT at different pH 
values suggested a pH dependent association-dissociation of humus units. 
From light absorption spectra at different pH values, fluorescence-pH 
curves of the isolated fractions and from aluminium oxide chromatography 
of the extracted yeUow substances, differences in the chemical structure 
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of these fractions could not be derived. This supports the association
dissociation hypothesis. By means of fluorescence-pH measurements and 
functional group analysis, phenolic OH-, primary NH2 groups, aliphatic
and/or aromatic polycarboxylic acids and possibly carbohydrates were 
detected in the humic substances. 

Periodical sephadex gelfiltrations and determinations of the ratios of 
fluorescence at 470 nm to optical density at 365 nm, and optical density 
at 250 nrn to optical density at 365 nm, showed that the molecular size 
distribution of yellow material in Tjeukemeer is not constant. It is not 
the changes of the pH of the lake water but phosphate concentration 
changes which can partly explain this phenomenon. Till now we have 
little experimental evidence that microorganisms cause these changes. This 
can only be established with the aid of organisms, isolated from the lake, 
which might show the same phenomenon when grown in yellow material 
containing media. Therefore isolation of these organisms from the lake 
was started. 

Moed proved that aluminium oxide is a suitable adsorbent for the 
adsorption of yellow water-soluble organic material. Elution of the major 
part of the yellow material could be realised by use of phosphate buffers 
pH = 7. Gelfiltration performed in cooperation with De Haan showed that 
there is a relationship for yellow material between molecular weight and 
the ratio of fluorescence and optical density. 

Primary Production (F. Colijn, J. B. Wanders, Dr. H. Golterman). 

The studies with the long glass tubes of 25, 50, 75 and 100 cm length 
as described in the Annual Report 1969 were continued. The results are 
summarized in table 3. The daily gross production varied between 0.5 
and 8.8 g·m-2·d-1 of C with a mean value of 3.25 g·m-2.d-1 of C or 
about 8.0 g·m-2·d-1 of O2 (period 8-4/30-9). This means a considerable 
increase compared with last year, when sanddigging still took place. 
O2 consumption was about 3.5 g. m -2. d -1 during this period. Experiments 
were carried out to distinguish between oxidation of organic material 
(allochthonous) and algal respiration and mineralisation. 

In samples of lake water incubated during a few days with dinitrophenol 
(DNP) it was found, that the decrease (in %) of Particulate Carbon and 
the Particulate Nitrogen was about the same and was lower (up to 50 %) 
than the simultaneous 02-consumption. The measured mineralization 
appeared to be strongly temperature dependent and nearly stopped at 
3 °C. This suggests that the mineralization of the particulate material is 
caused not only by respiration but by a bacterial process. Furthermore it 
indicates that only a part of the 02-consumption in dark should be sub
tracted from the net algal production in the light to estimate the net 
daily production. Further, from the samples incubated with DCMU, it 
could be demonstrated that the oxygen consumption in light bottIe is 
higher than in the dark bottIe. Both the two effe cts work in the same 



Table 3. Prima.ry Production, chlorophyll and phosphate concentra.tions in Tjeukemeer in 1970. Photosynthesis is measured in tubes (25, 
50, 75 and 100 cm) using the Cl4-method with water from sampling station I and in Winkler botties with samples from the three stations. 

Photosynthesis 

Water I4{J Method 
Winkler Ol Method mg·m-3 

Column Point I g C m-2 day-I 
g 02 m-3 hr-I 

ChlorophyllI) P04-P 1) Tot-P 1) 

(cm) g COl m-3 hr-I Po in t 
I 11 111 

11-3-70 25 0.11 < 0.1 0.03 0.09 0.13 10 220 460 
50 0.11 < 0.1 
75 0.10 < 0.1 

25-3-70 25 0.37 0.3 0.15 0.35 0.24 30 155 460 
50 0.25 004 
75 0.10 0.2 

100 0.13 004 

8-4-70 25 0.55 0.4 0.33 0.38 0.35 35-50 110 420 
50 0.37 0.5 
75 0.24 0.5 

100 0.19 0.5 

22-4-70 25 1.70 2.3 0.82 0.94 0.91 9(}-150 100 30(}-350 
50 0.90 2.5 
75 0.70 2.9 

100 0.61 3.3 

13-5-70 25 1.15 

I 
0.9 0.79 0.91 1.01 4(}-60 50 25(}-340 a) 

50 0.73 1.1 
75 0.47 1.1 

100 0047 1.5 

27-5-70 25 1.55 1.2 0.73 1.17 1.05 45-90 20 120 
50 1.05 1.7 
75 0.78 1.9 

100 1.10 3.5 

1(}-6-70 25 6.17 3.4 1.75 1.58 1.28 80 5 160 
50 5.38 5.9 
75 5.47 9.1 

100 3.98 8.8 

24-6-70 25 3.36 3.1 1.17 0.92 0.83 50 4 100 
50 3.26 6.0 
75 2.22 6.2 

100 1.73 7.6 

8-7-70 25 1048 1.0 0.89 1) 
50 1.56 2.1 
75 1.44 2.9 

100 1.58 4.3 

22-7-70 25 2.03 0.8 1.02 1.10 1.05 45-80 7 90 
50 2.18 1.7 
75 1.86 2.1 

100 1.65 2.6 



6-8-70 26 2.73 l.4. 1.(9 1.31 1.29 60-60 6 115 
60 1.65 1.7 
76 1.75 2.7 

100 1.7( 3.5 

19-8-70 25 1.68 1.2 1.23 1.65 1.31 50-95 15 160-350 
60 1.53 2.2 
76 1.16 2.5 

100 0.73 2.1 

2-9-70 26 1.36 0.7 0.65 0.99 1.07 30-60 6 110 
50 1.41 1.5 
75 1.12 1.8 

100 0.98 2.1 

23-9-70 25 0.39 0.3 0.28 0.47 1.25 10-20 7 100 
60 0.46 0.5 
75 0.36 0.6 

100 0.31 0.7 

30-9-70 2fj 0.28 0.7 0.27 0.24 0.28 10-25 5 90 
60 0.25 1.3 
75 0.19 1.5 

100 0.15 1.5 

1"-10-70 25 0.56 0.3 0.32 0.25 0.14 30-20 10 110 
50 0044 0.4 
75 0.32 004 

100 0.29 0.5 

29-10-70 25 0046 0.2 0.28 0.38 0.34 30-45 2 145 
50 0.34 0.3 
75 0.26 004 

100 0.18 0.3 

10-11-70 25 0.64 0.2 0.64 0.65 0.74 50-65 40 365-560 
50 0.44 0.3 
75 0.37 004 

100 0.25 004 

2"-11-70 25 0.21 15 2) 90 190-250 

8--12-70 25 0045 0.2 0.25 0.29 0.21 20-30 80 265-105 I) 
50 0.32 0.3 
75 0.23 0.3 

100 0.19 0.3 

22-12-70 25 0.12 < 0.1 0.08 0.09 0.08 15-25 IlO 270-315 8 ) 

50 0.09 < 0.1 
75 0.03 < 0.1 

100 0.05 < 0.1 

1 ) Mea.n for points I, 11 and 111. IC a range is given, the fust number indicates point I. 
I) Only point I . 
a) First number indicates mea.n for points I and 111. 
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direction sinee they both inerease the results of the ealeulation of daily 
primary production from the field observations. Assuming the algal 
mineralization to be about 50 % of the 02-eonsumption it means that 
the annual mean ofthe net primary production in 24 hours is 6.3 g. m-2. d-1 

of O2. (gross minus 50 % of dark uptake= 8.0-! x 3.5). 

Algology (Mrs. P. J. Boesewinkel-de Bruyn, Dra. H . A. Kraaijeveld). 

Miss De Bruyn eontinued the phytoplankton inventory. Station I was 
sampled every week, and the stations II and III every fortnight. Green 
aigae (Scenedesmus) and diatoms formed the main eontributors; their 
numbers are summarised in fig. 2. 
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Fig. 2. Dominant algae in Tjeukemeer in 1970. 
- - - - Pennate diatoms, number of eells/ml 
- - - - - - - Centric diatoms excluding Melosira, number of eells/ml 
- - - - Melosira, number of cells/ml 
. . . . . . . . .. Scenedesmus, number of col/mI 

The following green algae were also eounted: 
Ohlamydomonas reaehed a maximum of 1300 cells per mI on 18 March. 
Six smaller peaks followed, the last one with 700 eells/ml on 28 October. 
Pediastrum had its first peak (400 col/mI) on 10 June. Till the end of 
August the numbers varied between 200 and 300 col per mI. A second 
maximum of 650 col/mI on 9 September and a third one of 400 col/mI 
on 4 November, were recorded. 
Ooelastrum showed peaks of 1400 and 11500 col/mI on lO and 24 June, 
while Tetraëdon reached 1000 and 850 eells/ml at the same dates. 
Tetrastrum had 4 peaks on 15 May, lO June, 24 June and 8 July of 900, 
800, 700 and 600 col/mI respectively. 
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Planktonema lauterborni was found in great numbers - contrary to 1969-
and reached its maximum on 16 September (17000 cells/ml). 
The Oryptophyceae i.e. Oryptomonas and Ohroomonas, showed peaks of 
4000 ceBs/ml end May and 1500 cells/ml mid October. 
Anabaena spiroides and Aphamizomenon flos-aquae occurred in great 
numbers, thc maximum for the former was 4400 ceHs/ml on 5 August, 
and that of the latter 2400 threads/ml on 8 July. 

Miss Kraaijeveld isolated different strains of M elosira sp. and 
Asterionella formosa from Tjeukemeer in order to compare growth rates 
in the laboratory and nature as function of the different chemical factors. 
It was shown that Melosira in cultures, reached a maximal growth under 
different conditions from those under which it grows in nature. The 
chemical composition of the culture needs further to be modified to es
tablish the demands for P, N, and Si. We hope to prove why Melosira 
italica is the dominant diatom in the spring bIoom. 

Secondary production (Drs. J . Vijverberg, M. R. Chambers, D. M. Beattie, 
N. P. van Zalingc). 

Vijverberg continued his work to estimate total zooplankton production 
in Tjeukemeer. For this reason the population dynamics of the principal 
species are studied. Absolute densities are estimated by taking 20 samples 
a week at 10 stations in the lake with a Friedinger type sampler. Water 
streaming into the lake (IJselmeerwater from the west and "polderwater" 
from thc east) is probably the cause of local differences in population 
densities. 

For estimating growth, generation length and egg development time, 
cultures of the principal species were started at four different temperatures 
(10 °C, 15 °C, 20 °C and 25°C). As food, filtered lakewater (40 ft mesh) 
was used. 

Results from observations on three species (Acanthocyclops robustus, 
Oyclops strenuus and Daphnia hyalina) show that care should be taken 
to rear the animals in the natural food densities. 

Biomass determinations wcre carried out and expressed as protein, 
nitrogen, carbohydrates, C.O.D. and phosphorus. For different size groups 
of different species the biomass per individual was calculated. 

Beattie extended his work beyond the lake itself to see if the poor 
bottom fauna, especiaHy chironomids, of Tjeukemeer was unique to the 
lake or caused by some factor affecting the whole Frisian meer system. 
The same two species, Pentapedilum uncinatum and Tanytarsus mancus, 
were present in the open-water as in previous years. 

The reed beds surrounding the lake-shore of Tjeukemeer had high 
densities of Olyptotendipes paripes a smaH portion of which migrated to 
adjacent open-water areas. Ohironomus anthracinus which sustained rela.
tively high populations in the ditch immediately surrounding the lake 
was virtuaBy absent from Tjeukemeer, suggesting that the ditches are 
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more likely to be dependent on the lake than vice versa. A survey of other 
Frisian lakes showed Tjeukemeer to be one of the poorest in the system, 
as regards chironomids. 

From the table 4 it can be broadly generalized that there is a direct 
relationship between the distance from the intake of IJselmeer (Lemmer) 
and the densities of chironomids. 

Table 4. Densities of Chironomus anthracinus in several Frisian lakes. 

Distance from the intake place 
Nos/m2 

Lake of IJselmeerwater (Lemmer) 
km 

(4th instars) 

13er~ermeer 50 1360 ± 105 
Prinshof 40 765 ± 66 
Sneekermeer 20 232 ± 70 
Langweerder Wielen 15 840± 172 
Koevordermeer 10 14 
Tjeukemeer 10 4 
Groote 13rekken 2 0 
Slotermeer 10 445 ± 142 
Heegermeer 15 600 ± 34 
Fluessen 20 978 ± 202 
Morra 30 490 ± 239 

Chambers found a satisfactory method of calculating the production 
of Gammarus tigrinus. Three basic sets of data are required - regular 
estimates of densities and size distribution, and accurate determinations 
of the growth rate of individuals of different size at various temperatures. 
Production can then be calculated using Allen-Curves. Gammarus tigrinus 
is per unit area the most productive species of the invertebrates in the 
Tjeukemeer. 

In 1970, the production of Gammarus was studied in even greater detail. 
This year, the density of Gammarus was 2--3 times higher than in 1969, 
summer densities ranging around 15.000/m2. This was also true for all 
other species commonly found in the reed beds with the exception of the 
chironomidae whose density was only about 1/5 of the last year. Thus, 
a one-year study of the reed bed fauna is insufficient to understand fully 
the contribution of the littoral fauna to the lake ecosystem. 

In addition, a regular sampling programme was carried out in a second 
intensive study area, whose physical character differ from the area studied 
previously. In this second area, there is a thick accumulation of vegetal 
detritus, compared to the clean wave-washed substrate of the areas 
previously studied. Moreover, both species of Asellus are abundant in 
this second area, and a detailed study has been made ofthe two populations 
and their life cycles. The species composition of the two distinct areas 
are similar, but great differences occur in the abundance of the same 
species. 
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An investigation to assess the gammarid fauna in the other Frisian 
lakes showed that Gammarus tigrinus has now almost completely replaced 
the former gammarids of this lake system. In 16 out of 18 lakes visited, 
Gammarus tigrinus was the dominant member. Gammarus pulex was found 
in only six of the lakes, but in two of these it was the only gammarid. 
Gammarus duebeni was found only in one lake. 

Van Zalinge finished his research studies with a report on the production 
of pike-perch (Lucioperca lucioperca L). Besides a critical description of 
the methods used the report gives an account of growth, estimation of 
total numbers, mortality and recruitment. Production was measured for 
all year .classes from which a total production of about 8 kg/ha was derived 
(including gonads). Estimation of yield was also around 8 kg/ha. The 
most important food of the pike-perch appeared to be smelt (Osmerus 
eperlanus L) and pope (Acerina cernua). Total available food seemed to 
be insufficient for optimal growth of the pike-perch. 

IJselmeer (Drs. W. A. de Kloet). 

Field and laboratory studies of IJselmeer were continued simultaneously 
in 1970. During April till October 6 fieldtrips were conducted in cooperation 
with the Zuiderzeeworks and the Netherlands Institute of Sea Research. 
The five selected stations, as against 22 in 1968 and 1969, were sampled 
to follow the diurnal cycle of oxygen. At none of the stations was the 
daily concentration of O2 so high as to indicate a significant nocturnal 
lowering. The extreme values of oxygen measured were 158 % saturation 
(in the Open Area on 13/8) and 55 % (in Ketelmeer on 13/10). In general 
the following values of pH and oxygen were recorded: 

% 02 pH date 
100 8.1 april 
121 8.7 august 
103 8.5 july 
90 7.7 october 

Employing the 02-method for in situ exposure of samples it was found 
that the average production was : open area 3030 mg C/m2. day and 
Ketelmeer 800 mg C/m2 .day. A comparison of O2 and C14-method in situ 
techniques and within the tank incubations indicate a ratio O2: CO2 of 
l.Il and l.18 resp. The results of primary production measured by "tank 
method" and of maximum in situ production were inconsistent. Light 
intensity Is at Secchi disc disappearance depth wa.s 19 %. ev was ca.lcu
lated with the formulae 

ev· s = In Io-In Is. 

Production estimates were made employing the formulae of Vollen
weider and Talling. The reb';'~~s of O2 techniques show that dark production 
formed 30 % of the total gross production. 
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The total phosphate in the IJselmeer was : in the open water 100-130 rIl 
of Tot-P (70 % Particulate Pand 10-20 % dissolved P) and in the Ketel
meer ± 300 rIl of P-Ptot (50 % Particulate Pand 30-40 % dissolved P). 
Mean annual N-N03 values were in the openwater 0.6-0.8 mg/l and varied 
between 2 mg/l and very low values of 0.10-0.20 mg/l in the production 
period and in the Ketelrneer l.5 mg/l N-N03 . N-NH3 was somewhat 
constant around 0.25 mg/l N in the open water, but was rather high, 
l.2 mg/l N-NH3 (average) in Ketelrneer. 

STRATIFYING LAKES 

Project "Vechten" 

Chemistry and Primary Production (Dr. R. D. Gulati and Dr. H. 
Golterman). 

The routine chemical analysis of many factors has been carried out 
for more than 5 years now. These results are summarised in this report. 

The lake Vechten is a sandpit of about 5 ha. It has been made by sand 
digging in 1938. There are two "basins" ; the east one is 10.5 mand 
the west one 12 m deep. The lake level is not only governed by pre
cipitation and evaporation but the regulation of the groundwater level 
in the surroundings has also a great influence. With an extended Computer 
programme no correlation with precipitation and evaporation could be 
found in any of the observations, not even when the data from the pre
ceding 2, 4, 8 and 16 days were analysed. Sudden changes disturbed 
every pattern. 

Every year a thermocline develops at a depth of about 4-5 m in May. 
From this time till October the thermocline sinks slowly to re ach 6-7 m; 
there is no sharp overturn. See fig . 3. The oxygen isopleths of this year 
are shown in fig. 4. 

The oxygen consumption in the hypolimnion is caused by the sinking 
detritus and the dying plankton and the sediments and/or the products 
produced by them. 

Following the O2 decrease, the secondary reactions - as reduction of 
iron, manganese and sulphate-occur. In the hypolimnion ferrous iron 
comes into solution so that H 2S is probably oxidised by the ferric com
pounds in the ooze. The oxygen decrease is determined by the volume 
of the hypolimnion and by the amount of sinking phytoplankton. 

In table 5 the data of the different years are compiled. It might be the 
basis for a multiregression (correlation) analysis between the different 
chemical factors in the hypolimnion and primary production or light. 

Both silicate and phosphate are quite of ten supposed to be connected 
with the iron metabolism of the hypolimnion. To study this possible 
relationship we do not have to compare only the absolute quantities 
involved, but we mayalso use the concentrations curves of these com
pounds. It appears that two types of pattern may be found: 
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Fig. 4. Oxygen isoplcths of Vechten in 1970. 
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a) The "plateau type", in which the eoncentration increases up to 
a certain maximum, which remains constant during the rest of the strati
fication period. 

b) The "peak type", in which no plateau is found, but the concen
tration increases till the end of the stratification. 



Table 5. ebemical Parameters in tbe bypolimnion of lake Vecbten during tbe stratification periods 1966-1970. Indicated are tbe maximal concentrations near tbe mud and the periods of occurrence. 
For sulpbate is indicated tbe period of depletion or tbe lowest values found . For oxygen is given tbe upper limit wbere no oxygen could be detected. 

1970 1969 1968 1967 1966 

First detectabie difference 
between epi- and bypolimnion East 20 April 22 April 23 April 24 April 25 April 

West 20 April 22 April 23 April 24 April 25 April 
Light (cal/cm') May-October 62569 60364 52821 60492 58044 
Ligbt (cal/cm') entire year 84572 83708 76595 83842 77179 

Max. temperature May-October East 20.7 oe 11-8 23.5 oe 11-8 21.5 oe 12-8 22.2 oe 31-7 20.8 oe 20-6 
West 20.7 oe 29-6 24.0 oe 11-8 21.5 oe 12-8 22.0 oe 17-7/31-7 20.8 oe 20-6 

Mean temperature May-October East 17.53 oe 18.46 oe 17.43 oe 17.83 oe 17.06 oe 
West 17.62 oe 18.52 oe 17.50 oe 17.76 oe 17.08 oe 

pH E.S.: E.D . 8.5 : 7.3 27-7/24-8 8.5 : 7.2 6--5/22-9 8.2 : 7.1 2(}"'5/21-10 8.4 : 7.4 8-5/11-9 8.3: 7.3 25--4/12-9 
pH W.S.: W.O. 8.5 : 7.3 27-7/24-8 8.5 : 7.4 6--5/22- 9 8.3 : 7.3 2(}"'5/9- 9 8.4 : 7.4 8-5/28-8 8.3 : 7.3 25--4/12-9 

Max. SiO.-Si E.D. 2.7 mg 7-9 7.2 mg ± 0.8 8-9/4-11 2.7 mg ± 0.4 17-7/9- 10 2.6 mg ± 0.7 4-7/24-10 
W.O. 2.65 mg 5- 10 3.1 mg ± 0.2 22-9/2(}...10 2.0 mg ± I 29- 7/4-11 1.8 mg ± 0.4 3-7/9-10 1.9 mg ± 0.7 20-6/24-10 

Max. Fe E.D . 5.7 mg ± 0.1 24-8/7-9 9.0 mg ± I 16-6/19-11 19 mg ± 4 12-8/4-11 11.1 mg 9-10 14.5 mg ± 0.6 26--9/24-10 
W.O. 4.5 mg ± 0.\ 5-10/ \9-10 6.0 mg ± 2 14-7/2(}...10 5.5 mg ± 3.5 12-8/4-11 6.2 mg 9-10 9.2 mg ± 0.5 I (}...10/24-1 0 

Max. PO.-P E.D. 0.4 mg 7-9 0.7 mg ± 0.1 14-7/22-9 1.0 mg 9-9 0.4 mg ± 0.2 22-5/9-10 0.4 mg ± 0.1 6-6/24-10 
W.O . 0.4 mg 5-10 0.75 mg 22-9 0.5 mg ± 0.2 29-7/21 - 10 0.3 mg ± 0.1 22- 5/9- 10 0.45 mg ± 0.05 29-8/24-10 

Max. He03- E.D. 3.7 meq ± 0.1 27-7/ 19-10 5 meq ± I 19-5/4-1\ 5 meq ± 0.6 4-6/4-11 3.8 meq ± 0.1 14-8/9-10 4.4 meq ± 0.5 1-8/24-10 
W.O. 3.6 meq ± 0.2 14-7/ 19-10 3.5 meq ± 0.5 6--5/2(}...10 3.6 meq ± 0.3 29-7/4-11 3.4 meq ± 0.2 14-8/9- 10 3.7 meq ± 0.3 1-8/24-10 

Max. ea++ E.D . 60 mg ± 2 27- 7/5- 10 88 mg ± 3 8-9/2(}"'10 86 mg ± 4 12-8/4-11 60 mg ± 2 17-7/9-10 71 mg ± 4 1-8/24-10 
W.O. 56 mg ± 2 1-6/19-10 55 mg ± I 8-9/2(}...1 0 54 mg ± 2 1-7/4-11 54 mg ± 2 17-7/9- 10 56 mg I (}"'10/24-1 0 

Max. Mg++ E.D . 13 mg ± 0 24-8/22-9 17.0 mg ± 0.5 8- 9/2(}...10 15 mg ± I 9-9/4-11 12 mg 17-7/14-8 14 mg ± 2 4-7/24-10 
W.O. 12 mg ± I 11-8/ 19-10 Il.O mg ± I 30-6/2(}...10 11 mg ± I 29-7/4-11 IImg ± 1 3-7/23-10 12 mg ± I 4-7/24-10 

Max. NH3-N E.D . 1.6 mg ± 0.3 7-9/5- \0 3 mg ± I 14-7/4-11 3.0 mg ± 0.2 9-9/4-11 1.85 mg ± 0.35 17-7/9- 10 2.5 mg 24-10 
W.O . 2.9 mg 5-10 3 mg ± \ 14-7/4-11 2.5 mg ± 0.1 23-9/4-11 1.6 mg ± 0.2 17-7/9- 10 2.1 mg 29-8 2.5 mil 24-10 

Max. NO.-N E.D . 21 y 14-12 50 Y 7-10 6 y ± 2 entire year 17 y 22-513 y 17-7 IS Y 28-8 372 y 24-10 
W.O. 39 y 4-5 ± 4 y entirc year 159 y 4-6 8 y 17- 7 11 Y 28-8 116 y 24-10 

SO. - E.D . 0 24-8/7-9 0 8-9/2(}"'10 2.78 mg 9-9 1.19 mg 11-9 0.48 mg 26--9 
W.O. 0 24-8/7-9 0 22-9/2(}"'10 4.52 mil 23-9 4.05 mil 14-8 0 26--9 

OXYllen East 6 meters 11-8/7-9 8 meters 26-8/23-9 7 meters 18-7/17-8 6.5 meters 3-8 
West 6 meters 11-8/7-9 8 meters 26--8/23-9 7 meters 3(}"'7/21-8 7 meters 18- 7/17-8 7 meters 30-8/13-9 
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From the data in table 5 it can be seen, that phosphate is closely 
connected with iron, while silicate has more a pattern of its own. From 
fig. 5 it appears that the silicate from these layers of the hypolimnion 
which are mixed with the epilimnion and is not - unlike the phosphate
precipitated with the iron. A few calculations of the silicate balance 
showed that nearly all the silicate indeed gets into the epilimnion. From 
there it must be precipitated most likely in the form of diatoms. 

Simultaneous with the oxygen depletion of the hypolimnion the COz 
production and the pH decrease are concomitant. It is likely that pH 
infiuences the solubilization of silicates from the clay minerais. If this 
were the case, the silicate pattern should be similar to that of calcium or 
bicarbonate, i.e. a secondary pH reaction as follows: 

The silicate follows a completely different pattern however as the 
bicarbonate, which indicates that the pH infiuence on the Si-pattern is 
not important. 

Ammonia is also produced in the hypolimnion; in most years it reached 
a plateau of 2.5 ± 0.5 mg!l of NH3-N from the beginning of September 
onwards. This has however no correlation with the periods when iron 
has its "plateau value", although from Mr. Verdouw's studies of Lake 
George (Uganda) mud it seemed likely that the ammonia is released from 
the sediments following the decrease of the redox potential. 

NOz peaks occur during the entire stratification period. Due to in
frequent sampling it is not clear whether the peaks preceded or followed 
the changes ofthe N03- and NH3. The frequent peaks of NOz- do however 
suggest active processes between NH3 and N03- . 

Sulphate was depleted in the hypolimnion in the years 1969 and 1970 
completely, while it was not so during 1968 and 1967. There seems, 
however, to be no correlation with the oxygen depletion, which nearly 
all year went up to 7 ± 1 m (6 m in 1970; 8 m in 1969). Therefore sulphate 
depletion seems to vary more than oxygen depletion over the different 
years. From tab Ie 5 however no other parameter can be found that shows 
a relationship with the sulphate pattern. 

During the five years reported here no stratification of Na+, K+, CI-, 
and only a negligible one for Mg++, could be detected. CI- did only show 
an increase in years with a relative thick ice cover. 

Primary Produc tion 

The responsibility for the primary production studies in 1970 rested 
with R. D. Gulati in order to compare the lake Vechten with Wijde Blik 
and Vinkeveen. For the Wijde Blik it is the second year in succession. 
Besides the Cl4 work a simultaneous study of light penetration and thermal 
and oxygen phenomena was also carried out. A bathymetric study of 
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Wijde Blik in April 1970 revealed that the maximum depth of the lake 
has increased to 30 mand above due to continuing sand digging. The 
average depth is now 11.4 m. Limnological consequences of deepening 
a.re being worked out. 

There was practically no light available for photosynthesis below 5 m 
in summer and below 3 m in spring and autumn, in Wijde Blik. The 
corresponding figures for Vechten were 6-8 mand 5! m respectively. 
The Zoo (depth of optical density) was in the range of 0.15-1.2 mand 
0.75-2.7 m, respectively for Wijde Blik and Vechten; and the Zm (metric 
depth of 10 % of incident light) ranged from 0.55- 3.45 m in the former 
and 2.6-6.75 m in the latter. 

The water temperatures varied between 1.7 and 18.5 oe for surface 
waters and from 1.7 to 11.2 oe for bottom of Wijde Blik. The corresponding 
tempel'ature figures for Vechten were 2- 20 oe and 3.8-9.8 oe respectively. 
The summer stratification in Wijde Blik was unlike the years 1968 and 
1969, uninterrupted. 

The surface dissolved oxygen in the two lakes fluctuated between 6.5 
and 13 mg/l and % saturation was between 70 and 120. Both the lak es 
exhibited sharp vertical depletion of their oxygen contents. The hypo
limnetic waters of Vechten became anaerobic as the stratification pro
gressed. The oxygen saturation % in the hypolimnion of Wijde Blik was 
between 2 and 70. 

Both the lakes had 2 periods of high production in May-June and 
August. The net assimilation rates (mg e·m2/day) were: Wijde Blik, 
10-1510; and Vechten 51-637 (See fig. 3), during the period of investi
gation. The average net production calculated for 153 days (May-September 
end) was Wijde Blik 497, and Vechten 436 mg e· m2/day. These values 
are about 30 % and 17 % higher than those of 1969 for the two lakes. 
Further analysis of data is being carried out to pinpoint the possible 
causes for increase in production in 1970. (The changes in primary pro
duction in lake Vechten (see fig. 6) are small compared with other lakes). 
Light inhibited the production from surface - 0.5 m in Wijde Blik and 
surface-3 m in Vechten ; the figures for Zmax (depth of max. production) 
were in the former 0.5-1 mand 0.5-4 m in the latter. High dark uptake 
of e 14 was encountered in the Vechten. 

Application of Talling's model (1957) gave a factor (obs/cal) in the 
range of 0.86-1.17 for Wijde Blik and from 0.92 to 1.19 for Vechten. 
Employing 10 % Zm for calculation of production gave erratic results. 
Observed photosynthetic rates in general are higher in Vechten than 
expected due to light attenuation. The reverse was true in Wijde Blik. 

A preliminary limnological survey of lake Vinkeveen was also carried 
out during May-December 1970. The observations on thermal stratification 
and water chemistry indicate conditions somewhat similar t~, but more 
pronounced than in Wijde Blik. The lake Vinkeveen is characterized by 
high chlorides (8.0 meq) and sodium (5 meq). The specific conductance 



90 PROGRESS REPORT 1970 

1000 PRODUCTION 
mg C . m2 /day 

900 

800 

700 

600 

500 

1,00 

300 

200 

100 

MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

Fig. 6. Oxygen production in lake Vechten. 

(25 °C) of water was over 1380 I-lmhos/em whieh figure is over twiee as 
high as reeorded for Wijde Blik. 

The primay production in the lake ranged from 20 mg C/m2·day 
(December) to approximately 1570 mg·m-2·d- 1 of C (August). The 
average for this period was 650 mg· m-2. d-1 of C. The production maxima 
in August, as in Wijde Blik, eorrespond to the time of Microcystis "bIoom". 
Praetieally all the production in the lake is eonfined to the upper 5 m 
below whieh depth light does not penetrate. 

Phytoplankton (Drs. F. D. Boesewinkel) 

The phytoplankton in lake Vechten reaehed higher densities than in 
1969. The following maxima were found : 

Centric diatoms 
Dinobryon divergens 
Closterium acutum 
Ceratium hirundinella 
Blue Greens 

300 eells/ml 
400 eells / mI 
100 eells/ml 
60 eells/ml 

300 threads/ml 

end April 
19 May 
early June 
early September 
early August 

Maximal ehlorophyll eoneentrations were found in the periods April
May and August-September. The eoneentrations of the yellow pigments 
in the thermoeline - during summer stratifieation - are higher than in the 
epilimnion. The eoneentrations were low in the hypolimnion. Experiments 
were started to establish the infl.uenee of temperature, light and photo
periodism on the growth rate of some algae. 

It was found that the growth rate of Asterionella was rather slow at 5 °C. 
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Rate of growth at 10°C was faster than at 5 °C. This also depended to 
a great extent on the light intensity. Oyclotella M. showed no measurable 
growth at 10 °C, at 4000 lux with 10 hours photoperiod. At 10 °C and 
16 hours light growth was much faster. Staurastrum gracile did not show 
a measurable growth at 10 °C and 4000 lux. At 18 °C a slow growth took 
place, depending little on the photoperiod; in other words the temperature 
is the main factor for the growth of Staurastrum. 

Bacteriology (Drs. T . E. Cappenberg) 

Like last year the possible interaction between methane producing
and sulphate reducing bacteria in the sediments was studied. The nu mb ers 
of heterotrophic bacteria was followed as weIl. 

Total number of heterotrophic bacteria showed a first bIoom at the 
beginning of the stratification period (up to 1.5 X 109 bact/l in the lower 
2 m). Between the hypolimnion and metalimnion also values up to 109/1 
were found. This equilibrium is destroyed during the fall overturn; during 
the winter the numbers were homogenously distributed at a level of 106/1. 

The highest level of methane oxidizing bacteria was found in the 
metalimnion at the beginning of the stratification period. During the 
stratification period the maximal number was found in the hypolimnion 
(> 5 x lOS per liter). These bacteria could not be detected af ter the fall 
overturn. The bacteria are microaerophyll and facultative methane 
oxidizing. Although the maximum number occurred in the metalimnion, 
Cappenberg believes that they may play a role in the oxygen depletion 
of the hypolimnion. 

Sulphate reducing bacteria could be detected in the hypolimnetic waters 
a long time af ter the beginning of the stratification. Methane producing 
bacteria could not be detected in the water. In samples taken with the 
Jenkin mud sampler Cappenberg found that the sulphate reducing- and 
the methane producing bacteria have a separate maximum in the mud. 
The first named have their maximum between 0 and 1 cm, (redox
potential - 230 m V) and the latter between 3 and 4 cm (redox potential 
- 230 to - 300 m V) . During the stratification the sulphate reducing 
bacteria reached a maximum of 1.8 x 107 per liter and the methane pro
ducing a maximum of 9.9 x 108/1. Growth curves were obtained with 
batch-cultures of a pure culture of Desulfovibrio desulfuricans using differ
ent carbon-sources and electron donors. With lactate as energy source 
generation times could be estimated while a stoecheometric carbon balance 
could be derived. Poor growth was obtained in a basic medium with 
0.01 % yeast extract and in the same medium with 0.001 % yeast extract 
and methane. A chemostat was built and experiments were started with 
different flow rates and changing concentrations of the parameters. An 
enrichment of the methane producing bacteria that used acetate and 
methanol could not be converted into a pure culture. 
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Algology (Dr. J . R. Moed, Mr. H. Hoogveld and Drs. C. L. M. Steenbergen) 

In order to obtain limnological data about the dying of phytoplankton 
caused by Si-depletion, Poepegat, a pond near Tjeukemeer was sampled 
by Moed and Hoogveld. 

Attention was focussed on Synura sp. CeIls of Synura are covered with 
scales of silicate. It is for this reason that Synura is the most suitable 
present representative for this type of investigation. 

The abundance of Synura in 1970 was restricted to two maxima of 
850 ceIls/ml at the end of both February and Mareh. Within this interval, 
the ceIl numbers feIl to 200 ceIls/ml. Silicon values decreased from about 
600 to 375 rIl during the two periods of Synura growth. Between the two 
Synura maxima it rose slowly to 200-250 rIl. 

Effort to isolate and to culture Synura will be intensified. Laboratory 
studies are necessary to determine whether silicon is a controlIing factor 
in the present situation of Synura. 

To study dying phenomena of diatoms due to silica depletion in nature, 
cultures of Asterionella were exposed to light under cÏrcumstances of silica 
depletion. In this way dying Asterionella could be simulated. Changes in 
amount of chloroplast pigments were foIlowed. Si-shortage inhibits the 
biosynthesis of chlorophyIl a first and of carotenoïds thereafter. Af ter 
the biosynthesis of pigments stops the concentration of the pigments 
remain at a rather constant level for some days. FinaIly there is general 
decrease of pigments. At this stage silica is released as weIl. 

Steenbergen modified the procedure for the estimation of nucleic acids 
in order to make it suitable for Scenedesmus obliquus ceIls. He presented 
evidence that an endogenous circadian rhythm underlies the ceH division 
cycle in standardized synchronous cultures of Scenedesmus obliquus. The 
relationship between light intensity and photoperiodism on one side and 
growth and division of this alga on the other was studied. It was found 
that the DNA replication in the ceIls is dependent on a fixed RNA/DNA 
ratio. With these and other results Steenbergen hopes to gain a better 
insight in the sequence of events leading to the ceIl division in "bIoom
modeis" of Scenedesmus obliquus. 
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1. INTRODUCTION 

The process of extension and reconstruction of the buildings of the 
Institute lasted throughout the whole year and claimed a good deal of 
time, notably from the director and members of the Building Committee, 
and the administrative and technical staff. In November the new wing 
was so far advanced that the main building could be evacuated for future 
internal reconstruction. The chemical department left its temporary 
accomodation at Wemeldinge and took possession of its new rooms. 

This year's progress in the realization of the Delta plan comprised the 
closure of the locks in the Haringvliet on November 2nd. They will be 
opened during low tide to counteract riv er discharge. As aresuit the tidal 
difference of about 2 metres in the Haringvliet, Hollands Diep and Bies
bosch dropped to values of about 30 cm in the first two waters and 20 cm 
in the Biesbosch. The primary closing dam across the mouth of the 
Grevelingen is so far advanced that the influence of the sea is already 
somewhat reduced. 

11. HYDROGRAPHY AND SOIL STRUCTURE 

A. Hydrochemistry (Mr. F. Vegter). 

The year 1970 was characterized by a fairly hot spring and early 
summer with water temperatures between 16 and 20°C, values not ex
ceeded during the rest of the year. As the influence of riverwater was 
definitely excluded from the Oosterschelde by the construction of the 
Volkerakdam last year, salinities off Yerseke were high and relatively 
constant (14.5-16.90;00 Cl'), while surface-values in the Veerse Meer 
already exceeded the 10 0/00 Cl' mark in early June, with maximal values 
between II and 12 0/00 Cl' in October. 

Nitrogen components were measured in the Grevelingen, Veerse Meer, 
Oosterschelde and Keeten -Krammer-Volkerak. 

The Oosterschelde is characterized by a low NH3-content (0.05-0.02 
mg/l) and low nitrate values (0.85-0.05), the Grevelingen by high NH3-

values (0.9-0.1) and high nitrate (1.25-0.1). The Veerse Meer shows high 
values for ammonia all year round (0.35-0.18), high values for nitrate 
in early spring (1.55) and very low ones in autumn (0.01 mg/I). 

* Communication no 95 of the Delta Instituut voor Hydrobiologisch Onderzoek, 
Yerseke, The Netherlands. 
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While the Keeten-Krammer-Volkerak region was still being influenced 
by riverwater before the closure of the Volkerak, the water was charac
terized by a high NH-content (0.2-1.0 N-NHa/l). This year, af ter closure, 
values of 0.3 mg/l were found. The locks do not stem the poUuted riv er
water entirely. lts influence can be traced as far as Galatheese Haven 
by a slightly higher concentration of ammonia. 

In the Veerse Meer, measurements of free P04-ion and of phosphorous 
bound to sediment showed a good inverse relationship. A plankton bIoom 
is always associated with a faU in free P04 and a rise in P-content of the 
sediment. As the springbioom was extremely early this year (see p. 99) 
the minimum of free P04 was already reached in March, with a concen
tration of 8.5 ""gatIl. At the height of the plankton bIoom in the Ooster
schelde and in the Grevelingen no free phosphate could be demonstrated. 
In the sediment, P fluctuated from 2.4 ""gatIl in spring to 0.4 in autumn. 

B. M easurements of primary production by means of radioactive carbon. 

Last year's data on the primary production of the Veerse Meer became 
available for calculation, and an annual production of 53 mg/C/m2/day 
was found. Mr. Vegter hopes to process this year's data with the scin
tillation-counter next year, as weU as data from the Grevelingen and 
elsewhere. 

C. Hydrology. 

Mr. M. C. Daane, soil scientist, working under the supervision of Dr. 
W. G. Beef tink and Mr. P. H. Nienhuis, studied the hydrology and salinity 
of groundwater in the Verdronken Zwarte Polder, de Kwaden Hoek and 
the Schotsman. In those places not subject to tidal influence, the water 
tab Ie in the soil reaches a minimallevel in August-September, coinciding 
with minimal rainfaU. Where tidal influence still prevails, the minimum 
is reached in June-July, coinciding with a minimum in tidal fluctuation. 

The fall in the level of groundwater on the Groene Strand, owing to 
the construction of the new harbours oft' Voorne in 1966, came to an end. 
Mr. J. Stofkoper, a student from Amsterdam University, measured the 
conductivity of the groundwater on the Middelplaten in the Veerse Meer 
and found a lens of fresh water « 1 0/00 Cl') below the surface on top 
of more saline groundwater. In the centre, this lens was 6 m deep, graduaUy 
be co ming shallower towards the edges of the sandflats. About half of the 
rainwater had been instrumental in displacing the salt water, the other 
half ran oft' along the surface. This lens of freshwater is still extending. 

As a result of the closure of the Volkerak, the ground-water table in 
the Slikken van de Heene rose about 25 cm. In other adjacent salt marshes 
a similar rise was not observed. Owing to poor draining facilities, the 
ground-water table was already high before closure. The reduction layer 
in the soil has not yet changed here. 
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m. ZOOLOGICAL INVESTIGATIONS 

(Mrs. O. H. Borghouts, Mr. W. J. Wolff, Dr. K. F . Vaas, Dr. A. G. Vlasblom) 

A. Littoral-benthic fauna 

The reactions of the biota to the increase in salinity and rise of the 
waterlevel in the Krammer-Volkerak were again investigated this year, 
together with the decrease in salinity in the Hollands Diep-Haringvliet. 
In the former area, Mrs. Borghouts found all six species of mysids known 
from the Oosterschelde already established this year. In the Haringvliet, 
N eomysis integer - the species with the widest penetration into less saline 
waters - restricted its area of distribution to the section west of the line 
Hitserse Kade-Ooltgensplaat, at a chlorinity of about 0.26 Ofoo. Just behind 
the locks at Hellevoetsluis, M esopodopsis slabberi was found at a salinity 
of 0.29 Ofoo Ol', while outside the locks, in the Rak van Scheelhoek, 
Schistomysis spiritus wasfound at a chlorinity of 7.6 0/ 00 , At present no 
opossum-shrimps inhabit the stilliess saline Hollands Diep. Although an 
impressive spatfall of marine organisms took place in the Krammer
Volkerak af ter closure, the subsequent growth on the Ventjagersplaat 
was very po or for reasons yet unknown. 

With the object of comparing the population of N eomysis integer in 
the Veerse Meer with another one living in an environment with more 
constant and slightly lower salinity, Mrs. Borghouts took samples this 
year from the recreation pond "Den lnkel" at Kruiningen, a brackish 
inland pond with a salinity of 8.5-9 Ofoo Ol'. Three differences between 
the two populations have so far become apparent : 1) the N eomysis from 
Den Inkel are smaller, 2) the minimum size of females with eggs in the 
brood-pouch is 5 mm in Den Inkel and 7 mm in the Veerse Meer, 3) there 
is a difference in sex-ratio. 

The population in the Grevelingen was studied with three nets sus
pended at three levels in the water from a stationary vessel anchored in 
the tidal current. The analysis of the catches is still in progress. 

The studies on migratory movements in the Veerse Meer were continued 
and an analysis of the results showed that here N eomysis integer moves 
in a westerly direction and, in autumn from the shores towards deeper 
water. 

Mr. A. J. J. Sandee, continuing his studies on interstitial microfauna, 
took samples this year from the Biesbosch. There proved to be no 
harpacticoid copepods in this freshwater tidal area, but among the oligo
chaetes, a species new to Dutch fauna was encountered, namely Rheo
rrwrpha neizvestnovae Lastockin, kindly identified by Dr. J. van der Land 
(Leiden). In sublittoral samples taken from the euhaline region of the 
Delta area, interesting finds included: Tanaissus lilljeborgi, Halammohydra 
vermiformis,-a species new to the Netherlands - Halammohydra cf. 
coronata, Microphthalmus listensis and Microphthalmus similis. 
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A grant from the Netherlands Organisation for the Advancement of 
Pure Research (Z.W.O.) enabled Dr. M. Bilio (Venice, Italy) to proceed 
with his studies on interstitial micro-fauna for five months. He studied 
the efficiency of the various methods used in previous work for the ex
traction of interstitial meiofauna, and compared these methods with the 
one devised by Lorenzen and used by that author with some success 
along the coast of northern Germany. From a Ilumber of soils more 
nematodes could be sampled with the Lorenzen-method, from a few others 
not as many as with the older methods. Usually more Turbellarians were 
sampled, but of ten belonging to a smaller nu mb er of species. 

B. Sublittoral "soft-bottom" fauna. 

This year Mr. Wolff stal"ted an investigation in the Westerschelde, the 
only estuary to remain in direct contact with the sea af ter completion 
of the Delta plan and therefore intended to receive the better part of the 
sewage of the whole of the south-western Netherlands. At the moment, 
the river Scheldt enters the country in a state of severe pollution so the 
object of the sampling programme is to use benthic organisms as possible 
indicators of the present and future state of polhition of the river. On 
each of 5 stations located between Deurlo and Doel (Belgium), 50 samples 
were collected with the Van Veen-grab. Identification ofthe benthic fauna 
is still in progress, but it can already be stated that the fauna of the four 
westernmost localities looks quite healt.hy. Even ne;w Waarde, for instance 
Haustorius and Bathyporeia spp. were found in large numbers and both 
genera are known to prefer high concentrations of oxygen. The station 
at Doel however gave very poor results, yielding only some Grangon, 
Balanus and Gordylophora. 

Mr. Wolff finished the manuscript of his doctor's thesis on the "soft
bottom" fauna of the Delta area. 

C. Secondary production in the Grevelingen. 

Samples of the bottom fauna of 6 representative biotopes were collected 
every month, and from the species Littorina littorea, Hydrobia ulvae, 
Gardium edule, Macoma balthica, and Arenicola marina, Mr. L. de Wolf 
measured numbers per m2 , ash free dry weight per m2 and year class 
per animal. 

Divers established the faet that, although Arenicola lives too deep in 
the sand to be quantitatively sampled by the Van Veen-grab, its paueity 
in the sublittoral zone compensates for sampling errors. In an effort to 
study the relationship between bottom fauna and predatory wading birds, 
a mud flat of 80 hectare was repeatedly sampled and the distribution 
of various benthic organisms established. Feeding waders were regularly 
counted. As plaice and flounder also act as predators on the mud-flats, 
they were caught with nets kindly made available by the State Institute 
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of Fisheries (RIVO), IJmuiden. Plaice and flounder were captured in 
nearly equal numbers, but owing to net-selection, only fish over 15 cm 
in length. A clear cut difference in food was observed. As these fish seem 
to eat a large proportion of the first-year classes of various benthic organ
isms, these investigations will be continued. 

D. Inland waters. 

In the Veerse Meer Mrs. Borghouts found live Balanus amphitrite 
amphitrite for the first time, characteristically growing near the sluices 
of the Kanaal door Walcheren. Dreissena polymorpha was not seen this 
year. 

The sudden appearance of shipworms in the Veerse Meer in 1969 was 
the reason for a search along the shores of the Westerschelde. Mrs. Borg
houts found Teredo's along both shores landward as far as the line Waarde
Walsoorden, but in considerably lower numbers than in the lake. The 
out break in the Veerse Meer seems to be caused by the fact that a good 
deal of non-preserved wood is available and also by the high temperatures 
prevailing during the propagation and settling period of the shipworms. 

E. Birds. 

The monthly bird-census on Schouwen were continued. An article is 
being prepared on the results during the period 1964-1969. 

F. Fish. 

In the second part of the year fairly large numbers of Gobius niger 
were captured in the Veerse Meer. In 1964 a single specimen had been 
sent up by a fisherman and a few more were caught in 1966. This summer 
divers observed the fish in substantial numbers and, during two fishing 
trips with a beam-trawl carried out in October and November, G. niger 
was found to be as numerous as the common goby Pomatoschistus minutus. 
This population will be studied by Dr. Vaas during monthly sampling 
tours. 

Last year the fishfauna of the Hollands Diep-Haringvliet area was 
sampled twice and this year three times, with the object of studying the 
changes brought about by the drastic and sudden decrease in salinity. 
The number of marine species entering from the coastal waters is greatly 
reduced and the white fish fauna of the rivers now occupies practically 
the whole area whereas, previous to closure, the western most limit of 
extension was located in the neighbourhood of Midden Hellegat. The fauna 
is dominated by young, migrating, flounder and smelt. 

G. Physiological investigations. 

Microcryoscopic studies on the osmoregulation of M arinogammarus 
marinus were continued. In low salinities of the environment of 2-60/00 Cl' 
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at 20°, the osmotic pressure of the blood reached equilibrium, equivalent 
to 12.3°/00 Cl' af ter about 100 hours. In an environment of 1 0/00 Cl' 
the animal needs about 140 hours to reach equilibrium, the blood pressure 
being equivalent to 10.2°/00 Cl' . In distilled water this value is reached 
in 7 hours. Thus it follows that Marinogammarus is able to regulate its 
internal osmotic pressure down to very low salinities. 

Dr. Vlasblom gave a good deal of attention to the treatment of the 
data on the population dynamics of Marinogammarus marinus, Orchestia 
gammarella and Aplexa hypnorum collected in previous years, as well as 
to data gathered by Miss Bolier last year on tolerance of eggs and embryo's. 
Various papers on these subjects are in the course of completion. 

IV. PLANKTON INVESTIGATIONS 

(Mr. C. Bakker, Mr. R. Peelen) 

A. Veerse Meer. 

The springbioom of the phytoplankton with Sceletonema costatum again 
predominating, took place at a very early date. The start could be observed 
towards the end of January. The same species bloomed for the second 
time in autumn, on both occasions supersaturating the water with oxygen. 

The rapid increase in temperature in June caused an accelerated de
velopment of the summer copepode Acartia tonsa, suppressing Eurytemora 
affinis, at that time. In September, however, Eurytemora took over and 
Acartia disappeared. The Synchaeta population conspicuous in spring and 
autumn, comprised some species new to Dutch fauna, such as S. tavina 
and S. grimpei. Various brackish water representatives of the genus are 
regularly found in the lake, e.g. S. curvata and S. littoralis, as well as the 
polyhalobe species S. triophthalma. 

This year too some marine species entered via water from the Ooster
schelde when the water level of the lake was raised and managed to 
survive. This year's immigrants included the diatoms Lithodesmium undu
latum and Biddulphia regia and the euryhaline cladoceran Podon poly
phemoides. 

Mr. Bakker's assistent, Mr. W. J. Phaff, is studying plankton from a 
small pool located beyond the lake and only in contact with it in the 
summer. During winter this pool is isolated and its salinity falls owing 
to the influx of rainwater. Here some brackish species can subsist for 
which the lake is not suitable, e.g. the rotifer Testudinella clypeata. 

B. Oosterschelde. 

Again this year, Mr. Bakker noticed interesting differences between 
the deep, and strongly-flushed western part connected with the sea and 
the shaIlow, relatively stagnant, eastern basin. In the basin, the littoral
benthic diatom Biddulphia aurita showed strong development from as 
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early as January until the end of April, when it was foUowed by another 
diatom, namely Biddulphia regia, a thin-shelled, pelagic species originating 
in the coastal seawater. Quantitative sampling along the axis of the 
Oosterschelde clearly showed decreasing numbers of B . aurita from the 
basin towards the mouth in early spring, and increasing numbers of 
B . regia later on. The phytoplankton bIoom deteriorated towards the 
end of May and mineralising bacteria then began to flourish. These were 
the food for sessile ciliates (Vorticella spp.) growing in large numbers on 
empty diatom shells and other particulate matter. Noctiluca scintillans 
flourished at the same time. In the eastern basin Lithodesmium undulatum, 
a chain-forming diatom, came to the fore in late summer and even invaded 
the Veerse Meer, as mentioned above. 

c. Westerschelde. 

In view of projected increase in sewage supply to the Westerschelde, 
Mr. Bakker continued the sampling programme carried out during the 
preceding three years hy Mr. N. de Pauw (Antwerp). A survey of oxygen 
data, measured at the surface, showed that the conpentration between 
Hansweert and Zandvliet decreased between 1967 and 1970. Near the 
Belgian border, half-yearly average values under 30 % saturation and 
minima under 20 % were repeatedly found. In this estuary, the highly 
poUuted zone coincides with the zone where both marine and freshwater 
plankton come under the influence of intermediate and heavily fluctuating 
salinity: many species will therefore die and only strongly euryoecous 
species will survive. Some brackish water species were found, such as the 
euryhaliene diatom Ooscinodiscus jonesianus var. commutata, weU known 
from the Elbe and from the former Zuiderzee and also noticed by de 
Pauw in previous years. Another characteristic brackish water organism 
is the protozoan Tintinnopsis fimbriata, known from the former Zuiderzee. 
The extensive bacterial population, living on the decaying plankters, 
supports a number of ciliates, of which the sessile genus Zoothamnium 
is an example. 

In the mouth of the Westerschelde a rich phytoplankton was encounter
ed. In the gradually-descending salinity gradient of the Westerschelde, 
various marine plankters seem to find suitable conditions. At a chlorinity 
of 9 0/00, diatoms originating from the coastal seawater, such as Biddulphia 
sinensis, Thalassionema nitzschioides and Ooscinodiscus excentricus, were 
found in large numbers. Further upstream, at a chlorinity of 5-6°/00, 
these species were less numerous, but live ceUs were very of ten seen. 
Ooscinodiscus excentricus even showed two peaks, one off Vlissingen, at a 
chlorinity of 16°/00, but also an unexpected one off Bath at 9 % 0. 

D. Inland waters. 

Not many in land waters were sampled this year owing to lack of time. 
The polyhaline pool Schelphoek was found to harbour a plankton of similar 
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composition to that in the Veerse Meer, but with a more littoral character. 
It is dominated by Rhodomonas and micro-filter feeders subsisting on 
this flagellate (e.g. Tintinopsis, Strombidium and Lohmaniella spp.). 

E. Grevelingen. 

Mr. Peelen continued his monthly sampling programme. Salinity re
mained constant as weIl as high (± 15 °/00 Cl'). Interesting differences 
were observed between the basin, the central part, and the mouth of the 
Grevelingen. While Sceletonema costatum showed its greatest development 
of 3.106 cells/l in the mouth and declined towards the basin where only 
half as many were counted, Lauderia borealis was most numerous in the 
basin (3.5 x 106 cells/1) and declined towards the mouth. Biddulphia regia 
and B. aurita, on the other hand were best represented in the central part. 

Owing to the hydro-technical works carried out in the Haringvliet, the 
influence of riverwater entering the Grevelingen flowing round the Kop 
van Goeree and in previous years most conspicuous in the Springer, 
proved to be much reduced this year. Now only an occasional diatom 
species such as M elosira granulata or Asterionella formosa was found in 
countable numbers. 

F. Keeten-Krammer- Volkerak. 

Since the closure of the Volkerak the whole area must be classified as 
polyhaline. Near the locks, salinity is slightly lower: 10 °/00 Cl'. The 
plankton is dominated by Sceletonema costatum, Biddulphia regia and B. 
aurita with Melosira sulcata and some other Melosira species. Near the 
locks, a minor population of Eurytemora affinis still subsists owing to the 
regular entrance of water from the Hollands Diep. 

G. Hollands Diep-Haringvliet. 

Previous to the closure in November, the current was already much 
reduced and the influence of the riverwater had advanced as far as Middel
harnis. Eurytemora affinis was still to be found in numbers of 200 per litre. 
When the velocity of the current dropped below 50 cm/sec Actinocyclus 
normanii disappeared. At the moment, MeIosira moniliformis, M. granulata 
and Asterionella formosa dominate the plankton, together with rotifers 
(e.g. Keratella cochlearis). 

H. Biesbosch. 

Tidal movements and current velocity dropped drastically aftel' the 
closure of the Haringvliet but had already been affected throughout the 
whole year by the hydro-technical works then in progress. The population 
of Actinocyclus normanii - the nucleus of dispersion for this species is in 
the Biesbosch - declined, as this heavily-shelled diatom can only survive 
in turbulent water. 
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J. Brielse Meer, Brielse Gat. 

Mter a spring bIoom of diatoms and Scenedesmus quadricauda, blue-green 
algae came to the fore in the Brielse Meer in July-August, while other 
species declined. When the dredging-machines left the Brielse Gat, temper
ature stratification was reestablished, with a thermocline at the 10 m 
level. The surface water was of ten super-saturated with oxygen, but the 
hypolimnion was still aerobic, showing 10 % saturation with oxygen even 
in its deepest parts (40 m). 

K. Coastal waters. 

This year, for the first time it was possible to sample the coastal waters 
ofthe Rotterdamse Waterweg, Haringvliet and Grevelingen. ViabIe popu
lations of diatoms - e.g. Biddulphia sinensis - were found, acting as inocula 
for the spring bIoom of phytoplankton in the estuaries. 

v. BOTANICAL INVESTIGATIONS 

(Dr. W. G. Beef tink, Mr. P. H. Nienhuis) 

The investigations of Dr. Beef tink concerning the halophytic vegetation 
of phanerogams in the Delta area can be grouped under two headings. 

A. Ecology ol dispersion ("Pattern") . 

During inventory studies of the vegetation of shores and seaward slopes 
of dykes, some river-dune plants (e.g. Medicago lalcata, Sedum album) 
were observed on the Duivelseiland. Prof. Dr. J. L. van Soest (Leiden) 
studying the genus Taraxacum in the Delta area, has so far distinguished 
60 taxa. Among these, T. crassiceps Hagl. is new to the south-west 
Netherlands, and T. maritimum (Sectio Palustria) must be considered 
to be a new taxon. The investigations ofthe students R. Derkse, C. J. Hey 
and H. F. de Jong (University of Utrecht) into the vegetation of the 
Esscheplaat in the Hollands Diep were completed. The area is rendered 
higher by a thick layer of silt and therefore covered by fairly homogenous 
vegetation. Low-Iying osier beds are not found in such situations. Besides 
159 species of higher plants, 20 mosses were noted. In a study on hedgerows 
in the Goesse Poel, P. Dieleman (student, Utrecht) enumerated 207 species 
of higher plants and 13 species of mosses. Since 1954 these hedges have 
spread considerably and their totallength to date is about 70 km. The 
Berberidion-hedges were classified as a new association: the Solano-Rubetum 
ulmilolii. 

B. Ecology ol changes in time ("Process"). 

The vegetation of the Verdronken Zwarte Polder was investigated and 
the results compared with similar studies, carried out in 1962, in collabo-
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ration with Prof. Dr. V. Westhoff (Nijmegen). Scattered elements of the 
Saginion maritimae observed in 1962, were now absent and the grass 
vegetation was more dense. The results of changes in the vegetation of 
the Springersgors during the last 9 years were studied. On decaying salt
marsh vegetation, Suaeda maritima is co ming into prominence. 

The new vegetation of the Middelplaten in the Veerse Meer is beginning 
to show a certain amount of stabilization, as the intensity of change is 
seen to decrease. Two species of orchids - Orchis maculata and Epipactis 
palustris - were found. The Groene Strand near Oostvoorne is no longer 
under tidal influence owing to the dam ming of the Brielse Gat in 1966. 
The low-Iying mud and sandflats are now overgrown with vegetation. 
Temporarily Festuca rubra increased its area on the more elevated parts 
and HippCYphae rhamnoides spread towards the lower ones. 

e. Benthic algae and other lower plants. 

When measuring various morphological characteristics ofrepresentatives 
of the genus Rhizoclonium, the differences between a number of alleged 
species were found to consist of intraspecific variations in Rhizoclonium 
riparium, induced by the environment. When studying gradient situations 
between fresh and saline habitats as weIl as between wet and dry ones, 
Mr. Nienhuis of ten found the soils of elevated areas along the shore drying 
out to such an extent that water chlorinities of between 100 % and 200 % 
were observed in the soil. The vegetation of Vaucheria, Enteromorpha, 
Rhizoclonium and Percursaria percursa turned white and drieu out. How
ever, experimental cultures proved that some cells, capable ofregenerating 
the population, still survived. 

Along the shores of the Haringvliet, various marine algae, e.g. Fucus 
vesiculosus and Ectocarpus siliculosus, died as a result of the decrease in 
salinity af ter the closure of the Volkerak in 1969. More euryhaline species, 
such as Blidingia minima, Enteromorpha prolijera and Microcoleus vagi
natus, survived. This year, however, two months af ter the closure of the 
locks in the mouth ofthe Haringvliet, Blidingia minima partly disappeared 
and Ulothrix spp. took its place. The vegetation of lichens above the 
water level was ousted by mosses and higher plants. 

Mr. J. Verschuure studied periodicity in red algae in the vicinity of 
Yerseke. Supralittoral species, such as Bostrychia scorpioides can be found 
all year round and even survive a short frost period. Sublittoral species 
(Griffithsia devoniensis, Oallithamnion roseum) have their optimum at a 
water temperature above 10-15 oe and die in the autumn. In winter, 
reduced forms only are found. Eurytherm species, such as Oeramium 
rubrum, simply lose their fin er ramifications in winter and grow fuller 
again in spring. 

Mr. A. Hoekstra, a student from Utrecht University, gathered the first 
data on epilithic lichens in the Delta area. He identified 35 species growing 
on the dykes along the Krammer-Volkerak. 
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