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NETHERLANDS CENTRAL INSTITUTE FOR BRAIN RESEARCH 
AMSTERDAM 

PROGRESS REPORT 1971 

History and function of the institute 

In 1905, the Royal Netherlands Academy of Sciences and Letters applied to the 
Dutch Government for permission to found an institute for brain research. The 
government consented and on June 8th, 1909, the Netherlands Central Institllte for 
Brain Research was opened. The institute was seated in a wing of the then newly 
erected Department of Anatomy and Embryology of the Municipal University of 
Amsterdam, built under the direction ofL. Bolk, professor of anatomy and embryology , 
who, together with the neurologist professor C. Winkier, was one of the most impor
tant supporters of the institute. The first director was Dr. C. U. Ariëns Kappers who 
became world-famous as a comparative neuroanatomist. After some years he was ap
pointed professor of neuroanatomy at the University of Amsterdam. After his death, 
in 1946, Kappers was succeeded by professor B. Brouwer, who previously had held the 
chair ofneurology at the University of Amsterdam. Brouwer was primarily interested 
in neuropathology. During his managem ent Dr. J. Drooglever Fortllyn, at present 
professor of neurology at the University of Groningen, introduced electrophysiology 
at the institute. 

Af ter the untimely death of Brouwer, in 1949, the Dlltch government agreed that 
the institute should be reorganized and extended. Thus it becam e possible to found 
some new divisions enabling the institllte to perform multidisciplinary research in the 
broad field of neurosciences, which was in accordance with its original aim. 

In 1952, professor S. T. Bok, who previously had held the chair of histology at the 
University of Leiden, was appointed director. His m erit has been to further multi
disciplinary research at the institute on a large scale . He was one of the first researchers 
in the quantitative analysis of the brain, especiaUy of the cerebral cortex, who earned 
great fame. Af ter his retirement he was succeeded by J. Ariëns Kappers, previous 
professor of anatomy at the University of Groningen, who at the same time was ap
pointed professor of neuroanatomy at the University of Amsterdam. 

In former times comparative nellroanatomy was the only field of research at the 
institute . The scientific and the t echnical staffs were very restricted in number. As 
m entioned above professor Bok changed this situation. Since then the nllmber of staff 
m embers and of research projects has increased progressively. At the end of 1971, the 
total number of staff m embers was 80, 35 of whom were either fuU-time or part-time 
research workers. 

In 1964, the institute moved to a provisional, but much larger building and some 
additional barracks have since been built. Plans are now ready for a finallarge Institute 
for Brain R esearch on the site ofthenew Medical Centre ofthe U niversity of Amsterdam. 

The institute is a governmental institution, as its financial support is exclusively 
supplied by the government. It is managed by a director under the supervision of a 
board of professors of various disciplines at Dutch universities. Members of the board 
are appointed by the Royal Netherlands Academy of Arts and Sciences. 

At present, th ere are 4 main research divisions at the institute: morphology, 
physiology, neurochemistry and neuropharmacology. The divisions of morphology 
and physiology comprise several working teams such as the teams for histology and 
neuroendocrinology, comparative and quantitative n euroanatomy, histo- and cyto
chemistry, electron microscopy, experimental physiology, comparative and develop
mental neurophysiology, physiology of behaviour, and system analysis. The institute 
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has also a number of workshops and is provided with excellent technical equipment 
including some computers. A close contact between the members of the various divi
sions and special teams contributes considerably to the integration of neurobiological 
research. During the past years relations have been established between some teams 
and clinicians of the University. 

Although the institute has no special funds available to enable guestworkers to work 
at the institute, many non-Dutch residents could do research work during the last 
year, subsidized by special funds or fellowships such as offered by the International 
Brain Research Organization. Moreover, the institute offers an opportunity to Dutch 
students in medicine, psychology, biology, etc. of all Dutch universities to do work on 
special subjects connected with their study. 

J. Ariëns Kappers, Director 

DIVISION OF PHYSIOLOGY 

Section of Experimental Neurology 
Head: J. P. Schadé 

J. C. de Valois 
W. van Emde Boas 
B. M. F. v. Cranenburgh 
J. P. C. Peperkamp 
C. V. de Blécourt 
J. P. Muizelaar 

Section of Comparative Physiology 
Head: M. A. Corner 

K. Boer 
H. A. A. de Jong 
H. v. Wilgenburg 
W. L. Bakhuis 

Section of Behaviour PhY8iology 
H. van Dis 
N. E. van de Poll 
A. P. van der Meché 
J. P. C. de Bruin 
B. Bermond 

Computer Section 
J. Smith 

DIVISION OF MORPHOLOGY 

Section of Histology and Cytology 
Head: J. Ariëns Kappers 

R. A. C. de Vries 
A. R. Smith 

Section of Histochemistry 
Head: J. F. Jongkind 

D. F. Swaab 
G. J. Boer 

Scientific Staff 
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Section of Oomparative and Quantitative Neuroanatomy 
Head: G. J. Smit 

K. C. Hodde 
P. Kenemans 
C. J. van der Sloot 
E. van der Wiele 

Section of Electron Microscopy 
H. R. Romijn 
J. Varela 

DIVISION OF CHEMISTRY 

Section of Neurochemistry 
Head: B. Oestreicher 

C. van Leeuwen 

Section of Neuropharmacology 
Head: J. J. Meisch 

M. van Wijk 

Division of Morphology 

1. SECTION OF HISTOLOG Y AND CYTOLOG Y 

Prof. Dr. J. Ariëns Kappers: 

7 

Assistance was given to H. Romijn, A. R. Smith and R. A. C. de Vries in 
their investigations on the rabbit and rat pineal gland (see below). 

Together with Dr. J. P. Collin, Université de Clermont-Ferrand, France, 
a paper was prepared on synapses of the basal process of photoreceptor cells 
in the pineal organ of Lacerta vivipara. Preliminary data were obtained on 
lipids in the rabbit pineal gland. 

A. R. Smith: 

Fluorescent microscopical investigations on the rabbit pineal gland 
demonstrating (1) the presence of serotonin and (2) the distribution of 
yellow autofluorescent and yell ow fluorescent pinealocytes have been 
finished. The results will be published shortly. It appeared that serotonin is 
present in rabbit pinealocytes, a conclusion opposed to that of an earlier 
author. Quantification of the fluorescent pinealocytes, containing either 
5-HT or 5-HTP, and of the autofluorescent cells revealed that the first 
category of pinealocytes is distributed in the organ in two distinct areas, 
termed population A and B, while the second category is distributed at 
random. Population B is located in a thin dorsal strip of the gland while the 
remaining part of the organ contains population A. The difference in these 
populations can be characterized by a striking difference in cell density. 

Follow-up studies on changes of fluorescent rabbit pinealocytes under 
different experimental conditions such as p-chlorophenylalanine (pCPA) 
administration and different lighting conditions are now in progress. The 
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results, so far obtained, indicate that population B consists of highly 
active cens possibly having a special function . Studies on pineal vascularity 
present, moreover, evidence that these cens are surrounded by extensive 
capillary plexuses. The cens of population B can be activated by pCP A, 
which blocks 5-HT synthesis, as weIl as by different lighting conditions 
resulting in an increase in number of yellow autofluorescent pinealocytes 
and a decrease in number of 5-HT containing pinealocytes. The 5-HT 
containing cells in population B as wen as the autofluorescent compound 
present in pinealocytes were shown to demonstrate a circadian rhythm. It 
could, moreover, be stated that, most probably, the yellow autofluorescent 
compound is a protein containing much tryptophan. 

In order to correlate the microscopical findings with 5-HT and tryptophan 
levels, a start was made with the quantitative determination of these levels 
under the experimental conditions mentioned above. For the separation of 
the Bruemmer-positive and yellow auto-fluorescent protein a microdisc 
electrophoresis technique according to HYDEN (1966, 1968) was used 
which also allows for a quantification of this protein. The Bruemmer 
technique is specific for proteins containing at least 6% tryptophan. 

R. A. C. de Vries: 

Last year's programme on the mode of action of the rat pineal gland was 
continued and this year the results have been reported in 4 papers (in press). 

Following pinealectomy a highly significant decrease in the distribution 
of thiamine diphosphate-phosphohydrolase (TPP-ase) in the magnocellular 
hypothalamic nuclei was constantly found irrespective of sex or several 
experimental conditions. TPP-ase is an enzyme, specific of the Goigi ap
paratus, its distribution in these nuclei therefore being a parameter for 
neurosecretory activity. The decrease observed in pinealectomized rats 
could be completely counteracted by three successive daily injections of 
10 /-tg melatonin, a pineal-specific compound, or by hypothalamic pineal 
implants, but only partially by three successive daily injections of 10 /-tg 
5-methoxytryptophol, another pineal-specific indole amine. 

A tentative diagram explaining pineal action on both, the magno- and 
the parvocellular hypothalamic secretory nuclei was developed. The link 
between the two systems mentioned is the general circulation. 

2. SECTION OF COMPARATIVE AND QUANTITATIVE NEUROANATOMY 

Dr. G. J. Smit and H. B. M. Uylings: 

The departure of Miss N. Blom and Mrs. L. Veldmaat-Wansink, techni
cal assistants, delayed investigations, started the previous year, for devel
oping an improved method for the measurement of axon diameters. The 
same holds for work on the distribution of neurones and gliocytes in the 



PROGRESS REPORT 1971 9 

cerebral cortex of the rabbit as a function of depth below the pial surface. 
We hope to finish this last mentioned analysis during 1972. 

Most research in 1971 was devoted to an analysis of branching patterns of 
the basal dendrites of pyramidal neurones in the rabbit cerebral cortex. 
The formulation of a statistical description of the branching pattern of the 
dendrites is a necessary step in obtaining an insight in the function of 
complex neuronal systems. The first phase of this investigation will be 
finished in 1972. We will then continue with the formulation ofmodels in an 
attempt to obtain a more profound idea concerning the factors governing 
the branching of dendrites. 

Statistical advice to several workers of different groups in the Institute 
was given with respect to experimental methods and analysis of the results 
obtained. 

P. Kenemans: 

For testing the Gaskell-Herrick-Kuhlenbeck hypothesis, correlating 
functional and morphological columns in the rhombencephalon of verte
brates, the brain stem of Polypterus and of Oalamoichthys were studied in 
serial sections using topographical and topological methods. This year, 
special attention was given to methodological and fundamental problems. 
This study will be completed next year. 

E. van der WieIe: 

A map has been constructed of the "unfolded" nasal mucosa of the turtle 
(Testudo hermanni). It could be demonstrated that, in a rostrocaudal 
direction, the mediolateral extension of the olfactory mucosa first increases 
from zero to its maximal width then decreasing in a symmetrical way. The 
density per surface unit of the olfactory receptor cells varies strongly all 
over the olfactory mucosa. It could, however, be shown th at the mean 
receptor density in the mediodorsal part is twice as high as in the lateral 
part. The total number of olfactory receptor cells and the total surface of 
the olfactory mucosa have been estimated. The investigation aims at a 
quantitative measurement of the olfactory system. 

Together with other workers of the section, a critica I analysis of the 
literature on the morphology of the visual system of the rabbit was made. 
Special attention was paid to the fibre connections. A diagram representing 
firmly established connections has been designed and suggestions for 
further investigations were given. 

In collaboration with Dr. G. Verberne (Department of Animal Physiology, 
University of Amsterdam), histological sections of the nasal cavities of 
newborn kittens have been prepared in order to make aserial reconstruction 
of Jacobson's organ and its connections with the mouth and the nasal 
cavity. The presence of a ganglion terminale, suggested in the literature to 
be situated along the vomeronasal nerve, could not be confirrned. 
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K. Hodde: 

Work on the inventory of microscopie elements present in the spinal 
cord of cartilagenous fishes was continued. A paper on the results obtained 
in an experimental investigation of ascending fibre systems is in preparation. 

A contribution was given to the discussion on the visual pathways in the 
rabbit in a joint venture with other collaborators of the section. 

3. SECTION OF ELECTRON MICROSCOPY 

H. J. Romijn: 

A light and electron microscopie investigation on the structure and 
innervation of the rabbit pineal gland was continued. lts aim was also to 
examine, by means of ultra-cytochemical techniques, the character of the 
pineal nerve endings and to shed light on the cell organelles, involved in 
pineal hormonal secretion, using some experimental conditions such as 
denervation, changes in the normal photoperiodic rhythm, and the ad
ministration of drugs. 

On the ultrastructurallevel two types of nerve endings could be distin
guished, noradrenergic and cholinergic ones. Classical synaptic structures 
supporting the concept of a direct innervation of pinealocytes by pineal 
nerves were not observed. On the other hand, cholinergic synapses on pre
sumed dendrites of intrapineal nerve cells have been detected. Af ter 
bilateral superior ganglionectomy a degeneration of the noradrenergic 
nerve endings as weIl as a delayed transneuronal degeneration of the 
cholinergic endings was observed. 

Data from the literature and those obtained in the present investigation 
lead to the following working hypothesis. Firstly, the pineal gland is inner
vated by postganglionic orthosympathetic noradrenergic fibres originating 
in the superior cervical ganglia entering the organ via perivascular spaces 
as weIl as via the nervi conarii. Secondly, a parasympathetic cholinergic 
pineal innervation exists. This is established by axons originating in the 
intrapineal nerve cells the endings of which have now been first observed 
and described on the ultrastructural level. The preganglionic parasympa
thetic fibres concerned possibly originate in the superior salivatory nuclei 
then coursing with the greater superior petrosal nerves, to reaeh, via the 
superior cervical ganglia and the nervi conarii, the pineal gland. In this 
gland the fibres synapse with the intrapineal neurones. This means that, 
probably, the nervi conarii contain both, postganglionic orthosympathetic 
and preganglionic parasympathetic nerve fibres. 

In the rabbit pineal gland a cortex and a medulla can be distinguished. 
The medulla mainly contains light and dark pinealocytes whereas the cortex 
shows only the light ones. In the medulla most of the long processes of light 
pinealocytes terminate in close topographical connection with dark pinea
locytes which are exclusively situated around blood vessels. In the bud
shaped terminals of the light pinealocytes the smooth endoplasmie reti-
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culum, consisting of short-branched tubules of which electron opaque 
vesicles are pinched off, is a striking feature. It appears that the noradre
nergic nerve fibres end mostly close to dark pinealocytes while cholinergic 
fibres terminate close to light pinealocytes. 

Pretreatment with para-chlorophenylalanine, inhibiting serotonin syn
thesis, clearly indicated that the smooth endoplasmic reticulum in the 
terminal buds of the light pinealocytes is involved in the synthesis of sero
tonin which is normally stored in the electron opaque grey vesicles. Pineal 
denervation and continuous illumination of the animal revealed that the 
intactness of the neural pathway as weIl as the absence of photic stimuli 
are prerequisites for the depletion of the serotonin, present in the grey 
vesicles in the terminal buds of the light pinealocytes. 

Concerning the neurally-controlled indolamine synthesis in the pi ne al 
the morphological results obtained and some biochemical data from the 
literature suggest the following. With the onset of darkness , serotonin, 
synthetized in the endoplasmic reticulum of the light pinealocytes, is 
depleted under the influence of endogenously activated parasympathetic 
cholinergic nerve fibres. Part of the serotonin, thus depleted, is taken up by 
the dark pinealocytes. In these cells, serotonin is converted into N-acetyl 
serotonin under the influence of exogenously orthosympathetic noradrener
gic neural stimulation. Then, melatonin, a pineal-specific hormonal com
pound, is synthetized from N-acetylserotonin by the pineal-specific enzyme 
hydroxyindole-O-methyl transferase in the dark pinealocytes. Finally, 
melatonin is taken up in the blood capillaries via the perivascular space. 

The results obtained in this investigation will be used for a thesis. 

4. SECTION OF NEUROHISTOCHEMISTRY AND NEUROCYTOCHEMISTRY 

Dr. J. F. Jongkind: 

The investigations into the substrate utilization of the embryonic brain, 
reported in the Progress Report 1970, were extended to the measurement of 
high-energy phosphates and glucose in isolated chick cerebellar cortical 
layers. In contrast to previous indications, this model did not appear to be 
suitable for proving a compartmentation of ATP and P-creatine in em
bryonic nervous material. This is probably due to too much intermingling 
of the different compartments. It could, however, be stated th at the glucose 
utilization in the molecular layer of the embryonic chick cerebellum is 
100% higher than in the corresponding granular layer indicating a much 
higher energy metabolism in the molecular layer. 

A new method was developed to automatize the extensive measurements 
of the glycolytic intermediates and high-energy compounds in brain and 
blood extracts. With the help of this automatic procedure it proved to be 
possible to measure these substrates in large series of embryonic chick and 
adult rat brain as weil as to investigate the influence of high cholesterol 
fee ding on glucose and lactate blood values (see Section of Experimental 



12 PROGRESS REPORT 1971 

Neurology). Using th is new automatic analytical tooI, experiments are now 
in progress to investigate the influence of different oxygen tensions on the 
metabolism of embryonic chick and adult mouse nervous tissue. 

For the quantification of neurotransmitters in the pineal gland and in 
the hypothalamo-neurohypophysial system (in cooperation with the 
Department of Pathological Anatomy of the University of Leiden as a 
F.U.N.G.O. project) a new fluorimetric method was developed using 
cryostate sections for the demonstration and identification of these com
pounds. The reliability of th is method was qualitatively tested and proved 
to be superior to other methods, previously published, as to possibility of 
localization and reproducibility. Quantitation ofthe fluorescent compounds 
present in the mentioned neuroendocrine systems will be the main project 
for the next year. 

Dr. D. F. Swaab : 

The relation between the hypothalamo-neurohypophysial system (HNS) 
and reproduction was studied during various reproductive periods using 
histochemical and cytochemical parameters (see SWAAB and JONGKIND , 

1970; SWAAB et al ., 1971). Stereotactic implantation of NIH-FSH-S8 close 
to the supraoptic nucleus showed that gonadotropic hormones stimulate 
hormone synthesis in this nucleus by direct action. The literature on the 
function of the HNS in the various reproductive periods has been reviewed 
in a lecture given at the VIIth International Summer School of Brain 
Research , held at Amsterdam. 

Further work concerned the metabolism of the brain. For preserving the 
in vivo levels of compounds in the CNS it is essential to stop brain meta
bolism very rapidly. The rate at which this metabolism is stopped was 
studied in cryostate sections and with micromethods in various areas of the 
rat and mouse brain using changes in temperature and levels of glucose and 
lactate as parameters for this rate. The skin on the skull was found to be 
the most important temperature isolator for the cortex. A freezing front 
was observed, moving slowly from the cortex in the direction of the hypo
thalamus. This observation clearly demonstrated that measurements of 
high-energy compounds in the hypothalamus of normal rats and mi ce are 
quite unreliable. In order to avoid this difficulty a surgical procedure was 
developed for isolating the rat hypothalamus within two seconds via a 
trepanation of the skull performed two weeks before sacrification. By 
means of this new procedure it could be stated that no difference was ap
parent between the degree of metabolism in the cortex and the hypothala
mus of rat brain, as measured by the closed system procedure according to 
Lowry. Moreover, during ischaemia a relation was observed between the 
moment of disappearance of P-creatine and the disappearance of electric 
activity in the cortex and the hypothalamus. 

The results of these investigations will be published. 
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G. J. Boer: 

Purpose of the work done was to determine the functional role of the 
pituicytes, neurohypophysial glial cells, in the neuroendocrine hypothala
mo-neurohypophysial system. U sing quantitative microchemical techniques, 
enzyme activities of carboanhydrase, arylamidase-N and of four lysosomal 
enzymes, acid phosphatase, ,8-glucuronidase, ,8-glucosidase, and ,8-galactosi
dase , were measured in frozen-dried pieces of rat neuro-hypophyses. It 
appeared to be necessary to modify the method for measuring carboanhy
drase- and arylamidase activity. 

During water deprivation, known to enhance the synthesis and release 
of neurohypophysial hormones, all enzymes mentioned showed an increase 
in activity. So far, it was impossible to localize these increased activities 
exactly by histochemical methods in order to investigate in which way they 
are divided between the neuronal and glial elements present in the neuro
hypophysis. 

Blood-free frozen-dried tissue did not show increased carboanhydrase 
activity. It appeared, therefore, that the increase mentioned above was 
due to a greater blood content of the neurohypophysis during water de
privation. The same enzymes are now investigated under conditions of 
parturation and lactation, also known to activate this neuroendocrine 
system. The results will be published together with those obtained in rats 
exposed to water deprivation. 

Division of Physiology 

1. SECTION OF EXPERIMENTAL NEUROLOGY 

Dr. J. P. Schadé, W. V. Emde Boas, B. van Cranenburgh, and J. P. 
Muizelaar: 

Neurofysiological sequelae of experimental atherosclerosis in the rabbit 
brain have been investigated. Using standard techniques, extracellular 
recordings were made from neuron es in different areas of the brain. Special 
attention was paid to the firing pattern of spontaneously active neuron es in 
the cerebral cortex, basal nuclei, and hippocampal areas. The firing paterns 
of normal control animals were compared to those of rabbits subjected to a 
high cholesterol di et during three and six months, respectively. By means of 
standard histological procedures, significant alterations in the walls of 
blood vessels could be demonstrated. According to pathologists, these are 
comparable to those found in man. 

The firing patterns of about 800 neurones were recorded on tape for future 
statistical analysis. In con trol and in experimental series the neurones 
were distributed according to depth classes under the pial surface of 1500 # 
each. A specific profile for each of the series could be demonstrated. 

In a first statistical approach, data from the control group yielded the 
following results: 
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Cerebral cortex: mean firing rate 5-6 spikes/sec, predominantly exponen
tial distributions. 
Basal nuclei : mean firing rate 5-6 spikes/sec, predominantly gamma inter
val distributions, 
Hippocampal area: mean firing rate 3 spikes/sec, predominantly gamma 
and exponential distributions. 

Considering only mean observations, the following différences in respect 
to the control group were observed in the atherosclerotic groups :(a) In
creased firing rate in all areas, especially in the globus pallidus, (b) The 
gamma parameterincreases and, accordingly, the interval distributions tend 
to become more gaussian which, in our opinion, could mean a diminishing 
information capacity. This trend is most obvious in the globus pallidus and 
the effect is progressive being stronger af ter six months. (c) In the cerebral 
cortex the same trend was observed as mentioned sub (b). (d) In the hip
pocampal area a progressive trend in the other direction was noted: a 
decreasing gamma-parameter. This phenomenon might be correlated with a 
higher incidence of spontaneously active neurones found in this area in 
atherosclerotic animals. 

The findings mentioned are in accordance with our hypothesis that under 
the influence of atherosclerotic degeneration inhibitory synaptic input is 
progressively diminished. 

In order to elucidate the mechanisms involved more completely, research 
is presently directed along the following lines: 
1. Extensive statistical analysis of the data so far obtained. 
2. Application of other methods for analysis of spike trains, su eh as fre

quency histograms and autocorrelations. 
3. Testing of the sensitivity of neurones by iontophoretic and/or intra

carotid application of inhibitory and excitatory neurotransmitters. 

C. de Blécourt, W. Baerts, and Dr. J. P . Schadé: 

In order to analyse the correlation between degenerative changes in the 
brain and gross-physiological alterations, EEG's and evoked potentials 
were analysed in the rabbit brain in the course of experimental atherosclero
sis. For the EEG analysis the method of autocorrelation-function and 
Fourier transform was adopted to this purpose. In the amplitude spectra 
the surface of the recordings in the different frequency bands was measured 
planimetrically. In addition, the theta/alpha and the delta/theta ratio's 
were determined in analogy to the method ofMatousek. The visually evoked 
potentials were mechanically averaged. In experimental animals there is an 
indication that the latency of the surface negative wave shortens during the 
course of dietary feeding. 

A systematic analysis of the various parameters is now in progress. Thus 
far, most time was spe nt in the selection and analysis of methods. 
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J. C. Peperkamp and Dr. J. C. de Valois: 

During 1971 the investigation of the effe cts of some vasoactive drugs and 
anaesthetics on the cerebral blood flow (CBF) in the conscious rabbit was 
completed. In general, only a few vasodilating compounds could be found, 
the majority of anaesthetics tending to decrease CBF and cerebral meta
bolism. 

For the investigation of brain metabolism a special technique was devel
oped to sample blood flow. In collaboration with Dr. J. F. Jongkind (Sec
ti on of Neurohistochemistry and Neurocytochemistry) a variety of meta
bolic changes in arteriovenous samples could be measured. The method for 
measurement of oxygen consumption is, so far, not very reliable and needs 
further investigation. Methods for EEG analysis are now being developed 
in colJaboration with Ir. J. Smith (Section of Neurophysiological System 
Analysis). 

In the neurosurgical clinic of the University of Amsterdam a clinical 
set-up has been installed in order to measure cerebral blood flow in seven 
brain areas simultaneously. Initial measurements have already been made. 

As part of a multidisciplinary study the influence of hypercholestero
laemia on the CBF of the rabbit brain has been investigated. The occurrence 
of a cholesterol-induced anaemia interferes with the separation of the effe cts 
of anaemia on the one side and of atherosclerosis on the other on cerebral 
haemodynamics. 

2. SECTION OF COMPARATIVE AND DEVELOPMENTAL PHYSIOLOGY 

Dr. M. A. Corner: 

Part of the year was spe nt working at the Stazione Zoologica, Naples, 
which stay was supported by the "Naples Commission" of the Royal 
Netherlands Academy of Sciences. Extracellular microelectrode recording 
techniques we re employed in an attempt to study neuronal activity patterns 
during embryonic development in the squid (Loligo vulgaris) and the cuttle
fish (Sepia oflicinalis). It proved to be extremely difficult to find any spon
taneous or evoked firing in the central nervous system of these preparations, 
so that the aim of the investigation: localizing the centres controlling 
embryonic motility, could not be realized. Extensive observations were, 
however, made on the behavioural side of this problem. Prenatal electrore
tinograms (ERG), in addition, could be easily recorded and proved to 
resem bIe closely the EEG generated in the adult animal as published earIier 
(1967). It was also possible to determine the approximate stage of develop
ment at which such a response appears. 

With A. Ph. J. Richter work was continued in developing a technique for 
culturing isolated brain and spinal cord fragments under the most natural 
possible conditions. Attempts are currently concentrated on prolonging the 
lifespan of the self-sustaining culture system, both by reducing growth and 
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by improving the survival of the chick embryos in vitro, which serve as 
"hosts" fot the mammalian brain tissues. Preliminaryelectrophysiological 
exploration of the cultured tissue is now in progress. 

The Golgi study of neuronal morphology of the telencephalon of the 
chick embryo, correlated with electro-encephalographic data, was extended 
by electron microscopic examination of the same region in collaboration 
with A. Ph. J. Richter. Special attention is paid to the question of de vel
opment of the synapses, which have been found in abundance in the older 
specimens. So far , it has not been possible to locate reliably the dendritic 
spines in the electron microscopic pictures. Therefore, the question of their 
possible role in synaptic transmission still needs to be answered. 

Together with K . Boer the question has been pursued of the decline 
ofbioelectric activity in the brain (EEG) following decapitation (see Annual 
Progress Report 1970 and a paper in press). The possibility that active 
inhibitory processes might be involved in the rapid disappearance of brain 
biopotentials was investigated by means of a number of convulsant agents, 
including strychnine and picrotoxin. Despite clear signs of paroxysmal 
discharges, no effect could be found upon the EEG-survival time regardless 
of the duration of paroxysmal activity prior to decapitation. A similar 
negative result, obtained af ter massive injections of "TRIS" buffer, argues 
against a pH effect in the EEG decline. Almost immediate disappearance 
of "brain waves", on the other hand, was caused by the local action of 
cyanide in a region close to the recording electrodes. This finding, which 
has to be checked more precisely, suggests that cerebral function in the 
chick embryo depends, even in the earliest stages of its maturation, to a 
very large degree on oxidative sources of energy. 

w. L. Bakhuis : 

The main experimental project for the doctoral study was finished. A 
report was written entitled "Hatching in the chick (Gallus domesticus) and 
the role of the central nervous system therein". By this research the follow
ing was demonstrated: 
1. The way in which spontaneous movements during hatching result in 

rotation of the embryo inside the egg. 
2. Diencephalic structures are involved in hatching behaviour and neither 

the telencephalon nor the spinal cord are indispensable for triggering 
this behaviour. 

3. Although certain exteroceptive stimuli show an inhibiting influence on 
hatching movements, they do not show a visible influence on the EEG 
which is characterized by high-amplitude slow waves. 

4. For producing hatch-type movements, immobilization of the neck is 
necessary and sufficient until the age of about two weeks post-hatching. 
Mter this stage this behaviour can no longer be eliCited. 
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5. The possibility exists that "cataleptic" sleep behaviour is derived from 
the hatching motility pattern. 

Under the auspices of the "Naples Commission" of the Royal Nether
lands Academy of Sciences research was started at the Stazione Zoologica, 
Naples, on embryonic, especially hatching, behaviour of the cuttlefish 
(Sepia officinalis) . A study ofthe involvement ofthe nervous system in this 
behaviour will be Ie ss difficult ifthis behaviour can be produced at will. This 
was successfully done in two types of motility: (a) a characteristic late 
embryonic turning response to light, and (b) the locomotory component of 
actual hatching. A secretory component is also present. Since the mantIe 
appeared to be the most important locomotory structure, an investigation 
concerning its innervation was started in collaboration with Prof. J. Z. 
Y oung, London. Among other things, it was shown that both the juvenile 
Sepia and the adult Octopus survive complete section of all of the pallial 
nerves. Contrary to the opinion, at present prevailing, this result proves 
th at mantIe movements are not indispensable for adequate respiration. 

Dr. H. van Wilgenburg, A. A. van Leeuwen, H. van Droge, andB. Huisman: 

The influence of steroid hormones was tested on different types of neu
rones in the snail (Helix pomatia) using the classification of Van Wilgenburg 
and Van Leeuwen (see list of publications). It could be shown that es
pecially dopamine sensitivity was modulated by these hormones. Since 
dopamine was iontophoretically applied, evidence has been collected, 
using both physiological and pharmacological methods, that dopamine is 
the transmitter substance for these neurones. In order to investigate the 
way in which steroid hormones act on the dopamine receptors, a program me 
is now in progress for demonstrating the mechanism of dopamine receptivity. 

In collaboration with H. A. A. De Jong, the statocyst-evoked neural 
activity in the cerebral ganglion of Helix pomatia was studied by B. Huis
man while, during a stay at the Stazione Zoologica, Naples, supported by 
the "Naples Commission" of the Royal Netherlands Academy of Sciences, 
Dr. H. Van Wilgenburg investigated the activity of the static nerve of 
Aplysia. Dr. P. H. Oosting, Philips Laboratories, Eindhoven, participates 
in the programme since October. 

H . A. A. de Jong: 

The study on statocyst-evoked neuronal activity in the CNS of Helix 
pomatia, earlier reported on in 1969 and 1970, is part of a research pro
gramme for analysing a relatively simple functional neuronal network. 

Responses of a sense organ (statocyst) to stimuli such as spatial orien
tation to gravity and movement of the preparation have been registered 
from the afferent fibres present in the staticnerve. An amplitude frequency 
histogram, obtained by means of an adapted multi-channel analyser sys
tem, proved to be composed of several different neuronal units contributing 
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to the registrations. These analyses were made possible by means of techni
cal facilities kindly supplied by the Department of Zoology of the Free 
University, Amsterdam. Af ter stimulation under different experimental 
conditions, the total number of units, the interrelation between their firing 
rates, and the directional sensitivity of the various sense cells were deter
niined from the above-mentioned histograms. Dr. Van Wilgenburg (see 
above) succeeded in determining conduction velocities in the sensory axons 
and in distinguishing afferent and efferent units in the static nerve of 
Aplysia depilans. 

Postganglionic responses on sensory stimulation of the preparation 
occur in the cerebropedal connectives. Analyses of these responses, made be 
means of multi-window pulse-height analysing and a counting system, 
point to the possible presence of specific ipsi- and contralateral pathways 
through the cerebral ganglion. The results obtained partly support pre
dictions based upon recent behavioural experiments by Dijkgraaf and 
HesseIs (1968). 

In collaboration with B. Huisman, a study has been started on intracellu
lar neural activity in the cerebral ganglion of Helix. Correlation of this 
activity with the pre- and postganglionic responses to moving of the sense 
organ mentioned is now investigated. 

K . Boer: 

A subminiature telemetric transmitter device was developed in order to 
record chronically electric activity in the brain of freely moving rats 
without troublesome movement artifacts during normal behaviour. Very 
abrupt movements still cause some artifacts which, however, are now very 
much reduced due to technical improvements. 

Using this technique, the high-energy ftuxes during ischaemia (see Dr. 
D. F. Swaab, Section of Neurohistochemistry and Cytochemistry) were 
correlated with EEG- and multiple unit activity. A direct relation was 
observed between the disappearance of creatine phosphate and the dis
appearance of spontaneous cerebral activity which will be soon published. 

In collaboration with Dr. D . F. Swaab, a new project was started in 
order to investigate the multiple unit activity of the hypothalamic su
praoptic nucleus in the female rat under conditions during which it has 
been impossible to assay neurosecretory activity by other means, e.g., 
during parturition and coitus. 

In collaboration with the Section of Behavioural Physiology, a prelimi
nary investigation was started to study the influence of testosterone on 
self-stimulation of the anterior hypothalamus in the ovariectomized rat. 

3. SECTION OF BEHA VIOURAL PHYSIOLOGY 

H. van Dis, N . E. van de Poll, B. Bermond, and M. H. Roest: 

Investigations on the organization of the neural substrate of male and 
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female behaviour in rats were further elaborated using self-stimulation 
techniques, hormonal manipulation of male and female sexual behaviour 
patterns, and studies on the interaction of sexual behaviour with other 
types of behaviour. 

The results , earl ier obtained on the effect of androgens on the reinforce
ment properties of electrical stimulation of the preoptic area and the lateral 
hypothalamus in neonatally and adult castrated rats , were pursued further 
and prepared for publication. This line of research was extended to female 
rats . The effe cts of ovariectomy, of artificial induction of behavioural 
oestrus, and of t estosterone administration on self-stimulation in female 
rats with medial preoptic and anterior hypothalamic electrode-placements 
were investigated. 

Part of this work has been done in collaboration with K. Boer (see 
Section of Comparative and Developmental Physiology). In collaboration 
with H. Overdijk of the electronic workshop, the development of a new 
equipment for intracranial self-stimulation was completed. Instead of by 
sinus waves, formerly used, stimulation will now be performed by square 
pulses in constant current operation. Furthermore, the possibilities for 
refined behavioural analysis were increased. 

In collaboration with Dr. Larsson (University of Göteborg, Sweden), 
earl ier studies on seminal discharge following intracranial stimulation were 
extended. The effe cts of electrical stimulation of the preoptic area on genital 
responses were investigated in neonatally and adult castrated rats. The 
results were prepared for publication. Neonatal castration was, moreover, 
found to change genital grooming in male rats. These changes were ascribed 
to a reduction in sensory input of the penile receptors. 

Several experiments we re performed on the role of hormones on male 
and female sexual behaviour patterns in male rats. Female sexual be
haviour was induced by a single dose of oestrogen and progesterone, both in 
castrated and intact male rats. Furthermore, male and female sexual be
haviour was observed following castration, sexual exhaustion, and both, 
sexual exhaustion and castration. Publications on this subject are now 
being prepared. New techniques of intracerebral implantation of cristalline 
steriods were elaborated. They will be used for the induction of male and 
female behaviour patterns in male rats. 

In order to study the specificity of the effe cts of lesions, electrical stim
ulation, and systemic and intracerebral administration of hormones, a 
start was made with the study of maternal and agressive behaviour. Re
search on agressive behaviour is carried out as a part of the Brain and 
Behaviour Project "Agression", subsidized by the Dutch government. 

The effe cts of olfactory bulb lesions and amygdalectomy on maternal 
behaviour was studied. Furthermore, a behavioural analysis was under
taken on interspecies and intraspecies agression in rats. The diurnal varia
tion of mouse-killing in male rats, the relation and interaction of mouse
killing and sexual behaviour, and the effects of ovariectomy, castration and 
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adrenalectomy on mouse-killing behaviour was investigated. Publications 
on this subject are in preparation. 

As a guestworker, C. Van der Staak (Department of Physiological 
Physiology, University of Nijmegen - Fellowship Brain and Behaviour, 
O.E.C.D.) spent two months with the group to acquire special skill con
cerning the technical and behavioural aspects of work with the intracranial 
self-stimulation technique. 

In collaboration with M. A. De Jong (Department of Psychophysiology, 
University of Amsterdam) a study was performed on autonomic responses 
in human male subjects during sexual arousal. A paper on this work is in 
preparation. 

P. van der Meché, G. Mondeel, and R . Roethengatter: 

On September 23rd G. Mondeel passed away due to a tragic car accident. 
Ris untimely death means a great loss to our section, both as a friend and a 
colleague. 

Experiments dealing with the spontaneous and learning behaviour of 
the goldfish (Carassius auratus) (see previous annual report) were extended. 
A refined equipment for conditioning with negative reinforcement of the 
goldfish in the shuttlebox was completed. A technical publication was 
prepared. 

Based upon careful analysis of spontaneous activity of goldfish in a 
shuttlebox, a one-trial learning model was developed. The influence on 
learning of puromycine, an inhibitor of protein synthesis, and of electro
convulsive shock was investigated. 

A model of active avoidance conditioning with continuous reinforcement 
for the goldfish in the shuttlebox experiments yielded results comparable 
with those mentioned in the literature. Special attention was given to 
goldfish behaviour during the intertrial intervals. Furthermore, the in
fluence of electroconvulsive shock and of two protein synthesis inhibitors 
(puromycine and cycloheximide) on memory fixation was investigated. 

Attention was given to some methodological aspects of the experimental 
conditions, such as handling of the animais, temperature, acclimatization, 
food deprivation, and vision. 

J. P . C. de Bruin: 

A study of the neural control of innate behaviour was carried out in a 
teleost fish, the Siamese fighting fish (Betta splendens). Lesions were made in 
various brain parts, especially in the dorsal part of the telencephalon, 
supposedly functionally resembling the limbic system of higher vertebrates. 

Attention has mostly been given to the development of a fast and reJiable 
technique for recording the various behavioural displays and analysing the 
data obtained. The interaction between agonistic sexual and paren tal 
behaviour is of special interest, since preliminary results have shown that 
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their balance is strongly influenced by lesions in the dorsal telencephalon. 
Research will be extended by studying the effe cts of hormones before and 
af ter cerebral lesions on the innate behaviour patterns mentioned. A 
histological study of the fighting fish brain is in progress. 

4. SECTION OF NEUROPHYSIOLOGICAL SYSTEM ANALYSIS 

Ir. J. Smith, W. J. J. Houtzager, and W. E. Mastenbroek: 

Classifying the central nervous system at three levels (see below), a 
methodological system analytical approach to information processing was 
performed. Bio-informatics and computer science were combined into a 
multidisciplinary tooI. 
1. The cellular level. Descriptions in quantitative terms of action po

tentials may elucidate the mechanisms of generation and transmission 
of neuron al signaIs. A systematic statistical de script ion of spontaneous 
neuron al activity will enable the investigator to identify patterns of 
activity belonging to particular cells involved in neuron al networks. It 
also furnishes a basis for theoretical models and is necessary for any 
quantitative theory of information processing in the nervous system. 
Several neuron al models have already been proposed which are based on 
assumptions about synaptic input, tlU'eshold values, refractory periods, 
and other intrinsic factors. Single neuron al systems are now being 
studied in collaboration with the Section of Experimental Neurology. 
Most of these investigations deal with extraceIlular neuronal recordings 
in different parts of the rabbit brain suffering from experimental 
atherosclerosis. For this purpose, "time-series" analytic system pro
grammes have been developed considering spontaneous action poten
tials as events in time. In oI'der to study the dynamic aspects of neuronal 
systems, post-stimulus event analysis is initiated using multibarrel 
recordings in combination with chemical stimulation. Intracellular 
recordings allow for measurements of various neuronal activity caused 
by experimental parameters. 

2. NeuronaJ population. The electrencephalogram recorded from the 
cerebral cortex, showing an amplitude of 10 p,V - 200 p,V and a fre
quency range of 0.5 Hz - 30 Hz, is an important phenomenon used in 
clinical diagnosis as weIl as in neurobiological laboratory research. 
Regarding EEG analysis we are engaged in the following research: 
a. analysis of physical parameters such as amplitude, frequency, and 

phase of the EEG, using the Fourier method and the Fast Fourier 
method, 

b. automatic analysis of the EEG using a aperiodic amplitude interval 
method in correlation with specific syndromes, 

c. automatic pattern recognition is initiated in order to localize the 
generator mechanisms of the EEG. 
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3. Part of the brain as a functional unit. In collaboration with Dr. De 
Valois (Section of Experimental Neurology), cerebral blood flow is 
studied in correlation with the EEG. Cerebral blood flow may elucidate 
the mechanism of neuronal features and brain function as a whoIe. A 
systematic analysis of cerebral blood flow under various conditions 
allows for identifying specific correlations between brain function and 
cerebral blood flow. Such an analysis also furnishes a basis for theore
tical modeIs. 

Af ter instantaneous injections of 85Kr or of 133Xe into the internal carotid 
artery, the clearance curves of the isotopes have been recorded. The general 
shape of the curves obtained is a high order polynominal one which can be 
described as the sum of two exponential curves. The programme, written in 
Fortran IV, was adapted for use on the IBM 1130 computer. This pro
gramme allows for an analysis of the clearance curves into two mono
exponentials, based on an iterative least-squares method. The mean blood 
flow is also calculated on a non-compartmental basis. 

Division of Neurochemistry 

Dr. A. B. Oestreicher : 

In order to study some specific properties of synaptic membranes and 
synaptic vesicles, subcellular fractionation of rat brain was routinely carried 
out according to the methods of Whittaker. Subcellular fractions of nuclei, 
crude mitochondria and synaptosomes are characterized by enzyme mar
kers such as lactate dehydrogenase, monoamine oxidase, acetylcholine
sterase and Mg ATP-ase and (NAK)-activated ATP-ase. 

It could be confirmed that the ATP-ase of the crude mitochondrial and 
synaptosomal fractions is inhibited by ouabain. The activity of the Mg 
ATP-ase in both fractions showed, however, to be stimulated to only a 
small extent by the presence of potassium and sodium ions. In agreement 
with the literature it appeared that ATP-ase activity is dependent on the 
ratio of the concentrations of potassium and sodium. 

C. van Leeuwen: 

Work was continued on electrophoresis of subcellular particles in sucrose 
density gradients. This technique proved to be neither reproducible nor 
sensitive enough to demonstrate small differences in surface charge among 
the different particles. It was, therefore, decided to try another approach for 
identifying groups in membranes involved in binding of neurotransmitters 
and possibly having cation exchange properties. Isolation of synaptic 
vesicles and synaptosomal membranes is now in progress. The crude frac
tions will be subfractioned in order to obtain more homogeneous popula
tions. The characterization of these subfractions will specially be directed 
to acidic groups membrane components. So far , no comparison between 
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the biochemical membrane compositions of subfractioned populations of 
cholinergic and aminergic vesicles has been published. 

Division of Neuropharmacology 

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

Pharmacodynamical studies of 4-iXdimethylmetatyramine and 4-methyl
metaraminol have been completed. These drugs were given to mice in
traperitoneally. The animals were sacrificed at various time intervals and 
the amines determined in brain and heart. Their uptake and disappearance 
curves in both organs were studied. An in vivo conversion of 4,iX-dimethyl
metatyramine to 4-methylmetaraminol could not be demonstrated. 
Experiments with protryptiline and reserpine indicate that, apart from 
an early phase in the heart, 4,iX-dimethylmetatyramine is located mainly 
intraneuronally. Further drug studies along these lines are in progress. 

Analytical methods for the determination of serotonin and its metabo
lites have also been set up. Their separation is achieved by column chro
matography and by thin-Iayer chromatography. Serotonin metabolism will 
be studied in various brain regions and af ter different drug treatments, 
especially antidepressants. 

This work has been carried out in collaboration with other sections. 

J. ARIËNS KAPPERS 
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(For Dutch workers B.Sc. and M.Sc. are used as the approximate equivalents of the 
Dutch degrees of Biol. Cand. and Biol. Drs.) 

I. Early amphibian development 

INTRODUCTION 

Experiments carried out in this Laboratory during the past five years 
(see previous reports) have shown that important morphogenetic interac
tions occur in the amphibian blastula, i.e., before so-called "pl'imary in
duction" starts. These findings have led to a renewed interest in these early 
stages, which is reflected in most of the work reported in this section. 

A. EXPERIMENTAL MORPHOLOGY AND CINEMATOGRAPHY 

1. Further studies ot the cleavage pattern (Ambystoma mexicanum) 
(K. Rara) 

la. Cinematography 

Eighteen pairs of films taken in preceding years by means of "double
camera" time-lapse cinematography (see report of 1969, sect.La.5) were 
analysed. In the area surrounding the animal pole asynehronoris cleavages 
first became apparent af ter 10 or 11 strietly synehronous eleavage cycles. 
The desynehronization was a reflection of a variabIe lengthening of the 
cleavage eycles of individual eells, independent of een positioll. 

Ten single films of eggs in side view were taken and are being analysed. 
While the eens near the animal pole maintained an approximately constant 
eyele length up to the beginning of the Ilth eleavage, a lengthening of the 
eycles of eells near the vegetative pole was observed as early as the 4th or 
5th cleavage. The lengthening eontinues steadily, so that in th is region the 
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beginning ofthe lOth cleavage more or less coincides with the 11th cleavage 
in the animal hemisphere. 

The fust visible sign of gastrulation in the form of a pigment concen
tration in the future blastoporal region occurs at about the time when the 
"fastest" cells in the animal cap start their 15th cleavage. This is the time 
the 18th cleavage would have been expected in the animal region, had there 
been no lengthening of cleavage cycles. 

lb. Dissociation and ceU counting 

The films showed that already during 5th cleavage some of the cells fail 
to exhibit eleavage furrows visible on the outer surface. This and the 
observed lengthening of cleavage eycles af ter 10- 11 cleavages ealled for an 
analysis in terms of total cell number. To th is end morulae and blastulae 
were dissoeiated by removing the vitelline membrane and plaeing them in 
1/15 M phosphate buffer (pH 7.8) for a period eomprising 2-3 cleavage 
eycles. During this time eeH divisions eontinued normally. The dissoeiated 
eeHs were then fixed either just prior to the onset of the next eleavage (up 
to the llth eleavage) or at those times when eleavages would have been 
expeeted to start had there been no lengthening of eleavage eycles (beyond 
the 11th cleavage). The total eeU number was eounted, dividing eells being 
seored as two. 

Prior to the 7th cleavage the embryos eontained the expeeted numbers of 
eells (up to 26 = 64). Just before the 8th to 11th cleavages, respeetively, 
the eell counts either matched the expeeted numbers or were slightly lower. 
Beyond the llth cleavage the differenee between real and expeeted eell 
numbers inereased steadily. At the time the onsct of gastrulation would 
have been expeeted the total eell eounts were ca. 13,000, whereas the 
number to be expeeted without lengthening of the eeU eyeles is of the order 
of 130,000 (= 217) . 

If embryos were dissociated by placing them in phosphate buffer with 
their vitelline membrane intact, so that their spherical shape was main
tained, no signs of incipient gastrulation movements were observed. 

The possibility that a factor transmitted between ceHs would be in
volved in the synchronization of cleavage divisions was investigated in the 
following way: the four micromeres isolated from 8-cell embryos were 
placed in separate containers; the isolated ceHs all proceeded with further 
cleavage divisions independently, but initially in synehrony. The dissociated 
macromeres, which stayed together, also continued dividing, with the de
lays expected from the cinematographic study. 

2. Study ol recombinates ol dis/reaggregated animal and vegetative material 
Irom blastulae (Triturus alpestris, Ambystoma mexicanum) (P. D. 
Nieuwkoop) 

In continuation of the experiments described in the previous report (sect. 
I.a.2) simiIar two-Iayered ecto-endodermal reeombinates were made using 
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blastulae of Triturus, of which it is known that the ectoderm is less easily 
neuralized than that of Ambystoma. Indeed, neuralization of the ectoderm 
was minimal and mesoderm induction much more extensive (the compe
ten ces for these two processes are apparently antagonistic). The only serious 
difficulty was the long period required for reaggregation (12-24 hrs.). During 
this period the material ages considerably, so that until the end of the meso
dermal competence period of the ectodermal cells only a short time remains 
available for mesoderm induction. Therefore, disJreaggregation had to be 
carried out at the earliest possible stage. However, the younger the embryo, 
the more susceptible its cells are to the damaging effe cts of the disJreaggre
gation procedure. Good results were only obtained when ectoderm from the 
most viabIe stage 8 blastulae of Triturus was recombined with either Tri
turus or Ambystoma endoderm. Because the viability of the Triturus eggs 
declined during the second half of the breeding season, only preliminary 
results could be obtained and the experiments will have to be repeated and 
extended. 

Although any pre-existing pattern or gradient was disturbed as aresuIt 
of disaggregating and intermingling the cells, the reaggregates formed no 
radially symmetrical embryos but showed a pronounced capacity for self
organization into bilaterally symmetrical systems. In all cases either a 
single or a few separate axis systems developed. These showed a distinct 
cranio-caudal polarity as weIl as bilateral symmetry, and the regional 
organization of the mesoderm seemed to match that of the endoderm. 
Finally, in the majority of cases the cranio-caudal polarity of these axis 
systems did not coincide with the animal-vegetative polarity of the reaggre
gate, but was just the reverse. This is probably due to the fa ct that in the 
reaggregates no gastrulation occurs (which in norm al development leads to a 
reversal of the orientation of the mesoderm). 

The results face us with a choice from several possible explanations; 
experiments using markers of different kinds should provide the solution. 

3. 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 statement in the previous report (sect.I.a.4) that vegetative isolates 
of stage 7% lack the capacity for spontaneous Bask cell-formation was 
found to be erroneous. This lack was probably due to particular experi
mental circumstances, presumabJy wound healing: in experiments where 
two stage 7% endoderms we re combined into one mass by placing one on 
top of the other in inverted position, so that wound healing was restricted 
to a minimum, spontaneous Bask cell-formation occurred in 50% of the 
cases, i.e. at the same level as in recombinates of single endoderms with 
animal pole ectoderm (irrespective of the stage of the latter, which varied 
from 8 to 10). 
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The recombination experiments using endodermal and "ectodermal" 
material were extended, and the differentiation capacity of the "ectoderm" 
used was tested in control explants. The working hypothesis that gastru
lation is controlled by an inductive action from the mesoderm formed in 
the animal half of the embryo was not confirmed by the statistical analysis 
of the resuIts : there was no positive correlation between mesoderm al 
differentiation in the control explants and gastrulation in the recombinates. 

Furthermore, experiments were carried out to test the morphogenetic 
capacities of the ventral part of the endoderm, with two aims: (I) to find 
out whether ventral endoderm of stage 7 % is more suitable for experiments 
on the induction of gastrulation, owing to its presumably lower level of 
spontaneous gastrulation, and (2) to elucidate the possible relative im
portance for vent ral gastrulation of an undisturbed contact with the dorsal 
endoderm and the ventral marginal zone. The results indicate that the 
ventral endoderm is relatively inert with respect to gastrulation: so far it 
has not been possible to induce gastrulation movements ventrally in 
isolated endoderm. 

B. ELECTRON MICROSCOPY 

I. Ultrastructural and experimental analysis ol the lirst cleavage ol the egg 
(Xenopus laevis) (J. G. Bluemink) 

la. Surface constriction 

U sing criteria of gross morphology, particularly the extension of the 
cleavage furrow over the egg surface, phases in the progress of the cyto
kinetic cycle can be indexed. Phases which have been defined are Single 
Stripe (SS-), Shallow Groove (SG-), Half-Advanced Furrow (HAF-), Far
Advanced Furrow (FAF-), and Just Completed Furrow (JCF-stage). 

The outlines of the process are as follows. Surface constriction by con
traction at the animal pole is the initial event (SS-stage) . During progres
sive constriction (SG-stage) the wans of the deeper part of the groove meet 
by means of surface protrusions and start to form close junctions (HAF
stage). Lanthanum-staining material , presumably mucopolysaccharide, is 
secreted into the furrow gap. It coats the inner lining of the furrow, where it 
may function in establishing cen-to-cen contacts. Af ter the constricted 
furrow has reached a depth of ca. 160-180 ft (FAF-stage) it deepens further 
by the ingrowth of new interblastomeric membrane. The layer of aligned, ca. 
100 A filaments found below the bottom of the constricted furrow is split by 
the ingrowth of new membrane. Consequently the majority of the aligned 
filaments take up positions lateral to the furrow. 

Once initiated at the animal pole, contraction propagates slowly over the 
surface in avegetal direction. Points further away from the animal pole 
show a progressive lag in furrow development. The transition from con
striction to ingrowth also occurs at progressively later times in the cyto
kinetic cycle. 
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During the transition from constriction to ingrowth a change in sensitivity 
towards different cytostatic agents becomes manifest. It has been found 
(see sect.IX,ref.2) th at dividing eggs are insensitive to cytochalasin B 
(CCB) before and during constriction, but show complete or incomplete 
furrow regression when treated at different times during furrow ingrowth. 

In another experiment eggs were exposed to 0.5-2 x 10-4 M vinblastin 
sulphate. Treatment starting as late as 6 mins. before the SS-stage prevents 
the initiation of contraction. When the onset of treatment coincides with 
the SS-stage, surface constriction is paralysed aftel' 4-6 mins. The shallow 
groove formed does not regress directly (as seen aftel' CCB treatment) but 
fades away very slowly. Preliminary experiments indicate that exposure 
as late as 2, 4, or 8 mins. aftel' the SS-stage still results in incomplete 
cleavage. Exposure starting 12 mins. af ter the SS-stage does not seem to 
prevent the completion of cleavage. The possibility is being considered that 
vinblastin blocks the process of surface constriction by paralysing the fila
ment contractile system, but does not interfere with the ingrowth of new 
interblastomeric cell surface once this has started in a given furrow region. 

lb. New surface formation 

In Xenopus eggs devoid of their vitelline membrane the appearance of 
unpigmented cell surf ace during cleavage is easily observable. The displace
ments of carbon marks attached to the egg surface demonstrate that the 
appearance of unpigmented surface occurs as a result of alocal increase in 
surface area. CCB treatment enhances the rate of growth of unpigmented 
surface areas, directly or indirectly. 

Eggs devoid of their vitelline membrane were exposed to 10 flgjml CCB 
at different stages during first cleavage and fixed 6, 12, and 18 mins. af ter 
the onset of treatment. The areas occupied by newly formed unpigmented 
surface were then measured planimetrically and corrected for natural 
dimensions. 

In control eggs without a vitelline membrane the linear increase in un
pigmented surface between 6 and 24 mins. af ter the SS-stage amounts to 
ca. 0.15 mm2jmin. (For normal eggs within the vitelline membrane this can 
be calculated to be ca. 0.34 mm2jmin.) Within a few minutes of exposure to 
CCB the growth of unpigmented surface increases steeply to reach a linear 
rate of ca. 0.5-0.6 mm2jmin. More accurate measurements are needed and 
will be correlated with changes in electrical membrane characteristics of 
normal and CCB-treated eggs (see sect.I.E.2). 

2. Oortical wound healing in the egg (Xenopus laevis) (J. G. Bluemink) 

Upon perforation of the animal pole surface of first-cleavage zygotes 
devoid of their vitelline membrane with a platinum needIe, the wound 
edges widen somewhat and smooth out to form a circle. A little cytoplasm 
may ooze out, forming a plug in the perforated area. Pigment granules 
accumulate around the wound edges. Subsequently the pigmented wound 
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edges form a slightly elevated ring on the surface. This ring diminishes in 
diameter, ultimately to form a small pigmented spot which remains visible 
for hours. 

Electron microscopy of ultrathin sections cut frontal to the wound sur
face reveals the presence of filaments inside the wound, which are aligned in 
bundies along the wound edge. Centrifugal to this area lies a region of ex
tensive membrane folding which is continuous with the cell membrane of 
the intact, smooth egg surface. 

Inside the exovate cytoplasmic inclusions of all types are present together 
with a meshwork of membranes. In the peripheral region, consisting of 
folded membranes, as weIl as in the meshwork of membtanes inside the 
exovate, lumps of dense fibrous material are sandwiched in between parallel 
membranes. Their morphology is identical to that of the lumps that con
stitute the lanthanum-stainable surface coat in the first-cleavage furrow, as 
reported under 2 above. The morphology of the exovate indicates that it 
constitutes a coherent meshwork of material occluding the perforated area. 

The present working hypothesis is that filaments assem bie along the 
wound edge during retraction. In so far as they remain in contact with the 
underlying cytoplasm they aggregate into a coherent system building up 
enough strength to counteract further tangential retraction. Growth of new 
cell surface circumferential to the wound allows the surface to expand. Thus 
the contractile system assem bied along the wound edge is uncoupled from 
the counterbalancing tangential surface forces . It contracts (passively?) 
and thus forms the leading edge of the closing wound. Final sealing occurs 
by lateral apposition of surface folds over the wound area. 

3. Light and electron microscopy ol cortical structures in the superlicial and 
deep ectoderm ol the emlJryo (Xenopuslaevis) (R. A. F. Dekker - doctoral 
thesis subject, Univ. of Utrecht - with financialsupport ofthe Nether
lands Organization for the advancement of Pure Research) 

The presumptive ectoderm of anuran embryos is composed of two layers 
which become more or less separated from each other in the blastula. The 
superficial (epithelial) layer later forms the outermost epithelium of the 
embryo, and its cells are covered on the side facing the perivitelline space by 
primary surface membrane, coated on the inner side with the original 
cortical cytoplasmic layer of the uncleaved egg. The membranes sepatating 
the individual ceUs probably at least partly represent secondary membrane 
formed during cleavage. 

The deep (neural and sensory) layer of the ectoderm consists of two or 
more irregular strata of cells which are probably surrounded only by sec
ondary membrane formed during cleavage. However, isolation experi
ments with the de eper layer, made by Miss Sudarwati in 1969, have shown 
that its "outer" surface (facing the superficiallayer) and i1s "inner" surface 
(facing the blastocoel) behave differently : the former is capable of restoring 
a protective surf ace much more rapidly than the latter. Because from other 
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experiments it appears that several important physiological and morpho
genetic functions are located somewhere in the periphery of the amphibian 
embryo, the first aim of this research will be to provide a morphological 
description of the cortical cytoplasm of the superficial ectoderm in compari
son with the deep ectoderm. 

3a. Light microscopy 

A method was elaborated to make semi-thick sections of whole blastulae 
and early gastrulae (Nieuwkoop & Fabel' stages 6-12), prepared and em
bedded in epoxy resin for light microscopy. The same material can be used 
for ultrastructural studies of adjacent sections. In order to produce a higher 
contrast in the sections, particularly between pigment and yolk granules, 
several histological staining methods for sections of epon-embedded tissues 
were tJ·ied. Later it was found that phase-contrast photomicrographs of 
unstained I! f.l sections provide adequate images to study the development 
of the two ectodermallayers. 

3b. Electron microscopy 

A comparative study of several fixation, dehydration, and embedding 
methods is in progress in order to find the most satisfactory procedures for 
an ultrastructural study of the cortical cytoplasmic organelles present in 
the cells of the two ectodermal layers. 

C. HISTO- AND CYTOCHEMISTRY (including autoradiography) 

1. Oytochemistry ot early cleavage stages (Ambystoma mexicanum) 

la. Polysaccharides in early cleavage (G. A. Ubbels) 

It has been shown earl ier that considerable amounts of (muco) poly
saccharides are present in the cytoplasm at early developmental stages of 
amphibians. On the basis of staining intensity the amounts appeared to 
differ among the individual cells of the blastula and early gastrula. Moreover , 
during first cleavage an accumulation of stainable material was found 
around the bottom of the indenting cleavage furrow. The following ques
tions arose: (I) does the cytochemical heterogeneity of the cell population 
of the prospective ectoderm and mesoderm have any connection with the 
ultimate differentiation of the cells concerned?; (2) what is the significance 
of the material found near the bottom of the cleavage furrow?; (3) what is 
the nature of the sub stances involved? 

The results are based on a method involving freeze-drying and appropriate 
post-fixation, or on freeze-substitution procedures. Much of the stained 
material is glycogen, and its distribution from the shallow cleavage groove 
stage onwards was described in the previous report (sect.I.c.I). The ob ser
vations have now been extended to still earlier stages. 

The newly laid egg is very rich in glycogen which is found scattered 
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among the yolk granules, mainly in the animal hemisphere. Moreover , 
glycogen was found in particular near the entrance sites of the sperm in this 
polyspermic egg, both in the animal and vegetative hemispheres, as wen as 
inside and close to all internal sperm paths. During these early stages 
glycogen seems to accumulate preferentially in those places which for 
some reason or other are devoid of yolk elements. 

Immediately af ter oviposition smaH yolk-free, glycogen-rich cytoplasmic 
regions appear in the animal hemisphere. These small islands progressively 
increase in size as weIl as in number, and gradually become located particu
larly beneath the pigmented cortex. They finally fuse to form a subcortical 
band in the region of the future cleavage furrow. When cleavage starts this 
band indents together with the cortex. 

In the original small islands pigment granules located in or close to small 
vacuoles are of ten found. Apart from glycogen other substances are present 
in the islands, and a beginning has been made with a more detailed cyto
chemical analysis. The initial displacements and final localization of the 
materials in these islands suggest arelation with early cleavage phenomena. 
It is suggested that the islands are identical with the "nests of vacuolated 
cytoplasm" described by various authors in electron microscope studies. 

During karyokinesis glycogen preferentially accumulates in the region of 
the diastema, i.e., in the perinuclear cytoplasm and in the aequatorial 
region of the futuie mitotic spindle, where the new cell membrane will 
appear later . Moreover, in freeze-dried eggs a glycogen- and pigment-rich 
region of cytoplasm, devoid of yolk granules, is present immediately around 
the bottom of the cleavage furrow. Tiny ( " l,u) granules could be demon
strated by (Hg-) BPB staining in eggs prepared by Gendre freeze-substi
tution, alcoholic dehydration, and paraffin wax embedding. 

It is suggested that glycogen is connected with the formation of the new 
ceH membrane. The glycogen may take part in energetic processes related 
to membrane synthesis, or may constitute an actual membrane precursor. 
Some cases of direct transformation of glycogen into smooth cytoplasmic 
membranes have been described in the literature. The tiny granules may 
represent either mitochondria involved in synthetic processes, or lysosomes 
or residual bodies of yolk granules digested by intrinsic lysosomal activity. 
Both possibilities are being tested. 

lb. Ca-ions in early cleavage stages (G. A. Ubbels and J. G. Bluemink) 

Bluemink found that single and stacked profiles of double-stranded 
membranes are present in the region of the diastema in the egg of Amhy-
8toma during first cleavage. These cisternae move from the diastema region 
towards the subcortical region, where light vesicles are constricted oir (see 
previous report, ref. 2). Bluemink suggests that the light vesicles could 
function as vehicles in Ca transport and play a role in the polarization and 
aggregation of filaments leading to furrow formation. 

Therefore, cytochemicallocalization of Ca was undertaken in paraffin-
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embedded eggs pretreated by freeze-drying or freeze-substitution with 
either pure acetone or absolute alcohol (-80°0) . Staining performed on 
paraffin ribbons according to the method of Kashiwa and Atkinson (1963), 
though positive in control tissue, was negative in Ambystoma eggs in early 
first cleavage. This negative re sult may be due either to a too low sensitivity 
of the method, or to unsuitable pretreatment of the eggs. This will be tested 
further in a joint histochemical and electron-microscopical approach. 

2. Study of possible local differences in the rhythm of DNA synthesis in 
recombinates of animal and vegetat'ive material from blastulae, in relation 
to mesoderm induction (Xenopuslaevis) (A. Sutasurja) 

This autoradiographic study has only just started. It is hoped that the 
first results can be reported next year. 

D. BIOCHEMISTRY 

In an approach to the role and the regulation of pro te in synthesis during 
early development and differentiation, procedures for the isolation of ribo
somes from amphibian eggs and embryos were developed during the preced
ing two years and their characterization has now been partially completed. 

1. Activities of ribosomes from eggs and embryos in a subcellular protein
synthesizing system (Xenopuslaevis) (P. Th. M. van der Saag and J. M. 
Vlak) 

It was shown that the activity of ribosomes (crude preparation, sedi
menting at 100,000 x g) from unfertilized eggs was at a lower level than 
that of the corresponding fraction of cleaving embryos, gastrulae or neurulae, 
when these rib os omes weI'e programmed with poly-uridylic acid as an 
artificial template to incorporate phenylalanine. The maximum level of 
incorporation was 20 phenylalanine residues/ribosome, which is about a 
hundred times as high as in corresponding systems from sea urchin eggs and 
embryos, where a similar phenomenon has been known for several years. 
The addition of supernatant protein does not stimulate incorporation in 
this crude system. More purified ribosomal preparations obtained by 
washing the 100,000 x g sediment witIi 0.5 M NH4CI or KCI were also 
active in a poly U-directed system, although they exhibited much lower 
levels of incorporation (maximally 1 phenylalanine residue/ribosome) when 
incubated with phenylalanyl-tRNA (from brewer's yeast) in the presence 
of fractionated 100,000 x g supernatant containing elongation factors . In 
this case ribosomes isolated from embryos incorporated about twice as 
much phenylalanine as ribosomes from unfertilized eggs. 

Endogenous amino acid incorporation in vitro of ribosomes in the 
100,000 x g sediment is at a low level: also in this case "unfertilized" 
ribosomes always have a lower level of incorporation than ribosomes from 
later stages. 
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On the basis of these results the situation with respect to protein synthe
sis during amphibian development seems to be very similar to that in the 
sea urchin. To answer more specific questions concerning the mechanism of 
this type of translational regulation of protein synthesis, more detailed 
information on the discrete steps in the process of protein synthesis is 
necessary. It will also be necessary to obtain higher levels of incorporation 
in the case of purified ribosomal preparations. The relative amounts of 
peptidyl-tRNA present in the ribosomal preparations of different stages of 
development are presently under investigation. 

2. Isolation ot polyribosomes trom embryos (Xenopuslaevis) (P. Th. M. van 
der Saag and J. M. van der Meer) 

While the existence of polyribosomes in amphibian embryos is poorly 
documented by electron-microscopical studies, evidence based on biochem
ical characterization is virtually absent. We consider their isolation and 
characterization a prerequisite for further studies of the regulation of 
protein synthesis in the developing amphibian system. Despite all our efforts 
the results of the present study are poor: the amount of polyribosomes that 
can be isolated does not exceed 10% of the total ribosomal yield at, e.g., 
the neurula stage. Different methods were tested, the most common of 
which is density gradient centrifugation of the postmitochondrial super
natant on a sucrose gradient. Other, less conventional methods were used 
as weIl, in which the polyribosomes were concentrated first, e.g. by cen
trifugation over several layers of sucrose of different densities, or by 
fractionation over a column of Sepharose. All possible precautions were 
taken to avoid the possible action of RNase: bentonite, macaloid, cyclo
heximide, and rat liver RN ase inhibitor were used in the isolation procedures. 
Interference of glycogen with the UV absorption pattern of the ribosomes 
was counteracted by the presence of concanavalin A in the homogenization 
medium. The use of non-ionic detergents, such as Lubrol W, is necessary for 
good isolation and resolution as weIl. 

No membrane-bound (poly) ribosomes could be demonstrated either in 
the postmitochondrial supernatant or in the 100,000 x g sediment, using 
the detergent deoxycholate. 

3. Isolation and characterization ot RNA trom embryos (Xenopus laevis, 
Ambystoma mexicanum) (P. Th. M. van der Saag and W. Gradstein
Rutten) 

A start has been made with the development of methods for the isolation 
of different species of RNA from amphibian embryos. Several methods 
were compared; cold-phenoljsodium dodecylsulfate extraction of whole 
homogenates or 3000 x g supernatants gave the best results. The yield of 
all methods does not exceed 30%, however, which is too low to draw any 
conclusions with respect to, e.g., the level of synthesis of ribosomal RNA 
relative to that of non-ribosomal RNA. Nevertheless, the synthesis of 
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different kinds of RNA has been followed by labeling embryos with 3H
uridine aftel' dissociation by chemical treatment, aftel' which the RNA was 
extracted and analysed on sucrose gradients. A beginning was made with 
the analysis of RNA preparations obtained in this mannel' by means of 
electrophoresis on polyacrylamide gels, a technique far superior to sucrose 
density gradient centrifugation. 

4. Brain development in neonates (Mus musculus) (P. Th. M. van der 
8aag, J. M. Vlak , and Th. F . J. de Greeff) 

See section IV.B.I, page 41. 

E. BIOPHYSICS 

1. Electrical properties ol membranes ol pregastrula embryos (Ambystoma 
mexicanum, Xenopus laevis) (8. W. de Laat) 

This work is a continuation of that described in the previous report (sect. 
I.e.I). The evaluation of quantitative data on input and transfer resistances 
and capacitances from long-term intracellular micro-electrode measure
ments proved to be so time-consuming that it became necessary to com
puterize the data. Therefore, a data-Iogging system was developed and 
installed by which measurements of e1ectrical membrane properties can be 
registered on line on punch tape. In co-operation with the Academic 
Computer Centre, Utrecht, an Algol program was written which allows 
calculations and plots of membrane potentials and input and transfer 
resistances and capacitances to be made. Experiments using this new 
system have been started. 

2. Membrane permeability and the action ol cytochalasin B during lirst 
cleavage (Xenopus leavis) (8. W. de Laat) 

Although in many ceIl types cytochalasin B (CCB) affe cts contractile 
microfilament systems (WesseIs et al., 1971), exposure of Xenopus eggs 
during first cleavage to CCB does not prevent cell surface contraction 
during furrow formation (i .e., functioning of microfilaments) but leads to 
furrow regression and exposure of newly formed membrane to the outer 
medium (see Bluemink, ref. 2). 

To investigate the action of CCB and the permeability properties of the 
junctional membrane, continuous records of membrane potential (V m) and 
membrane resistance (Rm) of eggs before and during first cleavage were 
made in salt solutions of various compositions, in the presence or absence of 
10 ftg CCB in 10 ftl DM80 per mI. Similar experiments were done aftel' 
removal of the viteIline membrane, as such eggs divide into onIy partly 
adhering blastomeres, thus exposing newIy formed membrane to the 
external medium. 
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During normal development Vm and Rm remain constant at -6 to -12 
mV and 0.3 to 3 MOhm, respectively (depending on the egg used), until 
7- 10 mins. af ter the onset of first cleavage. Depolarization of the mem
brane during the next 10-15 mins. results in a doubling of V m, accompanied 
by a 20 - 40% decrease in Rm. Slight repolarization and increase of Rm 
follows prior to second cleavage. Exposure to CCB or removal of the vi
telline membrane lead to further depolarization and decrease of Rm until 
Vm and Rm reach values of about -75 mV and 100 kOhm respectively, 
at the start of second cleavage. Replacement of external sodium by po
tassium can prevent this extreme depolarization. 1 % DMSO has no effect 
on Vm and Rm. 

It was concluded that CCB does not primarily affect the membrane during 
fust cleavage but interferes with a process directing junctional membrane 
growth. This process may involve other microfilaments than those respon
sible for furrow formation. The junctional membrane shows a high per
meability for potassium which could be involved in electrical coupling of the 
blastomeres. 

3. Ohanges in membrane potential, ion content, and ion activity during 
pregastrula development (A mbystoma mexicanum, X enopus laevis) 
(S. W. de Laat, F. M. Luxwolda and A. M. A. J. N. Vriens) 

This work is a continuation of that described in the previous report 
(sect. l.e.2). A sodium-selective micro-electrode was developed. Preliminary 
experiments were performed in order to correlate the changes in membrane 
potential during the fust cleavage cyclewith changes in intracellular sodium 
activity. 60-70% of the total sodium content appeared to be present in a 
bound form in the uncleaved egg. During first cleavage an increase in in
tracellular sodium activity was observed, paralleled by an increase in 
membrane potential. However, the magnitude of the sodium activity 
cannot fully explain the magnitude of the membrane potential. Measure
ments with potassium-selective micro-electrodes will be started in the near 
future. 

4. Water permeability and the physical state ot water in pregastrula embryos 
(Ambystoma mexicanum, Xenopus laevis) (S. W. de Laat) 

This work is a continuation of that described in the previous report 
(sect. I.e.2). In order to investigate what percentage of the total water 
content is available as a solvent for ions, a method was developed to 
measure the influx of tritiated water into individual eggs. Experiments 
have just been started. 

5. Electrical properties ot membranes during development ot the cellular 
slime moulds (Acrasieae) (S. W. de Laat and Th. M. Konijn) 

See section VIII.2, page 46. 
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11. Amphibian development (general) 

1. Pattern lormation in the presumptive prosencephalon at the open neural 
plate stage (Ambystoma mexicanum) (E. C. Boterenbrood) 

In order to analyse the establishment of the regional morphological 
pattern of the prosencephalon, small fragments of the corresponding 
presumptive region of the neural plate had been transplanted into ectoder
mal "pockets" in the mesoderm-free area of host neurulae by C. F. A. Rosa 
(see report for 1969, sect.II.l). This year the qualitative analysis of the 
differentiated transplants was carried out. 

In conformity with earlier observations the transplants from the central 
region, just behind the transverse neural foId, showed eye differentiation 
only. Transplants from the immediately surrounding areas always formed 
eyes, but these were of ten accompanied by telencephalic or diencephalic 
structures, both at the same frequency. More peripherally, the frequency of 
eye structures decreased, while that of telencephalic structures increased in 
the more anterior, and that of diencephalic structures in the more posterior 
areas. 

These results suggest that the realization of the prosencephalic pattern 
is initially concentric, beginning with a predominance of differentiation 
tendencies for eye formation in the centre, whereas in the more peripheral 
regions the various differentiation tendencies are still in a state of labile 
equilibrium. Quantitative analysis is in progress. There are indications that 
the small size of the transplants used relatively favours the formation of 
those structures which in normal development arise from the periphery of 
the neural plate, e.g. telencephalic and dorsal diencephalic structures. 

111. A vian development 

A. EXPERIMENTAL MORPHOLOGY 

1. The origin ol the regional pattern ol neural ditferentiation (Gallus do
mesticus) (K. Rara) 

From several earlier experiments (see previous reports) it appeared 
possible that "activated" neurectoderm, taken from the area overlying the 
prechordal mesoderm, could be "transformed" up on recombination with 
presumptive chordal mesoderm, leading to the differentiation of mes- and 
rhombencephalic structures. Rowever, because the pieces of neurectoderm 
taken were relatively large, there was no certainty that the neural struc
tures had indeed developed from the neuralized area and not from the 
remaining non-neuralized ectoderm. 

Therefore, a new series of experiments was undertaken in which smaller 
pieces of neurectoderm were used consisting of neuralized (activated) cells 
only. The recombinates and their controls (ectoderm only) were cultured in 
vivo by means of the modified intra-coelomic grafting technique also used in 
the earlier studies (see ref. 7). The results are being analysed. 
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B. ORGAN CULTURE 

1. Proportionate growth ot the appendicular skeleton and the effect ot triiodo
thyronine (Ts) in vitro (Gallus domesticus) (K. A. Lawson) 

Relative differences in growth rate between the cartilaginous limb-bone 
rudiments of the embryonic chick are reproduced in vitro and are asso
ciated with differences in growth response to Ts. For instance, the overall 
growth of the fast-growing metatarsus is initially stimulated and then 
retarded by Ts in vitro, while the same hormone concentration produces a 
continuous stimulation of growth in the normally slowly-growing radius. 
The metatarsus normally incorporates more sIiS04/DNA than the radius, 
and Ts stimulates the incorporation in both bones (see previous report) . 
These results are thought to indicate differences in matrix-synthesising 
capacity in the two rudiments; however, the interpretation may be ob
scured by the connective tissue adhering to the cartilage and necessary for 
the normal growth of the rudiments in vitro. 

The contribution of this thin layer of connective tissue af ter two days 
culture has been analysed. The connective tissue contains 27% of the dry 
weight and 35% of the DNA, the proportions not being significantly diffe
rent in the two rudiments. Small amounts of S5S04 are incorporated by the 
connective tissue (10% of that in the total rudiment) and the connective 
tissue of the metatarsus incorporates about 3 times as much per unit 
amount DNA as that of the radius. This incorporation is not stimulated by 
Ts. In contrast, the cartilage of the metatarsus incorporates about 29% 
more s5S04/DNA than the radius (P < 0.001). The relative stimulation of 
incorporation by Ts (ca. 30%) does not differ significantly in the two bones. 

2. Localization ot s5804 incorporation in the metatarsus and radius (Gallus 
domesticus) (J. M. van Lenthe) 

Quantitative autoradiography of incorporated S5S04 is being used to find 
out whether differences in matrix-synthesizing capacity between the meta
tarsus and radius (see above) are localized in particular regions within the 
cartilage such as the flattened cen zone, and whether the Ts effect is localized. 

3. Proportionate growth and the effect ot Ts in the parrakeet (Leptolophus 
hollandicus) (K. A. Lawson) 

An association between the normal growth rate of a skeletal rudiment 
and its growth response to Ts in vitro had previously been proposed on the 
basis of results found in the chick embryo (see I above) . If the association 
has wider validity it should also apply to other avian species with different 
relative growth rates in the limb skeleton. In parrots the wings are relatively 
long in comparison with the legs and the metatarsals in particular are 
relatively very short. The difference in relative length of leg and wing 
appears to be attained mainly by rapid post-natal growth of the wing. 
However, the embryonic metatarsus is strikingly different in the parrakeet 
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and the chick, that of the parrakeet growing relatively slowly in vitro. As 
predicted its growth is markedly stimulated by T3 . Detailed analysis was 
restricted by the small number of embryos available. 

IV. Mammalian development 

A. EPITHELIO-MESENCHYMAL ORGANS 

1. M esenchyme specilicity in salivary gland m01phogenesis (Rattus nor
vegicus, Mus musculus) (K. A. Lawson) 

The salivary system is frequently quoted as illustrating high specificity 
in the mesenchym al requirement of the developing epithelium on the basis 
of Grobstein's work, in which mouse submandibular epithelium showed 
morphogenetic activity in vitro only in association with its own mesen
chyme, but not with mesenchyme from lung or other organs. In contrast, rat 
parotid epithelium is able to develop morphogenetically and functionally 
not only in salivary mesenchyme but also in lung mesenchyme, and to a 
slight degree in gastric mesenchyme (see ref. 24). 

The mesenchyme requirement of both salivary glands in the two species 
is being reinvestigated. Preliminary results indicate th at (1) in the rat, lung 
mesenchyme can support the development of both parotid and subman
di bul ar epithelium equally weIl; (2) in the mouse, both salivary epithelia 
begin morphogenesis in lung mesenchyme, but this is not maintained; (3) 
mouse salivary epithelia can develop weIl in rat lung mesenchyme. It is 
suggested (1) th at the mesenchym al requirement in both rat and mouse 
salivary systems is less specific than was previously supposed, and (2) th at 
there may be differences in tissue interaction during lung development in 
the two species, since it is known that in mouse lung the epithelium is 
needed for the differentiation of the mesenchyme and cannot be replaced by 
submandibular epithelium. 

2. Cytodilterentiation ol parotid epithelium in association w'Ïth lung mesen
chyme (Rattus norvegicus) (K. A. Lawson) 

Rat parotid epithelium, when combined with lung mesenchyme in vitro, 
is able to form adenomeres which subsequently pro duce amylase activity; 
40% of these recombinates also contain atypical epithelium consisting of 
columnar cells with much PAS-positive material (see ref. 24). The nature of 
this material is being investigated in the light of Alescio and Danis' recent 
finding that substantial glycogen pools are associated with the morphoge
netic activity oflung epithelium, which is itself dep ende nt on the presence of 
bronchial mesenchyme. Preliminary results indicate that the atypical 
parotid epithelium contains substantial quantities of glycogen. 

B. BRAIN DEVELOPMENT 

l. Brain development in neonates (Mus musculus) (P. Th. M. van der 
Saag, J. M. Vlak, and Th. F. J. de Greeff) 
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Becau8e of several difficulties which for the moment hamper a molecular 
approach to the problem of the regulation of protein synthesis during early 
development in amphibians - a few of which were mentioned in sect. I.D. -
the need was feIt for another system in which these goals could be pursued 
more effectively. The developing neonatal mouse brain seems to be a most 
suitable object in this respect. The abundant presence and synthesis of a 
specific protein, the microtubule protein tubulin, the relative easiness of 
methods for its isolation, the availability of large quantities of polyriboso
mes, the possibility of studying biochemical and morphological features of 
brain differentiation in vitro, and the availability of recently developed 
methods for the separation of the two main cell types of the brain, neurones 
and glia cells, are only some of the more obvious examples of the versatility 
of this system. 

The first task was to establish a subcellular protein-synthesizing system 
with polyribosomes using endogenous messenger RNA as a template. This 
system turned out to be very active: 200-300 amino acidsjribosome are 
incorporated. Secondly, it has been shown that the polyribosomes complete 
chains of tubulin in vitro that were initiated in vivo. Ribosomes free of 
messenger RNA, peptidyl-tRNA, or aminoacyl-tRNA were prepared and 
programmed with poly-U, and also showed a very high level of incorpora
tion (about 60 phenylalanine residuesjribosome) . Questions related to the 
well-known de cline of protein synthesis during brain differentiation in 
vivo - in fact the reverse of the situation encounteied in early amphibian or 
sea urchin development - are being investigated with the aid of such sub
cellular systems. 

v. Amphibian limb regeneration 

l. The nwrplwgenetic capacities of a large ma8S of transplanted blasternal 
mesenchyme covered by wlwle skin (Ambystorna mexican~tm) (M. I. 
Michael and J . Faber) 

The results of this investigation, carried out during 1970, have now been 
published (see ref. 11). They are quite clear in that the transplanted mesen
chyme formed oblong cartilages resembling proximal long bones of the 
limb, in the absence of digit foimation. 

2. Possible directive influences of a transplanted blasterna over subjacent 
minced muscle fragments (Ambystorna mexicanum) (C. E. Dinsmore) 

Carlson (1970) has demonstrated regeneration of minced muscle frag
ments in the axolotl, and de Both, in recent work at this Laboratory (see 
report for 1970, ref.5), has shown that even distallimb blastemas possess an 
autonomous organization potential leading to the formation of a disto
proximally almost complete limb pattern, provided the mass of the trans
planted mesenchyme is enhanced. The present investigation is an attempt 
to establish a correlation between these two findings. 
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If regenerating mineed muscle undergoes some degree of dedifferentiation 
during reorganization, then an adjacent distal blasterna may utilize the 
mineed muscle as a supplementary source of mesenchyme cells, perhaps 
leading to a fuller realization of the blastema's morphogenetic potential. 
To test this possibility, mineed muscle from fore limbs ofaxolotllarvae was 
transplanted into the orbit of a host larva from which the eye had previous
ly been removed. It was subsequently covered by a single blasterna ob
tained by amputation through the wrist, which was at the late palette 
stage. The preliminary results show a degree of long bone formation proxi
mal to the hand formed by the blasterna, as predicted. The results are being 
analysed further and the investigation will be continued in the U.S.A. 

VI. Insect development 

A. DEVELOPMENTAL GENETICS AND PATTERN FORMATION 

1. Genetics , morphology, and development of homoeotic mutants (Drosophila 
melanogaster) (W. J. Ouweneel) 

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

The study of the effe cts of colchicine on proliferation in the homoeotic 
outgrowths of ld-opht (see previous report, sect.V.l.a) was continued (see 
ref. 27). Late 2nd-instar eye discs were bathed in colchicine solutions of 
various concentrations, and cultured in vivo. The head structures were 
characteristically affected. The penetrance of the homoeotic outgrowths was 
slightly affected; their expressivity was strongly increased, maximally at 
the lowest concentrations used. Expressivity was also increased in col
chicine-fed animaIs. It was concluded that colchicine is not only a mitotic 
poison, but may sometimes stimulate proliferation directly or indirectly; 
this conclusion is in agreement with the literature. 

The effect of actinomycin D was also studied. In animals reared on food 
containing this antibiotic the penetrance of the wing-like outgrowths was 
drastically reduced with increasing concentration. 

lb. Developmental interactions between homoeotic mutations 

The study of these interactions was continued (see previous report, sect. 
V.l.c and this report, ref. 15). The mutation tet (changing the wings into 
"legs" or "halteres") reduces the effect of hl (changing halteres into "wings"). 
Moreover, the influence of a number of non-homoeotic morphological 
mutations on homoeotic tissues is being examined. 

2. Pattern formation and regulation in imaginal discs (Drosophila melano
gaster ) 

2a. Pattern regulation in the antennal disc (W. J. Ouweneel) 

Culturing of young antennal discs in host larvae may lead to partialor 
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complete reduplication of the antennal structures. If in the intact animal 
the posterior part of the antennal disc and the eye disc fail to develop, 
a fiy with a "half head" may arise, having a reduplicated palpus on the 
deficient side . The theoretical implications of this and similar phenomena 
in terms of "positional information" (Wolpert) were extensively studied 
(see ref.2S). 

2b. Pattern formation in the haltere disc (W. J . Ouweneel and J. M. van 
der Meer) 

By extensive fragmentation of haltere discs and subsequent transplan
tation of the fragments the anlage map of the disc was tentatively estab
lished. The map is sequential rather than concentric, just as in the wing 
disco Many adventitious bristles were produced by the metathoracic part of 
the disc, as weIl as certain papillae not previously described. 

Haltere discs geneticaIly marked by different mutations were dissociated 
and intermingled in pairs. Af ter metamorphosis it appeared that (1) some
times ceIls of the thorax area and the haltere area proper seemed to segregate; 
(2) cens of different genotype but of the same organ district did not sort 
out; (3) mosaic cen groups sometimes formed normal differentiation patterns 
(e.g. on the capitellum ot the metathorax) which are supposed to have been 
determined af ter transplantation ("repatterning") . The experimental 
material is being analysed further. 

A beginning was made with culturing fragments of haltere discs in adult 
hosts, in order to evoke blastema formation at the wound surfaces, and to 
see whether differentiation from these blastemas (af ter metamorphosis) 
would take the form of regeneration of missing structures or of reduplication 
of structures present in the fragments originany transplanted. Such ex
periments may provide insight into the nature of "positional information" 
within the discs. The first results are promising. 

B. GERM CELL DETERMINATION 

1. The roZe ot the poZe plasm and polar granules ol the egg (Drosophila 
melanogaster) (G. Graziosi, with assistance of M. Graziosi and F. Micali) 

This work was undertaken in preparation of a study aimed at the further 
elucidation of the role of polar granules in germ cen determination and 
differentiation, which is to involve the transplantation of pole plasm from 
norm al eggs into UV -treated recipient eggs. 

la. The effect of pricking the posterior pole of the egg on gonad develop
ment 

Pricking the posterior pole of the egg with a glass needIe resulted in a very 
low sterility rate (3.3%), so that it will be possible to try and inject cyto
plasm without the resu1ts being obscured by purely mechanical damage. As 
regards mortality of the pricked eggs, the best results were obtained with 
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eggs younger than 40 mins. af ter oviposition (survival rate: 43% larvae, 
18% adults). 

2b. The effect of ultraviolet light on pole plasm 

In a recent paper Mahowald presented ultrastructural evidence that the 
RNA th at seems to be present in the polar granules probably disappears at 
about 30 mins. af ter oviposition. He suggested that this RNA might be 
messenger involved in the determination of the developmental fate of the 
future pole cells. 

In order to test this hypothesis the posterior poles of eggs were irradiated 
with UV light at different stages: (1) prior to 30 mins., (2) between 30 and 
90 mins. , and (3) more than 90 mins. af ter oviposition (at about 90 mins. 
cleavage nuclei reach the polar cytoplasm). Using a wave-Iength of 254 mf.J 

(which mainly affe cts nucleic acids) the resulting sterility of the hatched 
fiies is relatively high for stages 1 and 3. A different wave-length (280-366 
mf.J, which does not affect nucleic acids specifically) leads to relatively high 
sterility in stages 2 and 3. Some of the differences are statistically signifi
cant. The results, which seem to be in accordance with Mahowald's hy
pothesis, are being prepared for publication. The investigations are being 
continued in Italy. 

VII. Morphogenesis in the cellular slime moulds 
(including some other studies on cyclic AMP) 

1. Chemotax'ts in the cellular slime moulds (AcTas'ieae) 

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

Cell aggregation in several species of Dictyostelium is mediated by ade
nosine 3' ,5' -monophosphate (cyclic AMP). Myxamoehae of D. vinaceo-juscum 
are not attracted by cAMP. Milk is a very active chemotactic agent and 
attracts amoebae even up on thousandfold dilution. Purification of milk to 
isolate the attractant for D. vinaceo-juscum led to three ill-defined peaks 
of activity. Purification of bacterial extracts resulted in two peaks of 
activity, one of which may represent the active molecule, bound to another, 
larger molecule. The active component is a small molecule (M.W. < 1000) 
which differs from the cyclic nucleotides. 

lb. Isolation and purification of the attractant of myxamoebae of D. 
aureum (Th. M. Konijn and M. C. Tengbergen) 

Purification of bacterial extra cts by column chromatography resulted in 
two peaks. The smallest attractant (M.W. < 1000) was adsorbed onto 
activated charcoal and purified by thin-Iayer chromatography in different 
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solvents. Recently the group of Bonner at Princeton University discovered 
astrong chemotactic activity of folic acid. Using the small-population test 
(see previous report, ref. 11) it was possible to show that folic acid attracts 
myxamoebae of D. aureum at concentrations as low as 1O-8M. Myxamoebae 
of D. vinaceo-Iuscum are also attracted by folic acid. The smaIl attractant 
found by us is being studied further to see whether it is folic acid. 

Ic. Does cyclic AMP penetrate the ceIl membrane of myxamoebae 1 
(D. discoideum) (P. B. Moens and Th. M. Konijn) 

Cyclic AMP acts intracellularly in nearly all biological systems. Myxa
moebae of the larger species of Dictyostelium are attracted by cAMP secreted 
by other cells or by bacteria. Does cAMP stimulate the membrane of the 
amoeba, resulting in local pseudopod formation, or does it become active 
only af ter penetration into the cell interior 1 

Myxamoebae were incubated in 32p_ and 3H- labeled cAMP. Samples 
were withdrawn af ter different incubation periods. The intracellular and 
extracellular labeled cAMP and its metabolites were separated, identified 
by thin-Iayer chromatography, and their radioactivity was measured in a 
liquid scintillation counter. A rapid conversion of cAMP into 5'-AMP took 
place in the supernatant. The conversion was slower in supernatants of 
amoebae which were close to the aggregative stage. cAMP does not enter 
the cell, at least not at appreciable levels. 

Exposure of the myxamoebae to cAMP labeled with 3H and subsequent 
analysis by means of autoradiography also indicated that cAMP does not 
penetrate the cell membrane. 

ld. The attraction of myxamoebae by 5' -amido analogues of cyclic AMP 
(Th. M. Konijn) 

Previously it hlW been shown that changes in the base, the sugar, and 
especially the phosphate moiety affected the chemotactic activity of cAMP. 
Substitution of the oxygen atom of the phosphate moiety at the 5'-bond by 
a methyl or amido group does not significantly alter the chemotactic 
activity. Addition of a methyl, butyl, octyl, or dimethylaminopropyl group 
to the 5' -amido group results in a reduction of activity by a factor of 
104-106 • 

2. Electrical properties ol membranes during development (Acrasieae) 
(S. W. de Laat and Th. M. Konijn) 

The cellular slime moulds could provide an adequate system to study the 
role of electrical coupling in differentiation. One can distinguish fairly 
discrete developmental stages, which could theoretically be parallelled by 
differences in electrical coupling. Moreover, differentiation is easily in
fluenced by external conditions. 

Preliminary experiments indicate that vegetative amoebae, if packed 
together by centrifugation, do not show electrical coupling, but aggregated 
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amoebae and eells in migrating pseudoplasmodia are eoupled. In aggregated 
amoebae the extent of eleetrical eoupling and the membrane potential ean 
be influeneed by ehanging light conditions. 

3. The effect ol tetracaine on chemotaxis and aggregation (D. discoideum) 
(H. Rasmussen, Department of Biochemistry, University of Pennsyl
vania, and Th. M. Konijn) 

Tetracaine aIters calcium binding and affe cts transport by the ceIl mem
brane. Tetracaine concentrations as low as IO-6M caused a delay in aggrega
tion. At 1O-4M this delay was more than four houl's. Tetracaine at con
centrations of 1O-5M or Ie ss had no effect on the attraction of myxamoebae 
by cAMP, but chemotaxis was significantly reduced at 1O-4M. Myxamoebae 
were not attracted in the presence of lO-3M tetracaine, their locomotion 
being severely impaired. The effect of tetracaine on chemotaxis was shown 
to depend on the physiological stage of the amoebae. 

4. Catabolite repression and cyclic AM P 

4a. Catabolite repression and cyclic AMP produetion in D. discoideum 
(R. van Wijk, Van 't HoffLaboratory, University of Utrecht, Th. M. 
Konijn, and C. J. Hessels-Boogh) 

In starving bacteria and yeast the lower degree of catabolite repression 
results in a higher amount of intracellular cAMP, which may play a role in 
the regulation of enzyme synthesis. It was not possible to show such an 
increase of the cAMP level in starving myxamoebae. 

4b. Catabolite repression and cyclic AMP production in Schizophyllum 
(J. G. H. Wessels, Laboratory of Experimental Phytomorphology, 
University of Groningen, and Th. M. Konijn) 

Schizophyllum was grown in liquid and sand cultures. Extraets of five 
and ten day old mycelia we re tested for their cAMP content. Under both 
culture conditions the cAMP level was highest in the ten day old mycelium. 

5. Cyclic AMP in other organisms, and its possible lunction 

5a. The role of cyclic AMP in the hormone-receptor interaction of para
thyroid extract in isolated bone cells of embryonic calvaria (Rattus 
norvegicus) (J. W. Hekkelman, Laboratory of Cell Biology and Histol
ogy, University of Leiden, and Th. M. Konijn) 

The increase in cAMP level aftel' exposure to parathyroid extract was 
affected by the way the bone cells we re dissociated, and by the composition 
of the incubation medium. Aftel' exposure to the hormone cAMP production, 
even under optimal conditions, was much lower in the isolated bone cells 
than in intact cal varia. 



48 PROGRESS REPORT 1971 

5b. Does cAMP play a role in the metabolism of healthy turnips and 
turnips infected by Plasmodioplwra brussicae? (H. M. Dekhuijzen, 
Centre for Plant-physiological Research, Wageningen, and Th. M. 
Konijn) 

Infection by P. brussicae did not affect the cAMP level in the plant. 
Starvation of callus tissue did not result in a higher cAMP level either. 

VIII. Miscellaneous 

1. Dr. Rosine Chandebois again stayed at the Laboratory for three weeks 
in May to study literature and to discuss various embryological problems. 

2. Dr. E. Baeckeland stayed at the Laboratory for four weeks in Septem
ber and October to learn experimental-embryological techniques as applied 
to the chick embryo. 

P. D. NIEUWKOOP 

J. FABER 
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1. Division of Fungus Taxonomy 

Drs. H. A. van der Aa 

W ork on the fungi des cri bed as species of the genus Phyllosticta was 
continued. A revision of the species remaining in the genus Phyllosticta 
Pers. ex Desm. sensu stricto was prepared for publication. New isolates 
were made of some species occurring on Ericaceae and Pyrola. Some of them 
were collected by Dr. K . W. Gams in Sardinia, Italy. Phyllosticta cruenta, 
the type species of the genus, was isolated for the first time from leaves of 
Polygonatum odoratum, collected by MI'S A. J. van der Plaats-Niterink and 
Dr. L. Marvanová in Czechoslovakia. Fresh collections of Phyllosticta 
capitalensis and Phyllosticta hypoglossi became available, the former species 
with a Guignardia ascigerous state. Microconidial stat es were encountered 
in all species mentioned, either in vivo or in vitro. Spore germination ex
periments and cultural studies we re carried out with all new strains. 

Much time was spent also on a study of fungi described as Coniothyrium. 
In a recent paper, SU'J.'TON (Mycol. Pap. 123, 1971) showed th at in Conio
thyrium palmarum, the type species of the genus, the conidia have a trun
cate base and originate from elongating conidiogenous celIs (annellophores). 
In most of the other species described as Coniothyrium, the conidiogenous 
cells are phialide-like and do not elongate. Therefore special attention was 
paid to the conidiogenous apparatus in all the strains studied. In freshly 
collected material of C. palmarum the conidia were found to be borne partly 
on annellophore-like, partlyon phialide-like cells. In other species annel
lophores were found in multiloculate pycnidial bodies along the edge of the 
inner folds only, in other parts the conidiogenous cells do not elongate. It is 
concluded therefore that a subdivision of the genus Coniothyrium, based 
on the conidium ontogeny only, would be arbitrary. 

Several recently isolated strains of Coniella granati (Sacc. ) Petrak & 
Sydow proved to be indistinguishable from Pilidiella quercicola, the type 
species of the genus Pilidiella. This genus is characterized by strornatie 
structures, incompletely chambered pycnidia with a distinct ostiolar pore 
and by thin-walled conidia, which are yellowish or brownish in mass and 
of ten provided with apical slimy appendages. In typical species ofthe genus 
Coniella, the pycnidial wall is thin, membranaceous, the pycnidia at first 
are astomatous and the conidia are thick-walled, brown and not appendaged. 
Therefore Coniella granati has to be renamed Pilidiella granati (Sacc. ) van 
der Aa, combo nov. (basionym: Phoma granati Sacc. in Nuovo G. bot. ital. 
8 : 200, 1876). 

A large number of cultures, isolated by Prof. F. W. Went from material 
collected in the Death ValIey Desert, Nevada, U.S.A., proved to belong to 
undescribed species of the genera Coleophoma and Phoma of the Sphaeropsi
dales. Six other strains represent a rather primitive, not yet described 
ascomycete, belonging to the Venturiaceae. These were described as Ma
croventuria wentii, as the type species of a new genus. This genus resembles 
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Venturia de Not. sensu Sacc. especially in the setose perithecia, but it differs 
in the restricted number of the relatively large asci, the al most hyaline, 
large ascospores and the saprophytic mode of life. A culture, received from 
Prof. M. C. Papendorf of Potchefstroom, South Africa, was described as a 
second species of the genus: M acroventuria anomochaeta. This species was 
different from the N. American strains in the characteristic arrangment of 
the setae in two series and in some other details of the perithecia and as
cospores. 

Dr. J. A. von Arx 

The study of yeast-like Ascomycetes with septate hyphae was continued. 
All cultures maintained by the CBS under the generic names Endomyces, 
Endomycopsis and Geotrichum we re compared. The genus Endomyces is 
accepted for the ascigerous states of Geotrichum species with naked asci 
containing one, four or eight ascospores. Endomyces decipiens, the type 
species of the genus, was collected several times on the gills of Armillariella 
mellea, but only arthroconidia and chlamydospores (thick-walled aleurio
conidia) and no asci or ascospores were observed on the gills or in pure 
culture on different media. 

In two strains of Geotrichum candidum an ascigerous state was encoun
tered. The asci are borne on the hyphae, on gametangial tips or on recurved 
stalks. Most asci remain immature, those that do mature contain a single 
ascospore with a thick, furrowed wall. This ascigerous state is closely related 
to Endomyces reessii, but has to be classified in a separate, not yet described 
species. The genera Dipodascus and Eremascus of the filamentous Ascomy
cetes and Nadsonia of the apiculate yeasts are related to Endomyces. 

For Endomyces javanensis the new genus name Arthroascus is proposed. 
This fungus may be related to the genus Hanseniaspora of the apiculate 
yeasts and to a number of other genera to be classified in the family Ascoide
aceae. The family can be characterized by hat-shaped ascospores and by 
clavate or fusiform, of ten catenulate asci, borne on hyphae or on ascophores. 
Another new generic name H ormoascus is proposed for Endomycopsis 
platypodis, a yeast-like ambrosia fungus with septate hyphae and with a 
thickened septum around a plugged central pore. The fungus is related to 
the genus Ambrosiozyma and a.]so has to be classified in the Ascoideaceae. 

In another project the CBS strains maintained under the generic names 
A rachniotus , Pseudoarachniotus and Narasimhella were revised, partly in 
cooperation with Miss A. C. Stolk and Mr. R. A. Samson. The type species of 
the genus Pseudoarachniotus proved to be identical with Arachniotus danka
liensis, a fungus known in literature under various other names. The study 
has shown that the genus Arachniotus is an unnatural taxon containing 
fungi of different relationships. Only six species could be accepted, all 
others were excluded. The genus Amauroascus is reintroduced for a number 
of species characterized by asci borne from croziers and by spherical, or
namented ascospores. The genus Narasimhella is distinguished from Ara-



Fig. 1. Eleutherascus lectardii, initial coil with 2 asci. 1000 x. 
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chniotus by ring-like initiaIs, by clavate asci borne from croziers and by 
lenticular, hyaline ascospores. 

For Arachniotus striatisporus the new genus Byssoascus is introduced. 
Characteristic are clavate asci, fusiform, striate ascospores and a conidial 
state of the form genus Oidiodendron. A rachnotheca , another new genus is 
proposed for Arachniotus glomeratus, a fungus with a clavate ascogonium, 
surrounded by a densely coiled antheridium. The ascomata have a thick 
peridium composed of colourless hyphae and the spherical ascospores are 
surrounded by a furrowed sheath. A third new genus Eleutherascus is based 
on Arachniotus lectardii (Fig. 1). In this species the initials borne in the 
aerial mycelium are usually coiled and form one, two or three asci, surroun
ded only by a few paraphysis-like filaments. This fungus may be related to 
Ascodesmis of the operculate discomycetes, but no operculum could be 
observed in the nearly spherical asci. 

In a short paper, the family Testudinaceae is erected, belonging to the 
Pseudosphaeriales (Loculoascomycetidae) and comprising the genera 
Testudina, Neotestudina, Lepidosphaeria, Argynna and Pseudophaeotri
chum. Typical for these genera are the formation of cleistothecia and two
celled, dark ascospores. 

Dr. O. Constantinescu 

(Guest worker from the Institute of Biology "Tr. Savulescu", Bucharest, 
J anuary -September) . 

The CBS strains of the genus Cercospora were studied in addition to 
numerous own isolates. The main consideration was given to the sporulating 
capacity and the maintenance of the Cercospora strains. Species with 
pigmented conidia and species with hyaline conidia may react differently 
to external conditions. The experiments showed that exposure to "black 
light" may increase the sporulation, especially in the species with pigmented 
conidia. In order to get and to keep cultures in good condition the following 
treatment is recommended: The strains should first be grown on potato
carrot-agar at 22-24°C in darkness, and th en be stored at 4°C, in darkness 
(A) aftel' 3-4 days for species with hyaline conidia; (B) af ter 7-10 days for 
species with pigmented conidia. By this method the appearance of white, 
sterile variants is avoided. A technique was developed in order to select 
the "wild" type from old cultures as a first step in the reactivation of the 
sporulation. To secure the ability to sporulate repeated selective transfer 
of minute fragments of "wild" pigmented mycelium (in contrast to white 
sterile) and inoculation by flooding is recommended. Studying the Centro
spora acerina cultures from the CBS collection, an unusual polymorphism 
of the conidia was noticed in two strains cultivated on various media at 
different temperatures. 

Dr. K. W. Gams 

The monograph "Cephalosporium-artige Schimmelpilze "(Hyphomycetes) 
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(Gustav Fischer Verlag, Stuttgart) passed the final proofs in April and af ter 
much delay was published at the end of November. In the meantime 
several new species of Acremonium and similar genera turned up; they will 
be described in a series of supplements. The fust paper will cover two 
species isolated from heated substrates: A. therrrwphilum W. Gams & Lacey 
from heated hay, and the Ie ss thermophilic A. flavum W. Gams from 
compost. In continuation of the study of phialide-forming hyphomycetes 
with one-celled slimy conidia, a monographic treatment of Verticillium, 
Gliocladium and related genera was started. A check list of all species de
scribed was assembIed. Much work will be required in order to establish 
sound species and genus concepts. 

The green Gliocladium strains of the CBS collection were compared. The 
constriction of the phialide tip was found to be a useful character for 
distinguishing Myrothecium from Gliocladium. A clear line could be drawn 
between G. catenulatum Gilman & Abbott with Verticillium-like primary 
conidiophores and G. nigrovirens van Beyma with compacted phialides on 
the primary conidiophores. G. roseum var. viride RaIl can be considered as a 
synonym of the former species. 

Numerous Gliocladium isolates were obtained from stored potatoes, in 
order to establish the identity of G. solani (Harting) Petch. This species 
was found to be represented by an old strain in the CBS collection hitherto 
misidentified as G. penicillioides Corda. 

Herbarium material of Verticillium and Gliocladium was borrowed from 
the collections in Beltsville and Padova, while the cOllections kept at Paris 
were consulted during a visit to the Laboratoire de Cryptogamie. 

When making isolations of fungi from potatoes, an almost obligate para
site on Gliocladium catenulatum of intermediate position between the genera 
Acremonium and Paecilomyces was isolated. Another similar obligately 
parasitic strain (on Acrerrwnium strictum) was obtained from Mr. G. M. 
Tichelaar, Wageningen, who had isolated it from soil in S. Flevoland. 
Some related strains, fitting the description of Oospora tholispora Arnaud, 
which in pure culture grow less vigorously than in combination with other 
fungi, were isolated from various mouldy substrates. These fungi are being 
studied jointly with R. A. Samson. 

On the occasion of the Mycological Congress at Exeter excursions were 
held i.a. to Exmoor, where for the first time fresh material of M onocillium 
granulatum (Fuckel) W . Gams, which perfectly agreed with Fuckel's speci
mens of Fusidium granulatum, was found on Luzula sylvatica. In pure 
culturethisfungus produced very unusually long and thick-walled phialides. 
During an excursion to the New Forest (near Lyndhurst) a species of 
Oladobotryum with penicillate conidiophores was found, whose conidioge
nous cells show a very pronounced shortening in the course of conidioge
nesis. The work by Dr. M. B. Schol-Schwarz on Phialophora species and 
their connection with Ooniochaeta perfect states is being continued. In both 
genera species concepts are difficult to establish. The first step required 
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is a revision of the species hitherto described as Ooniochaeta with a study 
of herbarium specimens, many of which were found at Paris. Following a 
suggestion by Dr. D . L. Hawksworth, Kew, the identity of Ohaetomium 
nozdrenkoae Sergejeva 1961 and Oh. diftorme W. Gams 1966 was checked by 
mating experiments with single-spore strains and confirrned. Prof. B. 
Jamoussi visited the institute, in order to identify isolates suspected to 
cause die-back of apricot trees in Tunesia. Amongst the strains examined 
were Verticillium intertextum Isaac & Davies and V. psalliotae Treschow; 
the most likely causal agents are some Graphium strains differing in macro
scopic appearance and size of synnemata, but agreeing in the curved club
shaped conidia with truncate base, 4-5 x 1.4-1.7 {l, and a characteristic 
aromatic smell. They could not be identified with a known Graphium 
species, but agree with Stilbum basitruncatum Matsushima. 

The work on the heterothallic Mortierella elongata and the homothallic 
new species M. epigama has been finished and will be published in the 
Transactions of the British mycological Society in February 1972, jointly 
with C.-Y. Chien and K. H. Domsch. In the meantime further strains with 
cylindrical spores of doubtful position are turning up and require further 
study. 

Mrs. Drs. E. J . Hermanides-Nijhof 

Factors which influence the production of perithecia in species of the 
genus Fusarium were further studied with a heterothallic strain of Fusarium 
javanicum Koorders (= Nectria haematococca Berk. et Br.). Compatible 
crossings were carried out under different circumstances of temperature, 
light (daylight and black light), humidity and culture media in various 
combinations. Inundation of a culture and exposure to black light at a 
certain stage of the development slightly increased perithecia formation, 
but the results were far from satisfying. 

Later on, a strain of Fusa1·ium graminearum Schw. (= Gibberella zeae 
(Schw.) Petch), which produces mature perithecia and one of Fusarium 
lateritium Nees (= Gibberella baccata (Wallr.) Sacc.), which pro duces a few 
sterile perithecia, were included in the experiments with poor results. The 
Fusarium species of the group Elegans present in the collection were 
rearranged in two species, Fusarium oxysporum Sch1. ex Fr. (with formae) 
and Fusarium redolens Wollenw. 

Drs. G. S. de Hoog 

The species belonging to the genera Tritirachium and Beauveria have 
been revised. The genera are closely related on account of the geniculate 
conidiogenous cells; some differences could, however, be demonstrated. 
In both genera the conidia are produced successively by a sympodial 
growth of the conidiogenous ceH, i.e. for each subsequent conidium a pro
liferation occurs somewhat below the previous one. Proliferation may arise 
either directly below the previous conidium (apical), somewhat lower 
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(subapical), or at the base of the conidiogenous rachis (basal). The genus 
Beauveria comprises species characterized by conidiogenous cells which 
are more or less swollen at the base and proliferate subapically. Now it 
contains three species, mostly parasitic on insects. A related species, 
Isaria felina De. ex Fr. differs by having basal proliferation of the curved 
conidiogenous cells; it forms distinct coremia. 

Fot globose-spored strains the name Beauveria bassiana (Bals.) Vuil!. is 
maintained. The older epithet densum Link for the same fungus was rejected 
by FRIES (1832); Botrytis paradoxa Bals., under which name the species first 
was published, is a nomen provisorium. For the oval-spored Beauveria 
species the epithet tenella Sacc. has been used frequently since 1954; it has 
to be rejected, because the type is identical with B. bassiana. The oldest 
available name for the species is Beauveria brongniartii (Sacc. ) Petch. The 
third species of Beauveria is B. alba (Limber) Saccas. 

Tritirachium appeared to be heterogeneous. The type speciesT. dependens , 
and the closely related T. oryzae (= T. roseum) produce conidia by apical 
proliferation, the conidiogenous cells are obviously geniculate (zig-zag). All 
other species described in Tritirachium have denticulate conidiogenous 
cells, with a straight rachis, bearing lateral denticles. For this reason a new 
genus, Acrodontium, is distinguished from Tritirachium. The type species 
is A. crateriforme (van Beyma) de Hoog (= Ohloridium crateriforme van 
Beoyma),mostlyknownasOhloridium minutum Sacc. sensu Tubaki. In this 
species no differentiated conidiophores are present, the conidiogenous cells 
are borne directly on the vegetative hyphae. A similar species, of which 
several strains were examined, is described as A . salmoneum. In most of the 
species of Acrodontium, however, more or Ie ss differentiated conidiophores, 
erect or procumbent, are present. For this group the section Grisea is erected. 

A taxonomic study of Ohloridium Link was started and mainly concerned 
the species with sympodulae. The type species, O. viride , however, has 
phialides. 

Some attention was payed to the genus Embellisia SIMMONS (197l, 
Mycologia 63: 380). The type species is E. allii, formerly des cri bed as 
Helminthosporium allii. In October 1971 Mr. P. J. Muller (Lisse) had 
isolated a related dematiaceous hyphomycete from Hyacinthus sp .. Young 
cultures of this strain resembIe Embellisia chlamydospora; one-month-old 
cultures, however, can hardly be distinguished from Ulocladium Preuss. It 
is very likely that the strain represents an undescribed species, though the 
misapplied name Oladosporium fasciculare Fr. sensu Massink might fit it. A 
manuscript was prepared to describe it as Embellisia hyacinthi. The value 
of some taxonomic criteria used for distinguishing the species of Embellisia 
and Ulocladium, has to be tested. 

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

Up to now about 30 species of Pythium have been isolated from soil, 
diseased plants and water in the Netherlands. Some strains could not be 
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identified because they failed to produce sex organs. These strains are 
arranged in 4 groups, which can be recognized by the following characters: 
1) producing only non-swollen filamentous sporangia; 2) producing only 
hyphal swellings and not giving any response in crossings with known 
heterothallic species; 3) only producing proliferous sporangia, and 4) only 
producing swollen filamentous sporangia. Investigations on the first group 
were started. The isolates ofthis group proved to represent different species. 
One ofthem appeared to be heterothallic : oogonia were produced in crossing 
experiments. It turned out to be a new species and will be described before 
long. Species with filamentous or proliferous sporangia were of ten isolated 
from water or wet soils. During the years 1967-1971 Pythium species were 
isolated from soil samples taken from the polder Z. Flevoland. In 1968 
mainly Pythium species belonging to the groups 1, 3 and 4 occurred; P. 
torulosum was also isolated. In 1969 the same types were isolated but beside 
these also P. gracile , P. adhaerens (both belonging to the group with fila
mentous sporangia), P. sylvaticum and P . heterothallicum. 

In the course of 1970 still more species were obtained from the same 
location: P. rostratum, P. middletonii, P. angustatum, P. ult'imum, P. irregu
lare, P. intermedium. In 1971 Pythium species from group 1 and 4 were still 
present but many other species were also represented: P. sylvaticum, P. 
intermedium, P. paroecandrum, P. ultimurn , P. oligandrum, P . adhaerens , 
P. torulosum and P. rostratum. 

From soil samples taken near bird's nests and rabbit-burrows mostly 
only P. rostratum could be isolated. In a few cases some more species were 
found (P. sylvaticum and P. intermedium). P. rostratum occurred also in 
several other soil samples. 
The study on the delimitation of Pythiu,m megalacanthurn was continued. 

Miss Drs. A. C. Stolk 

In cooperation with Mr. R. A. Samson the relationships between species 
of the genera Talaromyces and Byssochlamys were studied. The two genera 
are generally separated from one another by the presence (Talaromyces) or 
absence (Byssochlamys) of ascomatal coverings consisting of networks of 
hyphae and by their imperfect states (Penicillium in Talaromyces and 
Paecilomyces in Byssochlamys) . Recently two species have been described : 
T. emersonii and T. leycettanus, which according to these definitions re
present intermediate species. In T. emersonii the ascomata consist of 
clusters of asci surrounded by very scanty wefts of hyphae, thus approxi
mating the structure of the ascomata of Byssochlamys. However, the 
conidial state belongs to Penicillium. The perfect state of T. leycettanus 
agrees with that of a Talaromyces , since dis tin ct coverings are present, but 
the imperfect state is represented by a Paecilomyces. Thus neither the com
plexity of the as coma tal coverings nor the nature of the conidial state can 
be considered to be satisfactory characters in distinguishing Talaromyces 
from Byssochlam1/s. Instead, it is proposed to separate the two genera on 
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the disposition of the asci, since in Byssochlamys asci are always produced 
from croziers, whereas in most species of Talaromyces asci are borne in 
chains. Only in two species of Talaromyces: T. avellaneus and T. striatus 
are asci produced from croziers. Thus the concept of the genus Talaromyces 
entails the exclusion of these two crozier-producing species and the in
troduction of the new genus Hamigera to include them. Hamigera is closely 
related to Byssochlamys and Thermoascus. It differs mainly from Bysso
chlamys in the structure of the ascomatal initials and coverings. The thick 
brown pseudoparenchymatous ascomatal wall of Thermoascus is quite 
different from the hyphal coverings of Hamigera. A paper giving descrip
tions of the genera Hamigera and Byssochlamys and their species is being 
prepared. The conidial state of H. avellanea cannot be classified in any of 
Raper & Thom's series of Penicillium. Therefore a new series is proposed : 
the P. avellaneum series to accommodate P . avellaneum and the closely 
related imperfect species P. ingelheimense. Raper & Thom considered these 
two species as synonymous. However, a comparative study of type strains 
of these species proved them to be different. 

The study of the genus Talaromyces with emphasis on the structure and 
development of the ascomatal initials and the formation of asci is being 
continued. Because of the similarity of these ascomata and the fact that 
their authors overlooked the penicilli, which of ten may occur scantily, some 
species of Talaromyces have been described as species of Arachniotus e.g. 
A. intermedi us and A. purpureus. They are included in this study and will be 
transferred to Talaromyces. In addition a new thermophilous species based 
on a culture received from D. I. Fennell, Peoria, will be added to the genus. 
A second strain of the same species was received from A. von Klopotek, 
Giessen. The perfect state of th is new species is closely related to T . emerso
nii, but the conidial state belongs in Paecilomyces. The study of the genus 
Eupenicillium is being continued. 

Drs. R. A. Samson 

Much time was spent on a joint study with Miss A. C. Stolk ab out the 
relationships between Talaromyces and Byssochlamys. All CBS strains of 
Byssochlamys and many others received from several collections were 
examined. Fresh isolates of B. nivea and B. fulva showed that the ascomata 
are usually covered with very scanty wefts of thin hyphae. The three 
accepted species of Byssochlamys can be distinguished easily from one 
another by the differences in size of the ascospores and the conidia, and the 
presence or absence of chlamydospores. The type culture of B . zollerniae 
did not produce the perfect state, though initials of the Byssochlamys type 
were observed. The conidial state of B. fulva (Paecilomyces fulvus) and 
P. variotii, considered by several authors as identical, proved to be different. 
It appeared that P. fulvus is distinguishable from P. variotii by its cylin
drical conidia and the absence of chlamydospores. 

The relationships of Talaromyces and Byssochlamys with the genera of 
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the Gymnoascaceae was studied. Much attention was paid to the ascus pro
duction in Arachniotus, Narasimhella, Amauroascus, Gymnoascus and ot her 
genera. Two strains, received from G. C. Bhatt, proved to represent a new 
species of the genus Pseudogymnoascus. The same fungus was also isolated 
by P . W. Flanagan (Alaska). A manuscript with its description and a revi
sion of Gymnoascus and Pseudogymnoascus is in preparation. 

The study on the genus Paecilomyces was continued. Many strains of 
Paecilomyces marquandii and Penicillium, lilacinum, isolated by Ir. J. H. 
van Emden (Wageningen) from soil, were examined. Some of the strains 
represented intermediate forms; however, good characteristics could be 
found for the delimitation of the two taxa. In several isolates of P. mar
quandii the production of coremia could be observed. In addition the 
coremium production in all CBS cultures and many fresh isolates of Pae
cilomyces larinosus and P. lumosoroseus was t ested. Experiments showed 
that media containing a high concentration of starch induced the produc
tion of the coremia. From Miss D. I. Fennell (Peoria) more than 50 strains 
were received, belonging to the Paecilomyces variotii-complex. A detailed 
study was initiated to examine the variability in Paecilomyces variotii. 

From several herbaria many type specimens were received for the re
vision of the genus I saria. A number of species could be placed in synonymy 
or transferred to other genera in the imperfect Fungi. 

Miss Drs. M. A. A. Schipper 

A paper was prepared, discussing Mucor hiemalis and related species. 
The species delimitation is again mainly based on mating results. To get as 
much information as possible on the processes involved in sexual reproduc
tion, literature concerning cytological and physiological aspects was studied. 

Since doubt had arisen about the correctness of the assigned mating
reaction types of some strains in the M. hiemalis-group, sent to the CBS by 
former students, the mating-reaction types of the tester pair CBS 200.28 and 
CBS 201.28, M. hiemalis, were checked with the standard tester strain 
used by Blakeslee (Mucor D, CBS 850.71). All who have the strains concer
ned in their collections are requested to correct the mating-reaction signs: 
CBS 243.35 M . luteus Linnemann: (-) = NRRL 3632; CBS 244.35, M. 
luteus Linnemann: (+) = NRRL 3633; CBS 249.35, M. silvaticus Hagem : 
( ) = NRRL 3642; CBS 250.35, M. silvaticus Hagem : ( + ) = NRRL 3643; 
CBS 362.68, M. corticolus Hagem: (-) = BKM f 1154 = IMI 129,971 = ATCC 
18358; CBS 363.68, M. corticolus Hagem: (+) = BKM f 1153 = IMI 
129,976 = ATCC 18359. 

This implies that the agamie strain of Zygorhynchus moelleri, described as 
M . saximontensis (see: SCHIPPER, Trans. Br. mycol. Soc. 56 : 157-159, 1971) 
has a ( + ) tendency; and Namyslowki's strain, described as Zygorhynchus 
vuilleminii race agamous has a (-) tendency (as Blakeslee pointed out). 
The (not yet described) zygospores of M. rouxii (indicus) were obtained, 
thanks to recent isolates of the M. indicus type by Mrs. I. Gandjar (Bogor), 
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at the time guestworker at the CBS. The CBS maintains 3 strains of M. 
rouxii (Calmette) Wehmer (1910) that fully fit Wehmer's description of the 
species. The strains (CBS 120.08; CBS 480.70 B = ATCC 4855 and CBS 
480.70 C = ATCC 4857) are so much alike that they might be of one source. 
CBS 120.08: Wehmer's isolate was sent to this collection in 1908; CBS 
480.70 B: originates from Blakeslee's collection (C 1067); CBS 480.70 C: 
originates from Blakeslee's collection (C 980); CBS 120.08 was sent to 
Blakeslee in 1928, and to several others as well! It is difficult (or impossible) 
to trace the wanderings of such cultures. Of ten strain indications were 
absent or ignored. (Other cultures received as "M. rouxii" had to be trans
ferred to other species). 

Matings of the 3 strains with CBS 422.71, M. indicus (-) resulted in the 
production of zygospores, though less abundantly than in the mating of the 
tester pair M. indiws, CBS 266.29 ( + ) and CBS 422.71 (-) . M . indicus and 
M. rouxii differ from most other Mucor species in their temperature re
sponse; 1 0-40°C: growth; 20-37°C; sporulation, optimum at 30°C. The 
type culture of M. indicus resem bles M. rouxii when grown at 20°C; at 
higher temperatures M. indicus pro duces frequently branched sporangio
phores and abundant sporangia, while M. rouxii has a weak sporulation at 
all temperatures and on all media tested, in daylight, U.V. and darkness. 
M. rouxii might be a poorly developed form of M. indicus. Zygospores 
(tester pair on beerwort agar at 25°C): in the aerial mycelium, most abun
dant in the underportion of the colony, black, globose to slightly compressed 
up to 100 fl diam.; roughened in outline by rather pointed stellate projec
tions up to 8 to 10 (14) fl in length; (azygospores - single or double ones -
occur); suspensors: one very short, the other swollen and then constricted 
next to the zygospore, up to 35 fl in diam., with reddish-brownish contents. 

Drs. J. A. J. M. Stal pers 

The investigation of cultural characters of Aphyllophorales, started in 
1970 as a student, is continued. It includes collecting, identification, and 
isolation of numero us species. In order to facilitate identification of basi
diomycetes in pure culture, a system of edge-punched cards is used, where 
Nobles' code symbols and descriptions are transferred into punch symbols. 
The descriptions available from the literature are being translated to this 
system. 

2. Division of Biochemistry 

Dr. G. W. van Eijk 

The yellow-orange mycelia of Mucor azygosporus CBS 492.63 and MUC01· 
inaequisporus CBS 496.66 were analyzed for the presence of carotenoids. 
Extractions of mycelia, af ter cultivation in liquid media, were carried out 
with methanol using a Waring blendor. Preliminary phase separation and 
saponification were do ne as described by WEEKS and GARNER (Arch. 
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Biochem. Biophys. 121: 35, 1967). The unresolved carotenoid mixtures 
dissolved in hexane were separated on 0.6 mm layers of MgOjkieselguhr 
(1 :2, w/w) using hexane containing 5% acetone (vjv) for development. 
Bands were scraped off, eluted with hexane/96% ethanol, 98 :2, (v/v) , 

filtered and evaporated to dryness in vacuo. The residues were taken np 
in hexane uvasol (Merck) and analyzed spectrophotometrically. 

Chromatographically resolved carotenoids were identified on the basis 
of similarities of absorption spectra and chromatographic behaviour to 
well characterized carotenoids and by comparing directly with p-carotene 
(Merck) and with lycopene, y-carotene, p-carotene, phytofluene and phy
toene isolated from the skin and flesh of tomatoes. 

Mycelia of both Mucor species contained the following carotenoids: 
phytoene, phytofluene, p-carotene, C -carotene, y-carotene, neurosporene 
and lycopene. The principal pigment of M. azygosporus was y-carotene, 
whereas that of M. l:naequisporus was p-carotene. The carotenoids phytoene 
phytofluene, C-carotene and neurosporene were present in trace amounts. 
The white material isolated from the concentrated hexane extract of both 
fungi aftel' standing at -20°C, appeared as a fluorescent spot in UV light 
on thin-Iayer chromatograms and gave a blue colour with SbCla. The UV 
spectrum of the compound in 96% ethanol showed a shoulder at 263 nm 
and three maxima at 272,282.5 and 294 nm characterist.ic for a L}5:7-diene. 
These preliminary data led to a tentative identification of the compound as 
ergosterol. Comparison with authentic ergosterol showed a complete a
greement in all respects (UV and IR spectra, TLC). Further experiments 
showed that part of the ergosterol present in the mycelia of both MUC01· 

species is in the esterified form. 
A manuscript describing the investigations mentioned above has been 

submitted for publication. 
A brief examination of the carotenoids in fruitbodies of Calocera viscosa 

was carried out in the same way as described above for M ucor. The pigments 
p-carotene , y-carotene and cryptoxanthin (monohydroxy-p-carotene) we re 
identified. Two carotenoid pigments with absorptions at 423, 444, 472 
and 424, 446, 473 nm resp. also we re detected. The spectra suggest the 
presence of iX-carotene-like carotenoids. Neither of the compounds could 
be iX-carotene since both carotenoids had a higher adsorption aftinity on 
MgOjkieselguhr plates than p-carotene. TURIAN (Arch. Mikrobiol. 36: 139, 
1960) described three carotenoid pigments present in Calocera viscosa. He 
proved the existence of f1-carotene and cryptoxanthin. The third pigment, 
present in trace amount, he presumed to be lycopene, on account of its 
colour and its adsorption force. The present investigation confirmed the 
presence of p-carotene and cryptoxanthin. No evidence was found for the 
existence of lycopene. It might be possible th at the third pigment reported 
by Turian was in fact y-carotene. 

Experiments on the isolation and characterization of metabolites from a 
strain of Arthrim:um phaeospermum (Botryoconis sanguinea) are going on. 
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The major red pigment was likely to be an anthraquinone del'ivative. The 
visible region of the absol'ption spectrum pointed to the pl'esence of three 
~-hydroxyl groups. The absorption of the C = 0 group in the IR spectrum 
was in agreement with this finding. A wa venum ber of 1600 cm -1 was detected; 
this corresponds with that of 1598 cm-1 determined for catenarin, an 
anthl'aquinone pigment having three ~-hydroxyl groups in its molecule. 
A good yield of catenal'in was isolated from HelmintJwsporium catenarium 
CBS 191.29. Another metabolite turned out to be a phenolic compound 
(positive reaction with several phenol reagents) . A third metabolite could 
be identified as the steroid ergosterol (UV, IR and mass spectroscopy). 

The acid production of several strains of Aspergillus niger was examined. 
Mter incubation on Czapek media with and without CaC03, the culture 
filtrates were extracted with butanol (af ter acidification in the experiments 
with CaC03) . The butanol extracts were analyzed paper-chromatographi
cally. Special attention was payed to the production of oxalic and citric 
acids. 

Mrs. Drs. I . Gandjar 

(Guest worker from the Treub Laboratory, Bogor, Indonesia, March
September). 

A number of Rhizopus strains, which belong to the species R. arrhizus, 
R. oryzae, R. oligosporus, R . stolonifer had been isolated from various 
sources in Indonesia. All the isolates were examined for their ability to 
produce tempeh, a fermentation product of soybeans. All, except the strains 
which belong to the R. stolonifer group, make good tempeh. Some of them 
are excellent producers. 

According to HESSELTINE et al. (Develop. Ind. Microbiol. 4: 275, 1963) 
R. oligosporus is the typical species in manufacturing tempeh and it has a 
high production of extracellular proteolytic enzymes. The ability to pro
duce proteolytic enzymes varied greatly between different strains of the 
same species (WANG, Can. J. Microbiol. 11: 727, 1965). 

Preliminary experiments showed th at strains producing good tempeh did 
not always have a high proteolytic activity. The aim of this study was to 
select a Rhizopus oligosporus strain which produces good tempeh that has 
also a high proteolytic activity. 

Mter screening, Rhizopus oligosporus R25 isolated from rotting wood 
from a refuse heap in Bendungan Hilir - Djakarta was used for further 
studies. The strain makes excellent tempeh and has a high production of 
milk-clotting and extracellular proteolytic enzymes when grown for 4 days 
on 2% whole wheat fiour medium. Crude enzyme preparation was carried 
out according to WANG (1965, I.c) and determination of the proteolytic 
activity was measured according to the casein (Hammarsten quality) 
digestion method of Kunitz (J. gen. Physiol. 30: 291, 1947). 

Milk-clotting activity was measured with an enzyme solution prepared as 
follows. The concentrated crude culture filtrate was treated with ammonium 
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sulfate. The precipitate collected at 75% saturation was dissolved in a 
minimum amount of water and dialyzed against 0.1 m phosphate buffer 
(pH 5.9) at 4°C. One mI of the enzyme fraction coagulated 10 mI of a skim 
milk powder suspension (12 g. powder homogenized in a 0.01 m CaCl2 solu
tion) in less than one minute. 

The crude enzyme filtrate shows optimum activity at pH 3 and 6, in
dicating the presence of more than one proteolytic enzyme. WANG (Arch. 
Biochem. Biophys. 140: 459, 1970) found four different extracellular pro
teolytic enzymes in his filtrate. Further study was restricted to the pH 3 
enzyme. The following properties of the enzyme were determined. The 
optimum temperature for hydrolyzing casein was 60°C. The crude enzyme 
was stabie when kept for 24 hours at room temperature at pH values from 
pH 2.2 to pH 6.0. The enzyme was stabie up to 50°C, aftel' keeping at 
various temperatures for 10 minutes. lts proteolytic activity decreased at 
55°C. The enzyme was destroyed rapidly above 60°C. 

Cultivation of the fungus on 2% whole soybean flour produced higher 
amounts of extracellular proteolytic enzymes than on 2% whole wheat 
flour or on 2% ri ce flom'. 

All isolated Rhizopus oligosporus strains were examined for their acid 
production. This was also evidenced by Dr. VAN EIJK (CBS report 1969). 

3. Division for Human and Animal Mycology 

Dr. G. A. de Vries 

In cooperation with Dr. 1. I. Morriën, dermatologist at Amsterdam, a 
manuscript has been prepared on the first case of Black Grain Maduromy
cosis in the Netherlands. Because the biopsy material had been fixed im
mediately aftel' excision, no cultures could be obtained. The diagnosis 
therefore had to be based on the clinical and pathological aspects of the 
les ion and the microscopical features of the fungus in the tissues. The 
etiological agent was considered to be either M adurella grisea or Pyreno
chaeta romeroi. The article will be published in the Netherlandse Tijdschrift 
voor Geneeskunde at the beginning of 1972. 

From May to August comparative investigations were simultaneously 
carried out by the division for Human and Animal Mycology and the 
division for Biochemistry on the germicidal properties of 4% formalin and 
Tego. The main objective was to find a sterilizing solution equally active 
as formalin which is used in the CBS to sterilize the surfaces of the working 
benches, but less offensive to the respiratory tract. As aresuit the average 
decrease in the number of colonies that could be grown from the desks was 
found to be 11 % and 19% for formalin and 55% and 8% for Tego (percen
tages referring to the results obtained by the division of biochemistry and 
medical mycology respectively). 

In cooperation with the Laboratory for Parasitology of the Leyden 
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University an article is being prepared on the first case of Löbo's disease 
(Lobomycosis or Keloidal Blastomycosis) in the subcutis of a dolphin 
(Sotalia guyanensis) which had been caught in the estuary of the Surinam 
river. This rare, chronic, granulomatous skin disease was so far only re
corded in human patients residing in the southern parts of Central America 
and the northern parts of South America. Unfortunately no cultures could 
be obtained because of the heavy bacterial contamination of the tissues. 
These results were to be expected because records in the literature about 
successful isolation of the fungus (Glenosporella loboi = Loboa loboi) are 
doubtful. 

During this year 90 soil samples have been coUected in the polders of 
S. and E. Flevoland. Keratinophilic fungi (Keratinomyces ajelloi and uni. 
dentified members of the Trichophyton terrestre complex) were found to 
occur in two localities in E. Flevoland. Sub cultures of the latter were sent 
to Dr. Padhye at Edmonton , Canada, for mating experiments with his 
strains. 

Investigations were and are still carried out on three strains of a proba
bly new fungal species isolated from human skin. The isolates have a yeast 
form as weU as a mycelial form and produce a dark-blue soluble pigment in 
several agar media. The classification is not yet finished. Type materials of 
some species with diagnoses that more or less agree with this fungus were 
found to be different. 

A comparative study is being carried out on Glenospora graphii and M ono
sporium apiospermum, two human pathogens that have much in common. 

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

Miss Drs. W . Ch. Slooff 

A study was made of the product ion of conidia in some yeast and yeast
like fungi . 

I. Sporotrichum sanguineum Ramirez pro duces blastospores from yeast
like cells by bipolar budding, and repeatedly from the same loci on both 
poles. This budding results in multiple scars, the older cells aquiring a 
biapiculate shape. From these older ceUs pseudo and true hyphae arise on 
the places where blastospores had been attached. Conidia are formed on a 
denticle on the (pseudo) mycelial cells; and in masses from some larger 
long-ellipsoidal elements standing perpendicular on the hyphae. These 
organs should be considered as phialides. Because the cells repeatedly bud 
from the same loci on both pol es, it seems impossible to classify Sporotri
chum sanguineum in the genus Oandida. lts place may be found in genera 
where phialides occur on a true mycelium. The red pigment from which it 
takes its specific name was noticed on malt agar only. lts maximum tem
perature for growth is circa 37°C. 
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2. Sympodiomyces parvus FeIl et StatzeIl is characterized by a yeast 
state and a mycelial state; in both states conidiophores develop and pro
duce sympodial conidia on very small denticles. Other characteristics are 
the fineness of all the structures and a slow growth even at optimal tem
peratures: circa 17°C. Young yeast-like cells produce buds either on a 
narrow base, on a tiny denticle or on a longel' sterigma. Acropetal chains 
are formed as weIl. They may germinate to form either another conidio
phore or a short hypha that bears conidiophores and other elements. In 
the hyphae local swellings have been observed (cf. Sterigmatomyces). Various 
strains differ in the amount of mycelium produced. In one- or two-weeks 
old slide cultures on potato agar and corn-meal agar large amounts of 
mycelium developed locally in one strain received from J. W. FeIl. On this 
mycelium the conidiophores showed their optimal development. Chlamy
dospore-like cells have been observed but seldom. 

This morphology is very different from any we have se en in yeasts. 
Denticulate conidia on hyphae occur e.g. in Pichia (Endomycopsis) burtonii, 
but no conidiophores are present. A restricted development of conidiophores 
was found in Saccharomycopsis (Endomycopsis) vini and in Candida edax. 
Both yeasts differ from Sympodiomyces by the possession of a more or less 
developed blastospore apparatus (= pseudomycelium) and it is on the 
elements of this apparatus which break free from each other that the tiny 
conidiophores are formed. 

3. The latter type of more or less sympodial conidiophore also has been 
noticed in some Candida species, characterized by stalagmoid and, locaIly, 
by triangular blastospores. Most of these Cand'ida species are considered to 
be related to , and many of them have been identified with Candida did
densii. The following species were examined: C. diddensii, C. shehatae, 
C. atmosphaerica, Oandida spec. Scott 18, 218, 307. Furthermore sympodial 
conidiophores have been se en in Candida guilliermondii (two strains re
ceived from S. Windisch for identification). These outgrowths from the 
blastospore apparatus are of an origin other than the sympodial conidio
phores of Sympodiomyces parvus which develop from septate hyphae. Since 
in both Sympodiomyces and in the discussed group of Candida species the 
conidiophores or conidiophore-like structures sometimes grow from a single 
cell , a relationship between them is not yet out of the question. 

Drs. L. Rodrigues de Miranda 

Some cultures of mutants were received from Professor H. Heslot of the 
Institut National Agronomique, Chaire Génétique, Paris. These were iso
lated from a strain which had been identified in France as Candida lipoly
tica. The mutants could now be identified as Candida tropicalis. One of them 
was pink due to the product ion of numerous vacuoles in the pseudomyce
lium. The large nu mb er of chlamydospores that were formed in old cultures 
on cornmeal agar is a striking feature of this strain. By streaking heat
treated chlamydospores on plates the three types of colonies which Van der 
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Walt has described as the active haploid, diploid and inactive haploid 
forms of Syringospora albicans, were isolated. This strain therefore can be 
considered as a further species of the genus Syringospora. Endospores, 
however, have not yet been found and so a complete description is not yet 
possible. 

An article was written in cooperation with Professor Heslot and Dr. 
Gaillardin of the above-mentioned institute and it will be presented at the 
Yeast Symposium in Kyoto in 1972 and published in the proceedings. 
Yeast cultures originating from various scientific institutes were examined. 
Three strains that represent undescribed species were found among them, a 
manuscript with descriptions is being prepared. 

The investigation into the relationship between yeasts and the primitive 
basidiomycetes was continued. The species Leucosporidium capsuligenum 
was given special attention and its close relationship was established with 
the filamentous fungus Filobasidium filiforme, a species which was described 
by Olive. A publication concerning this will appear in the first issue of 
Antonie van Leeuwenhoek in 1972. 

The study of the genus Cryptococcus is being continued. 

Miss Drs. M. Th. Smith 

By way of an introduction to working with yeasts, strains isolated from 
patients and also strains present in the collection were identified. A strain 
which was received together with a description as a new species of Toru
lopsis was found to be ascosporogenous and was identified as Kluyveromyces 
lactis. 

D.Yarrow 

The work on the classification of the genus Saccharomyces was continued. 
Analysis of the data accumulated from pmr spectra of the cell walls (sup
plied by Dr. J. F. T. Spencer) and the results ofthe tests with sera supplied 
by Dr. I. Oampbell were in some cases in conflict with the current syste
matics of this genus. In the previous report (1970) it was suggested on the 
grounds of cell-wall structure, serological properties and GO content of the 
DNA that S . delbrueckii, S. vafer, S . rosei, S . inconspicuus and S. fermentati 
were very similar to each other. A study of the morphology of the cells, 
asci and ascospores of strains of these species did not reveal any noticeable 
difIerences. In addition, during sporulation tests on YM, agar 4 out of 5 
strains of S . rosei, including the type, produced papillae comprising maltose
utilizing cells which were identical with S . fermentati. Therefore all strains 
are now considered as representing S . rosei. 

In species considered to be Saccharomyces sensu stricto by VAN DER 

WALT (The Yeasts, p. 555, 1970) more than one cell-wall structure and 
serological type is known. In view of the variability of the cell morphology 
of these yeasts no attempt was made to correlate this property with the 
other results. On the whole the cells are larger than those of other Saccharo-
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myces species and there is very little difference in the morphology of the 
ascospores of the species of this group, although their number per ascus may 
vary from 1 to 16. 

At present strains are arbitrarily grouped into species according to their 
ability to utilize a number of sugars. Amongst others, NAUMOV (Bull. 
Moscow Univ. 4: 44, 1969) and NAUMOV and YURKEVITCH (Progr. Con
temp. Bio!' 70: 315, 1970) in a survey of variability and of genetic isolation 
of Saccharomyces concluded that the phenotypical characteristics such as 
the ability to use certain sugars cannot serve as a basis for the systematics 
of this group of microorganisms. To assess the value of serological and 
cell-wall characteristics in classification the species concept of WINGE and 
LAUSTSEN was followed (C.r. Trav. Lab. Carlsberg, Sér. physiol. 22: 344, 
1931). They stated that "two types generally ought to be reckoned to be 
the same species when hybridizing and their hybrid is fully fertile". 

Attempts were made to obtain hybrids of strains of Saccharomyces species 
by several techniques : spore-to-spore mating, mass mating followed by 
selection of zygotes by micromanipulation or by plating on selective media. 
Hybrids were obtained between many of the species of Saccharomyces sens u 
stricto. Successful crosses are shown in the accompanying scheme, most of 
them were carried out using an adenine-deficient strain of either S. norbensis 
or S. bayanus as this provided a reliable marker and simplified selective 
techniques. Hybrids were not obtained between these tester strains and 
S. dairensis, S. unisporus, S. acidifaciens, S. elegans, S. bailii, S. exiguus, 
S. microellipsoides, S. rouxii, Kluyveromyces veronae and K. lactis. From a 
mixture of S. florentinus and S. eupagycus isolates with the combined pro
perties of both strains (ability to use galactose and sOl'bose) were selected; 
the hybrid nature of these isolates still needs to be evidenced by a study of 
the segregants. In addition, ascospores were observed in two asporogenous 
strains of S . mellis when mixed with a haploid mating type of S. rouxii. It 
was not feasable to determine whether this was due to mating of the strains 
or to illegitimate diploidization of the haploid mating type because very 
few spores were produced. 

The percentage of viabie spores produced by the hybrids has not yet been 
determined in all cases; however, enough results have been obtained to 
strongly suggest that all the tested strains of the species shown in the 
scheme can be regarded as being merely physiological races of S. cerevisiae. 
S. globosus which was found to be highly fertile in crosses with S. chevalieri 
and S. norbensis, was reported by BICKNELL and DOUGLAS (J. Bacteriol. 
101: 505, 1970) to have a low DNA homology with S. cerevisiae. Examina
tion of their strain (NRRL Y-409 = CBS 6334) showed that it did not 
hybridize with S. cerevisiae and in fact resembied S. dairensis far more 
closely than it did S. globosus. S. microellipsoides NRRL Y-1549 (= CBS 
6333) was reported by Lindegren (The Yeast Cell, its Genetics and Cytology, 
1949) to hybridize with S. cerevisiae and by Bicknell and Douglas to be 
homologous with S. cerevisiae. This strain hybridized readily with the 
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S. norbensis tester strain whereas authentic strains of S. microellipsoides 
did not. CBS 6333 is now listed in the CBS collection as S. inusitatus. 

Saccharomyces hybrids 

aceti -------------------------cerevis iae 

gaditensis 

dias taticus 

I 
capcnsiil norbensis -----,,L------- italicns 

inusitatus ~--+----+----gIObOSns 
~ bay anns 

hienipiensis ~ 
These experiments revealed two sourees of variation in the physiological 

properties ofyeasts other than mutational variation; these have been called 
combinational variation and segregational variation. 'l'he former was 
illustrated by the mating of two strains of S . aceti. This species ferments 
only glucose but when the two strains were mated the resulting hybrid 
fermented glucose and galactose and would be identified as S. globosus. 
This is probably due to complementation. 

The second form of variability is demonstrated by the observation that 
the following species could be identified among the segregants of the hybrids 
S . aceti x S. uvarum and S . norbensis x S . cerevisiae : S. italicus, S. bayanus, 
S. globo8US, S . chevalieri , S . cerevisiae, S. steineri, S. heterogenicus, S. prosto
serdovii, S . inusitatus, S . oleaceus, S. hienipiensis, S. aceti, S. sp. 1, S. sp. 2, 
S . uvarum, S. capensis, S. oleaginosus and S. norbensis. Such results empha
size the futility of trying to distinguish species of this genus on the basis of 
their ability to ferment and assimilate sugars. 

In the Saccharomyces species sensu stricto the cell-wall structures 1, 2a, 
2b and 3a were reported by GORIN and SPENCER (Adv. Appl. Microbiol. 13: 
25, 1971). Highly fertile hybrids were obtained between strains with 
different cell-wall structures. Different antigenie patterns in these species 
were reported by TSUCffiYA et al. (Jap. J . Microbiol. 9 : 149, 1965) and were 
found using the sera supplied by Dr. I. Campbell. Two strains, one agglu
tinated by sera ABC and the other by BC, were hybridized. The hybrid 
reacted with sera ABC and was highly fertile. Tetrad analyses revealed 
that the ability to be agglutinated by serum A segregated 2 :2 in the aseus. 
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Ascospores we re found in a number of Kloeckera strains on dilute malt 
agar. Kloeckera lindneri, CBS 2581, presently listed as a synonym of K. 
apiculata, could be identified with Hanseniaspora uvarum. The ascigerous 
states of Kloeckera occidentalis, CBS 2592, and a strain of K. africana, 
CBS 2827, could not be identified with any accepted species. The morphology 
of the spores of these two strains is identical with that of H. uvarum and H. 
osmophila but they differ from these species in their assimilation reactions. 

J. A. VON ARx 
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1. History and function of tbe institute 

The inatitute was founded in 1954 by the Division of Sciences of the Netherlands 
Academy of Sciences on the initiative of the Committee on Ecology. This proposal was 
based on the lag in some aspects of ecological research in The N etherlands noted by 
the committee. 

The function of the inatitute is to perform and to encourage terrestrial ecological 
research in a broad sense and to cooperate with other organizations engaged in such 
research. 

At the start, several alroody existing inatitutes of scientific research were incorpo
rated, viz. the Bird Migration Station, the Bird-Ringing Department of the National 
Museum of Natural History at Leiden, and the "Weevers' Duin" Biological Field 
Station of the Foundation for Scientific Dune Research. The population research on 
the Groot Tit, which had been carried out until then in the Phytopathological Service 
at Wageningen, was aIso taken over. The distributional research on organisms in the 
reclaimed IJsselmeer polders was started af ter the foundation of the inatitute. 

The hea.dqua.rters of the inatitute are at Arnhem; the Department of Botanical 
Ecology has its seat in a new laboratory at Oostvoorne. The field work locations are 
indicated in Fig. 1. 

The inatitute is supervized by a committee appointed by the Division of Sciences 
of the Academy. 

The address of the inatitute is: Kemperbergerweg 11, Arnhem, Holland. 

2. Scientific Staff 

W. H. van Dobben (Director) 
J. W. Woldendorp (ABS. Director) 
as from 1 February 1972 

Population ecology 
J. H. van Balen (Head, Ecology) 
J. A. L. Mertens (Physiology) 
H. N. Kluyver (Guest worker) 

Bird migration 
A. C. Perdeck (Head, Bird Migration) 
A. J. Cavé (Orientation) 

Diatributional ecology 
J. H. Mook (Head, Zoology) 
J. Ha.eck (Zoology) 
J. van der Toorn (Botany) 

Botanical ecology "Weever8' Duin", 008tvoorne 
M. J. Adriani (Head of Department ) 
Ph. Stoutjesdijk (Micrometeorology) 
A. H. J. Freijsen (Exp. Ecology) 
P. A. I. Oremus (Microbiol. Ecology) 
Elsje Heeres (Exp. Ecology) until 1 December 1971 
C. P. W. M. Blom (Exp. Ecology) 
C. van Dijk (Microbiol. Ecology) as from 1 January 1972 
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Fig. 1. Geographical position of the Institute of Ecological R esearch and its field 
work sites. 

1. H eadquarters at Arnhem 
2. National Park De Hoge veluwe, main scene of the field work on the Great Tit. 
3. Ermelo, main scene of the field work on the Collared Dove. 
4. Vlieland, additional field work site of the Departments of Population E cology and 

Bird Migration. 
5. Westeinder Plassen, main scene of the field work on the Coot. 
6. Oosterhout, additional field work on the Great Tit. 
7. Liesbosch, additional field work on the Great Tit. 

8-9. Zuidelijk and Oostelijk Flevoland, n ewly reclaimed Zuiderzeepolders scene of the 
field work of the D epartment of Distributional Ecology. 

10. Voorne's Duin (dunes of Voorne ), with the Biological Station W eevers'Duin, site 
of the Department of Botanical Ecology. 

Il. Dunes of Goeree, additional field work of the Department of Botanical Ecology. 

3. Population Ecology 

3.1. POPULATIONDYNAMICS OFTHEGREATTIT,Parusmajor (J. H . van Balen) 

3.1.1. Mortality, dispersal , and moult in 1970/1971 

The study on the mortality and dispersal of the Great Tit population in 
the Hoge Veluwe area was eontinued. Due to a ri eh erop of beeeh mast , the 
feeding eonditions during the 1970/1971 season deviated strongly from 
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those in the preceding years. This resulted in a reduced frequency of visits 
by the tits to the capture sites. Nevertheless, the seasonal trend in numbers 
could be estimated with reasonable accuracy. The results are essentially 
similar to those of the previous years (see Progress Report 1970). 

3.1.2. Factors atlecting clutch-size 

In recent years indications were obtained suggesting that the number of 
eggs produced can be affected by the width of the nest hole. Blue Tits 
(Parus caeruleus) nesting in nestboxes made from segments of birch trunks 
(internal width about 6 cm) laid clutches that were significantly smaller than 
the clutches laid in normal nestboxes (width 12 x 9 cm). 

Great Tits seldom nest in nest box es smaller than the norm al type, but 
in 1971 we succeeded in forcing part of the population in Liesbosch to nest 
in boxes with an internal diameter of 6 x 6 cm. This was achieved by 
reducing the internal dimensions of half of the normal nestboxes shortly 
before egg laying. 

The preference for nesting in the normal type of nestbox was obvious: 
not only were these boxes more frequently used (38 clutches as against only 
19 in the small boxes), but they were also occupied earlier, as shown by the 
laying dates. The clutches in the small boxes were significantly smaller in 
size (6.9 versus 9.4 eggs). 

This reduction in clutch-size cannot be explained by either slightly later 
laying dates or a difference in age composition of the females. The produc
tion of such small clutches by Great Tits seems to be a direct response to the 
small internal diameter of the nest hole. 

The experiment also offered an opportunity to study the response of 
Blue Tits. In this species more females nested in small than in normal 
boxes, presumably as a result of competition with Great Tits for the normal 
boxes. The dates of egg laying suggest that Blue Tits a]so prefer norm al to 
small boxes. 

The clutches in the small boxes were slightly, but significantly, smaller 
than those in the normal boxes (10.3 and 11.8 eggs, respectively) . The 
reduction in size of the Blue Tit clutches is to a large extent due to the late 
on~et oflaying. Further, a slight effect ofthe width ofthe nest hole cannot 
be excluded. 

From the results of this experiment we must conclude that tits do not 
always lay as many eggs as their egg-producing capabilities would permit. 
Obviously, they are able to suppress eggs when required by the conditions 
offered by the nesting cavity. 

The observations reported above raise the question of the stage of the 
reproductive cycle in which the number of eggs can be modified by external 
stimuli. Bird species can be classified into two categories - indeterminate 
and determinate layers - according to the possibility of modifying the 
number of eggs produced by external stimuli during the laying stage. Ex
periments done by Kluyver (unpubl.) and Winkel (1970) have shown that 
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the Great Tit is an indeterminate layer, i.e. th at its clutch-size can be 
modified by the removal or addition of eggs in the laying stage. 

These experiments were supplemented in 1971 by some additional trials, 
in which 3 eggs were added to nests either shortly before the onset of laying 
or during the first three days of laying. This resulted in a slightly lower egg 
production by the female tits, but as compared with a group of untreated 
clutches the difference was insignificant. 

In another group of clutches, eggs were removed daily from the first , 
second, or third day of laying, leaving 0, 1, or 2 eggs in the nest. This was 
usuaBy continued for 4 to 7 days. The females responded by increasing 
their egg production slightly but significantly (10.7 eggs, as compared with 
9.5 eggs in the untreated group). The fa ct that the number of eggs removed 
was not fully compensated, probably means that the females were unable to 
produce more eggs than they did. Possibly , feeding conditions can strongly 
affect the results of egg-removal experiments. 

3.2. ENERGY REQUIREMENTS AND TEMPERATURE REGULATION OF YOUNG 

GREAT TITS (J. A. L. Mertens) 

3.2.l. Heat product ion of the embryos 

An attempt to determine the heat production of Great 'rit embryos failed 
in 1971 because all the embryos died during various stages of development. 
No cause could be found for this failure. A similar experiment, carried out 
earl ier with the same equipment on chicken eggs, had been successful. 

3.2.2. Model of energy requirements of growing nestlings 

A model of the energy requirements of growing nestling tits was designed, 
on the basis of information gained from experiments during the past few 
years, for the study of the interaction between various parameters of im
portance during nestling growth under varying ambicnt temperature. 

Experiments to test the validity of the model are in progress. 

3.3. PARASITISM BY Protocalliphora aZU1'ea (FALL.) (C. W. Eshuis-van der 
Voet) 

The research on the biology of Protocalliphora and the infiuence of its 
larvae on nestling Great Tits has yielded the following initia 1 results. 

Oviposition of the fiies seems to be infiuenced by day-Iength: before as 
weB as aftel' J une 21st the number of infections was found to show a peak at 
a day-length of 16 to 16! hours. 

The mean age of the infected broods consistently corresponded with the 
mean age of all broods under study; apparently, the fiies do not select 
broods of a certain age for oviposition, which agrees with our observation 
that some of the fiies lay eggs in broods that fiedge before the larvae are 
able to de vel op completely or even reach pupation. 
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The time of hatching of the young Great Tits depends on the time at 
which laying starts, which in turn depends on the temperature in early 
spring (KLUYVER, 1952), and thus may vary from year to year. 

The time of oviposition of the flies seems to be determined mainly by 
day-length and therefore is about the same each year. This would imply 
that infection with Protocalliphora may occur at a different mean age of the 
nestlings from year to year. 

Infection by Protocalliphora did not seem to have lasting consequences 
for the birds. ComparÎson ofweight and wing length on the 15th day showed 
no significant difference in weight and wing development and the length of 
the nestling period between infected and uninfected broods. 

Attack of the larvae is most severe when they re ach the age of 4-6 days 
During the first three days they are rather smalI; af ter the 6th day they 
generally do not suck blood any longer, and begin to pupate. 

For classification of the data concerning weight, wing length, the haemo
globin level of the blood on the 15th day, and the length of the nestling 
period according to the age of the larvae, the number of data is still rather 
smalI, but the results seem to indicate that a noticeable but short-lasting 
influence - expressed in the weight, wing length, and haemoglobin level of 
the blood - only exists when at the moment of measurement, the larvae in 
the nest are at their most harmful age. As to the length of the nestling 
period, indications were found that this period is reduced by about one day 
when larvae in their most harmful age are in the nest towards the fledging 
date of the nestlings. Thus infection with Protocalliphora as a cause of mor
tality of young Great Tits af ter fledging (KLUYVER, in pre ss) would be most 
obvious when on the fledging day larvae about 6 days old are in the nest. 

More data are being collected. 
A late infection is most probable when the breeding season of the Great 

Tit starts early, and consequently in such years mortality due to Proto
calliphora would be relatively extensive. When the breeding season starts 
later, the infection will generally take place at a younger age of the nest
lings, so that they presumably can recover before fledging. 

W ork is now being continued near Bischofszell in Switzerland. 

Reference 

KLUYVER, H. N., Notes on bodyweight and time ofbreeding in the Great Tit (Par'WJ 
major j, Ardea 40, 123-141, 1952. 

3.4. ECOLOGY OF THE COLLARED DOVE, Streptopelia decaocto (J. H. van 
Balen) 

As in previous years, the nests of the Collared Dove in the study area 
near Ermelo were inspected weekly from March until October. The length of 
the breeding season was similar to that of 1970, but the distribution of the 
clutches within the season deviated considerably. Part of the difference was 
caused by the attempts to catch doves on the nest, which of ten resulted in 
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desertion of the nest and frequent repeat-clutches. Apart from this com
plication, more pairs started to reproduce early in the season (March-April) 
than last year. 

An attempt was made to estimate the number of pairs in the study area. 
The best approximation, given by the number of clutches during June (the 
peak month for reproduction) , gave 25 pairs in the 60-ha area. These pairs 
produced on average 3 clutches during the whole season. 

For the study of productivity, the breeding se as on was divided into three 
two-month periods: spring (April-May), summer (June-July), and autumn 
(August-September) , according to the laying dates of the clutches. 

The average clutch-size was 1.96 eggs, and did not vary throughout the 
season. Egg losses were largest during the spring (21 %), almost negligible 
in summer (2%), and intermediate in the autumn (13%). Losses ofnestlings 
also varied during the season, and were highest in the spring (28%). As a 
result, the number of young fledged per clutch was largest during summer: 
1.36, 1.62, and 1.47 in the three periods, respectively. The phenomenon 
that the period in which most clutches are produced is also the most pro
ductive period, needs confirmation in the next year. 

The over-all production of fledged young is estimated at 4 young per pair 
per year. 

3.5. ECOLOGY OF THE COOT, Fulica atra (J. H. van Balen, J. Visser) 

Some parts of this project are now re ac hing completion. The summary of 
a forthcoming paper on the development of young Coots is given below. 

THE POST·EMBRYONIC DEVELOPMENT OF THE COOT 

Summary 

The growth (body weight and wing length) of young Coots was studied in the 
field between 1967 and 1971. 

The curves for wing length and body weight show a different course. Compared 
with the weight, the wing length increases slowly during the first weeks. At the age 
of 5-6 weeks the weight has reached 50 % of the final value as compared with 
30% for the wing length. At the age of 10- 12 weeks th is lag disappears. The wing 
has almost reached its finallength at the age of 12- 13 weeks, the mean value being 
208 mmo A mean value of 804 g was found for the body weight at th is time . 

The individual differences in weight and wing length within age groups are 
extremely large . The reasons for these differences are discussed. The widest variation 
occurs in the fust half of the developmental period (0- 8 weeks). The variation in 
weight and wing length within a single brood shows the same pattern as the total 
variation. The largest variation occurs at the age of 1-3 weeks (body weight) and 
4-6 weeks (wing length), af ter which there is a gradual decrease in the variation 
within the brood. There are indications that the lightest young in a brood has 
the greatest chance of dying at an early age, and as aresuit, the weight variation 
within the brood decreases with increasing mortality, hence with the age of the 
survivors. 

There are differences in growth pattern between males and females. At the age 
of 2-4 weeks the males are significantly heavier than the females. The wing length 
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of both sexes does not show a significant difference until the age of 12- 14 weeks. 
Of the large number of extemal factors that can influence the growth of young 

Coots, only one was investigated, i.e. the air temperature . Growth can vary widely 
from year to year. Conditions were probably optimal in 1969, the endpoint having 
been reached about two weeks earl ier than in the other years. Suboptimal conditions 
resulted at most in a shift of the time at which growth terminated, and did not 
infiuence the final weight or wing length. 

Differences in growth in relation to the hatching period occur mainly at the age 
of 0-4 weeks. In some years (1967 and 1970) the young hatched early in the season 
showed higher weights during the firat few weeks than did those hatched late in 
the season. The opposite was seen in 1971, when the growth differences ran parallel 
with the variations in temperature. For the rest, the data show no distinct 
relationship between air temperature and growth. 

The growth is also influenced by the brood·size. In the firat four weeks the weight 
of the young from small broods (1- 4 young) was significantly higher than that of 
young from large broods (5-8 young). This difference gradually disappeared . 

4. Bird migration 

4.1. SPONTANEOUS MIGRATION ACTIVITY OF CHAFFINCHES IN THE KRAMER 

CAGE (A. C. Perdeck) 

4.1.1. Ohoice of direction throughout the year 

In the 1969 report some preliminary results were given on the question 
whether the choice of direction shows any pattern throughout the year. 
Since then, the number of observations has increased considerably. Further
more, the data are now more suitable for analysis. The observations, which 
are registered automatically, are grouped in hours, and for each hour punch 
cards have been made for computer processing. Consequently, data su eh as 
the total number of "touches" on the eight compass sectors of the cage, the 
direction and the length of the mean vector, degree of visibility of the sun, 
the azimuth and zenith distance of the sun, and the significanee of the mean 
vector direction can be calculated. 

For the following analysis, only those hourly observations were accepted 
in which the bird was directed significantly and made more than 100 tou
ches per hour. Since the scatter increased considerably later in the day, only 
data for hours with a sun azimuth between 0 and 225 degrees were used. 

The observations were arranged according to the month of the year. 
Within each month a monthly vector direction was computed from all 
hourly vector means for every individual. Individual monthly vector means 
which were not significant (Raleigh-test, P > 0.05) were discarded. From 
the remaining individual monthly vector means, a total monthly vector 
mean was calculated. Therefore, each individual makes the same contri
bution to this value. These results are given in Table 1. 

The vector length, which is a measure of directiveness, proved to have 
peak values in April and May and in September and October. Significant 
directiveness occurs only in May and October. The directions in these 
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months agree very weil with the d irections to be expected from field ob
servations. 

Month 

Jan. 
F ebr. 
March 
April 
May 
Jllne 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

Table 1. Mean monthly d irect ion throughollt the year. 

Mean 
direction 

310° (NW) 
356° (N) 

79° (E by N) 
41° (NE) 
46° (NE) 
87° (E) 

118° (SE by S) 
286° (W by N) 
229° (SW) 
224° (SW) 
2180 (SW by S) 
1850 (S) 

I 
Length of I 

m ean vcctor 

0.17 
O.4G 
0.22 
0.50 
0.71 
0.40 
0.41 
0.29 
0.57 
0.57 
0.31 
0.26 

P of significance 
test (Raleigh) 

> .10 
> .10 
> .10 

.10 > .05 

.01 > .005 
> .10 
> .10 
> .10 
= .10 

.05 > .01 
>.10 
> .10 

Number of 
individuals 

7 
5 
7 

10 
9 
4 
7 
8 
7 

11 
8 
7 

Therefore, we suggest that there is a mechanism that concentrates the 
direction in the migration periods. In the remaining part of the year the 
birds are able to choose a given direction, which, however, varies widely 
from individual to individual. There is also no consistent trend in the mean 
monthly directions (compare December with January and July with 
August). 

4.1.2 . Experimenls on the inlluence ol the day-length on orientalion 

In 1970 experiments were started on the infiuence of the annual changes 
in day-length on the orientation of birds as studied in the Kramer cage, 

In October 1970 and in February 1971, 4 and 2 birds, respectively, were 
placed in an artificially illuminated room. The day-night rhythm changed 
daily in the normal way but antidated 6 months. These birds were tested in 
the Kramer cage from 27 March to 2 May in 1971, and within the light 
period common to the real and the artificial date , thus preventing the birds 
from adapting to the real day-night rhythm. 

The observations were grouped in hours, and the vector angle was cal
culated from the hourly data (see under a). Hours during which the bird 
showed no significant orientation (mostly due to overcast conditions or 
weak activity of the bird) , were discarded. The results are given in ,!'able 2, 
in which the mean directions are grouped into eight sections ofthe compass. 

These preliminary results indicate that the preferred direction is similar 
to the direction ofthe autumn migration. Only individual Nr. 1 does not fit 
into this picture. It is remarkable that individuals 5 and 6, in which con
ditioning to the autumn day-night rhythm had been only 2t months be
fore, still preferred autumn directions in the spring. The general conclusion 
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Table 2. Directions taken in the spring by birds held under autumn light conditions 

Total NUIIlber of hours per individual 
Direction number 

ofhours Nr. 1 Nr. 2 Nr. 3 Nr. 4 Nr. 5 Nr. 6 

N 3 2 1 
NE 1 1 
E 3 1 1 1 
SE 3 1 1 1 
S 8 1 2 3 1 1 
SW 15 1 4 3 3 1 3 
W 6 2 I 2 
NW 5 1 1 2 

Total 42 I 6 11 9 6 I 3 7 

is that the choice of direction in the autumn is determined by the day-night 
rhythm experienced in the preceding period, and not, for example, by the 
position or daily course of the sun. This experiment will be continued on a 
larger scale in 1972. 

4.2. EXPERIMENTS ON DISCRIMINATION BY ADULT FE MALE STARLINGS 

BETWEEN GEOGRAPHICAL LOCATIONS (A. J. Cavé) 

The goal and set-up of these experiments are discussed in detail in the 
progress report of 1970 (pp. 59-60). 

The basic idea is to train birds to do things differently at two places 
200km apart. Ifthey do so, we may conclude that theydiscrimina.te between 
these experimental situations. For this purpose we trained our birds to use 
a white perch to obtain food in the experimental cage at Gimbte near 
Münster (100 km E of Arnhem) and a black perch at Monster (100 km W of 
Arnhem). Whether the bird discriminates between the two situations can be 
determined by placing her in the training situation without reward. The 
preliminary results of these experiments are reported below. 

Firstly, the birds were tested with the sun clearly visible and with view 
on the surrounding landscape (TabIe 3). Bird A 1.2 (died 26-5-'71) showed 
a preference for the correct perch in Monster but not in Gimbte. From the 
different behaviour at the two places it may be concluded that the bh-d 
discriminated between Monster and Gimbte, which is also the case for 
A 2.9 and B 2.3. These birds showed a preference for the right perch at both 
places. 

The birds were also tested under total overcast. They again had view on 
the surrounding landscape (TabIe 4). Bird A 1.2, which showed a distinct 
preference for the right perch in Monster under sunny conditions, failed to 
do so under total overcast. The same can be said for the tests with B 2.3 
in Monster. Five months later, B 2.3 was tested in Gimbte. This time the 
bird showed a clear preference for the correct perch. A 2.9 showed the same 
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behaviour in two tests in Gimbte. These latter three tests suggest that the 
birds do not need the sun but are able to use cues given by familiar land
marks (or some unknown cue or cues) . However, since we have no tests for 
the same period in Monster, the results of these three tests must be consi
dered inconclusive. 

These results give the impression th at A 1.2 needs the sun for the dis
crimination between the two places. The same can be said for B 2.3 in the 
period in which she was tested in Monster. 

The objection can be made that most of the training was done under more 
or Ie ss sunny conditions. Under the meteorological conditions prevailing 
in NW Europe, total over cast without rain or strong wind is rare. The land
scape looks different in sunny weather. It is possible that the birds do not 
recognize the landscape under total over cast in the tests, and behave 
differently for that reason. Experiments to clarify this point are in progress. 

Table 3. Tests on the ability of Starlings to discriminate between geographicallocations 
(view on the landscape, sun visible) 

Gimbte Monster 

Bird Date white black Date black white 
(correct) (wrong) (correct) (wrong) 

perch perch perch perch 

A 1.2 20/11/70 22 28 16/11/70 55 31 
4[5/71 18 22 8/2/71 78 48 
7[5/71 46 30 19[5/71 41 5 

B 2.3 4/5/71 20 8 19/5/71 37 2 
1/7 [71 17 4 3/6/71 22 3 
7/9/71 29 8 9/9/71 34 4 

20[9/71 33 9 21/9/71 35 7 
23/9/71 23 1 24[9/71 24 11 

5/10/71 10 10 

A 2.9 20/9/71 44 27 9[9/71 60 40 
23[9/71 36 16 21/9/71 59 7 

24[9[71 37 24 
5/10/71 20 13 

Table 4. Tests on the ability of Starlings to discriminate between geographicallocations 
(view on the landscape, total overcast) 

A 1.2 17/12/70 26 26 
6/4/71 33 33 

25[5/71 15 14 

B 2.3 15/11[71 27 0 25/5/71 19 21 
11/6/71 14 15 

A 2.9 2/11/71 27 14 
15/11/71 7 1 
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The results obtained so far suggest that Starlings use the sun for long
distance place discrimination. In addition, they seem to be able to use 
familiar landmarks. 

4.3. THE DUTCH BffiD-RINGING SCHEME (A. C. Perdeck, B. J. Speek) 

From the start, the department has given considerable time to the inter
national cooperation between the European ringing centres. The interna
tional system for handling recoveries was designed by the Vogeltrekstation 
and is now in use in most European countries. In The Netherlands this year, 
all of the 65,000 existing recoveries were brought onto punch cards according 
to the internationally adopted Euring system. As a consequence, the re
coveries can be analysed rapidly by means of a punch card sorter, to supply 
answers to questions on bird migration. Moreover, the system can be used 
by other investigators, to whom duplicates of the relevant cards are sent 
up on request. Several computer programmes are also available. 

As illustration, two maps showing recoveries of Coot (Fulica atra) 
ringed in The Netherlands are given. Fig. 2 concerns recoveries of Dutch 
breeding birds, Fig. 3 those of birds ringed outside the breeding season. 

Fig. 2. Recoveries of Coot (Fulica atm) ringed in the Netherlands from 
May to August (including both chicks and full-grown birds). 
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The latter figure suggests that quite a number of birds of foreign origin pass 
through The Netherlands or stay there during the wintertime. The con
centration of recoveries in NW Germany and the Danish islands suggests 
that the main breeding area lies in this region, but since the recoveries in 
these countries mainly concern birds recovered outside the breeding season, 
this conclusion is not correct. 

Fig. 3. Recoversies of Coot (Ftdica atra) ringed in The Netherlands from 
September to April. 

5. Distributional Ecology 

5.1. INTRODUCTION 

The field work in the IJsselmeerpolders was continued. Most ofthe work 
on the colonization of these polders by higher plants and some insect groups 
was carried out in Zuidelijk Flevoland (dry since 1968), but some observa
tions were also made in the older polder of Oostelijk Flevoland (dry since 
1957). 
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5.2. THE USE OF FALSE-COLOUR AND THERMAL INFRA-RED AERIAL PHOTO
-GRAPHYINVEGETATION STUDIES IN ZUIDELIJK FLEVOLAND (J. van der Toorn) 

5.2.1. Introductory remarks 

In recent years false-colour aerial (FC) photography has been applied 
in vegetation studies (Ross COCHRANE 1970). In Zuidelijk Flevoland the 
technique is used by the present author to obtain more accurate surveys 
of this area which is very difficult of access. Photographs taken in successive 
years make it possible to follow the rapid changes in the vegetation, which 
are characteristic of the new polders. In addition to FC photography, in 
1971 thel'mal infra-red ('rIR) pictures were also used to characterize the 
vegetation. Some preliminary results obtained with these techniques are 
presented below. 

5.2.2. Technical data 

The FC pictures were made with Kodak Ektachrome Infrared Aero 
Nr. 8443 in combination with a yellow filter. The film is susceptible to the 
green, red, and near infra-red part ofthe spectrum. From 1969 to 1971, five 
flights were made in the June to September period; during each flight , an 
area of 7 x 0.5 km was photographed. 

The TIR pictures were made with a Reconofax infrared scanner. Heat 
radiation (8-14 mft) was registered with a Ge :Hg detector in combination 
with an IR-filter, and then transformed into visible radiation. In this way 
differences in heat radiation could be recorded on film. The differences 
could be transformed into temperature values by calibration with a 
Barnes-IT -4a radiometer. 

5.2.3. Results 

5.2.3.1. FC indications : The most important plant species could be 
recognized on FC pictures by differences in colour shades, plant length, and 
surface structure. The analysis is facilitated by the fact that the vegeta
tions in the investigated area are mainly composed of one or two species. 

The shades of colour change distinctly during the season, as can be seen 
from Table 5. The differences are relatively small in June but very pro
nounced in July and August; in September they decrease again. Conse
quently, the differences can be registered best in July and August. It is 
important to take pictures in both of these months : in July to register 
flowering Senecio congestus and symptoms of degeneration in Phragmites 
and Typha; in August to photograph Epilobiu,m hirsutum. 

The pictures taken so far have only been roughly analysed, since it 
seemed wise to wait until the results of a number of successive years are 
available before deciding which areas require more detailed study. 

As an example of the preliminary results, the occurrence of three plant 
species in an area of 200 x 225 m from 1969 to 1971 is presented in Fig. 4. 
It is evident that there is a relationship between the occurrence of Senecio 
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Table 5. Oolour shades of various plant species visible on false-colour photographs 1 

Zuidelijk Flevoland, 1969-1971 

Species Stage 2 
I June July August September 

Senecio congestus 
A 1 2 - -
B - 4 4 4 

Typha latifolia 
0 5 9 9 3 
D ? 3 ? 9 

Typha angustifolia 5 7 9 9 

Phragmites australis 
0 5 5 5 8 
D ? 10 ? 5 

Salix spp (mainly S. triandra) 6 6 6 8 

Epilobium hirsutum 5 5 10 11 

lIndication of shades: 1 = pinkish-white 6 = light vermillion 
7 = deep vermillion 2 = light bluish-grey 

3 = deep bluish-grey 
4 = light crimson 
5 = deep crimson 

8 = light brownish-red 
9 = deep brownish-red 

10 = brownish-violet 
11 = greyish-blue 

2Indication of stages: A = flowering; B = vegetative; 0 = not deteriorating; 

A 
Senecio congestus: 

o cover <25% 

D 25-50% 

1,: 1 50-75 % 

1: :::::1 j, >75% 
• Typha latifolia 

D = deteriorating. Not indicated are stands with normal 
growth 

B 
Senecio congesIUs : 

dJ cover < 25 % 

2 > 75 % 

_ Typha latifolia 
cover > 75% 

c 
~ 
~ 

• 
Typha latifolia 
cover >75°0 

Phragmites 
australis 

Fig. 4. Vegetation map of 1969 (A) , 1970 (B), and 1971 (0) during June and July. 
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congestus in 1969 and of Typha latilolia and Phragmites australis in 1970 
and 1971. This relationship is probably determined by the elevation of the 
area in which these species occur. In 1969, Senecio congestus occurred mainly 
on relatively elevated spots, and was scanty on the lower ones. The occur
rence of Typha and Phragmites in successive years is restricted to elevated 
spots. These results, which were obtained by stereoscopie examination of 
the photographs, were in accordance with those obtained by means of 
conventionalland surveying techniques. 

5.2.3.2. TIR indications: The TIR pictures could be interpreted satis
factorily in combination with FC pictures taken on more or less the same 
date. Considerable differences were found to occur (TabIe 6) between neigh
bouring vegetations of Salix spp and Typha latilolia on the one hand and 
Phragmites australis and Typha latilolia on the other. Because Typha 
showed almost the same temperature at both spots, it could be concluded 
that this species has a higher temperature (16.5-17 .0°C) than Salix and 
Phragmites, which have more or less the same temperature (14.0-15.0°0) . 

Table 6. Temperatures of various plant species measured with the Barnes IT·4A 
Radiometer. June 18th 1971, at about noon 

Species Stage 1 Temperature (Oe) Location on film 

Typha latifolia 
e 16.5-17.0 40-45 
e 16.5-17.0 89-99 

e 14.0-15.5 89-99 

Phragmites australis 
D 15.5-16.0 33-35 
D 16.0 27 
E 16.0-17.5 24-29 

Salix 8pp (mainly S. triandra) e 14.5-15.0 35-40 

Epilobium hirtndum 
e 15.5-16.0 11-12 
e 16.0-16.5 13-15 

lIndication of stages: e = not deteriorating; D = moderate deterioration; 
E = strong deterioration. 

The observed differences in temperatlire may be principally due to a 
different emission coefficient. AIso, the influence of the soil temperature 
may be more pronounced in the case of Typha, because its leaves are more 
vertical than those of Salix and Phragmites. 

Comparison between the FC and TIR pictures of locally degenerated 
spots of Phragmites reveals that a relationship exists between the tempera
ture of the vegetation and its degree of degeneration. These differences are 
possibly due to the higher transpiration of healthy plants as compared with 
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deteriorated ones. In the case of Typha, higher temperatures were also 
observed in plants with retarded growth. 

5.2.4. Discussion 

The FC pictures were made between June and September. The differences 
in the vegetation were registered optimally in July and August. This is 
probably due to differences in maturity between the various plant species. 
Observations made by Zonneveld (pers. comm.) have shown that in spring 
good results can also be obtained; this too can be ascribed to difference in 
phenological development. 

It is not yet possible to answer the question of whether optimal results 
were obtained with TIR photography. Possibly, better pictures would have 
been obtained if the work had been done during the night, as can be con
cluded from the work of WEAVER et al. (1969). 

In comparing the results obtained with FC and TIR photography, we 
find that the former deserves preference for the study of different vegetation 
types. The TIR pictures seem to be useful to register differences in physio
logical conditions, for instance water relations (WEAVER et al., 1969). 

5.2.5. Acknowledgements 

I wish to thank Dr. J. C. Zadoks (Laboratorium Fytopathologie, Wage
ningen), who drew my attention to the possibilities of FC photography and 
who placed FC pictures taken in 1969 at my disposal. I am also grateful 
for the technica 1 and financial support of the NIWARS (Netherlands inter
departemental working community for the application of remote sensing 
techniques), which made it possible to take FC and TIR pictures during 
1971. 
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5.3. POSSIBILITIES FOR HIBERNATION OF CARABID BEETLES IN ZUIDELIJK 
FLEVOLAND (J. Haeck, H. C. A. Reimerink) 

Since the draining of Zuidelijk Flevoland in the spring of 1968, over 70 
species of Carabid beetles have been caught. To investigate the possibilities 
for establishment of these species migrating into the new polder, patches 
of soil were covered with fine-meshed netting in the early spring of 1969, 
1970, and 1971. The edges of the approximately 20 m2 of netting were dug 
in, in order to catch, in funnels under the netting, only beetles that had 
hibernated there (or their offspring) and to excIude new immigrants. The 
catch during spring and summer under the netting may be compared with 
the catch from norm al pitfalls at the same spot (TabIe 7). 
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Large-scale digging of ditches and trenches has improved draining in 
the peripheral parts of the polder, but in the winter large parts in the un
touched centre and north are still covered with water. Therefore, the es
tablishment on these two parts may be compared. In the spring of 1969 
we placed the netting on a spot that had probably hardly been covered with 
water in the previous winter, and in 1970 and 1971 both in a place that was 
covered with water and on a (neighbouring) spot that had remained dry in 
the previous winter. In the winter and spring of 1971, some samples were 
also taken from the litter, and some hand-collectingwas done in both places. 

Table 7. Number of Carabid species caught with various techniques in Zuidelijk 
Flevoland (in parentheses: number oflarval hibernators) 

wet area dry area 

Year Under Normal Litter + Under Normal Litter + 
netting pitfalls hand-collo netting pitfalls hand-collo 

1969 12(11) 32(5) 

1970 19(31) 33(5) 29(4) 32(5) 

1971 13(0) 28(2) 22(0) 26(3) 30(3) 22(0) 

lOnly on the last sampling date, when the netting was already torn. 

The first point of interest in Table 7 is that the number of species at the 
"dry" area is about the same for the netting and the normal funnels, but at 
the "wet" area the number caught under the netting is lower. Several 
species caught in the summer in the norm al pitfalls at the wet place had 
probably migrated from a drier pI ace where they had hibernated. This 
holds for the species hibernating as larva (or ptedominantly as larva) (ac
cording to LINDROTH, 1945): Trechus discus, Tr. quadristriatus, Amara 
convexiuscula, Pterostichus niger and Pt. vulgaris, but also for some species 
hibernating as imago, for instance Amara spreta, A. communis, A. majuscula 
and Anisodactylus binotatus (all of these are known as species from ruderal 
terrain). The species found at both places and with both techniques are all 
species hibernating as imago. 

This migration from (perhaps nearby) permanently dry pI aces to tem
porarily dry places may explain the catching of some individuals of larval 
hibernators under the netting on the last sampling date, when the netting 
was already torn by growing reed sterns. We frequently saw Carabid beetles 
landing and walking on the white nylon netting, and the chance of getting 
inside the net on this last date is a realone. 

This sampling experiment with netting and the comparison with the 
catch of normal pitfalls provides a basis for the interpretation of the results 
of a ttapping series of 15 temporary stations in the summer of 1970 (re
peated in 1971), 7 of which were situated on "dry" parts and 7 on "wet" 
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parts of the immense reed fields, as well as one station situated at the very 
foot of the dike, and therefore wetter due to seepage water. 

Of the 45 species caught at "dry" places, 8 (17.7%) are larval hibernators ; 
among the 30 species on "wet" places, however, only 1 individual of a 
larval hibernator was found, and at the dike-foot 3 out of the 29 species 
were larval hibernators (10.3%). These results are in agreement with data 
from the literature : among riparian species and species from moist woods 
and bogs, there are more species hibernating as imago (about 80 to 95%) 
than there are among species from dry pI aces such as arabIe and ruderal 
land or dry woods and heaths (about 50 to 60%) (LINDROTH 1945, GREEN
SLADE 1961, MURDocH 1967). LINDROTH (1949) also mentions that many 
riparian species (not only the larval hibernators) will have to migrate to 
hibernation places. 

The number of species and also of individuals hibernating in the "wet" 
area is unexpectedly large. In the winter of 1970/1971 many carabids were 
found in dead sterns of Phragmites, Typha, Senecio congestus or Aster tripolium 
lying on the ground and frequently covered with water. According to 
PALMÉN (1945), these beetles are protected against frost and water by an 
air pocket, working as a physical gill. 

From December 1970 to March 1971 we collected some litter samples 
from 0.4 m2 ; 13 samples at the "wet" pI ace, 12 at the "dry" place, and 5 at 
another dry place. These samples were treated in Tullgren funnels; the mean 
density proved to be 72, 28 and 25 carabids per m2, respectively. The dif
ference between the wet and dry pI ac es may be caused by the fact that in 
the wet spot all the suitable places to hibernate occur in the litter, whereas 
in the dry spot cracks and cavities are also present under the litter. 

To summarize: by sampling nnder netting and taking samples of litter, 
we found that some species of carabids indeed have sufficient possibilities 
for hibernation in wet places to build up a new population. Other species 
will, however, have to migrate each year from drier places. 
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5.4. PHYTOPHAGOUS INSECTS ON REED AND WILLOWS (J. H. Mook) 

Twig material of willows was sampled for the second year in September of 
1970 along the transeet running SW-NE through the polder Zuidelijk 
Flevoland. The material was stored in a deep-freezer and the damage by 
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insects (especially galls and mines with their contents) was investigated 
during the winter. The infestation by most gall-forming insects was not 
much higher in 1970 than in 1969. For RhalJdophaga terminalis on Salix 
triandra, which in 1969 was much scarcer in the centre of the polder than 
near the dikes, the differences in infestation disappeared. It is a question, 
however, whether the samples are quite comparable, because of the great 
differences between different sampling sites in growth of the willows. The 
investigations were not continued in 1971, because the willows on most of 
the sampling sites had been killed by herbicides. 
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The density of damaged reed shoots and of larvae of the noctuid moth 
Archanara geminipuncta was again estimated in June along the SW-NE 
transect in Zuidelijk Flevoland. The damage to the reed was on the whole 
much higher than in the preceding year, but a decrease in damage with 
increasing distance from the dike between Zuidelijk and Oostelijk Flevoland 
was still apparent (see Fig. 5). Up to a di stance of 5 km from the dike be
tween 70 and 94 stems per square meter were found to be damaged, but at 
greater distances this density feIl off quickly. Near the opposite dike, at a 
distance of about 16.5 km from Oostelijk Flevoland, again about 90 stems 
per m2 were damaged. A lake of 1.5 km width separates this dike from the 
"old" land, but an island with an extensive reed vegetation lies only 500 m 
from the sampling site and it is probably the source of this infestation. 

It is plausible from the flatter slope of the curve representing damage in 
1971 as compared with 1970, that besides migration an increase ofthe sparse 
population of 1970 in the cent re of the polder was also important. Since 
there were between 100 and 130 reed stems per m2 in the different sampling 
stations, it is clear that the percentage of damaged shoots near the dikes 
was very high. In Fig. 5 the density of live pupae in July has also been 
given, and it can be seen that this density is relatively lower in places with 
a high degree of infestation. This is also evident wh en the number of pupae 
per 100 damaged shoots is calculated. Heavier infestation appears to be 
correlated with a lower percentage of female pupae and smaller mean size 
of both male and fe male pupae. These observations point to a food shor
tage for the larvae in the heavily infested vegetations. The further deve
lopment of the populations will be studied next season in pI aces that have 
not been reclaimed. 

6. Botanical Ecology (Biological Station Weevers' Duin) 

6.1. ECOPHYSIOLOGICAL INVESTIGATIONS (A. H . J. Freijsen) 

6.l.l. Experiments on the growth and mineral nutrition ot Oynoglossum 
officinale L. 

Oynoglossum officinale is a biennial herb which in The Netherlands is 
restricted almost entirely to calcareous coastal dunes. It occurs in all zones 
of the dune area of Voorne, but only in dry sandy places. Furthermore, the 
soils on which Oynoglossum officinale usually grows here are always some
what disturbed, of ten by rabbits. In the greenhouse, sand- and water-cul
ture experiments were carried out with rosette plants to investigate the 
response to various nutritional conditions. At the end of the experiments 
the plants were harvested and weighed, and the mineral composition of the 
leaf-material was analysed. 

To study the variability of Oynoglossum ollicinale with respect to size 
and mineral composition, rosettes of this species were grown with increasing 
quantities of minen\,1 nutrients in two sand-culture experiments. In the 
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first experiment, carried out in 1200 mI pots, the quantity of added NO; 
ranged from 0 to 9 me. per pot, and in the second, done in 5 litre pots, from 
2 to 15 me. Other nutrient ions were added in proportion. More nutrients 
per pot caused better growth, a higher yield, and a relatively great increase 
of the shoot: root ratio. The plants given different nutrient treatments in 
1200 mI pots showed considerable differences in total nitrogen content and 
carboxylate content (C-A) (see DE WIT et al. 1963), but the plants in 5litre 
pots showed no variation in mineral composition. 

Since Cynoglossum officinale is a calcicolous plant species, the influence of 
Ca ions on growth and mineral nutrition was investigated. A water-culture 
experiment was done using the replacement series Ca-Mg, Ca-K, and Ca-Na. 
Each series consisted of the following Ca steps: 0.5-1.5-2.5-3.5-4.5 me. 
Ca++jlitre. An experiment with the replacement series K-Na was also 
carried out. The contents of Ca++ and of the other cations in the analysed 
leaf material increased in proportion to the concentrations of the same ions 
in the culture mediums. This suggests that there was no competition be
tween Ca++ and the ot her cations (DE WIT et al. 1963). The maximum con
tent of Ca++ was 1000 me.jkg dry matter, and the minimum 250 me.jkg. 
In the Ca-K replacement series plants showed a decreasing Mg++ content at 
increasing Ca++ concentrations. In contradiction with the above, th is sug
gests the existence of some interference between the uptake of Ca++ and 
Mg++. Plants ofCynoglossum officinale consumed very low quantities of Na+ 
(less than 100 me.jkg d.m.); this was also the case in the K-NIt replacement 
series. The plants of the two lowest Ca++ steps of the Ca-Na series died 
before the end of the experiment. 

According to DIJKSHOORN (1969) , Ca++ availability only effects growth 
below a level of 100 me. Ca ++ jkg dry plant material. In this experiment there 
was a clear effect on the growth ofCynoglossum officinale , although internal 
concentrations we re higher than 100 me.jkg d.m. It is difficult to understand 
why plants cultured at high Ca++ concentrations had low shoot: root ratios. 
The results obtained by BRADSHA w et al (1958) showed the opposite effect. 

The salt tolerance of Cynoglossum officinale was studied in a water-culture 
experiment. Plants were grown at salt (NaCl) levels corresponding with 
1-2-4-6 atm suction tension, and their growth was compared with that of 
control plants. The total dry weight of the plants grown at 1, 2 and 4 atm 
amounted up to 70, 60 and 40% of that of the control plants, respectively. 
The plants of the 6 atm treatment died off during the experiment. This moder
ate salt tolerance of Cynoglossum officinale , which is not specifically a coastal 
plant, explains why it grows vigorously on the Ammophila dunes of Voorne. 

Leaf samples of rosettes of Cynoglossum officinale were collected in the 
field for analysis of the mineral composition. 

6.1.2 . Dillerences in growth physiology, salt tolerance, and mineral nutrition 
between 5 varieties ot Centaurium littorale (Turner) Gilmour. 

In previous years a num ber of ecophysiological investigations were carried 
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out with Centauriurn littorale. In sand-culture experiments (FREIJSEN 1971) 
Centauri urn littorale (var. iberoides) appeared to be a very slow-growing 
plant with a low uptake of mineral nutrients. In a comparative water-cul
ture experiment (FREIJSEN 1970) Centaurium littorale var. lati/olium, which 
occurs on old humous salt marshes, diverged considerably from CentauTium 
littorale var. iberoides from thc Voorne dunes with respect to salt toleranee 
and the shoot: root ratio. 

In 1971, five varieties of Centaurium litt01·ale were investigated to cva
luate differences in mineral nutrition, growth physiology, and salt tole
rance. The author hoped to find relations between su eh differences and dis
tinct distribution areas in The Netherlands. These varieties of CentauTium 
littorale may be briefly characterized as follows: 

1. var. littorale - erect habit and greatest maximal si ze (Terschelling) 
2. var. iberoides - de cum bent habit (Voorne) 
3. var. lati/olium - broad thin leaves (Terschelling) 
4. paramorph of Goeree - intermediate form between 1 and 2 
5. var. minus - very short internodes (England) 

The rosette plants of Centau1·ium littorale were grown on Hoagland-nu
trient solution under greenhouse conditions. Two experiments were carried 
out. In experiment 1, two treatments were applied: Hoagland-solution 
alone and Hoagland-solution with an added amount of NaCI corresponding 
with a suction tension of 3.5 atm. Because many salt-treated plants of 
variety lati/olium and variety minus died, these two varieties and the 
paramorph of Goeree were cultured in experiment 2 at a suction tension 
of 1 atm. During the experiments the total fresh weights were deter
mined periodically. The dry shoot and root weights of the harvested 
plants as weIl as the contents of the chief ions and total nitrogen were also 
determined. 

The following preliminary results can be mentioned. Plants of Centau
rium littorale exhibited an exponential growth. The growth rate decreased 
gradually, probably because the leaves overshaded each ot her more and 
more in the course of the experiments. In the experimental period of 2~

months, plants attained (low) total fresh weights varying from 10 to 25 g. 
There were differences in growth rate and shoot: root ratio between the 
varieties investigated. For instanee, variety littorale , having longer leaves, 
formed larger rosettes than did variety ibemides. Variety lati/olium had 
the highe st growth rate in the seedling stage. The growth reduction resulting 
from the salinity of the culture medium also varied. The non-salt plants of 
all five varieties had more or less the same mineral composition. However, 
the K + contents were divergent, as were the total nitrogen contents. There 
was more variation in the ionic balance of the salt-treated plants. The five 
varieties accumulated Na+ and Cl- to different degrees. In some varieties 
the uptake of K+ was strongly reduced by salt. All varieties were charac
terized by aspecific va,lue of the osmotic potential. 
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6.2 . Micrometeorology (Ph. Stoutjesdijk) 

6.2.1. Improvement ot the radiation thermometer 

The last Progress Report mentioned experiments for improvement of the 
radiation thermometer then in use. The experiments resulted in a field
worthy device. The viewing angle of the instrument is 9°, response time 10 
seconds, and sensitivity 0.16 p,VtC for the measurement of surface tem
peratures. In the field good results were obtained with this instrument in 
combination with a microvoltmeter made by the "Laboratorium voor 
Instrumentele Electronica" Amsterdam. Thanks to the high sensitivity of 
the microvoltmeter (between 1 and II p,V full scale), the rather low output 
of the radiation thermometer was not a serious drawback. 

Under field conditions, surface temperatures could be measured with an 
error of not more than 0.5°C, with a temperature difference between in
strument and object of 20°C. The rather abundant literature on the validity 
of surface temperatures measured by means of a radiation thermometer is 
confusing. For measurement of the temperature of a surface that is not per
fectly black (emissivity = 1), but has an emissivity of, say: 0.90, there is 
an error when the surroundings have a different temperature. For instance, 
when the sky has a radiation temperature that is 30°C lower than the tempe
rature of the surface exposed to it, the measurement should be, with a 
good approximation, (1-0.9) x ao°C too low, i.e. acc. 

Rough measurements showed that for a glass surface the error could be 
considerable (3°C), and of a magnitude that could be expected from emis
sivity data in literature. For dune sand, the error was less than the data in 
the literature suggested, i.e. under field conditions not higher than 0.5°C. 
For water and leaf surfaces, the error was even smaller. 

6.2.2. M icrometeorological measurements 

The great diversity of the dune landscape and the vegetation gives ri se 
to "edge effe cts " , creating microclimates which are fundamentally different 
from those found in a homogeneous vegetation. An example of measurements 
made in such areas is given here. 

The north side of patches of shrub show a situation similar to but even 
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more extreme than the one found on steep north slopes. Especially where 
low vegetation occurs on the north side of shrub-covered ridges there are 
pI aces receiving hardly any direct solar radiation even though they are freely 
exposed to more than half of the sky. In such pI aces a negative net radia
tion was measured, even in late summer, during the greater part ofthe day. 
The details of a typical case are as follows: 16 Sept. 1971, 11.30 h . North 
of hawthorn shrub. Bright sky; sol ar radiation in the open: 0.83 Caljcm2 

min. Air temp.: 15.0°C, wet bulb 10.3°C. Surface temperature grass (Hol
cus lanatus), 9.1°C. Heavy dew present. Effective radiation temperature sky 
-lOoC. Net radiation -0.03 Caljcm2 min. Solar radiation (indirect) 0.1 Calj 
cm2 min. In its extreme form this situation is of ten due to human influen
ces, e.g. the cutting of paths. Several species with northern or Atlantic 
affinities seem to prefer this situation. 

The counterpart of the situation at the north side of a strip of shrub is 
found at its south side, especially where overhanging branches are present. 
Here, a high amount of solar radiation is received. Dew formation is weak. 
On the other hand, th ere is shelter against night frosts. Net radiation is con
siderably higher (0.1-0.2 caljcm2 min.) than in the open, which is especially 
important in winter. Even in late autumn and early winter, temperatures 
from lOoC to 30°C higher than ambient air temperature can be observed here. 

6.2.3 . Optical properties of leaves 

Leaves generally have a high reflectivity for infrared radiation. In the 
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Fig. 6. Refiectivity as a function of wavelength for leaves of Ammophila arenaria, 
Cakilc maritima and Ligu8trum vulgare. 
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literature very high reflectivities are mentioned for leaves of desert species. 
For sand-dune species, no data seem to be available. 

Leaf reflectivity for visible and near infrared radiation was measured for 
several typical dune and beach plants. The measurements were made in the 
range 0.4-1.2 nm, using a spectrophotometer (Zeiss) with attached photo
metric sphere. Considerable differences between species were found both in 
the visible wavelengths and in the infrared. Infrared reflection varied be
tween less than 40% for Ligustrum vulgare and 60% for Eryngium maritimum, 
Ammophila arenaria, Euphorbia paralias, and Elymus arenarius, species 
which also have a rather high reflectivity for visible wavelengths (Fig. 6). 

Reflectivities of 60% closely approach the values given in the literature 
for desert species. One is tempted to explain these high reflectivities as an 
adaptation to arid conditions. However, the reflectivity of the leaves of 
Oakile maritima is rather weak, and leaves with a high reflectivity apparently 
have a rather high absorption of the unreflected radiation. As aresuIt, the 
heat load is not considerably reduced. 

6.3. MICROBIOLOGY (P. A. 1. Oremus) 

6.3.1. Introductory remarks 

The actinomycete which lives in symbiosis with Hippophae and forms 
nodules on the roots of this plant, has not been isolated yet. To get some idea 
of its distribution in the soil and of the number of active particles occurring 
in the nodules as weU as in the soil, experiments were carried out on the basis 
of the following reasoning. 

In its infectious state, the root-nodule endophyte (infectious particles), 
found in the soil and in the nodules, is able to infect the root hairs of a 
Hippophae plant under certain conditions. This infection leads to the forma
tion of root nodules. TheoreticaUy, each infectious particle can form a 
nodule. If we inoculate a number of endophyte-free plants with a given 
amount of ground nodule material (inoeulum), nodules will be formed on the 
roots . The number of nodules will be an indieation of the minimal number 
of infeetious particles in the inoeulum. This method is suitable because we 
are only interested in comparisons between different types of vegetation 
and not in absolute numbers. 

For su eh experiments endophyte-free plants with well-developed roots 
should of course be availaLle. To develop the appropriate teehniques, the 
experiments were divided into three parts: 

A. Sterilization experiments 
B. Plant physiologieal experiments (germination experiments) 
C. Inoeulation experiments 

This year, only inoculations with nodule material gathered from the 
field were performed. Inoeulation experiments with soil extra ets are on the 
program for 1972. 
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6.3.2. SteTilization experiments 

Seeds collected in the field were held for 5 weeks at 4°C, to obtain a 
higher percentage of germination (BOND et al., 1956). The sterilization 
liquids used were H 2S04 and H 20 2 . Aftel' treatment with these liquids, the 
seeds we re washed with sterile water and placed in sterile petri-dishes on 
moist filter-paper. 

A treatment with 96% H 2S04 for 5 minutes followed by treatment with a 
solution of 5% H 20 2 gave satisfactory results, the percentage of germina
ting and non-infected seeds being higher than 90 per cent. 

6.3.3. Plant physiolog'ical expeT'iments 

6.3.3.1. Germination experiments 

To determine the influence of the amount of water in the petri-dishes 
on the growth of the radicula, the following experiment was performed. In 
each of 5 petri-dishes, 20 seeds placed on filter paper were supplied with 
2,2.5,3 , 3.5, or 4 mI of distilled water. Af ter a dark period of 7 days (tem
perature 28°0) , the length of the radicula was measured. The average value 
of the root length of seedlings from the dishes filled with 3 mI and 3.5 mI 
was significantly higher than th at of the other treatments. 

6.3.3.2. Further treatment of the seedlings 

Aftel' 7 days the seedlings were placed in perlite, moistened with Crone 
sol ut ion (pH = 6.3), placed at 28°C, and illuminated continuously. Ten 
days later, wh en the plants had 1-2 pairs of leaves, they were placed in 
Crone solution; aftel' 5-6 weeks (plants with 4-5 pairs of leaves) the root 
system had developed sufficiently to start the inoculation experiments. 
During th is period the plants were illuminated for 16 hours alternating 
with 8 hours of darkness since it was found that aftel' continuous illumination 
for more than 3 weeks, the leaves curled and the plants lost their vitality. 

6.3.4. Inoculat'ion exper'iments 

6.3.4.1. Inoculation method 

Aftel' precultivation 12 Hippopkae plants were placed in jars provided 
with 350 mI of N-free Crone solution, and a known quantity of a diluted 
nodule suspension was brought into each jar. Aftel' 7 days, the roots were 
washed thoroughly and the plants placed in N-free Crone solution. Aftel' 
3-4 weeks the first nodules were visible; the nodules were counted peri
odically. 

6.3.4.2. The number of infectious particles per gram of nodule material 

To get an impression of the total number of infectious partieles in one 
gram fresh weight of nodule, groups of 12 Hippophae plants were inoculated 
with 1.0, 0.75, 0.1, 0.01 gram nodule material (Tabie 8). 
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Table 8. The effect of the inoculum size on the number of nodules formed 

Amount of inoculum (g) 1.0 0.75 0.1 0.01 

Total number of nodules formed 1889 2467 1616 1030 

Although no significant difference was found between the various treat
ments, it is clear that there are at least 2000 infectious particles in 1 gram 
of nodule material. It is likely that the real number of particles is much 
higher than the 2000 found in this experiment. Therefore, the inoculation 
experiment will be repeated with higher dilutions of the nodule material. 
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INTRODUCTION 

Scientific Staff 

The studies of the three main projects, the lakes Vechten, Tjeukemeer 
and IJselmeer were continued. The project Tjeukemeer has been extended 
to the other Frisian lakes by conducting three-monthly trips. Owing to the 
impossibility to refill the existing vacancies on Tjeukemeer the algological 
and the fishery work is much reduced. Feeding of zooplankton is now in
cluded in the study programme. 

Project Tjeukemeer 

CHEMISTRY AND PRIMARY PRODUCTION : (Drs. H. de Haan, Dr. J. R. Moed, 
Dr. H. L. Golterman and Mr. R. F. Liqui-Lung) 

The great intluence of the IJsel meer water on the Tjeukemeer was 
demonstrated strongly in 1971. Due to the dry summer the chloride con-
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centrations increased to about 6 meq.dm- 3 ; high values lasted throughout 
the whole winter; end December still 5.4 meq.dm-3 was found (normal 
value 1 meq.dm-3). 

The chloride buffering capacity of Tjeukemeer became apparent during 
th is year. The chloride content was decreasing in the sequence IJsel meer, 
Grote Brekken, Tjeukemeer, Vierhuis. IJsel meer and Grote Brekken 
showed nearly the same high chloride concentration (up to 8.0 meq.dm-3 ), 

while Tjeukemeer and Vierhuis had lower values. Nearly no discharge of 
polderwater took place. The dry summer did not cause an unusually high 
water temperature ; highest value was found in July (22.2°C) and there
af ter the temperature decreased steadily to 3°C in November. Consequent 
directly upon the unusual hydrological regime the value for the dissolved 
organic matter was low during the period June-December (COD values 
about 10 ± 2 mg.dm-3 ). 

The changes of the pH were as usual i.e. a regular increase from 7.5 to 
9.2 between 8 February and 5 April. A slight decrease (to pH = 8.0) took 
place in October. 

Changes in calcium- and bicarbonate concentration were remarkable and 
apparently due to a drastic change in the IJselmeer water: 

IJselmeer 
Grote Brekken 
Tjeukemeer 

Ca(meq.dm-3) 

4.9 (May) - 3.0 (Aug.) 
4.7 (May) - 3.0 (Aug.) 
3.4 (June) - 3.0 (Aug.) 

2.7 (Sept.) 

HC03-(meq.dm-3) 

3.2 (May - 1.1 (Aug.) 
3.1 (April) 1.1 (Aug.) 
2.4 (June) - 1.6 (Aug.) 

The causes for the decrease of calcium in the IJsel meer is unknown; it 
seems th at in the Tjeukemeer the bicarbonate tends to remain higher than 
in the incoming water, while for calcium the same concentration is found at 
the end of the period of change. As normally found, the increase of sodium 
was Ie ss than that of chloride. Phosphate and nitrogen values repeated 
their regular yearly pattern. 

For silicate a difference fr om the norm al pattern was found; in November 
and December the concentrations in the canals at the polder-side of the lake 
started increasing, although the east- westwards CUlTent of the water had 
not yet started. This indicates that the dissolution of the silicate takes place 
from the surrounding soils, where the water contains Ie ss oxygen. The 
likeness of this with the situation in an anaerobic hypolimnion is striking. 

PRIMARY PRODUCTION : (Mr. O. Singelenberg, Mr. R. F. Liqui-Lung and 
Dr. H. L. Golterman) 

The pattern of primary production - studied with long tubes - was very 
much the same as in 1970. The mean daily value for 1971 is 5 g .m-2 of O2 , 

which is lower than in 1970 (8 g.m-2 ). The difference is however mainly 
caused by the presence of a few short-time high peaks in 1970; most values 
in 1970 and all values in 1971 were aroUlld the annual mean. Oxygen con-
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sumption (dark tubes) was 2.36 g.m-2.d-1., and the net photosynthesis 
2.64 g.m-2.d-1 . 

Singelenberg showed that only in the upper 25-50 cm of the lake water a 
light saturated photosynthesis occurs. This could be demonstrated only 
on reasonably quiet days or in experimental tanks. Photoinhibition was 
never found; it is however quite likely that it may take place in the upper 
few cm. Experiments in which bottIes were suspended at a depth changing 
between 25 and 100 cm showed an increased primary production as com
pared with bottIes suspended at 10 cm. It seems likely therefore that - at 
least in shallow lakes - the photoinhibition is more pronounced in the 
"fixed bottIes" than in the upper water layer itself. This experimental 
difficulty has been over co me by employing long tubes instead of bottIes. 
The experiments with DCMU, as inhibitor for photosynthesis, were con
tinued. C14 uptake was found to be equal in dark bottIes and in DCMU 
inhibited water samples. Therefore it was decided that in 1972 and in future 
dark bottIes or tubes would be replaced by DCMU containing light bottles. 

HUMIC MATERIAL: (Drs. H. de Haan and Mr. W. Haarman) 

De Haan has developed a method for the estimation of soluble humic 
compounds in fresh water. Before the humic compounds are coloured with 
the Folin-Ciocalteu phenol reagent, they are purified from interfering 
phenolic compounds by ion exchange on acid Abûa. The humic compounds 
are expressed in ,ug.ml-1 of tyrosine with the aid of a tyrosine standard 
solution. 

The gel filtration of soluble humic compounds from Tjeukemeer has been 
intensively studied. In comparison with Sephadex LH-20 and CPG-lO, 
Sephadex G-25 gives better fractionation using a phosphate buffer (,u = 0.02) 
of pH 7.0 as an eluant. 

The molecular size distribution of soluble humic compounds from differ
ent Frisian lakes could be correlated with the E250/E365 ratios of these 
lakes. The differences in molecular size distribution of soluble humic com
pounds in epi- and hypolimnion of a Finnish lake could be predicted also 
from E250/E365 ratio determinations. 

The three main fractions obtained af ter gel filtration of the soluble 
humic compounds from Tjeukemeer absorb light at 250 and 365 nm, 
fluorescence, react with the Folin-Ciocalteu phenol reagent and with 
ninhydrine and orcinol. According to these results we consider the soluble 
humic fractions of different size as phenolic polymers of a rather simple 
humic building block . To these polymers peptides and hexoses can be 
condensed. 

Indirect evidence for microbial activity on soluble humic compounds in 
Tjeukemeer has been obtained from incubation experiments at 21°C. An 
isolated humiphoric organism from Tjeukemeer, when grown in media in 
which humus was the only carbon source, changed the E 250, E365 and phenol 
content of the medium in the same way as it did in the incubated Tjeuke-
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meer water; also humus bound hexose disappeared from the medium. To 
explain the phenomena during the growth of the isolated organism, a 
hydrolytic cleavage of phenol-glycoside bonds is assumed. 

Haarman studied the seasonal changes of the molecular si ze distribution 
of soluble humic compounds in Tjeukemeer. Comparison of Tjeukemeer 
water with surrounding polder water revealed that the humic compounds 
in the lake have their origin in the polders. 

Haarman measured hexoses (orcinol) and primary amines (ninhydrine) 
in freezedried extra cts of humic material. Solutions of the extracts with 
E 250 = 0.100 were found to contain 0.4 - 40 x 10-9 aeq glycine and 
5.3 - 29 x 10- 9 aeq of hexose per cc. 

ALGOLOGICAL STUDIES (Dr. J. R. Moed and Mr. H . Hoogveld) 

Moed started with experiments simulating dying Asterionella cells due to 
silicon depletion and illumination. It was found reproducibly that silicon
depletion is marked by an enhanced ratio of carotenoids over chlorophyll a 
in samples taken aftel' the dark periods. Immediately aftel' silicon-depletion 
chlorophyH decreases slightly whereas the carotenoids tend to remain at a 
constant level for a few days. The onset of degradation of carotenoids 
coincides with a rise in the percentage of single ceHs. At the light intensity 
applied (3 Klux) the carotenoid diatoxanthin could be observed in the 
silicum depleted stage, at the earliest af ter a light period. No accumulation 
of diatoxanthin could be observed. The last phase of the bleaching process 
was marked by the occurrence of a red pigment with absorption maxima at 
463, 486 and 518 mI' in chloroform. 

Evidence was obtained that Si-depleted cells show an increased rate of 
sinking, while it was observed th at they, when kept in darkness, already 
release silicate aftel' a few days. 

Surface samples of Poepegat, a sm all pond near Tjeukemeer, were in
vestigated for soluble silicate and Synura cells. In February a Si-maximum 
of 400 mg.dm2 of SiO-a-Si was recorded and this gradually decreased to 
al most zero in April. This was the time wh en Synura was at its maximum. 

Hoogveld made an analysis of the dominant diatoms of the Frisian lakes 
in March 1971 . Four main regions characterizing M elosira, Diatoma, centric 
diatoms and the Chrysophyceae Synura could be recognized. It is possible 
that the dominance of Dialoma in lakes in south-west Friesland is related to 
water-inlet from IJselmeer. 

ZOOPLANKTON (Drs. J. Vijverberg and Dr. R. D . Gulati) 

Vijverberg continued his studies of the zooplankton production by 
estimating the absolute population densities, population structure and 
numbers of eggs per female. Furthermore, the influence of temperature on 
growth, egg-development and longevity was established by culturing 
zooplankton organisms individually at 5, 10, 15,20 and 25°C in filtered lake 
water. The growth rate appeared to be dependent not only on the tempera-
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ture but also on the season. This phenomenon was correlated with the 
intensity of the primary production during that season. Biomass per indivi
dual was also determined by measuring protein, fat, sugar, Kjeldahl ni
trogen, total phosphate and COD of known numbers of certain species and 
of different size classes. Detailed results will be available in 1972. 

Gulati started secondary production studies using C14 method. He studied 
the roles of ingestion, feeding, filtration and excretion of Daphnia pulex 
and D. magna under different environmental conditions in the laboratory 
and the transfer of energy by entire filter population of zooplankton of the 
lake Tjeukemeer in comparison to some other lakes. 
The lakes studied were : Tjeukemeer, IJselmeer, Ketelrneer, Wijde Blik 
and Vechten. 

The average of net secondary production by herbivorous zooplankton 
during the vegetation period was 400 mg.m-2.d-1 for Tjeukemeer. The two 
lakes Wijde Blik (990 mg.m-2.d-1) and Vechten (150 mg.m-2.d-1) represent 
the two extremes found during the present study on five lakes. Corres
ponding figures IJselmeer and Ketelrneer were: 400 mg.m-2.d-1 ; and 
840 mg.m-2.d-1 resp. 

Filter feeding zooplankton daily consumed only 2.4% of the standing 
crop ofphytoplankton in Tjeukemeer but over 6% in IJselmeer and Wijde 
Blik, 2,4% in Ketelrneer and 2.9% in Vechten. Between 1 and 3.5% ofthe 
standing crop was actually transformed into zooplankton. 

Comparing the daily primary production and secondary production, 
from 5 to nearly 100% of the former was assimilated by filter feeders. 
Tjeukemeer with only 5% consumption of primaty production had the 
lowest consumption rates, notwithstanding the fact that consumption in 
this lakes take pI ace in the entire depth (2m) and primary production in 
only upper one-third of this depth. It appears that in Wijde Blik zooplankton 
plays a vital role in the food chain since all the daily primary production is 
used up by the primary consumers. 

BENTIDe ANIMALS (Drs. D . M. Beattie) 

Accepting the evidence of the last three years, that populations of chiro
nomids in Tjeukemeer are so low to be of little value in the food chain 
(Chironomus less than 50 m-2 ; Clyptotendipes Ie ss than 100 m- 2 , Beattie 
directed his work to examining the reasons for this absence. The marginal 
zone of the open-water area (100 m wide) was studied in conjunction with 
the adjacent reed beds and seem to be influenced by their presence i.e. a 
Clyptotendipes population density of 1200 m-2 and that of Chironomus 
300 m-2 ; areas further away from the shore had a Clyptotendipes density 
ofless than 60 m- 2 and Chironomus was totally absent. The ditch SUIToun
ding the lake supported high densities of Chironomus, up to 4000 m-2 but 
apparently could not use this potential to populate the lake. Other lakes of 
a more favourable size and aspects in the Frisian Boezem System had a 
contrasting high production of chironomids, i.e. Chironomus 1-2000 m-2 
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and Clyptotendipes virtually absent. Experimental tanks containing the 
major Tjeukemeer substrates and situated adjacent to the lake all devel
oped reasonable populations of chironomids i.e. Clyptotendipes density of 
3600 m-2 and for Chironomus 3830 m-2 , indicating that this is not a 
detrimental factor . 

FrSH: (Mr. W. van Densen, Mr. J. Hazelzet, Drs. J. Vijverberg and 
Drs. D. M. Beattie) 

Smelt 
Van Densen carried out ecological research on the smelt (Osmerus eper

lanus) in the Frisian lake system, especially in the Tjeukemeer and Grote 
Brekken. This originally anadromous fish species lives in the Frisian lake
system mainly in isolated freshwater populations of a simple population 
structure with a very broad base. The smelt in the Tjeukemeer and the 
Grote Brekken becomes mature at the end of the first year. 

Towards the end of May high concentrations of smelt larvae occurred in 
the NW-end of Tjeukemeer. Sampling in the Grote Brekken clearly de
monstrated a passive immigration of smelt larvae at the water inlet at 
Lemmer. These immigrated larvae have their origine in the spawning-area 
in front of the NOP, where there is a commercial smeltfishery in springtime 
when the fish comes to spawn. At the end of 1971 growing season the Tjeuke
meer smelt reached a mean length of 7.0 cm (7.5 cm in 1970), and the Grote 
Brekken smelt that of 6.0 cm (6.3 cm in 1970). Comparing the two succes
sive years, in 1970 the fish had better growth; and the growth difference 
between the lakes was constant. 

During the 1971 survey all the lakes of the Frisian System were fished and 
densities and mean weights compared. The re su lts are used to determine 
the main environmental factors that govern the first-year growth of smelt. 

The following table shows the mean weights (grams) of first year smelt 
in August. The variations among the different lakes are significant and the 
low value in the Grote Brekken is especially notabIe. 

Bergumermeer 0.86 Heegermeer 1.04 
De Leyen 0.97 Fluessen-noord 1.21 
De Princenhof 1.09 Fluessen-zuid 1.13 
Pik meer 0.79 Morra 0.97 
Sneekermeer 0.78 Slootermeer 1.17 
Langweerder Wielen 0.69 Grote Brekken 0.56 
Koevordermeer 0.60 Tjeukemeer 0.95 

Bream 
Hazelzet studied the feeding behaviow' of Abramis brama (common 

bream). Numerical estimates of stomach and gut contents were made and 
the data were expressed as biomass percentages for the different species 
determined in the contents. 
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Only small differences in stom ach and gut contents were found in bream 
up to 22 cm long. Important food species of the flsh in terms of their bio
mass were: Alona quadrangularis (microbenthos), Daphnia hyalina and 
Ohydorus sphaericus. Copepoda, though very abundant in thc Tjeukemeer 
were not important as flsh food. 

Above a length of 22 cm there was a sudden change in diet. Important were 
Gammarus tigrinus , Chironomid larvae (macrobenthos ) and Daphnia hyalina. 

There was an increased growth in 1971 compared to 1968. The production 
of bream calculated on the basis of population estimates and the growth 
rate, in 1971 was 7.2 kg/ha-1 for bream smaller than 22 cm and 4.2 kg/ha-1 

for flsh larger than 22 cm. The biomass was 10.5 kg/ha-1 and 16.4 kg/ha-1 

respectively. Compared with data of Goldspink (1971) on Tjeukemeer these 
flgures would indicate a decreasing bream population. 

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

From the studies on the phosphate balance of IJselmeer it appeared that 
more than 10.000 ton of Pof the incoming phosphate accumulates in the lake 
per year. The study of 1970 has revealed that both Pand N concentrations 
arc 3-4 times higher in Ketelmeer than in IJselmeer. This year a program of 
research has been started to follow both qualitatively and quantitatively 
the Pand N concentrations during the course of water from IJsel via 
Ketelmeer to the IJselmeer. Theoretical values of watercurrent and their 
comparison with the observed change in Cl concentration during monthly 
trips in the period June till September did not show a clear picture. There
fore the best way for making su eh estimates is to calculate the average of 
all analyses, and to compare samples from different stations and the results 
from one trip with the other trips. 

The study so far has shown that total phosphate values from IJsel to 
the IJselmeer are constantly reduced to 50-60%. Both P04-P and Part.-P 
fractions contribute equally to this decrease. 

No proof could be found wh ether a possible role of chemical processes 
such as absorption and sedimentation in the form of FeP04 can be the cause 
of the decrease of the inorganic phosphate concentration. Chlorophyll, 
oxygen content and primary production measurements do indicate a possi
bIe plankton production in Ketelmeer and th us the reduction in inorganic 
phosphate and nitrogen to biological processes. The study of the variation 
in total inorganic nitrogen as weIl as the ammonia, nitrite and nitrate 
fractions appeared to be an even more complicated problem than the 
changes in the phosphate concentrations. 

Project Vechten 

CHEMISTRY AND PRIMARY PRODUCTION : (Dr. H. L . Golterman,Mr. T . Tietema, 
Mr. R. F. Liqui-Lung) 

The routine chemical analysis of the lake was continued. Due to illness of 
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the technician concerned and the impossibility to refill vacancies the work 
on the nitrogen analysis had to be discontinued. The EDTA titrations for 
calcium and magnesium are replaced by an atomie adsorption determina
tion. For calcium in some other lakes a pretreatment with an anionexchanger 
seems to be necessary. Sulphate is now measured by atomie absorption 
determination of excess barium. 

The work on the uptake of mud phosphate by algae was restarted. It has 
been found that most of the available phosphate can be l'emoved by extrac
tion with a 0.01 N solution of nitl'ilotriacetic acid (NTA). 

The average pl'imary production in the growth season (May-October) 
was 370 mg.m-2.d-1 ofC (1970: 430,1969: 370 mg.m-2.d-1 ofC). The data 
collected from experiments with light bottles which were made to move up 
and downwards in the epilimnion, indicate that the socalled photoinhibi
tion might be due to the normally fixed position of the botties. Further
more, the increase in the total inorganic carbon in the hypolimnion 
was estimated. Together with data from previous and subsequent 
years the percentage of carbon mineralization in the hypolimnion can be 
calculated. 

PERIODICITY OF PHYTOPLANKTON: (Drs. F. D . Boesewinkel) 

The total amount of phytoplankton in the 0-5m column reached its maxi
mum at the end of August. Centric diatoms showed a maximum of 200 cells 
per cm3 as early as 8 February, while Asterionella had inereased to 125 cells 
per cm3 . Oocystis occurred in large nu mb er on 7 June, and Phacotuslenticu
laris reaehed 480 eells per em.3 Olosterium acutum had a maximum of 50 
eells per em3 on 28 September. On 20 August the blue greens (mixed popu
lation) were more than 2000 filaments per em3 . Asterionella reached 200 and 
Oeratium 47 eells per em3 . All the three algae decreased in their numbers by 
30 August. 

MICROBIOLOGY: (Drs. Th. E. Cappenbel'g) 

The work on the distribution and interrelationships of heterotrophie, 
sulfate-reducing, methane-producing and methane-oxidizing baeteria in the 
water and mud was continued. Maxima of aerobic heterotrophic baeteria are 
usually found in the zone between aerobic and anaerobie water layers, in 
this case the metalimnion, due to the gradients of available organic material, 
and oxygen, which showed stratification from May till November. The 
methane oxidizers are found in maximal numbers at a depth of maximal 
methane eoncentration, and by oxidizing the latter they contribute to the 
removal of oxygen from the hypolimnion. 

The sulfate-reducing bacteria are observed in the hypolimnion only from 
June till September. Their favourable redox requirements may met by the 
metabolic activities of the methane oxidizers. This dynamic equilibrium 
is disturbed by the autumn turn-over and there aftel' sulfate redueers 
are no longel' detectable. Heterotrophic and methane-oxidizing bacteria 
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deerease in numbers and are homogeneously distributed during winter 
circulation. 

From the distribution pattern in 1971 of sulfate reducers and methane 
producers in the mud it may be concluded that, during summer-stratifica
ti on the numbers of both the bacterial groups increase considerably (maxi
mal numbers of methane producers = 6 x 108 colony forming units per 
liter of wet mud, maximal numbers of sulfate reducers = 8 x 106 c.f. u. per 
liter); while both the maxima coincide with a difference in redox potential. 
The methane producers occurred at a depth of 4 to 5 cm in the mud (redox 
potential: - 275 m V); the sulfate reducers at a depth of 0 to 1 cm in the 
mud (redox potential: - 125 m V). 

Laboratory experiments on the effect of selective inhibitors on methano
genesis and sulfate reduction in the mud, suggest that the sulfate reducers 
and the methane producers may use fermentation products of one another as 
energy source for biosynthesis, i.e. the sulfate reducers may use methane 
and the methane producers acetate. Furthermore, it was shown that the 
acetate-fermenting type (of the mixed population) of methanogenic bac
teria in the mud is the prominent one. 

In an apparatus for homogeneous single-stage continuous culture with 
a pR- and redox-stat, experiments have been set up with strains of Desul
tovibrio desulturicans. The steady-state values of substrate concentration, 
bacterial concentration and biomass are estimated and the maintenance 
coefficients calculated - with lactate as limiting factor in the range from 1 % 
to 0.005%. 

Strains of methanogenic bacteria are isolated from the mud of Lake 
Vechten, according to the roll-tube technique. Pure cultures are obtained 
of formate, acetate and methanol fermenting bacteria of different morpho
logical types. 

ZOOLOGY: (Dr. S. Parma)1) 

Parma, who left the institute on 1 March, 1971 succesfully defended his 
Ph. D. dissertation: "Chaoborus flavicans (Diptera, Chaboridae): an aute
cological study" 10 December 1971 in Groningen. 

Ris sampling program me of the lake bottom at four stations was finished 
at the end of 1970. The total standing crop in the lake bottom reached a 
maximum of ca. 15 million larvae per ha in the autumn. The survivorship 
curve in the preceding winter and spring had the form of a parabola. The 
mortality in these winter and spring period till the start of the pupation 
period was 65%. In the pupation period, extending from mid May till mid 
September, ca. 2.2 million pupae per ha originated in the lake. The mortality 
of the pupae plus that of the larvae of the old generation during the pupal 
period was 63%. Ca. 97% of the new generation died before reaching the 
mud dwelling fourth larval stage. 

1) Due to an error this part of the Progress Report 1970 was not printed. 
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The production of the benthic larval population (generation 1969/70) has 
been calculated and is given below. 

weight mortality from autumn maximum in 1969 till pupal 
period in 1970 

weight mortality in spring 1970 produetion p eriod 

pupal erop in 1970 

Total 

weight in kg.ha-1 

fresh dry 

42.8 4.8 

22.4 3.3 

13.4 2.2 

78.6 10.3 

The mean biomass during the period from maximum benthic density in 
the autumn 1969 till the minimum density in 1970 was 34.2 kg.ha-1 and 
4.02 kg.ha-1 for fresh and dry weight respectively. Consequently the P/B 
ratios were 2.3 and 2.5 respectively. 

The figures are confirmations of the findings in preceding years as sum
marised in the above-mentioned dissertation. 

SECONDARY PRODUCTION : (Dr. R. D. Gulati) 

Daphnia pulex: The studies revealed th at with the increase of tempera
ture from 15°C to 25°C, the consumption rate increased fr om 5.2 to 18 {tg 
animal-1 .d-1 , the assimilationrates from 4.4 to 9.8 {tg animal- 1.d - 1 and the 
utilization (%) feH from 85% at 15°C to 54% at 25°C. 

At food (Chlorella) intensities of 146 x 103 -4 465 X 103 cells.cc- 1 the 
assimilation rates were constant at 0.5 {tg animal-1.hr-1. 

The filtration rates, however, declined from 0.083 to 0.031 mI animal-1.hr-1. 

as food concentration was increased. At low food concentration, 1.2 to 1.9 
{tg . cc-1 of Chlorella, the feeding rate doubled as the t emperature rose by 
10°C. However, such a relationship was wanting when food concentrations 
were above 1.9 {tg.cc-1 . A preferenee for smaller cells by D. pulex was 
recognizable when fed on Scenedesmus of two different sizes, 0.321 x 10-7 

and 0.721 x 10- 7 mg. cens-1 , i.e. an in ere ase in assimilation rates from 
0.31 to 0.77 {tg animal- 1. hr-1, though the consumption rates in both cases 
we re nearly same. 

Summarizing the studies on Daphnia pulex under different environ
mental conditions, the daily assimilation rates fluctuated between 4-21 {tg 
of organic matter an average of 10 {tg organic matter, or about 4 {tg C or 
0.05 calories energy animal-1.d -1. Assimilation index ( organic carbon assimi
lated/organic carbon in the body of animal x 100) was 25%. Daily ration 
i.e. consumption/body weight of animal x 100 was 50%. Coefficient of 
utilization (assimilation index/daily ration % x 100) was 50%. 

"Effective filtration rates" (the part of filtration pertaining- to assimi
lation) varied between 0.7 and 5.7 cc animal- 1.d - 1 an average of 2.7. The 
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figures for actual filtration rates were approximately twice as high i.e. about 
5.5 cc animal-1.hr-1 on the average. 

Daphnia magna: Preliminary data indicate that there was a decrease in 
assimilation efficiences from 4.8 to 1.7 f-lg animal-1.hr-1 when ChWrella size 
decreased from 0.476 x 10-7 mg to 0.310 x 10-7 mg. These results are con
trary to those recorded on D.pulex. Lastly these feeding rates are at least 
4 to 5 times higher than those of D.pulex. ItÏs however expected since 
D. magna adults weighed about 150 f-lg per animal and the D. pulex only 
one fourth of it. 

ALGOLOGY: (Drs. C. L . M. Steenbergen) 

Steenbergen continued his investigations on the role of light in the 
ceHular life cycle of Scenedesmus obliquus (Turp.) Kütz. 

He examined the response of autotrophicaHy growing synchronized 
populations of this alga to various photoperiods, light intensities and 
temperature. Attention was given to growth (dry wt) and synthesis of 
photosynthetic pigments and nucleic acids. 

The aim of his study is to determine whether light or an internal temporal 
organization controls growth, maturation and division. Populations of 
S. obliquus are synchronized in light: dark cycles of 14: 10 hrs combined with 
dilutions every 24 hours at the end of dark period; division occurs in the 
dark period. 

It was shown that the period of the division rhythm is circadian and 
within certain limits independent of photoperiod, light intensity and tem
perature. Only the number of autospores formed per mature ceH varied 
with the light on temperature. 

Comparison of the results with those from the literature leads Steen
bergen to the assumption that representatives of chlorococcal algae have 
an intrinsic, nonenvironmentaHy cued circadian timing system, which may 
control in particular the timing of the DNA synthesis period. This system 
is demonstrated when put into operation by a suitable 24 hr light-dark 
cycle (Zeitgeber). It is easy to lengthen the life cycle by unfavourable 
growth conditions. So it seems that both the life cycle and the proposed 
circadian system can be easily uncoupled. 

The ceHs adapt themselves to various changes in light by varying the 
concentration of photosynthetic pigments and enzymes. 

If sufficient growth is made safe these adaptation phenomena have no 
effect on the circadian timing of division. This provides evidence that photo
synthetic processes are not directly involved in the timing mechanism. 

From his own observations and those of others Steenbergen assumes that 
in natural populations of Chlorococcales a circadian timing system may 
function. This results in autospore formation by grown-up ceHs in the night. 
Obviously, these autospores benefit from a fuHlight period the next day. 
This may contribute to a favourable uninterrupted growth. 

H. L. GOLTERMAN 
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CHAMBERS, M. R., Studies on the littoral fauna of Tjeukemeer. Thesis for the degree 
of Ph.D. Liverpool University, 281 pages (1971). · 

GOLDSPINK, C. R. and J. W. BANKS, A readily recognizable tag for marking bream 
Abramis brama (L) . Journ. Fish. Biol., 3; 407-411 (1971) . 

GOLTERMAN, H. L., The determination of mineralization in correlation with the esti
mation of net primary production with the oxygen method and chemical 
inhibitors. Freshwater Biol., 1(3); 249-256 (1971). 

----, Het voorkomen van fluoride en eventuele interacties met het eutrofiërings
proces in oppervlaktewateren ; enkele geochemische beschouwingen. 
Water, 55(6); 309-311 (1971). 

----, De vervanging van polyfosfaten in wasmiddelen door NTA. H20, 4(24); 
557-559 (1971). 

----, Electrical energy needs and environmental problems, now and in the 
future. The future shape and technology foundation. Den Haag. In: Fresh
water Biol; Book Reviews, 1(4); 424-426 (1971). 

GOLTERMAN, H. L. et al., LB.P.-project van het Limnologisch Instituut; voordrach
ten gehouden op 18 september 1970 te Oosterzee voor de Hydrobiologische 
Vereniging. Mededelingen Hydrobiol. Ver., 5(2); 71-97 (1971). 

KLOET, W. A. DE, Het eutrofiëringsproces van het IJsselmeergebied. Mededelingen 
Hydrobiol. Ver., 5(1); 23-38 (1971) . 

MOED, J. R., Aluminum oxide as adsorbent for natural water-soluble yellow material. 
Limnol. Oceanogr., 16(1); 140-142 (1971). 

----, CheInische analyses in de Lindevallei. Mededelingen Hydrobiol. Ver., 5(3); 
142-145 (1971). 

PARMA, S., Chaoborus flavicans (Meigen) (Diptera, Chaoboridae): an autecological 
study. Rotterdam, Bronder-Offset, 128 blz., (1971) . Is: Proefschrift te 
Groningen, 10 december 1971. 

----, The morphology ofthe larval instars ofChaoborus flavicans (Meigen, 1818) 
(Diptera, Chaoboridae). Beaufortia, 18(238); 173-182 (1971). 

Accepted for Publication 

GULATI, R. D., A limnological reconnaissance and primary production of Wijde Blik -
an artificially deepened Dutch lake. Freshwater Biol., 2(1); (1972). 

CAPPENBERG, T. E., Ecological observations on heterotrophic, methane-oxidizing and 
sulphate-reducing bacteria in a pond. Hydrobiologia. 



DELTA INSTITUTE FOR HYDROBIOLOGICAL RESEARCH 
YERSEKE 

PROGRESS REPORT 1971 * 

In 1957 the Division of Natural Sciences, reacting on an initiative of the Commis
sion for Ecology, created an institute, to be established in the deltaic area ofthe south
west Netherlands, with the aim of studying the biological changes to be expected as 
results of the closing of the various river-mouths and sea-arms in this area. 

When the Zuiderzee was closed by a dam and converted into the fresh Ysselmeer 
between 1920 and 1950, extensive biological research was carried out by a group of 
fishery biologists, members of botanical and zoological societies and academic staff, 
under the direction of dr. H. C. Redeke. The important results obtained during this 
study, warranted the expectation that in the more diversified deltaic area of the rivers 
Rhine, Meuse and Scheldt, even more results could be achieved, especially so when one 
agency, located in the area, was given the task to make a coordinated effort to study 
the problems from various angles. Af ter an exploratory phase, in which qualitative 
distribution of biota is to be studied from an ecological point of view, experimental 
work will be initiated, in order to elucidate the causal background of the changes 
observed. 

The institute was erected under the name "Division Delta-Research of the Hydro
biological Institute", with the object to stress its affiliation to the Hydrobiological 
Institute at Nieuwersluis. As both institutes grew and matured the difference between 
the studies carried out in both of them, gradually became apparent and in 1968 it was 
decided to change both names into their present form. 

The institute is located at Yerseke on the Oosterschelde, the sea-arm to be closed 
in the last stage of the s.c. "Delta plan". 

The exploitation of the institute is financed by means of funds allotted to the 
Academy. 

Scientific Staff 

Dr. K. F . Vaas - Director 
F. Vegter - Chemist 
Dr. W. G. Beef tink - Botanist (Phanerogams) 
P. H. Nienhuis - Algoiogist 
R. Peelen - Planktonoiogist (Northern Delta area) 
C. Bakker - Planktonoiogist (Southern Delta area) 
Dr. S. Parma - Experimental Planktonoiogist 
Mrs. C. H. Borghouts - Zoologist 
W. J. W olff - Zoologist 
Dr. A. G. Vlasblom - Experimental Zoologist 
A. B. J. Sepers - Microbiologist 

• Communication nr 102 of the Delta Instituut voor Hydrobiologisch Onderzoek, 
Yerseke, The Netherlands. 
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J. Jntroduction 

Towards the end of J uly the internal reconstruction of the original main 
building was so far advanced that most divisions could move into their 
ultimate rooms and towards October the extension and reconstruction of 
the buildings of the Institute was finished . On 9 December the official 
opening took place, followed by an "Open House" day, organized to enable 
the inhabitants of Yerseke to inspeet our new surroundings. Towards the 
end of this year two new collaborators joined the academie staff: Dr. S. 
Parma and Mr. A. B. J. Sepers. On 10 December Parma defended a thesis at 
Groningen University entitled: "Chaoborus fiavicans (Meigen) (Diptera, 
Chaoboridae): an autecological study". The work on which this thesis 
was based, was carried out when working at the Limnological Institute 
at Nieuwersluis. Dr. Parma will start experimental work on plankton, 
Mr. Sepers will create a bacteriological division. 

This year's progress in the realization of the Delta plan comprised the 
closure of the Brouwershavense Gat in May. From that date on the Greve
lingen was a stagnant, saline basin. In the mouth of the Oostersehelde a 
third artificial island was constructed as a further base for the closing dam 
to be completed by 1978. Work on the construction of the Scheldt-Rhine 
canal is sWI in progress in the Eendracht. 

In the following paragraphs the scientific work will be related in a diffe
rent way than was done in previous Reports. In presenting this year's 
results, classified into projects of study, an effort will be made to underline 
the interrelationships between the work of the different divisions. 

11. Descriptive research 

l. CHANGES IN ENVIRONMENT AND BIOTA IN VARIOUS REGIONS 

l.l. Brielse Meer, Brielse Gat 

In both water bodies only plankton studies were carried out this year. 
In the Brielse Meer a bIoom of blue-green algae (M icrocystis aeruginosa 
and Aphanizomenon llos-aquae) developed as a result of the fair weather. 

In the Brielse Gat stratification established in temperature as weIl as in 
oxygen content. In September 140% saturation with oxygen was measured 
at the surface and 5% at depths more than 20 m. Temperatures were 8°C 
near the bottom and 18°C at the surface. 

l.2. Haringvliet, Hollands Diep, Biesbosch 

This year was characterized by a very fair and dry spring and summer 
with a good deal of sunshine and hardly any rain until November. The 
dis charge from the rivers Rhine and Meuse was exceptionally low, for the 
Rhine the minimum was 765 m3/sec and for the Meuse 20 m3/sec. Minerals 
and pollutants were therefore more concentrated and oxygenation was very 
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poor. In the Rhine a value of 1.4 mgfl of oxygen was measuredin September. 
As river discharge was so extremely low the locks in the mouth of the 
Haringvliet remained closed for the better part of the year. From the bridge 
of Moerdijk towards the locks Mr. R. Peelen found the plankton to be gradu
ally bette l' developed. A spring bIoom of Asterionella formosa was followed 
by a development of Scenedesmus quadricauda and S. falcatus in May, 
together with Chroomonas and Chlorococcus species, with the centric diatoms 
Cyclotella comta and C. menghiniana. Of the previous aspect forming plankters 
Eurytemora affinis and Actinocyclus normannii, the former is only found in 
very small numbers at certain pI aces and the second one has completely 
disappeared. 

At the eastern end of the area, near Werkendam, where sedimentation 
of silt is very noticeable, many flocks of organic material and fibres are 
floating in the water, overgrown by Sphaerotilus natans, Vorticella, Epistylis, 
Zoothamnion and other representatives of sewage associations. 

As in the Biesbosch exchange with river water became far less important 
than before, the area began gradually to develop as a separate entity. 
Phytoplankton is dominated by various Melosira species, such as M. granu
lata and M. varians, zooplankton by Asplanchna priodonta and A. herrieki. 

An investigation of littoral molluscs in the Biesbosch gave Mrs. C. H. 
Borghouts the impression that the oilspill of December 1970 did not as 
much damage as the cessation of tidal movement. In September only a 
few places along the river Amer were found where stones and vegetation 
were still covered with oil and no organisms could live. It seems that 
the actions taken af ter the spill had been quick enough to limit the 
damage. 

Mr. W. J. Wolft' made an exploratory tour to the rivers Waal and Meuse, 
feeding the area with river water from the east. The bottom fauna of the 
Meuse proved to be relatively rich, harbouring several fresh water musseIs, 
but in the Waal and the Nieuwe Merwede, both receiving Rhine water, 
hardly anything but oligochaetes could be found. The fish fauna was 
sampled as weIl, yielding in total 15 species of mainly cyprinid white fish. 
The Haringvliet is entirely populat~d by freshwater fishes now, the bastard 
Abramidopsis leuckarti was caught several times. 

Both littoral and benthic fauna are poorly developed in the entire region. 
In the Haringvliet no mysids could be found, although the salinity per se is 
suitable for Neomysis integer. A few specimens of this mysid were taken at 
the mouth of the Spui and near the locks. Outside, in the coastal seawater, 
other species of mysids were present. On the bottom of the Hollands Diep
Haringvliet area oligochaetes are found, but not even everywhere; some 
pI aces are entirely without bottom fauna. Along the shores euryecious fresh
water algae are sparsely developed: Ulothrix species around the waterline 
and blue-greens below it. 

Among phanerogams Dr. W. G. Beef tink found a decrease ofhalophytes
Plantago maritima, Puccinellia maritima - and plants growing on tidal drift 
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washed ashore - Potentilla anserina, Sonchus arvenBis. Species taking their 
place were a.o. Agrostis stolonifera, Lolium perenne and Poa trivialis. 

1.3. Grevelingen 

On 3 May the dam across the Brouwershavense Gat was finished and the 
Grevelingen changed from an open sea-arm into a closed basin, filled with 
stagnant, saline water. The ultimate water level will be minus 20 cm NAP 
(Dutch Ordnance Level), but at the moment the level is lower in connection 
with technical operations still in progress along the shores. Salinity through
out the year amounted to 17 Ofoo Cl' , about two promille higher than before 
the closure, because the influence of the riverwater originating from the 
mouth of the Haringvliet, is no longer feIt. Free phosphates roee, af ter the 
closure, to values between 7 and 10 f.lgat P04-Pjl, about three to four 
times the average pre-closure values. Silica fluctuated from 35 f.lgat Si04-

Sijl in spring to 3.5 f.lgat af ter the spring bIoom of the phytoplankton. 
When the closure took place the usual spring bIoom of marine diatoms 

such as Biddulphia , Rhizosolenia and Chaetoceros spp. had already begun, 
according to Mr. Peelen's investigations. As an immediate result of the 
closure and therefore cessation of currents, the species with heavy frustules, 
were no longer kept in suspension and sedimented. Lightly shelled diatoms, 
such as Coscinodiscus concinnus, Skeletonema costatum and Leptocylindri
cus danicus remained. Highly motile cells such as Gyrodinium lachryma, 
Prorocentrum micans and P . redfieldi reached high numbers. 

The heavy algal blooms created supersaturation of oxygen in the surface 
waters, but in the deeper strata oxygen consumption predominated through
out the summer as a result of the mineralization of the organisms, which 
died owing to the absence of the currents and the tidal movement. Values 
of 30 and sometimes even 7% saturation with oxygen were found near the 
bottom of deep gullies. By October, storm had mixed the water thoroughly 
and the oxygen situation in the deeper layel's became normal again. 

In the littol'al zone diastic changes took pI ace in May af ter the closure. 
According to Mr. P. H. Nienhuis, the vegetation over the - now stagnant
water level dried out quickly, the more ySO as it was located higher above 
the water. The larger brown algae and Enteromorpha spp. were the fust to 
detetÏorate followed by the Blidingia minima vegetation and the lichens. 
Already one month later the first shoots of nitrophilic higher plants - Atri
plex littoralis and A. hastata - could be found. Af ter about two months 
nearly all algae had died and had disappeared from the stony revetments 
along the shores, but for the green alga Prasiola stipitata and the blue-green 
Entophysalis deusta. Four to five months aftel' the closure the lower growing 
Verrucaria maura began to bIe ach and peel off the stones. Immediately 
af ter the closure Enteromorpha began an explosive development on the 
waterline, but under it no qualitative changes in the benthic flora could be 
observed by divers af ter 10 weeks. 

On the revetments of the dykes and on salt marshes permanently emerged 
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aftel' the closure, most animals died. Orchestia mediterranea, O. gammarella 
and Ligia oceanica descended towards the water level and settled there. 
Only those Littorina littorea living submerged survived, the others died 
aftel' about one month. Littorina saxatilis is now totally absent. Most 
specimens died aftel' six weeks, some living in humid places survived 
somewhat longer. Hydrobia ulvae was still alive aftel' 2! month on some 
salt marshes but declined in numbers gradually, the smaller specimens 
dying first. 

All benthic algae in the former salt marshes died and in autumn blue
greens ca,me to the fore, followed by the pioneer fresh-water alga Protococcus 
viridus in the wet month November. Some euryecious Enteromorpha species 
managed to burvive the summer heat, growing in the shadow of phanero
gams. The shallow rooting forms among those died as weIl (Glaux maritima, 
Salicornia europaea), those with deeper roots, Spergularia marginata, 
survived and nitrophilic plants such as Suaeda maritima increased. 

Silty mud flats became overgrown with blue-green algae, in drying more 
sandy ones, mats of benthic diatoms developed. Aftel' some months some 
soils began to become dusty and abnormal salinities of 200 to 300 0/00 Cl' 
could be measured in the soil moisture. On some mudflats a thin layer of 
blue-green algae - Schizothrix calcicola and Spirulina subtilissima - was 
ab Ie to develop in a humid sand layer just under the dry upper layer. Sand 
grains adhere to the mucous envelops of these algae and are bound together, 
th us decreasing the amount of sand blown away by the wind. 

With the object of analyzing the course of mineralization processes 
accompanying the pro ce ss of desalination and drying, some sample plots 
were established and NH4 , N03 and total mineral nitrogen were analyzed 
monthly. In the upper 5 cm N03 and total mineral nitrogen rose from April 
till in September high va lues were reached. A slight interruption in this 
increase in June seems to be caused by heavy rains. Aftel' September a 
decrease set in, probably as a re sult of a fall in temperature. 

In the de eper water heavy mOl'tality among the benthic fauna was 
observed in the first months. Aftel' 2 to 3 months the entire fauna below 
certain depths had disappeared leaving black and sometimes even white 
(sulphur) mud. Later on a certain stabilization took place as the oxygen 
level was restored. In November divers noted a fairly rich benthic fauna. 
Mr. W olff could identify: Sagartia troglodytes, M etridium senile, Diadu
mene cincta, Buccinum undatum, Crepidula lornicata, Aeolidia papillosa, 
Lamellidoris bilamellata, Mytilus edulis, Ostrea edulis, Cardium edule, 
Venerupis pullastra, Carcinus maenas, Hyas araneus, Macropodia rostrata, 
Pagurus bernhardus, Asterias rubens and Ophiothrix Iragilis . 

The benthic fish fauna, sampled during 5 trips aftel' the closure, con
firmed the above findings. 

Mrs. Borghouts found the mysid fauna of the Grevelingen severely 
affected by the closure. Of the 6 species: N eomysis integer, Gastrosaccus 
spiniler, Schistomysis kervillei, S. spiritus, Mesopodopsis slabberi and 
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Praunus tlexuosus, the fust two were not seen af ter the closure and the 
third and fourth ones were present until July. Mesopodopsis was occasion
ally captured throughout the year and only Praunus tlexuosus can be said 
to be weIl represented in the stagnant Grevelingen, mainly in the shallow 
parts. For N eomysis the salinity might have been too high and Gastrosaccus 
and both species of Schistomysis will probably have been badly influenced 
by the temporary low oxygen values in the deeper strata during summer. 

Mr. Wolff continued his effort to obtain an insight into the secondary 
production of - at least some elements of - the benthos of the open 
Grevelingen with' the intention to compare the data with future ones to be 
gathered af ter the closure. 

On six representative areas all specimens of Littorina littorea, Hydrobia 
ulvae, Oardium edule, Macoma baUhica and Arenicola marina - together 
forming the bulk of the zoobenthos - were sampled monthly, measured, 
weighed and ashed. Analysis is still in progress but the production between 
May 1970 and April 1971 on one of the six plots amounted to 180 gr/m2 
ash-free dry weight, 99% of which is derived from the year-class 1970 
ofOardium. 

Prior to the closure some 230 additional bottom samples were collected, 
the analysis of which should complement the study of the above mentioned 
sample plots and furnish an assessment of secondary production of the open 
Grevelingen. 

Predation by wading birds and flatfishes of the bottomfauna of a 80 ha 
large sandflat near Herkingen was again investigated this year, by counting 
birds and capturing plaice and flounders on the flat at high water. According 
to the gut contents examined, large quantities of benthic animals are eaten, 
mainly the younger year classes of shellfish. Among the fishes - sometimes 
caught at night - no soles were found but once a large Morone labrax and 
many Mugillabrosus; the guts of the latter were full of Temora longicornis. 

1.4. Keeten, Krammer, Volkerak 

Since the closure of the Volkerak in 1969 this basin is filled with water 
from the Oosterschelde, but for an intrusion of riverwater through the 
locks, lowering the salinity in the easternmost part to about 10°/00 Cl'. 

The phytoplankton is dominated by Skeletonema costatum, some Oos
cinodiscus species and, at certain times, by Noctiluca scintillans. Fresh 
water diatoms, such as Asterionella tormosa and Diatoma elongatum are 
regularily brought in via the locks. 

The littoral vegetation shows the picture of a recently established poly
haline environment not yet fully developed. Epilithic algae are represented 
by Fucus vesiculosus with Blidingia and Enteromorpha but still without the 
undergrowth so characteristic for fully mature polyhaline algal vegetations. 

Phanerogams also reacted on the increase in salinity and the ri se of the 
high-tide level. In the new situation the high creek banks are 5 to 8 times 
more frequently inundated but the low basins hardly twice. For this reason 
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the reaction of the vegetation on the banks is more pronounced than the 
reaction on the basins. On the creek banks, where the original vegetation 
was almost entirely eradicated, Halimione portulacoides begins to develop, 
in the basins Triglochin maritima and Puccinellia maritima extended their 
territories. 

The ri se in water level outside these salt marshes was paralelled by a 
similar ri se in groundwater tabIe, as Mr. M. C. Daane's studies with the 
aid of groundwater tubes, demonstrated. 

1.5. Oosterschelde 

This year salinity was high, fluctuating in summer between 16 and 180/00 
Cl' with a minimum of 15.50/00 in spring. Nitrogen in the form of nitrate 
and ammonia, reached values of 0.4 mg NHa-N/l and 0.7 mg N03-N/l in 
winter and 0.02 mg NOa-N/l in summer. Ammonia could not be detected 
in summer. 

Phosphate fluctuated from 1.4 ,ugat P04-P/l in winter to 0.5 in summer, 
silica from 35 ,ugat Si04-Si/l in early spring to about 3.5 in summer. Secchi
disc visibilities between 50 and 100 cm were found in spring at a concen
tration of sediment between 30 and 90 mg/l, depending on wind action. 
The spring bIoom of the phytoplankton was caused by various diatoms, 
such as Biddulphia aurita, Sceletonema costatum, Eucampia zoodiacus and 
Chaetoceros spp., together with some flagellates. At the peak of the bIoom 
supersaturation with oxygen of about 120% was found in the mouth of the 
sea arm. Towards the end of May the spring bIoom had declined and the 
summer succession had hardly started, a situation characterized by high 
Secchi values of about 350 cm. During summer a diversified population of 
diatoms developed reaching its exceptionally high maximum in August. In 
the western part the dinoflagellate Dinophysis acuta was observed, a species 
of ten mentioned in connection with poisoning of shellfish. In June some 
cases of intestinal diseases of persons having eaten shellfish were mentioned 
in the newspapers and Dinophysis acuta was found in the intestines of 
musseIs by workers of the State Institute for Fishery Research (RIVO), 
IJmuiden. 

Occasional checks on the other biota did not reveal unusual develop
ments, as was to be expected in this stabIe environment not yet changed by 
technical activities. Interesting additions to our records on the fish fauna 
were the Black Sea Bream Spondyliosoma cantharus and a young green 
labrid fish kept alive in the aquarium and therefore difficult to identify. As 
far as we know it is a southern species resembling Labrus turdus and yet 
unknown in the Netherlands. Divers found the polychaete Sabella penicillus. 

1.6. Veerse Meer 

Chlorinity of the surface water was constantly over the 10 0/ 00 Cl' mark 
and reached maximal values of 13.1 in the western and 13.2 0100 in the eastern 
part of the lake. In sUmmer the transparancy of the water reitched another 
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maximum: a Secchi-disc value of 5.5 m. Although the summer minimum of 
nitrate concentration was similar to that of the previous year, the winter 
maximum was definitely lower, at a value of 0.68 mg N03-N/1. In May no 
ammonia could be detected in the water, in winter a maximum of 0.22 mg 
NH3-N/l was found. Phosphate oscillated between alowest value of 7.9 
,ugat P04-P/l in April and 20 ,ugat in the second part of the year. The 
amount of silica dissolved in the water -84 ,ugat Si04-Si/l in February
proved to be many times higher than in Oosterschelde and Grevelingen. 
Mr. C. Bakker made a calculation of the quantities of water entering the 
lake via the locks at Kats and Veere and, combining these data with figures 
on the dis charge of the surrounding polders, could complete a water 
balance of the lake. 

The high and fairly constant salinity combined with the transparancy 
of the water affected the diversity of the summer plankton in a positive 
way. A number of marine diatoms can be said to be wen established in the 
lake by now, for in stance Ooscinodiscus radiatus, O. gigas praetexta, Nitz
schia longissima, Ditylum brightwellii and Ohaetoceros debile , O. decipiens and 
O. didymus. The latter diatoms were also very frequent during the 
summer of the first year af ter the closure, 1961. Among the zooplankton 
the following marine representatives were noted : Trichocerca marina marina, 
Podon polyphemoides, Alaurina composita and Favella ehrenbergii . In the 
latter, a protozoon belonging to the Tintinnidae, the formation of cysts 
could be observed. The atlantic planktonic turbellarian Alaurina composita, 
introduced into the North Sea by the Gulfstream, developed strongly in 
June, as it did in the former Zuiderzee according to Hofker. Animals with 
1 to 4 zooids were encountered with the guts filled with diatom frustules 
(Surirella gemma and Actinophychus undulatus) , rotifers (Synchaeta spp. 
and their eggs) and once even a copepodite of Eurytemora, its furca protru
ding. On one of the trouts introduced in the lake, the parasitic copepod 
Leleophtheirus salmonis was found. 

On 26 March fish eggs were found adhering to threads of Ohaetomorpha. 
They were hatched in the aquarium and in constant temperature rooms in 
the laboratory and could be raised to an ultimate length of about 3 cm. 
Identification showed them to be herrings, thus indicating that the mature 
herrings of ten caught with gill nets, might propagate in the lake. Miss 
W . C. de Ligny (State Institute for Fishery Research, Ymuiden) was so 
kind to check our identification by means of an electrophoretic protein test. 

The development of marine plankton has its counterpart in the littoral 
fauna, as Mrs. Borghouts found the sponge Halichondria panicea. The bar
nacle Balanus amphitrite amphitrite , already noted earliei, was found in 
greater numbers. From her work on the migration of Neomysis integer, 
carried out in this and in earlier years, Mrs. Borghouts drew the prelimi
nary conclusion that juveniles as wen as adults migrate at night from the 
deeper layers towards the shores. A migration in vertical direction is mainly 
carried out by the juveniles. 



PROGRESS REPORT 1971 119 

As a continuation of Dr. K. F. Vaas' work on the plaice in the lake, an 
investigation was started into the osmotic value of the blood of this fish, 
with the object of comparing plaice from the lake with those from the 
Grevelingen and the North Sea. Next to total osmotic value, measured 
cryoscopically, electric conductivity is measured, in order to separate the 
organic and inorganic constituents of the osmotically active sub stances in 
the blood. Measurements still in progress are hampered by the fact that the 
population of plaice in the lake has greatly decreased, but preliminary results 
indicate that the osmotic value is higher in environments of higher salinity. 

The new addition to the fish fauna , Gobius niger, is now living in the lake 
with at least three generations. The population dynamics are being studied. 

The wax and wane of the higher vegetation on the Middelplaten was 
this year again closely folio wed by Dr. Beef tink. Although the same general 
picture of appearance, development and retrogression of species could 
again be observed, the process proceeds with diminishing velocity and 
progressively less new species make their entry . One of them is the fourth 
species of orchid: Orchis incarnata. 

1. 7. Westerschelde 

When the Delta plan wiII be finished the Westerschelde wiII be the only 
estuary still in open connection with the sea. For this reason it is intended 
to discharge a good deal of domestic and industrial sewage into this estuary. 

As the Belgian Scheldt flows through a highly industrialized area and 
also along the Dutch borders of the Westcrschelde many large factories 
are found, it was decided to continue the studies of Mr. N. de Pauw (Ant
werp, Belgium) carried out some years earlier. The river Scheldt enters the 
Netherlands in a highly polluted state, but towards the mouth the oxygen 
content and the BOD5 are seen to ameliorate. The very low river discharge, 
notably in winter , caused the oxygenation of the water to be feIt as far 
eastward as the Bath-Zandvliet region, owing to the influence of the sea. 
At higher discharges the influence of the highly polluted river water can be 
noticed further westward than at low discharge. In the western part a rich 
polyhaline plankton, comparable to that in the mouth ofthe Oosterschelde, 
was again observed. Even near the Belgian border at least twelve macro
faunal species were found living in the bot tom mud, such as M acoma 
balthica and Nereis diversicolor. Neomysis integer could only be found west 
of Rilland, where the oxygen saturation was slightly higher (14.9%). Still 
further west Gastrosaccus spiniler and Mesopodopsis we re sampled as weIl. 
A rich marine fish fauna was found in the mouth becoming gradually poorer 
in species towards the east. 

1.8. lnland waters 

Monthly sampling of sm all inland waterbodies was continued this year. 
They show widely different salinities but are all strongly eutrophicated con
taining a good deal ofphosphate and nitrogen components. Among the plank-
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ton organisms some interesting finds were K eratella crucilormis var. eichwaldii 
in the Grote Gat and the rotifer Pedalia lennica in the Flaauwers Inlaag. 

2. OTHER DESCRIPTIVE STUDIES 

2.1. Primary productivity ol photosynthesis in various waters , measured with 
the 14C-method. 

In February Mr. F . Vegter and his assistents put the new Liquid Scin
tillation Counter into operation and, from than on, spent a lot of time in 
measuring samples from this and previous years. The analysis of the data 
is in progress. 

2.2. Lile cycle studies, ecology and migration ol mysids 

The analysis of data on the dispersion of N eomysis integer within a 
salinity gradient near Vlissingen was finished this year. Mrs. Borghouts 
drew the conclusion that between 5 and 11 0/00 Cl' the numbers of Neomysis 
found were independent from the salinity but at higher or lower chlorinities 
the numbers are gradually smaller. No correlation with oxygen content 
could be found. Life cycle studies on Neomysis integer, Praunus llexuosus, 
ldotea chelipes and Pseudamnicola conlusa are still in progress. 

2.3. Ecology ol euryhaline benthic green and blue-green algae 

Mr. Nienhuis analized data collected in earl ier years on permanent 
sample plots. Together with experimental work on the green algal genus 
Rhizoclonium, carried out under his direction by Mr. B. H. H. de Bree, this 
is to form the base for a thesis. 

2.4. Studies on critical species ol Phanerogams 

The work on the genus Taraxacum carried out by Dr. Beef tink in colla
boration with Prof. Dr. J. L. van Soest (Leiden) was continued. 

2.5. Studies on soils and soil moisture in plots outside the dykes 

In a Limonium vulgare vegetation growing on soils gently sloping to
wards the sea, some permanent plots were established in order to study the 
influence ofthe tidal action on the groundwater. Salinity ofthe soil moisture 
was seen to decrease along with the frequency of submergence, from 28 0/ 00 

NaCI to 2 0/ 00. The pH in the top layers of the soil was lower than deeper 
down. This might be an indication of decalcination. 

111. Experimental research 

3.1. lnlluence ol temperature and salinity on metabolism ol animals 

Under the direction of Dr. A. G. Vlasblom, Messrs. J. T. A. Verhoeven 
and S. J. Graafsma, two students from Nijmegen, studied toleranee against 
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various combinations of salinity and temperature in the isopod I dotea chelipes 
together with its osmoregulation. Concomittant studies on its population 
dynamics, jointly undertaken by Mrs. Borghouts and Dr. Vlasblom, are 
still in progress. 

At a temperature of 5°C both sexes of Idotea surive at salinities of 6 0/00 
Cl' and higher, 80% of the animals being still alive aftel' 10 days. At 15°C 
the limit of tolerance is at 8 0/00 Cl'. At lower temperatures lower salinities 
are tolerated. At both tempm'atures all animals died in 2 0/00 Cl'. At 20°C the 
blood of Idotea is practically isosmotic with an environmental salinity of 
16 0/00 Cl', ho wever at the lower temperature of 5°C the blood is hyperosmo
tic against the same environment, as is always the case at chlorinities lower 
than 16 0/00 . For all chlorinities up to 16 0/00 osmotic pressure ofthe blood is 
higher at 4° than at 15°, In Marinogammarus marinus, in an environment of 
chlorinities lower than 16 0/00 at temperatures bet ween 5 and 20°C, the blood 
is hyperosmotic, In this animal the osmotic values at 5°C do not differ from 
those at 20°C. 

At low salinities - e.g. 4 0/00 Cl' - M arinogammarus reaches the equili
brium value of the osmotic blood pressure much sooner than I dotea and 
can therefore be judged the bette I' osmoregulator of the two. 

In various combinations of salinity 2-4-6-12 and 16 0/00 Cl' with 
temperature -5-10 and 15°C- the respiration of Idotea was measured. 
At 5° oxygen consumption per unit of body weight increased at de
creasing salinity, but th is relationship could not be observed at 10 and 
15°C. 

In August Miss C. Smits, a student from Leiden, started work on the 
polychaete Capitella capitata. This worm proved to be highly susceptable 
LO salinities lower than 8 0/00 Cl'. At 4 0/00 Cl' for instance, none survive 
aftel' 10 days but 80/00 Cl' is tolerated well at 10 and 15°C. Further studies 
are in progress. 

3.2. Experimental studies on euryhaline algae 

In July Mr. B. H. H . de Bree began his work on the culturing of Rhizoclo
nium riparium under the direction of Mr, Nienhus. 

Within the genus Rhizoclonium the algae with broad threads growing 
in the upper part of the littoral belt and those with narrow threads growing 
lower down are usually classified as two different species. However, when 
broad threads, narrow threads and a number of intermedian types are 
cultivated under uniform environmental conditions, the re sult is a homo
geneous product with threads of an intermediary diameter. So environment 
induced modifications and not different species are found here. 

In the life cycle of the species biflagellate zoids, biflagellate isogamets and 
quadriflagellate zoöspores can be distinguished, The further development 
of the zygotes and the zoöspores is not yet fully elucidated, but it could 
already be ascertained that isomorph generations succeed one another and 
propagate by means of zoids with 2 flagella. 
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3.3. lnfluence of various cultural practices on the higher vegetation 

In 1964 the vegetation of 8 plots on a salt marsh near Stroodorpepolder 
was eradicated with the herbicides Paraquat and Diquat. On two plots 
the former vegetation of Puccinellia maritima and Halimione portulacoides 
was almost restored af ter 8 years. On the other plots plant communities, 
characteristic for marshes situated at lower altitude above mean sea level, 
are still predominant. Sometimes even foreshore community plants such as 
Suaeda maritima and Atriplex hastata predominate. Dr. Beef tink th is year 
established some other plots where different treatment of soil and vegeta
tion will be practised and the reaction of the vegetation followed for some 
years. 

K. F. VAAS 
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