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PROGRESS REPORT 1974 

History and function of the insütute 

In 1905, the Royal Netherlands Academy of Arts and Sciences 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 Institute 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. Winkler, was one of the most impor
tant supporters of the institute. The fust director was Dr. C. U. Ariëns Kappers who 
became world-famous as a comparative neuroanatomist. Af ter some years he was ap
pointed professor of neuroanatomy at the University of Amsterdam. Af ter 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 hls management Dr. J. Drooglever Fortuyn, 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 Dutch government agreed that 
the institute should be reorganized and extended. Thus it became possible to found 
some new divisions enabling the institute to perform multidisciplinary research in the 
broad field of neurosciences, which was in a.ccordance 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 merit has been to further multi
disciplinary research at the institute on a large scale. He was one of the first re
searchers in the quantitative analysis of the brain, especially of the cerebral crotex, 
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 appointed professor of neuroanatomy at the University of Amsterdam. 

In former times comparative neuroanatomy was the only field of research at the 
institute. The scientific and the technical staffs were very restricted in number. As 
mentioned above professor Bok changed this situation. Since then the number of staff 
members and of research projects has increased progressively. At the end of 1974, the 
total number of staff members was 81, 45 of whom were either full-time or part-time 
research workers. 

In 1964, the institute moved to a provisional, but much larger building and 
some additional barra.cks have since been built. Plans are now ready for a finallarge 
Institute for Brain Research on the site of the new Medical Centre of the University 
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 ofvarious disciplines at Dutch universities. Members ofthe board 
are appointed by the Royal Netherlands Academy of Sciences and Letters. 

At present, there 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 neuroanatomy, histo- and cyto
chemistry, electron microscopy, experimental physiology, comparative and develop-
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mental neurophysiology, physiology ofbehaviour, and system analysis. The institute 
had 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 esb:"lished between some teams 
and clinicians of the University. 

Although the institute has no special funds available to enable guestworkers to work 
at the institute, some 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. 

Scientific Staff (as from December 31st, 1974) 

J. Ariëns Kappers, Director 

DIVISION OF NEUROPHYSIOLOGY 

Section of Experimental Neurology 
Head: J. P. Schadé 

J. C. de Valois 
W. van Emde Boas 
J. H. de Groen 
C. V. de Blécourt 
J. P. Muizelaar 
P. de Groot 

Section of Comparative Neurophysiology 
Head : M. A. Corner 

K. Boer 
H. A. A. de Jong 
W. L . Bakhuis 
R. Baker 
J. du Pont 
K. J. Tammens 
J. C. M. van de Nes 

Section of Behaviour PhY8iology 
Head : H. van Dis 

N. E. van de Poll 
A. P. van der Meché 
J. P. C. de Bruin 
B. Bermond 
B. Kouwenhoven 
J. G. M. van Ooyen 

Computer Section 
J. Smith 
K. Kuypers 

DIVISION OF NEUROMORPHOLOGY 

Section of Neurohi8tology and Neurocytology 
Head : A. R. Smith 

H. van Bronswijk 
P. Pevet 



Section of Neurocytochemiatry 
Head: D. F. Swaab 

G. J. Boer 
J. Dogterom 
C. W. Pool 
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Section of Comparative and Quantitative Neuroanatomy 
Head: G. J. Smit 

K. C. Hodde 
A. Miodonski 
W. A. M. Veltman 
H. Uylings 

Section of Electron Micr08COp1j 
Head: H. R. Romijn 

J. Varela 
F. van Leeuwen 

DIVISION OF NEUROBIOCHEMISTRY 

Head : B. Oestreicher 
C. van Leeuwen 
H. Stam 

DIVISION OF NEUROPHARMACOLOGY 

Head : M. van Wijk 
L. van der Kar 

Division of Neuromorphology 

l. SECTION OF NEUROmSTOLOGY AND NEUROCYTOLOGY 

Prof. Dr. J. Ariëns Kappers: 

7 

A number of hypotheses have been brought forward concerning the 
function of the parietalor third eye in Lacertilians. So far, however, the 
site or sites of termination of the parietal nerve fibres in the brain have 
never been investigated. In collaboration with K. C. Hodde (Section of 
Comparative and Quantitative Neuroanatomy) the parietal eye in a 
number of specimens of Lacerta viridis was lesioned and the brains serially 
sectioned. The sections have now been stained according to the Fink
Heimer technique for degenerated fibres . As a preliminary result it can 
be stated that degenerated fibres of the parietal nerve have been observed 
in the optic tectum as weIl as in the hypothalamus. This investigation 
will be continued in order to specify the sites of the nerve endings. 

Assistance was given to a number of members of the scientific staff, 
in particular to Dr. A. R. Smith, P. Pevet and Dr. H. J. Romijn (Section 
of Electron Microscopy) in their investigations on the pineal gland of 
the rat, mole, hedgehog and rabbit (see p. 4). 
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Dr. A. R. Smith: 

The investigation concerning the physiology of the epiphyseo-hypo
thalamo-hypophyseo-gonadal axis was continued. The approach is now 
a multidisciplinary one with P. Pevet (biology), H. van Bronswijk 
(medicine) and L. van der Kar (biochemistry) as collaborators (see below). 
Reviews on the present knowledge of the system mentioned and the 
results of last year's research of the group have been published in four 
papers while three are in press. Biochemical (Van der Kar and Pevet), 
electron microscopical (Pevet), fluorescence histochemical (Smith) and 
hormonal (Van Bronswijk) changes in this system are investigated under 
different experimental conditions. 

Summarizing the literature data and our own results it seems that the 
pineal gland exerts its antigonadotropic influence via the arcuate and 
ventromedial nucleus forming part of the hypothalamic hypophyseo
tropic a.rea. 

In connection to these investigations the influence of PMSG (gestyl), 
HeG (pregnyl), LH-bovine and FSH-bovine injections on the 5-HT and 
autofluorescent ceIls in the pineal gland have been studied. Several in
vestigators examined the influence of gonadectomy on the pineal gland. 
It is known that the gonadotropin blood levels increase af ter gonadectomy, 
while it is also known that ultrastructural changes as weIl as levels of 
pineal substrates involved in energy metabolism are influenced by this 
experiment. However, the direct effect of gonadotropie hormones on 
the pineal has not yet been investigated. It has been assumed that the 
changes occurring in the gland af ter gonadectomy are caused by increased 
hormone levels (viz., FSH and LH). Interpretation of the results is, up 
to now, rather difficult. As the pineal gland is concerned, the fluorescent 
microscopical findings were correlated with mierochemical 5-HT determi
na.tions, and it appeared that the data obtained by both methods were 
praetically identical which means that the semi-quantitative fluorescence 
microscopy gives reliable results. 

In concluding it seems that af ter increased gonadotropin blood levels, 
artificially produced by injections, no effect on the 5-HT content in the 
rat pineal gland can be observed af ter 4 days. Mter injection during 
7 days and 3 weeks also no results can be found in pineal 5-HT levels. 
It appeared that the amount of autofluorescent cells in the pineal gland 
(see Progress Report 1973) increases af ter gonadotropin administration 
af ter one week to decrease then gradually to its normal level within two 
weeks. In this context it has been postulated that the androgenic hormones 
could possibly cause the changes in the number of autofluorescent pinea
locytes. 

The changes in the amounts of serotonergic ceIls and of autofluorescent 
eells in the arcuate and ventromedial nucleus of the hypothalamus, 
produced by these hormone administrations, are now under investigation. 
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Aid was also given to Miss P. Phoa, student assistent, who investigated, 
using f1uorescence microscopy, the serotonergic innervation of the rat 
pineal gland by nerve fibres originating from the habenular nuclei, as 
postulated in the literature. The result, which will be published, suggests 
that there are no indications for such an innervation. 

P. Pevet: 

Together with Dr. A. R. Smith the study concerning the epiphyseo
hypothalamo-hypophyseo-gonadal axis was continued. The study was 
performed in wild mammals (the hedgehog and the mole) and in male 
Wistar rats. 

The mole and the hedgehog have a characteristic sexual cycle. During 
the different parts ofthis cycle it is possible to ob serve important hormonal 
changes in particular at the level of adenohypophyseal-gonadal-axis. The 
evolution of ultrastructural parameters in the pinealocytes during the 
different phases of the sexual cycle was studied by electron microscopy. 
In the hedgehog, the evolution of a reticular system during the phase 
of sexual de cline was observed. By injection of serotonin during the phase 
of high sexual activity, the appearance of the same reticular system was 
evoked. 

In the mole, pinealocytes were studied under norm al conditions. The 
ceH is characterized by the presence of many paracrystalline structures 
of a probably proteinaceous nature. Using f1uorescence histochemistry, 
the presence of much autofluorescent material (Smith, A. R., 1972) in 
the mole pineal gland was demonstrated which has not yet been identified 
at the ultrastructural level. Possibly, the paracrystalline structures may 
contain this material. During the phase of high sexual activity, an increase 
of the quantity of paracrystalline structures was also demonstrated. This 
is interesting in connection with the fact that Smith also found an increase 
of autofluorescent material in the rat pineal gland af ter gonadotropin 
injections. 

Because, in wild animaIs, experimental work is very difficult, male 
rats are now used, employing microchemical and f1uorescence histochemical 
techniques in order to separate the effect of different hormonal compounds 
(androgens, gonadotropins) involved in the function of the epiphyseo
hypothalamo-hypophyseo-gonadal axis. 

In the literature increasing interest has been paid to metabolic properties 
of several endocrine organs. A close connection has, for instance, been 
postulated between hormone synthesis and glucose metabolism (Fields 
et al., 1960). Moreover, evidence has been presented for an active hexose 
monophosphate pathway which appears to be related to hormone synthesis 
andjor storage, at least in the hypothalamo-hypophyseal system (Krass 
and LaBeHa, 1965). 

Considering these facts, it seemed of interest to determine, in the pineal 
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organ, the levels of some compounds involved in energy metabolism under 
varying experimental conditions related to the function of the epiphyseo
hypothalamo-hypophyseo-gonadal system. The current investigation is 
concerned with the quantitative determination, over a period of 11 weeks, 
of the levels of adenosine-triphosphate (ATP), adenosine-biphosphate 
(ADP), adenosine-monophosphate (AMP), glucose, glucose-6-P, glutamate, 
pyruvate, lactate and phosphor creatine in adult male castrated rats as 
compared to those in controls. 

Moreover, in order to imitate the changes in the horrnone levels af ter 
castration, which is known to increase the gonadotropin blood level (see 
McCann, 1965), these horrnones were artificially administered during 
3 weeks by injection in adult male rats while the substrate levels were 
compared to those in controls. 

During the first week of the experiment, a decrease of the substrate 
levels was observed in the pineals (per nMoljg of pineal weight) of the 
castrated rats while an increase was observed in those of the hormone
treated normal rats. The results suggest that during the first week andro
genie horrnones seem of vital importance for the pineal response either 
to castration or horrnone administration. Af ter the fust week, an increase 
of all substrate levels studied was observed in both, the castrated and 
the gonadotropin-treated rats. Af ter long term castration (8-11 weeks) 
no effect was found in the levels of substrates in the castrated rats. Af ter 
gonadotropin injection it appeared that the effect of HCG (Pregnyl, 
Organon), particularly during the first period, is more important than 
the effect of PMSG (Gestyl, Organon). FSH (25 IUjD) seems to have 
no effect on the pineal gland. However, the injection of a small quantity 
ofFSH (100 flgjD) produces a slight effect on the pineal gland, nevertheless 
this effect is not so important as was observed af ter the injection of LH 
(100 flgjD). 

H. van Bronswijk : 

Together with Dr. A. R. Smith a study was started concerning the 
influence of the pineal gland on the production and secretion of gonado
tropie hOl'mones. In the beginning of this year the technique of the radio
immuno-assay was learned at the University of Rotterdam (Dept. of 
Endocrinology, Prof. J . J . v . d. Werff ten Bosch). In order to apply this 
technique to the epiphyseo-hypothalamo-hypophyseo-gonadal system, the 
influence of melatonin, a pineal substance, on gonadotropic horrnone levels 
in the blood was examined. It appeared that af ter melatonin injections 
during 1, 4 and 7 days no significant changes in the blood levels of the 
gonadotropines (LH and FSH) could be observed when compared with 
control animais. Our major problem is that physiological LH-levels are 
in the lower part of the range of RIA-determination . The levels of the 
gonadotropic horrnones in the adenohypophysis are now under investi-
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gation. A start was made with the effect of pinealectomy on the gonado
tropin blood levels. Pinealectomy was performed according to Hofman 
and Reiter. 

L. Van de Kar : 

Together with Dr. A. R. Smith a study was started concerning the role 
of serotonin in the arcuate and ventromedial nuclei of the hypothalamus 
in relation with the function of the epiphyseo-hypothalamo-hypophyseo
gonadal axis. At present a method ofAxelrod (1974) for the biochemical 
determination of 5-HT will be developed. With the aid of this method 
the results obtained by semi-quantitative fluorescence microscopical 
methods will be compared with the da,ta obtained biochemically. 

2. SECTION OF COl\IPARATIVE AND QUANTITATIVE NEUROANATOMY 

H. B. M. Uylings, W . A. M. Veltman and Dr. G. J . Smit: 

In the project on the quantitative and functional anatomy of pyramidal 
cell dendrites, topological and metrical investigations on the branching 
pattern of apical dendrites were added to those, earlier performed on the 
basal dendrites of pyramidal neurons (Uylings and Smit, 1973). The apical 
dendrite and its oblique ramifications were separately ordered, the first 
starting at the perikaryon, the oblique dendrites starting at the segment 
arising from the main shaft of the apical dendrite. It appeared that the 
branching pattern of oblique dendrites in rabbit cortex is comparable 
with that of the basal dendrites and quite unlike the branching pattern 
of thc main shaft of the apical dendrite. 

The metrical parameter- indicating the degree of deviation from the 
flat plane of the spatial configuration of a dendritic bifurcation was refined 
(Veltman). This parameter is now quite independent ofthe segment length . 
The mutual spatial relations of the mother and the two daugther segments 
only determine the value of this parameter. 

In the research project concerning the capability of dendrites of adult 
mammals to adapt their ramification pattern to functional demands due 
to alterations in the environment of the anima), the histological part 
of the first experiment is nearly finished and that of a second experiment 
started. The analytical part of these experimental investigations will be 
performed by Uylings during a 6-months visit to the laboratory of Dr. 
P. D. Coleman (University of Rochester, N.Y., U .S.A.). The experiments 
are further done in collaboration with Dr. M. C. Diamond (University 
of California, BerkeJey, U.S.A.). They will be of importance to obtain an 
insight into the plastieity of neurogenesis in the CNS. 

P. Kenemans: 

The "structural plan" or "morphological pattern" of the lower verte
brate brain stem, which comprises mesencephalon and rhombencephalon, 
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was usually depicted as two bilaterally symmetricallongitudinal arrange
ments, each of four functional ceU zones, delimited from each other by 
three ven tri cu lar sulci. 

The four columns (i.e., the ventral or somato-motor column, the inter
medioventral or viscero-motor column, the intermediodorsal or viscero
sensory column and the dorsal or somato-sensory column) plus the tree 
dcmarcating sulci, (i .e., the sulcus intermedius ventralis, the sulcus limi
tans, and the sulcus intermedius dorsalis) would thus be considered as 
spatial pattem invariants displayed by the vertebrate brain stem, and 
therefore as important determinants of the conceptual brain stem model. 

The basic aim of this study was to test the validity of this classical 
brain stem model by determining the degree of isomorphism existing 
between this model and actual spatial configuration encountered in the 
brain stem of several selected animals studied. 

'rhe macro- and microstructure of the brain stem of Polypterus was 
studied together with that of the closely related Calamoichthys, and of 
certain intentionally chosen fish, viz., Scylliorhinus, Arnia and Protopterus. 

The study is intended as part of a much wider investigation in which 
the brain stems of fish, amphibia and reptiIia are to be studied in a 
comparative neuroanatomical way using modern staining techniques. It 
is the ultimate goal not only to fill in gaps still existing in the knowledge 
of lower vertebrate brain stem morphology, but also to obtain unequivocal 
results which are both accurate and reproducible, and which in addition 
are presented in such a way that theoretically justified interspecies 
comparisons can easily be made. 

The results of the above investigation will be soon published in a doctor 
thesis. 

K. C. Hodde: 

Comparative morphology centers around the problem of homologies. 
Historically, several criteria to establish homology have developed, the 
most important ones being the ontogenetic, the hodological and the topo
logicalones. For each of these three criteria superiority to any other one 
is claimed in old and new literature. 

The main objective in our studies is to test the adequacy and con
sistency of these different criteria by simultaneously applying them into 
the same structures. In close collaboration with P . Kenemans, who deals 
with the topological aspect, the hodological criterium is applied to the 
brain stem and the cerebellum of some primitive and some recent fishes. 

In Scylliorhinus canicula and in Ginglymostoma cirratum ascending axons 
can be traced from the spin al cord up to the diencephalon. Endings have 
been observed around reticular cells. the vestibular nucleus, the frontal 
half of the cerebellar corpus, the outer layers of the tectum mesencephali, 
the periventricular gray, and the central thalamic mass. 
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In the descending systems, axons from reticular cells in the three main 
reticular nuclei are found to partake in a predominantly ipsilateral manner. 

The histological material of experiments with Betta 8plerulens is now 
being processed, and preparational work with Cara88iU8 auratU8 and 
CalamoichthY8 calabricU8 has been performed. 

3. SECTION OF ELECTRON NITCROSCOPY 

Dr. H. J. Romijn: 

In the fust part of the year, special attention was paid to the detection 
of the origin of pre- and postganglionic cholinergic nerve fibres in the 
rabbit pineal gland as weIl as to the significance of intrapineal neurons. 
For this purpose, the pineal gland of animals sacrificed three weeks af ter 
bilateral stereotactic coagulation of the facial nerve (the presumed origin 
of the fibres), was studied by electron microscopy. On the basis of the 
results obtained, it could be demonstrated for the fust time in a mammal 
(rabbit) that the pineal is innervated not only by the sympathetic but 
also by the parasympathetic nervous system. A model of the autonomic 
innervation of the pineal gland was constructed and published in an 
article. Herewith, the study on the rabbit pineal autonomic innervation 
has been finished for the present. 

Next, as a main subject the electron microscopic localization of endocrine 
processes in the rabbit pineal gland and a description of their morpho
logical features under normal and experimental conditions was chosen. 
An initial study on the subcellular alterations in the pinealocytes af ter, 
respectively, sympathectomy, parasympathectomy, continuous illumi
nation and continuous darkness, has opened interesting perspectives. 

The pineal of rabbits, which were acutely or chronically injected with 
specific drugs, is now under investigation by electron microscopy. 

In collaboration with Dr. J. Peters (Pharmacological Laboratory, 
University of Amsterdam), a succeBBful start was made with the set-up 
of an organ culture of the rabbit pineal gland. To these cultures several 
substances will be added in order to study the changes in the pinealocytes 
obtained at the ultrastructural level. A new technique, ultracryotomy, 
was introduced. 

Service was rendered to the Section of N eurochemistry and to the 
Section of Histochemistry and Cytochemistry. Three subsidiary-students 
Miss Y. M. Koenders, M. J. Brugge and A. J. Gelsema, were teached the 
principles of electron microscopy. 

Per October lst, F. W. van Leeuwen started to study the electron 
microscopic immunolocalization of vasopressin and oxytocin. 

Dr. J. M. Varela: 

The work on acetylcholinesterase (AChE) refered to in the previous 
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reports (1972, 1973) was resumed. Further kinetic characterization of the 
insoluble form of the enzyme was carried out, and the molecular weight 
of its isoenzymes from brain and muscle of rat were estimated by gel 
chromatography. 

Although it is weIl established that AChE terminates the action of the 
transmitter in the cholinergic endings, it is still not understood how this 
is achieved, and the relationship (spatial and/or structural), which is likely 
to exist between the enzyme and the channels and/or the gates (inactivating 
and activating particles) for the ionic fluxes, remains to be determined. 
Experiments were designed to get some information about this problem. 
They tend to indicate that the enzyme is related to the gates but not 
to the channels. This as weIl as our one isoreceptor-one isoenzyme 
hypothesis ah'eady mentioned in the 1972 report await more direct evidence 
from studies with the purified isoenzymes. Four months attempt to purify 
them has not yet given satisfactory results. 

More attention has been paid to the membrane-bound enzyme in view 
of the assumption that it is the form involved in the biopotentials, but 
the significance of free AChE has also been investigated. In particular, 
we have been able to show that certain intermediates of the Krebs cycle 
can affect the activity of free (or soluble) more than that of bound (or 
insoluble) AChE, and that acetylcholine can inhibit some enzymes of 
the Krebs cycle (work done in collaboration with Dr. K. van Dam Dept. 
of Biochemistry, B . C. P. Jansen Institute, University of Amsterdam) . 
Thus, involvement of soluble AChE in the regulation of the cytosolic 
portion of the citric acid cycle seems worth of close scrutiny. Another 
path has been explored, in relation to synaptic events. Studies on heart, 
brain and muscle of rat suggested that a definite ratio of bound to free 
enzyme exists in each tissue. As it has been found that, in embryonic 
nerve and muscle tissues, the enzyme predominates in its free form, 
whereas in the adult it exists mainly in bound state, it appeared interesting 
to know when in development such a transition occurs and whether it 
is concomitant with any known change in electrogenesis. To answer this 
question cerebral hemispheres of chick embryos were used. This work 
is still in progress (with Dr. M. A. Corner, Section of Comparative and 
Developmental Physiology) . It indicates that the shift starts around the 
18th day of incubation, at which stage, curiously, the electrical patterns, 
as recorded in cerebral hemispheres, become more or less wen defined. 
These studies and those mentioned above, hopefuIly, wiIl allow in the 
long run to test a model of synaptic transmission which does not take 
into account only the membrane-bound enzyme, as is currently done, 
but an actual interplay or interconversion of the soluble and insoluble 
AChE (or AChE isoenzymes) at the synaptic endings, possibly due to 
presently unsuspected factors, as several lines of evidence from our work 
seem to point to the relevance of both native states of AChE for the 
modulation of bioelectricity. 
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4. SECTION OF NEUROHISTOCHEMISTRY AND NEUROCYTOCHEMISTRY 

Dr. D. F. Swaab: 

In continuation of last year's research, the main part of the work 
performed was related to a multidisciplinary investigation of the physiology 
and pathology of hypothalamo-hypophyseal systems. This subject is 
represented in two projects of the FUNGO-group: "Regulation of hypo
physeal functions". A working visit was organized for members of the 
Fungo-group to present the current neuroendocrine work on our institute. 
In the present project that wiIl form part of the theses of G. J. Boer 
and K. Boer, the physiology and pathophysiology of neuroendocrine 
systems were studied during growth and reproduction. Reviews on the 
present knowledge of these subjects were published. 

Two themes stood in the centre of th is investigation: (1) The physiology 
and pathophysiology ofthe hypothalamo-neurohypophyseal system (HNS); 
(2) theroleofthefetal hypothalamus in intrauterine growth and parturition. 

(1) In coIlaboration with Dr. Touber's group (Amsterdam University 
Hospital) and C. W. Pool (student-assistent) a technique for immuno
localization of neurohypophyseal hormon es in the central nervous system 
was developed further. By means of quantitative immunofluorescence in 
neurohypophyseal and hypothalamic sections, the optimal conditions for 
this staining of hormones was determined. Fixation had to be performed 
in a different way on hypothalamic and hypophyseal tissue in order to 
obtain sharp localization and good morphology. 

Potent antibodies were raised against oxytocin. These are currently 
also used by Drs. J. Dogterom and Dr. Tj. v. Wimersma Greidanus (Dept. 
of Pharmacology, University of Utrecht) in behavioural studies and for 
the development of a radio-immunoassay. The immunofluorescence data 
raised however questions about the specificity of the antibodies used. 
Brattleboro rats, havillg a hereditary form of hypothalamic diabetes 
insipidus and not able to produce vasopressin, showed bright immuno
fluorescence in the neurohypophysis using antibodies against vasopressin. 
In addition, fluorescence was obtained with these antibodies in the supra
chiasmatic nucleus. Because of these findings, a specificity test for immuno
histochemistry and a method for purification of antibodies were developed. 
Therefore, vasopressin (AVP and LVP) or oxytocin were covalently bound 
to agarose beads. These beads could be used to test binding of antibodies 
on the different hormones. In addition, they were found to remove non
specific antibodies from rabbit plasmas. Thus, specific anti-vasopressin 
and anti-oxytocin were obtained. They are now used for specific locali
zation of both hormones in the brain. Also using specific anti-vasopressin 
the suprachiasmatic nucleus shows fluorescence. Since this is not observed 
in homozygous Brattleboro's, the suprachiasmatic nucleus will indeed 
most probably contain vasopressin. 
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The same immunofiuorescence technique is also used in the project of 
G. J. Boer (see below). In addition, data on the localization of oxytocin
containing cells observed by this technique caused K. Boer to change his 
recording side from the supraoptic nucleus to the paraventricular nucleus. 

(2) The second theme was studied in collaboration with Dr. W. J. 
Honnebier, gynaecologist (Amsterdam University HospitaI). The results 
were published in a thesis. This subject has been studied on human 
anencephaIics and on rat fetuses from which the brains were removed 
in utero. 

In both species the fetal brain appeared not to be the primary cause 
of the initiation of parturition, in contradistinction to Liggins' hypothesis. 
In both, human and rat fetuses, the brain was found to play an important 
role in intra-uterine growth. Compounds from hypothalamic-hypophyseal 
origin were systematically tested for a possible role in the intra-uterine 
growth process by injection directly into the rat fetuses. All hormones 
tested revealed negative results, growth hormone (GH) and /X-MSH 
excepted. Increased placental weight was produced by GH, while /X-MSH 
produced increased fetal and placental weights. This possible role of 
hypothalamo-hypophyseal systems in intra-uterine growth is now studied 
further in rat and human. 

Two guest-workers both from Bristol University worked on our project: 
Dr. D. W. Lincoln (see K. Boer) and Dr. D. F. Salaman. Dr. Salaman 
has practised microchemical techniques on the preoptic area of new-born 
rats in connection with his study about the role of this area in sexual 
differentiation and activity. 

Two workers recently joined the project. J. Dogterom is developing 
radio-immunoassays for peptide hormones and F. W. van Leeuwen has 
started immunolocaIization of neurohypophyseal hormones on the electron 
microscopical level in collaboration with Dr. H. J. Romijn (Section of 
Electron Microscopy). Students cooperating in the project were C. W. 
Pool and F. Nijvelt. 

G. J. Boer: 

In continuation of last year's research, the main part of the work 
performed in 1974 was devoted to separation of neurohypophyseal gIial 
cells (pituicytes) and axonal endings from the rat neurohypophysis in 
order to investigate possible exchange mechanisms between these two 
compartments during increased hormone (vasopressin and oxytocin) 
release from the hypothalamo-neurohypophyseal system. This work is 
incorporated in a project from the FUNGO-group "Regulation of hypo
physial functions". 

Af ter dispersion of the cellular elements by means of enzymatic and 
mechanical treatment of 3 rat neural lobes (1.5 mg), several micro
techniques have been employed to obtain accumulation and purification 
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of the two main neurohypophyseal cumponents. These techniques included 
micro-density gradient centrifugation, micro-differential centrifugation 
and micro-density gradient streaming. The most satisfactory results, 
obtained with micro-gradient centrifugation using 10, 20 and 30% Ficoll, 
were fully characterized by means of micro-assays for protein (yield), 
DNA (marker of cells) and lactate dehydrogenase activity (marker for 
cell injury), bioassay for milk-ejection activity and nonapeptide immuno
fluorescence microscopy (in collaboration with D. F . Swaab and C. W. 
Pool, see above), both markers for hormone-containing structures, and 
phase-contrast- and electron-microscopy (morphology; with Y. Koenders 
and J. Brugge, students). Three fractions, A, B, and C, resulted af ter 
separation containing mainly small axonal endings, neurosecretory 
granules, fat droplets, mitochondria and ghosts; axonal endings and some 
cells; and cells (pituicytes), large axonal endillgs and erythrocytes ~ 

Standardization of these results is still under investigation and will be 
a starting point of work concernillg specific function of pituicytes and 
possible exchanges between axonal endings and these cells. 

The neurohypophyseal nonapeptide immunofluorescence microscopy of 
neurallobe dispersion and the fractions Band C yielded as a second result the 
observation of cytoplasmic presence of horrnones within the pituicytes. This 
observation reemphasizes the possible direct role of these cells in horrnone 
secretion and will be further investigated with electronmicroscopical im
muno-Iocalization in collaboration with F. van Leeuwen en D. F. Swaab. 

Division of N europhysiology 

1. SECTION OF EXPERIMENTAL NEUROLOGY 

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

Results of the studies on diet-induced hypercholesteraemia and neuronal 
activity in the rabbit brain, published by Van Cranenburgh and Van 
Emde Boas (thesis, 1973), were prepared for publication as a series of 
joint papers, to be published in 1975. 

Morphological and biochemical follow-up studies originally planned 
within the framework of the project will not be realized due to the fact 
that the researchers concerned worked halftime and willieave the Institute 
at the beginning of 1975. Therefore, with the exception of some neuro
pathological investigations performed in collaboration with Dr. E. Ebels 
(Dept. of Pathology, University of Groningen), work on the project has 
come to an end. 

Dr. J. P. Muizelaar: 

The investigations of neuronal sensitivity to iontophoretically applied 
neurotransmitters in both the normal and the cholesterol-fed rabbtis were 
concluded. 
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As compared to the norm al animals the most prominent findings in 
the cholesterol-fed rabbits were : 

1) an increased sensitivity for the excitatory action of acetylcholine and 
a decreased sensitivity for the inhibitory action of this compound; 

2) a decreased sensitivity for the excitatory action of noradrenaline and 
an increased sensitivity for the inhibitory action of this compound. 

These results do not unequivocally support the original working 
hypothesis according to which a degeneration of inhibitory monoaminergic 
systems within the brain constitute the primary cause of the increased 
spontaneous neuronal firing rate in cholesterol-fed rabbits, reported 
previously by Van Cranenburgh and Van Emde Boas and also noted in 
the present study. 

We have found however some interesting parallels with micro-ionto
phoretic studies, comparing neuron al sensitivity in norm al and anaesthe
tized cats. 

The results of these studies have been published in a short paper, read 
at the joint congress of the Belgian and Dutch societies for physiology 
and pharmacology and - extensively - as a doctoral thesis. 

Our studies concerning mono amine metabolites in the CSF of norm al 
and cholesterol-fed rabbits during the probenecid treatment were con
tinued. In a first approach correlations and regressions were established 
between probenecid and monoamine-metabolite levels in the cerebrospinal 
fluid in normal rabbits. The results of this study have been submitted 
for publication and can serve as a basis for further investigations. 

Dr. J. C. de Valois, C. V. de Blécourt and P. A. de Groot: 

In 1974, the research on the discrepancies between 85Krypton, 133Xenon 
and 14C-antipyrine on flow measurement in rabbit brain was continued. 
The results of this investigation indicate, that, indeed, diffusion limitations 
for 85Krypton and l4C-antipyrine play an important role, especially at 
high flow rates; these results have been published by De Valois and 
De Groot. 

Further research was initiated to study these diffusion limitation in a 
two-compartmental model with different artificial membranes. 

To investigate regional flow patterns by the 14C-antipyrine technique 
in experimental ischaemia, a model for basilar artery spasm was developed 
and quantified. In cooperation with Dr. W . Hespe of Gist Brocades 
(Research and Development) a study was started to measure flow patterns 
in autoradiograms. 

In the project of the relationship between local EEG in the rabbit 
visual cortex and regional CBF during intermittent photic stimulation 
(C. V. de Blécourt), up to now 250 CBF measurements with 133Xe have 
been performed. In 1974 the regionalization of the CBF measurement 



PROGRESS REPORT 1974 19 

was improved by implanting lead on the skull overlaying the brain between 
the optic cortices. 

The calculation of the CBF became more accurate by measuring the 
radioactivity during the clearance out of the brain ten times more fre
quently. 

Fnrthermore, in a pilot study an optimal combinat.ion of the parameters 
of the light flash (frequency, duration and intensity) was determined in 
order to rcach the maximum effect on the cortical level. 

By these changes in experimental set-up a better coefficient of corre
lation between EEG parameter and CBF parameter was obtained 
(1'= - 0.75) than th at published in 1973 (see Progress Report 1973). 

With enlargemcnt of the series it is hoped to establish a value of l' 
that is to be qualified as "high". 

J. J. de Groen: 

A program was initiated in order to investigate some neurophysio
logical aspects of electronarcosis. 

Electronarcosis js elicited by diffuse cerebral st,imulation, using high 
frequency AC of low magnitude (some mAmps). From behavioural and 
pharmacological studies this is known to influence monoaminergic systems 
in the brain stem and the basal ganglia. Because this infiuence is inde
pendent of metabolic factors which may be changed in cerebral degener
ation as elicited in cholesterol-fed rabbits, electronarcosis seems to be a 
method apt to study some aspects of monoaminergic systems in these 
rabbits. 

A fust step was made by sol ving a number of technical problems, 
especially concerning the interference of thc stimulation current for 
electronarcosis with the signals which are to be recorded. In normal rabbits, 
the following parameters have now been investigated with and without 
electronarcosis: (1) firing from individual neurones (microelectrode regis
tration), (2) the EEG, (3) visual cortical evoked response (visual CER). 

The re su lts obtained show that: 

1. During electronarcosis many (but not all) neuron es show a change in 
firing pattern. In the initial stage firing is slower. Lateron, fuing 
shows a tendellcy to become faster. Finally, changes in the shape 
of the action potentials occur suggesting a long-Iasting depolarization 
of the neuron al membrane. 

2. In the early stage of electronarcosis there is an enhancement of the 
response to visual stirnulation in sorne cells in the visual cortex. 

3. In agreement with the foregoing there is a short-Iasting facilitation 
of the visual CER before th is disappears. 

These studies will be continued, both in normal and in cholesterol-fed 
rabbits. 
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2. SECTION OF COMPARATIVE AND DEVELOPMENTAL NEUROPHYSIOLOGY 

Dr. M. A. Corner: 

The question of the regulation of cerebral functional (bioelectric) 
development, and of the relationship between electrocortical patterns 
(ECoG) and the overall state of the organism has been continued, using 
1-3 week old rat pups this year instead of chick embryos. The point was 
to study a mammalian species in order to assess the potential generality 
of the picture which had earlier emerged from the avian material. 

With respect to electrocortical development, it was found that, as in 
the chick, sodium glutamate injections caused a premature appearance 
of a high amplitude slow wave pattern, typical for quiet sleep. In the 
early stages of this effect, before the ECoG waves become continuous, 
they occur as bursts lasting several seconds each ("tracé alternant") . This 
is in contrast with the ECoG in the chick embryo, where the slow waves 
appear as relatively discrete stereotyped potentials, but corresponds to 
the normal developmental picture in the infant rat. Glutamate may thus 
be an important factor cOlltrolling the time course of functional ontogeny 
in the cerebral cortex, specifically in relationship to slow-wave sleep 
patterns. Some months were spent with Prof. Purpura (New York, U.S.A.), 
recording intracellularly from neurones in several forebrain structures of 
t.he kitten. Excitatory and inhibitory synaptic interactions were observed 
under conditions of "synchronizing" stimulation in the median thalamus, 
and with "arousal" stimuli applied to the midbrain or pontine reticular 
formation. The idea is to ultimately apply such recording techniques to 
an analysis of the synapt.ic basis for the early ECoG potentials described 
above, in the rat andfor the chick embryo. 

Older rat pups, in which the ECoG was mature enough to reflect the 
difIerence between states of sleep and wakefulness, were used to study 
the nature of stereotyped movements during sleep. When restrained in a 
quasi-fetal posture, the rats displayed a pattern of repetitive vigorous 
bursts of total-body movements, which strikingly resembied the spon
taneous motility seen in late chick embryos. Electrodes were implanted 
for recording cortical biopotentials (ECoG), muscle tonus (EMG) and 
heartbeat (EKG) in such preparations. Each motor burst was accompanied 
by a brief desynchronization of the ECoG and by irregular respiration, 
and against a background of continuous low muscle tonus. They tended 
to occur at 5-10 sec intervals in trains lasting of ten many minutes at a 
time. In cases showing an intermediate level of overall motility (over 
an hour of registration) the bursts formed clusters of activity, negatively 
correlated with the amplitude of the ECoG (<5-wave intensity function, 
measured and plotted automatically). It is concluded that this behaviour 
pattern during sleep in early life may be a transitional form between 
fetal motility and classical REM activity in maturity. 

Finally, some quantitative observations were made on spontaneous 
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swimming movements in flsh and frog larvae, in order to compare the 
early behaviour of "lower" vertebrates with that described for infant 
animals of warm-blooded species during sleep. Phasic motor discharges 
were recorded which were statistically similar in many respects to the 
observed sleep move ment patterns. The resemblances extended also to 
the presence in the larvae of intermediate (1-10 min) and "ultradian" 
(i-I hr) cycles of fluctuation in the level of motility. The hypothesis 
has been formulated, on the basis of an extensive review of the literature 
on this subject, to be published next year, that these behaviour patterns 
represent a persisting "primitive" (in the phylogenetic sense) mode of 
functioning within neuron al networks, retained with greatly subdued overt 
expression as the "Basis Rest-Act.ivity Cycle(s)" governing dream episodes 
during sleep, even in man. 

Dr. R. E. Baker: 

The project on the development of interneuronal connexions has been 
continued. 

During late larval development in the frog, reflex arcs mediating limb
wiping responses come into being and are capable of being modified 
through surgical interference. The following studjes are disigned to examine 
the changes which occur in brain and nerve structure during these periods 
of behavioural readjustments. 

Since little anatomy of peripheral skin innervation is known for anurans 
in general and skin-grafted anurans in particular, most of this year has 
been spent collecting samples of skin-nerve for electron microscopy (EM) 
and preparing stocks of skin-grafted frogs for other studies. The EM 
studies are being undertaken in collaboration with Dr. P. H. J. Nafstad 
(Norges Vetinaerhogskole, Oslo, Norway). We are primarily interested in 
the critical periods following the grafting operations, during which time 
cutaneous degeneration and reinnervation of the graft occurs. Our studies 
have shown that the degenerative phases are characterized by swift nerve 
ending disappearance, loss of Merkel cells associated with the cutaneous 
nerve endings and an increase in epithelial thickness. Regeneration of 
cutaneous neurones into the graft is followed by a reappearance of Merkel 
cells and a decrease in epithelial thickness. Continued EM study of 
cutaneous innervation of frog skin will be concerned (I) with the origin 
and function of the extra-epidermal eell layers observed in grafted skin, 
(2) with the timing of original skin innervation by spinal ganglion celIs 
and, (3) with spinal ganglion ceB ultrastructure during the phases of 
initial skin innervation. 

Preparations of skin-grafted frogs have also been undertaken over the 
past year for several cutaneous projection studies in control and skin
grafted animals using a variety of histological (light and electron miero
scopy) and electrophysiologieal techniques as weIl as tissue culture. These 
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studies will be carried out to determine whether the striking changes in 
reflex behaviour are mirrored by anatomical projection adjustments in 
the spinal cord. Pilot tissue culture experiments have been conducted 
to date on tadpole skin, spin al ganglia, and spiral cord with the aim of 
using in vitro paraHels for our in vivo studies of interneuronal associations. 
We have succeeded in solving contamination and ceH survival problems 
and now have a ready source of tadpole specimens to begin these in
vestigations. 

Studies are also being conducted on a marsupial species, Petaurus 
breviceps, concerned with the development of specific nerve projections 
within the developing mammalian CNS. A brain atlas is bcing prepared 
for this species in collaboration with K. Rodde of this Institute, together 
with preliminary visual system studies. The remaining obstacles to over
come deal primarily with establishing successful, planned breeding of 
these animals for regular developmental studies. If this can be accom
plished, continued investigation of the visual system of this animal will 
be undertaken with enucleation and other surgical manipulations utilized 
to investigate retinal influences on central nuclear mass migration and 
consolidation, and on behaviour. 

W. L. Bakhuis : 

In the Progress Report of 1973 we remarked that the chick (Gallus 
domesticus) appears to be deeply asleep (paradoxical sleep) during the 
total body movements which go along with hatching. Further EEG and 
behavioural experiments created doubts about the nature of the EEG 
desynchronizations that of ten accompany the total body movements. 
Critical experiments had to be devised which would give an answer to 
the question: do the desynchronizations reflect paradoxical sleep or 
arousal episodes? The acquisition of adequate equipment (split screen 
video-recording system) made possible precise analysis of the correlation 
between behavioural and EEG phenomena with an error factor of less 
than 1/20 second. With the aid of drugs it was possible to influence the 
arousal levels of the animais. The experiments concerned are in a pro
gressed stage and so far indicate that the BEG desynchronizations going 
together with 'bursts' (total body movements during hatching behaviour) 
express arousal rather than deep (paradoxical) sleep. The results of these 
experiments wiH help to determine the choice of the sites of target during 
the localization experiment (see below). 

Also in progress are observations of which the re su lts will enable us 
to distinguish other types of behaviour having something in common 
with hatching behaviour (e .g., type of rhythmicity, vocalization or mo
tility). Finally, experiments are being carried out with the aim to dis
criminate between fluctuations in hatching behaviour which have an 
jntew/tJ Itnd those which have an external cause, specifically temperature 
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and sound. The results of both types of experiments wil! permit dis
tinguishing between behavioural changes caused by interventions (lesions, 
stimulations) pertaining to the localization experiments and behavioural 
changes due to other factors. These experiments are planned to be finished 
around the end of the year. 

In the course of 1975 the fin al set of experiments pertaining to th is 
project will be started, namely localization experiments. With the aid of 
depth electrodes in stimulation-, lesion- and registration experiments, 
attempts wil! be made to determine the areas of the central nervous system 
responsible for hatching behaviour. The role of sleep- and waking centres 
will receive special attention in these experiments. 

K. Boer: 

The influence of electrical stimulation of the neurohypophysis upon 
the onset and course of parturition was further examined in collaboration 
with Dr. D. W. Lincoln (Univ. of Bristol, Dept. of Anatomy). Both the 
intrauterine pressure recordings, made by means of previously implanted 
pressure sensitive telemetric transmitters, and the visual observations of 
stimulated deliveries suggested successful induction of delivery by the 
electrical stimulation. The onset of parturition was synchronized to the 
stimulation but not advanced significantly. Stimulation, however, ac
celerated the course of parturition of the first 5 pups of a litter. Further
more the distribution over the time of the onset of parturition in normal 
and stimulated animals was studied. Results are reported in a paper 
(K. Boer, D. W. Lincoln, and D. F. Swaab, submitted for publication). 

The introduction of the antidromic stimulation technique into our 
laboratory by Dr. D. W. Lincoln allowed to proceed with the study of 
electrical behaviour of the neurosecretory cells of the hypothalamo
neurohypophyseal system during procreative periods, especially partu
rition. Rats are provided with the intra-uterine pressure registrating 
transmitters one day before the last day of pregnancy when they are 
recorded. For this purpose a concentric bipolar stimulation electrode is 
implanted from dorsal to t.he neurohypophysis of an anaesthetized anima!. 
Af ter some time it appeared that by this procedure the anatomical re
lations are altered and that new coordinates had to be found for the 
recording electrode. A microelectrode was then guided stereotactically 
to the nucleus paraventricularis in order to record single unit activity 
from antidromically activated cells. The paraventricular nucleus was 
chosen instead of the until this year recorded supraoptic nucleus on the 
basis of the by immunofluorescence found scarcity of oxytocÏn containing 
cells in the latter nucleus. The electrical behaviour of the neurosecretory 
cells is used as a parameter for the release of posterior lobe horrnones 
and is oompared to the simultaneously registered intra-uterÏne pressure 
changes. This is still in study, as is the effect of antidromic stimulation 
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upon spontaneous firing of the neurosecretory eeHs. It appears that 
stimulation longer than a few seconds causes a silent period in spontaneous 
firing, increasing with the length of the stimulation period. Such a silent 
period is often seen af ter the bursts of electrical aetivity that preceed 
milk-ejection in the rat. 

H. A. A. de Jong: 

The analyses of the experimental data from 'statocyst evoked' neuronal 
activity were prolonged during 1974. Using the individu al detectable units 
from the statocyst as an input to the central nervous system of Aplysia 
limacina and Helix pomatia, the postganglionic responses could be de
scribed. 

The analysis of this interneuronal activity is part of the research 
program for analysing relatively simple neuronal networks. The deseription 
of the properties of the correlation between the spike activity of these 
neurones and the behavioural responses of the animals as described by 
Dijkgraaf (1967) and by Wolff (1972) was worked out. 

Since June 1974, Dr. J. V. Milligan (Queens University, Kingston, 
Ontario, Canada) who is spending his sabbatical leave at the Institute, 
was assisted in his experimental study on the electrical characteristics 
of neurosecretory ceHs in the CNS of Helix. 

J. S. du Pont: 

1. The msual system ot the trog 

Thc response recorded in the tectum optieum of the frog following 
flashes is complex. Predominant is a large slow potential. Also various 
forms of action potentials ean be recorded. The sources of the slow 
potential and the action potentials are not strictly defined. Both phenomena 
are confined to the synaptie field between the terminations of the optic 
fibres and the dendritic trees of tectal cells. The functional significanee 
ofthe response is also under study. The year was used to build the necessary 
experiment al set-up. In the technical workshop, a special faraday eage 
has been built to minimize electrical interference. Presently a st.ereotaxic 
instrument is developed suited for small animals like frogs . The electronic 
workshop built a new type of photic stimulator based on a matrix of 
light emitting diodes (LEDS). Besides being considerably more reliable 
and less expensive to buiId than the eonventional gas discharge tubes, 
it also offers the possibility to give any desired non-moving stimulus. 

2. The receptors in the skin ot the trog 

Preliminary experiments were done. Good recordings are possible from 
the dorsal root ganglia. The responses are obtained following gross eleetrical 
and tactile stimulation. In the new stereotaxic apparatus it wiH be possible 
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to stimulate nearly every piece of the skin. Further exploration shall be 
done with tacti1e and electrical stimulation. 

For analysis of the data, both projects were discussed with the System 
Analysis Section. Part of the results can be handled now off-line to provide 
a power spectrum analysis display of digitized data. 

Dr. J. V. Mi1ligan. Ass. Prof., Queens University, Kingston, Ontario, 
Canada: 

Preliminary investigation of the Tandan and Dogra performic acid
Victoria Blue 'specific' stain for neurosecretory cells was applied to the 
intact Helix cerebral ganglion. The initial findings were inconclusive and 
further investigation is underway to see if minor changes in the procedure 
will give good results. A constant current-voltage clamp device for 
measuring ionic currents during membrane phenomena in single giant 
neurones of Helix was constructed in collaboration with H. Overdijk 
(Electronic Workshop). Developmellt of glass micropipettes capable of 
carrying relatively large amounts of current (10 micro ampères) and thus 
delivering high cOIlcentrations of materials to the surface of giant neuron es 
of Helix was continueel. 

Preparation of specifications and flow charting of programs for eventual 
programming by computer department personnel was started. The pro
grams are (I) general off-line data acquisition of selected portions of 
analog neurophysiological data from magnetic tapes and specific analysis 
of these data; (2) off-Iine analysis of radio-immunoassay data punched 
out on paper tapes. 

3. SECTION OF BEHAVIOURAL PHYSIOLOGY 

H. van Dis, Dr. N. E. van de Poll, B. Bermond, T. Röthengatter and 
B. Kouwenhoven : 

'l'he study of masculine and feminine sexual behaviour and intermale 
aggressive behaviour in the rat was continued. The results of the experi
ments on sexual behaviour of the last years were evaluated and resulted 
in a thesis ofN. E. van de Poll (1974). The main program ofthis research 
project in the next years will be concentrated upon the motivational 
aspects of sexual and aggressive behaviour. Therefore, much attention 
was paid to a systematic content-analysis of the parameters of sexual 
behaviour in order to improve thc construct validity of the concepts 
used. 

A quantitative treatment of anatomical data from the lesioll studies 
was developed which resulted in the possibility to further locaIize the 
relevant areas for sexual and aggressive behaviour within the preoptic 
area. For masculine sexual behaviour the most important part of the 
medial preoptic-anterior hypothalamic region appeared to he the transition 
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of the medial preopt.ic and hypothalamic region ; feminine behaviour in 
male rats was not disturbed by these lesions being even slightly facilitated 
by anterior hypothalamic lesions. 

The phenomenon of sexual exhaust.ion was further studied. A role of 
androgens in recovery from the exhaustion process was excluded. A study 
of the iufluence of sexual exhaustion upon electrical selfstimulation of 
the medial preoptic area was continued, in order to investigate whether 
relevant functional changes at this level of the central nervous system 
could be responsible for this phenomenon. This line of experiment.ation 
gained in conclusive results and is continued. 

The consequences of the process of psychosexual different.iation for 
some kinds of learning will be studied in the next years. Therefore, pre
liminary work was undertaken to study sex-differences in an operant 
situation in which learning is based upon positive reinforcement. Af ter 
completement of a formation of Grason Stadier skinner-boxes and 1200 
programming systems, a first series of experiments was started in which 
males and ovariectomized, oil- or estrogen-treated, females were compared. 
Although the results suggested t,he existence of sex-appearance in this 
situation, a further study is necessary in order to single out a variety of 
intervening factors . 

Intermale aggressive behaviour was further studied with the S3-strain. 
The study of intermale aggressive behaviour in castrated male rats showed 
that in contrast to the quickly vanishing sexual behaviour substantial 
levels of aggressive behaviour occur several months af ter castration. 
Therefore, it is suggested that androgens are not essential for this kind 
of aggressive behaviour. 'l'his line of experimentation will be further 
continued. Medial preoptic lesions in S3 rats appear to have a differential 
effect upon masculine sexual behaviour and intermale aggreHsive behaviour. 

B. Bermond: 

Further studies on thc role of androgens and the role of the preoptic
anterior hypothalamic region in the regulation of both aggressive and 
male sexual behaviour have been done. The results of lesion experiments 
suggest that the before mentioned area can be functionally divided in 
at least two areas: 

a) the frontal part of the preoptic area which plays a role in the regu
lation of aggressive behaviour, 

b) the border region between the preoptic area and the anterior hypo
thalamus. which is involved in the regulation of male sexual behaviour. 

Shortage of S3 rats , most suitable for aggression studies, seriously 
restricted our experiments, hampering also the statistical evaluation of 
a castration study. The results so far suggest that it takes at least 2-3 
months before the effect of castration on aggressive behaviour is measur
ab Ie according to sound statistical criteria. 
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J. P. C. de Bruin: 

The function of the telencephalon in the regulation of sexual, parental 
and aggressive behaviour of the Siamese Fighting Fish (BeUa splendens) 
was further studied. Additional experiments were done in which the total 
telencephalon was removed. Forebrainless Betta's exhibit distinct changes 
in both parental and sexual behaviour. Although the separate action 
patterns of nestbuilding and courtship behaviour still occur, they do not 
result in integral behavioural patterns. Nestbuilding activities do not 
result in a structural nest, while nest leading behaviour lacks a taxis 
component: successful reproduction no longer occurs. 

Telencephalon ablation also results in a decrease in the level of ag
gressive behaviour. The amount of the nucleus preopticus (at the tran
sitional area between telencephalon and diencephalon) removed during 
the operation was important. lf the nucleus preopticus is still present the 
decrease in aggression is considerably less. These results are in accordance 
with lit.erature data in which a differential effect of telencephalon ablation 
in various flsh was thought to be based upon an anatomical difference 
in the anterior extension of the nucleus preopticus. 

The Betta studies are now in a phase in which the re su lts are being 
analysed and described, while much time is spent in a careful study of 
the histological changes following forebrain lesions. 

Considerable time has been devoted to the completion of the "White
system". This system was developed and built in close cooperation with 
the electronic workshop and the computer section. It enables behavioural 
registrations to be made on magnetic tape in such a form that both 
frequency and duration of up to 19 behavioural parameters are suitable 
for immediate computer analysis. 

In cooperation with K. C. Hodde (Section of Comparative and Quanti
tative Neuroanatomy) a separate investigation has been started. lts aim 
is to study the spin al projections in thc corpus cerebelli and the valvula 
ccrebelli in Betta splendens, a "modern" teleost flsh. This cooperation 
will also include a study of the connections of the area dorsalis telencephali 
with diencephalic and mesencephalic areas. These regions have a function 
in the control of aggressive behaviour. 

A. P. van der Meché: 

The study of memory formation in goldflsh (Carassius auratu8 L.) using 
learning experiments in a shuttle-box has been continued. 

The occurrence of intertrial crossings during active avoidance con
ditioning results in "false" avoidances being incorporated in the learning 
curve. "False" avoidances are attributed to the activity of t.he flsh in 
the shuttle-box. 

An increase in activity is observed as an increase in the intertrial 
crossings, possibly resulting in a higher proportion of the "false" avoidances 
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in the learning curve. In the literature, information is very scarce on 
intertrial crossings; of ten these are not registered at all and whenever 
they are properly registered they are considered as problematic. Our 
analysis demonstrated a linear relationship between the number of inter
trial crossings and the number of avoidances, an increase in the number 
of the intertrial crossings corresponding with an increase in the number 
of avoidances. 

In an experiment designed to evaluate the contribution of "false" 
avoidances to the learning curve, two experimental groups were formed. 
One received active conditioning with a conditioned stimulus-unconditioned 
stimulus (CS-US) interval of 6 seconds. When a stabie performance was 
reached, the fish exhibited an average of 15.5 avoidances out of 20 possible 
ones. The second group received no conditioning stimuli at all and per
formed the crossings in the shuttle-box spontaneously. Their average 
score in a comparable period of time was 2.8 "avoidances". Although a 
CS-US interval of 6 sec must be considered as a short interval when 
compared with literature data, 18% of the avoidances should be con
sidered as "false" avoidances. 

Both the number ofintertrial crossings and the CS-US interval determine 
how many "false" avoidances are incorporated in the learning curve. 
This so of ten neglected phenomenon is important for a correct interpre
tation of learning curves. 

The telencephalon ablation experiment, reported in the Progress Report 
1973, demonstrated the importance of distinguishing "false" avoidances 
in the learning curve in order to enable a correct interpretation of the 
results. Measurements of the total locomotor activity were pûssible due 
to the activity meter newly built by the electronic workshop. They showed 
a decrease in locomotor activity following a total removal of the telen
cephalon. 

In cooperation with K. C. Hodde (Section of Comparative and Quanti
tative Neuroanatomy), an atlas of the brain of the goldfish was composed, 
based on several series of Bodian-Ziesmer stained serial sections. This 
study was necessary to en ab Ie accurate delimitatiûns of the size of the 
ablations and subserves precise histological controls. 

4. SECTION OF NEUROPHYSIOLOGICAL SYS1'EM ANALYSIS 

Ir. J. Smith : 

In the past year a functional integration of the computer facilities 
was introduced in order to automatize and quantify various biomedical 
processes. For this reason our oWll research project of quantifying the 
developmental EEG was finished, and collaborative research programs 
are planned for thc next years. 

As part of our research program on the developmental gross electrical 
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activity of the chick brain, 50 hours work on the EEG of 29 chick embryo8 
and 9 chickens af ter birth were closely examined using the quantitative 
EEG-analysis techniques. 

In general the smoothed power spectra proved to be unimodal, skewed 
to the right at all stages of development and increasing during embryonic 
development specially in the delta-band, while af ter birth a frequency 
shift occurs to the higher frequencies: a.Ipha-band. Statistical tests indicate 
a significant (p<O.OI) increase of the percentage of power in the delta
band (80-90%) for stages 44 and 45 as compared to stage 42. 

The extreme amplitude/interval analysis indicated that the mean 
amplitude of stage 42 differs significantly from all other stages, while 
there exists a sudden jump in amplitude between stage 42 and stage 44. 
The mean interval values increase up to stage 43 to decrease significantly 
afterwards. In general, there is a trend towards smaller intervals and 
higher amplitudes during development, which is in agreement with the 
results of the spectral analysis. 

Our model of the stereotyped patterns in the EEG is characterized by 
a short amplitude peak of 20-100 flV having an interval of 150-250 msec, 
and a relatively long afterpotential of 10-40 flV having an interval of 
200-250 msec. The detection of this pattern is performed using a non
recursive digital filtering method, deciding between the two hypotheses: 
'pattern' versus 'no-pattern'. 'l'his is done by plotting the degree of re
semblance as a continuous function of the original data, and indicating 
at several different levels of confidence the presence or absence of the 
preselected wave-form. 

In a collaborative effort with various Sections the automation and 
signal processing of typical procedures was started: 

a. the Whyte system, 

b. the UV microscopy, 

c. the analysis of motility, 

d. the analysis of action potentials (neurogenic) and 

e. thc automatisation of the gaschromatograph. 

The Whyte system. In collaboration with J. de Bruin and J. Overdijk 
a recording and transcription system was developed according to Whyte. 
This is a method of obtaining behavioural data in a coded form on an 
Analog-7 tape cassette which can be read directly by the computer. In 
addition, the software was developed for: 

I. the decoding and data reduction of the transferred signais, 

2. the computation of the frequency, the latency and the total time of 
the behavioural patterns, and 

3. the computation of the variation in time of the frequency and total 
time period of these behavioural patterns. 
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The UV microscopy. Some progress can be reported in the computerised 
automation of the scanning and measuring techniques of the neuronal 
processes in fluorescence microscopical sections. It is now possible to 
control the x and y stepping motors attached to the Leitz Orthoplan 
microscope in a closed loop, manually, with a joy-stick or by the digital 
output signals of the mini-computer. In addition, the collection of the 
biological data is acquired via a photomultiplier and an AjD-conversion 
system. For this purpose hardware and software were developed. A study 
is started to enable rapid tracking and accurate measurements of the 
fluorescence microscopical sections by controlling the stepping motors and 
the shutter time. 

The analysis ot motility. In collaboration with Dr. M. A. Corner and 
W. L. Bakhuis (Section of Comparative and Developmental Physiology) 
a research program was started for the development of sleep mechanisms. 
The recorded analog signals are a function of the instantaneous intensity 
of the motility of the animal, and vary with the time. In order to detect 
the bursts, a definition was first formulated concerning the amplitude, 
the duration and the intervals between the bursts. For the off-line signal 
acquisition and processing the following software was developed : 

1. the computation of the duration of the burst and the intervals between 
two bursts for the conditions of open and closed eyes, 

2 . for each analysis epoch the tachogram and the histogram were com
puted for these parameters, and their statistical parameters such as 
mean, variance and coefficient of variance. 

Division of Neurochemistry 

Dr. A. B. Oestreicher, C. van Leeuwen and H. Stam : 

Investigations on the isolation and characterization of fractions enriched 
in synaptosomes and in synaptic plasma membranes from chick brain 
were continued. 

Pinched-off nerve endings from axons (i.e., synaptosomes) isolated from 
nervous tissue as a subcellular fraction which can be characterized by 
morphological, chemical and enzymatic properties, have proved to be 
very useful as a model system for the in vitro study of processes involved 
in chemical neurotransmission. 

In contrast to nerve endings and their synaptic plasma membranes 
(SPM) from mammalian brain, the synaptosomal fractions of avian brain 
have been rarely studied by measurements of their predominant enzymatic 
markers for component structures and the contaminating membranes. 
Since the processes of chemical neurotransmission take place across the 
barrier formed by the SPM, an investigation of glycoproteins being an 
important component of SPM was started with the isolation of SPM. 
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These glycoproteins have been implied in forming synapt.ic connection8. 
The isolation of specific membranes such as SPM from crude fractions 

of brain like homogenate or the crude mitochondrial fraction give rise 
to problems of identification, because of the presence of contaminating 
glial, mitochondrial and microsomal membranes. Therefore, at first, weU 
characterized synaptosomal fract.ions were prepared from chick brain. 
These then could later be used as starting material for the isolation of 
SPM and t.heir glycoproteins. The results obtained on the procedure for 
the isolation of fractions enriched in synaptosomes from brains of 4-6 
days old chicks and characterized by enzymatic and chemical markers 
and by electron microscopy have been summarized in a paper. 

Methods for the isolation of SPM have been worked out by making a 
comparative study between the enzymatic properties of subfractions 
obtained by osmotic shock from the synaptosomal and cru de mitochondrial 
fraction. On osmotic shock of the synaptosomal fraction, the crude 
membrane fraction retained 64% of the protein content and 8, 75, 99 
and 84 % of the lactate dehydrogenase acetylcholinesterase, monoamine 
oxidase and 5' -nucleotidase activities, respectively, indicating that most 
of the membranous material was recovered in this fraction. When this 
crude membrane fraction was further subfractionated according to 
methods applied successfully for the isolation of SPM from rat brain, 
it was found by measurements of the various membrane ATPase activities 
and other marker enzymes that the SPM of chick brain were poorly resolved 
from mitochondrial membranes. Davis and BIoom (Analytical Biochem. 
51, 429, 1973) described that increasing the density of mitochondrial 
membranes of rat brain by means of areaction with INT-dye resulted 
in a improved separation of SPM from mitochondrial membranes af ter 
density gradient centrifugation. 

In contrast to the conclllsion of these authors it was noted that appli
cation of this method to an osmotically shocked cru de mitochondrial 
preparation from chick brain caused a displacement of aU membrane 
fractions to higher density. This discovery was made since not only mito
chondrial enzymatic markers, like in the study of Davis and BIoom, were 
determined, but also membrane markers like (Na, K)-activated ATPase 
and acetylcholinesterase. Our results indicate that the usefulness of this 
method for isolating SPM, at least from chick brain, is doubtful. 

]'urthermore, isolation of Concanavalin A binding glycoproteins from 
chick brain cytosol was performed. Concanavalin A (Con A) is a lectin 
which has binding specificity towards mannose-like and glucose-like resi
dues. Insolubilized Con A as Con A-Sepharose retains this property. Whole 
chick brain soluble proteins were led onto a column filled with Con A
Sepharose. The unretained proteins were washed out (Con A negative 
fraction). The (glyco)proteins that were retained on the column were 
displaced by adding a competitive inhibitor, iX-methyl-D-glucopyranoside 
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(Con A positive fraction). A better yield could be acquired by elution 
with a pH 9 buffer solution. The column fractions were analysed for: 

a. Protein content 

The Con A positive fraction contained 5-30% of the applied proteins, 
while the recovery varied from 60-140%. 

The capacity of Con A-Sepharose, that contained 8 mg Con A per mI 
gel was about 0.5 mg protein per mI gel. 

b. Neutral sUf/ars content 

The Con A positive fraction was enriched in neutral sugars compared 
to the applied fraction and the Con A negative fraction. 

c. Polyacrylamide gelelectrophoresis (PAGE) 

1. PAGE on native and reduced samples; the gels were stained for 
protein and for sugar. The Con A positive fraction lacks most of the 
bands having a large mobility. 

2. PAGE on reduced and solubilized samples (SDSPAGE). Only low 
molecular weight polypeptides were present in the Con A positive 
fraction . It appeared that a considerable part of the Con A bound 
to Sepharose was released in the Con A positive fraction. 

Division of N europhannacology 

M. van Wijk: 

Our work with tricyclic antidepressants was continued, studying the 
turn over of 5-HT af ter acute versus chronic administratioll of some of 
these drugs in rat brain, using the probenecid method. 

One series of experiments with a rather low dosis of chlorimipramine, 
imipramine, desimipramine and protriptyline (10 mg/kg) was completed. 
Tryptophan, 5-HT and 5-hydroxyindoleacetic acid were determined in 
brain; the antidepressants and a metabolite of imipramine (desimipramine) 
were measured in brain and plasma, except chlorimipramine (not yet 
possible technically). In the desimipramine and protriptyline injected rats, 
the levels of these drugs were significantly higher in the chronïcally than 
in the acutely treated animaIs, in brain as weIl as in plasma. In the 
imipramine treated rats the same tendency could be observed, although 
it was significant only for desimipramine in brain. For what concerns the 
indoles, however, 110 important difIerences could be demonstrated. Only 
the 5-HIAA levels in the chlorimipramine injected animals were slightly 
but significantly lower than in controls, but there was no difIerence 
between these groups themselves. 

Pilot studies using a higher dose (25 mg/kg) are now in progress. In 
these, chlorimipramine will be measured with the gas chromatograph 
which is now available. 
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L. van der Kar: 

A new project concerns the question whether or not a 5-HT-sensitive 
adeny1ate cyclase can be demonstrated in the ONS of the rat and, if so, 
what the corre1ation is between the activity of serotonergic neurones and 
the activity of this enzyme. 

For this purpose an isolation procedure for cyc1ic-AMP was deve1oped. 
It was a1so tried to use a gas chromatographic method for the isolation 
and assay of endogenous cycIic-AMP. 

A corre1ation between the activity of serotonergic neurones and 
adeny1ate-cyc1ase will be investigated by means of drugs that modify 
the up take mechanisms or the turnover of 5-HT in the ONS. 

Parts of the above projects described will be combined. 

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.). 

INTRODUCTION 

The sections I-IV in this report represent the four major areas of 
research which at present make up the research programme of the Lab
oratory. Section V reports on work that is peripheral to the present 
research programme. 

The area covered by section I has been somewhat extended and now 
also includes work on morphogenetic movements in the amphibian gas
trula and neurula (section LD). 

I. Embryogenesis in amphibians: origin and establishment of 
embryonic axes; analysis of morphogenetic movements 

This section reports on work at the cellular and supracellular levels 
involving amphibian embryos. The two major areas of interest are: (1) 
the analysis of regional differences in the fertiIized egg and the blastula 
stages, in connection with the establishment of the future dorso-ventral 
and antero-posterior axes of the embryo and mesoderm induction; (2) 
supracellular mechanisms involved in morphogenesis of the gastrula and 
neurula. 

Work on amphibian embryos at the subcellular and molecular levels 
is reported in section IV. 

A. MORPHOLOGICAL AND CYTOCHEMICAL CLEAVAGE STUDIES 

1. Ginematographic study of the cleavage pattern (DiscogloS8U8 pictus, 
Xenopus laevis) (K. Rara) 

By means of the "double camera" time-lapse method previously applied 
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to eggs of Ambystoma mexicanum (see previous reports), ten new pairs 
of films were taken of the cleavage process viewed simultaneously from 
the animal and vegetative sides. Four of these were of Discoglossus eggs, 
and six of Xenopus eggs. 

The films are being analysed and compared with those previously 
taken. 

2. Mucopolysaccharides m the blastula and early gastrula (Ambystoma 
mexicanum) (G. A. Ubbels, R. T. M. Hengst) 

We are looking for cytochemically demonstrabIe differences among cells 
and regions of the early embryo. In the previous report (sect. I.A.4) it 
was mentioned that the cytoplasm of cells of the blastula and gastrula 
is rich in glycogen and neutral polysaccharides, but lacks sulfated muco
polysaccharides (MPS) and hyaluronic acid-containing sugars. Weakly 
acid MPS are bound to the vegetative yolk granules. The blastoporal 
region is characterized by the presence of large amounts of intercellular 
glycogen. This observation is consistent with unpublished electron
microscopical observations by J. G. Bluemink of this Laboratory. 

The absence of cytoplasmic acid MPS could be only apparent, since 
acidic groups could be masked by protein amino groups. Therefore, several 
different stains for basic proteins were applied, and sections were stained 
for protein af ter deamination. The results confirm the absence of cyto
plasmic acid MPS in Ambystoma embryos. This is at variance with results 
obtained by Kosher & Searls (1973) in Rana pipiens. Moreover, extra
cellular (acid) mucoproteins and MPS present in the Xenopus laevis 
gastrula (Tarin, 1973) are considered to be important for cell contact. 
Since it is improbable that urodeles and anurans will differ in this respect, 
the problem will be further investigated by means of autoradiography. 

B. MESODERM INDUCTION IN THE BLASTULA 

1. Embryonic axis tormation by induced mesoderm in recombinates ot re
aggregated endoderm and intact animal ectodermal cap material trom 
blastulae (Ambystoma mexicanum) (P. D. Nieuwkoop) 

This work is a continuation of that described in the previous report 
(sect. I.B.1) and in earlier reports. This year a more definitive series of 
experiments was carried out. Because the supply of Triturus alpestris 
material became a limiting factor, only A . mexicanum material was used 
for the recombinates . 

In order to guarantee a sufficiently high inductive capacity of the 
reaggregated endodermal component, only dorsal halves of the isolated 
vegetative yolk mass were used. This inductor material was taken from 
Harrison stage 8+ blastulae, while the animal ectodermal caps used as 
the reacting system were taken from blastula stages 7-9. The results are 
being analysed. 
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2. The regional distribution ol mesoderm-inducing capacity in the endo
dermal yolk mMS ot the blastula (Ambystoma mexicanum) (G. T. 
Blanken) 

In continuation of work started last year (see previous report, sect. 
I.B.2) the mesoderm-inducing capacities of central and peripheral portions 
of the isolated vegetative yolk mass of the stage 8+ blastula were tested 
by recombining them with intact animal ectodermal caps of the same 
stage. 

The results show that a region of high mesoderm-inducing capacity 
(characterized by notochord formation in the ectoderm al reacting system) 
has its centre in the dorsal midline. From there it extends in the shape 
of a "crescent", that is, peripherally for about 45°_60° along the circum
ference on either side of the yolk mass, and centrally for about one third 
of the diameter of the yolk mass. The central portion of the yolk mass 
has the same low mesoderm-inducing capacity as its lateral, ventro-Iateral 
and ventral peripheral parts . 

3. Pattern lormation in the dorsal marginal zone ol the blastula and the 
archenteron root ot the gastrula (Triturus alpestris ) (K. Weyer - an 
experimental-morphological analysis in conjunction with a computer 
simtIlation of mesoderm induction; in collaboration with the Depart
ment of Theoretical Biology, State University of Utrecht) 

Data from the literature show th at the pattern of the definitive dorsal 
mesodermal structures formed by the archenteron roof of the amphibian 
embryo is the result of at least two successive inductive actions : (1) a 
mesoderm-inducing action emanating from the vegetative yolk mass prior 
to gastrulation and spreading with decrement into the animal ectodermal 
moiety of the blastula from the equatorial region; (2) an influence en
hancing notochord formation (and subsequently somite formation) which 
is exerted by the neuro-ectoderm upon the underlying archenteron roof. 
The latter action takes place af ter the first invagination of the archenteron, 
during the process of neural induction. 

A computer simulation is being attempted of the pattern in the dorsal 
marginal zone of the blastula resulting from the mesoderm-inducing action 
(see (1) above). This simulation will make use of the experimental data 
already available. 

At the same time, the second inductive action mentioned above was 
analysed further by means of recombination experiments. These involved 
presumptive mesoderm from embryos both before and af ter invagination 
as the reacting system, and gastrula ectoderm, neural plate tissue, or 
neurula epidermis as the acting system. The recombinates were cultured 
in saline to allow differentiation. Material of Triturus alpestris was chosen 
af ter it became evident that gastrula ectoderm of the axolotl showed a 
strong tendency towards artificial neuralization under the influence of the 
culture medium. The differentiated recombinates are being analysed. 
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4. The extension of mesoderm induction into the ectodermal cap of the 
blastula and early gastrula (Ambystoma mexicanum) (E. C. Boteren
brood) 

Mesoderm induction in the blastula probably starts at or prior to stage 
6!. It is fust confined to the ectoderm al area immediately adjacent to 
the vegetative yolk mass (the inductor) and probably only gradually 
extends further into the ectodermal cap. To analyse the extension of 
mesodermization, Dr. V. Nanjundiah (guest worker at the Laboratory in 
1973) had isolated ectodermal caps from blastulae of successive stages 
and cultured them in saline to study their mesodermal differentiation. 
Contrary to expectation, the differentiated isolates, even those from an 
advanced blastula stage, contained very Iittle mesoderm. 

Therefore, this year the experiments were repeated, using embryos of 
stages 7-10- (thus including the very early gastrula stage used by Holt
freter, 1938 and Ban-Holtfreter, 1965 for their isolation experiments). 
In an attempt to find the conditions most favourable to mesodermal 
differentiation, the isolated ectodermal caps were handled in various 
ways prior to culturing. They were either folded along a median line, so 
that the left and right halves fused, or along a transverse line, fusing 
the dorsal and ventral halves. In a third type of experiment the dorsal 
halves of two ectoderm al caps were fused with their inner surfaces, keeping 
their dorso-ventral axes in line. The explants were fixed af ter 8-10 days 
of culturing. 

Although the results still have to be analysed, the general impression 
is that the third type of experiment leads to the most extensive meso
dermal (and endodermal) differentiation, probably because mesoderm in
duction has extended further into the dorsal than into the ventral ectoderm. 

5. An attempt to extract and identify the mesodermal inducer emanating 
from the endoderm of the blastula (Ambystoma mexicanum) (R. P. 
Thompson) 

The active components of all heterogeneous and natural mesoderm al 
inductors tested so far in amphibians appear to be proteins. It is therefore 
not unreasonable to expect that the mesoderm-inducing factor produced 
by the endoderm of the blastula can be extracted and perhaps identified. 
The work reported here constitutes a fust approach. 

The ventral part of the ectodermal cap of the stage 7 blastula has not 
yet undergone mesoderm induction in situ (cf. previous report, ref. 12). 
Sm all pieces of ventral ectoderm of axolotl and Triturus alpestris blastulae 
of this stage were kept for about 24 brs. in smaIl, sealed culture chambers 
containing Niu-Twitty solution previously "conditioned" by endoderm. 
The solution had either contained pieces of dorsal endoderm isolated from 
stage 8-8+ axolotl blastulae, or was supplemented with the supernatant 
of dorsal endoderm homogenized and centrifuged in Niu-Twitty solution. 
The treated ectodermal pieces were then cultured for another nine days 
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in similar culture chambers containing unconditioned Niu-Twitty solution. 
Untreated ectoderm al pieces were cultured for ten days to serve as controls. 
The results are being analysed in the U.S.A. 

Preliminary experiments were carried out to determine whether there 
are any differences in soluble proteins between animal and vegetative 
parts of stage 8-8+ blastulae separated just inside the pigment boundary. 
The material was homogenized and centrifuged and the supernatant 
subjected to discontinuous acryl amide gel electrophoresis (Maizel, 1971). 
Similar supernatant material was subjected to iso-electric focusing in thin 
acrylamide gels (in collaboration with Dr. S. K. Brahma, Department of 
Medical Anatomy and Embryology, State University of Utrecht-cf. 
report for 1972, ref. 4). In both cases some evidence was obtained for 
differences in banding pattern between animal and vegetative parts of 
the embryo. 

To enable autoradiographs to be made which would provide information 
on differential protein synthesis, a method was elaborated to label the 
soluble proteins in isolated animal and vegetative parts of blastulae by 
means of 14C-protein hydrolysate. 

The biochemical part of the investigation is being continued as a col
laborative project with Dr. Brahma. 

C. THE ORIGIN OF BILATERAL SYMMETRY IN AMPHIBIAN EGGS 

It has been shown in the previous report (sect. I.C.I, a and b) that in 
eggs of Discoglossus pictus and Xenopus laevis a central region of "clear 
cytoplasm" is present shortly af ter fertilization. Prior to fust cleavage 
this cytoplasm is progressively displaced towards the future dorsal side 
ofthe egg. Two hypotheses were presented: (1) the entrance ofthe sperm 
may elicit a dorsally directed cytoplasmic streaming movement, and (2) 
the "clear cytoplasm" thus displaced may play a part in the formation 
of the grey crescent and/or in the dorso-ventral polarization of the endo
derm (with respect to its mesoderm-inducing activity in the blastula). 
(See also Sect. VII, ref. 17, 21.) The work described below was designed 
to test these hypotheses. 

1. The possible factors involved in cytoplasmic movements in the fertilized 
egg (Xenopus laevis) (G. A. Ubbels) 

In connection with the first hypothesis mentioned above an attempt 
is being made to interfere with the cytoplasmic streaming move ment. 
Biogenic amines such as serotonin and related compounds are known to 
play , a part in certain morphogenetic cell shape changes and cytoplasmic 
movements in various animais. A study has been started of the effects 
on newly laid eggs of some sub stances which either specifically inhibit 
the synthesis of biogenic amines or interfere with their activity. 

To evaluate such effects the specific fluorescence method according 
to Falck will be used to localize biogenic amines cytochemically in eggs. 
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This procedure is at present being adapted for use on sections of yolky 
eggs. In this <)onnection the freeze-drying procedure for Ambystoma eggs 
is being adapted to anuran eggs. 

2. The morphogenetic role ol the "clear cytoplasm" in the lertilized egg 
(Xenopus laevis, Discoglossus pictus) (R. T. M. Hengst) 

This work is a continuation of that described in the previous report 
(sect. I.C.2). Eggs of both species were used at a stage when the "clear 
cytoplasm" is known to be located dorsally. An apparatus was developed 
which made it possible to orient eggs in such a way that dorsal cytoplasm 
could be extracted from a carefully chosen dorsal site and immediately 
injected at a specific site just beneath the ventral cortex of another egg 
of the same species. Extraction and injection were performed by means 
of a slowly tapering micropipette connected to a micro-injection device 
and having an oblique tip of 15 ftm diameter. 

Upon injection of dorsal cytoplasm into recipient eggs frequently a 
peculiar wound reaction was observed. Af ter the wound had begun to 
close, irregular cortical contractions started in the vicinity of the wound. 
The wound widened again and up to one fifth of the total cytoplasmic 
contents of the egg was expelled, af ter which the wound healed normally. 
Preliminary experiments have shown that this wound reaction does not 
occur if dorsal cytoplasm is injected ventrally into the same egg, nor if 
ventral cytoplasm is injected ventrally into another egg. The reason for 
this is not clear. 

In the Xenopus egg the volume of the dorsally situated "clear cyto
plasm" can be estimated at 3 nl; in Discoglossus it is much larger. Ten 
nl of dorsal cytoplasm was extracted from Xenopus donor eggs and in
jected ventrally into recipient eggs. Sixty per cent of the donor eggs 
developed into blastulae, and 37 % into larvae. Early mortality was 
mostly due to abnormal gastrulation and neurulation. Of the surviving 
larvae, 46% showed either he ad malformations (acephaly, microcephaly, 
mono- or synophthalmy) or axial malformations (spina bifida, double 
tails, bent notochord, etc.). Of the recipient eggs 21 % yielded larvae; 
these showed the same kinds of malformations, but in a lower percentage 
of cases . These malformations may be partly due to the loss of cytoplasm 
from recipient eggs mentioned above. 

Discoglossus eggs survived the operation better. When 10 nl of dorsal 
cytoplasm was transferred, 74% of the donor eggs yielded larvae. Of 
these, 43 % showed malformations, mostly of the axial structures. Upon 
transfer of 20 nl of dorsal cytoplasm only 53 % of the donor eggs survived 
to the larval stage. Of these, 63 % showed malformations, involving head 
structures in about half of the cases. In both experiments part of the 
larvae developing from recipient eggs were also abnormal. 

In control experiments the following injections were made just beneath 
the ventral cortex ofboth Xenopus and Discoglossus eggs: 10 nl ofparaffin 
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oil; 10 nl of normal culture solution containing the usual antibiotics; 
or 10 nl of ventral cytoplasm from another egg. In none of these experi
ments did abnormal development ensue. The results indicate that the 
localization of the dorsal cytoplasm may be of significance for normal 
morphogenesis. 

D. THE CONTROL OF CELL BEHAVIOUR DURING MORPHOGENETIC MOVEMENTS 

There is ample support in the literature for the view that embryos 
contain supracellular developmental control systems. These generate the 
characteristic spatial features of the developing organism by regulating 
a small repertoire of cell activities (including division, movement, differ
entiation, and making and breaking of cell contacts) with great precision 
in space and time. 

Although it has been argued that these con trol systems must be both 
relatively simple and universal in nature, there is only one example of 
morphogenesis for which any details of the control system have been 
elucidated. The example is aggregation in the cellular slime mould Dictyos
telium discoideum. In this case, an intercellular control substance (mor
phogen) has been identified and cell behaviour (movement) in response 
to the morphogen has been analysed quantitatively. The analysis has 
revealed a complex control system which employs periodic secretion of 
morphogen and a propagating wave mechanism. 

The investigations described below were started in October 1974. They 
are a first attempt to generalize our knowledge of developmental control 
phenomena by developing another suitable experimental system. 

1. The temporal patterns ot cell behaviour underlying gastrulation and 
neurulation movements (Xenopus laevis, Ambystoma mexicanum, Dis
coglossus pictus, Pleurodeles waltlii) (A. J. Durston) 

It is known that in at least some amphibians the invagination of the 
mesoderm during gastrulation and the cIos ure of the neural folds during 
neurulation can occur by periodic or intermittent move ment steps with 
a period of the order of minutes (Selman, 1958; Cooke, pers. comm.). 
This suggests that the cell shape changes and movements underlying these 
morphogenetic movements may occur periodically or intermittently with 
very good synchrony among large populations of cells, and that they 
may be synchronized by contemporaneous intercellular signaIs. Similar 
periodic morphogenetic movements are known from many other developing 
organisms (e.g . the cellular slime moulds). 

Time-lapse films are being made of whole embryos of all four species 
in the stages concerned. Preliminary analysis of the films made so far 
has shown th at the embryos can make pulsatile contractions which affect 
the rate of invagination of the mesodermal mantIe or the rate of closure 
of the neural folds. The contractions are usually intermittent, separated 
by very long intervals, and are variabie between embryos. 
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Further investigations will determine whether these contractions have 
any constant features, whether they are mediated by synchronous eell 
contractions requiring intercellular eommunieation, and whether they are 
important for morphogenesis. We will seek further details of eo-ordinated 
eell behaviour during gastrulation and neurulation by analysing films 
made of small groups of eells. 

2. The biogenic amines as possible morphogens lor gastrulation and neuru
lation movements (Xenopus laevis) (A. J. Durston) 

There are reports in the literature that two inhibitors of biogenie amine 
synthesis and one biogenie amine bring about delay and/or abnormalities 
in gastrulation and neurulation in Xenopus (Gustafson & Toneby, 1971; 
Stanisstreet, 1974). Biogenie amines are also known to be important for 
gastrulation in sea urehins (Gustafson & Toneby, 1970) and for morpho
genetic movements in the chick embryo (Lawrence & Burden, 1973). 

The possibility is being investigated that one of the biogenie amines 
acts as a morphogen whieh eo-ordinates eell behaviour during amphibian 
gastrulation and neurulation. The effects of the two synthesis inhibitors 
reported in the literature have been confirmed, but it was found that 
two other specific inhibitors are without effect if applied externally to 
the de-membranated embryo or injeeted into the blastoeoeI. 

Further research will aim at resolving this situation by applying a 
standard histoehemieal assay for biogenie amines to normal embryos and 
embryos treated with inhibitors. An attempt will be made to establish a 
quantitative eorrelation between normal and abnormal amine distributions 
and eell behaviour during morphogenesis. 

11. Pattern formation in insects 

Insect imaginal dises are eminently suited for the study of pattern 
formation in multicellular systems. Both experimental-morphologieal and 
genetic methods are being used for the analysis of pattern formation. 

1. Duplication and regeneration in the loboid-ophthalmoptera eye disc 
(Drosophila melanogaster) (W. J . Ouweneel) 

This work is a continuation of that mentioned in the report for 1972 
(sect. V.1a) and parallels the culturing experiments with haltere dise 
fragments described in the previous report (sect. Il.1; cf. this report, 
ref. 9). Mature ld-opht eye discs, in whieh the anlage for homoeotie wing 
tissue is located in the lateral half, were cut into 2/3 lateral and 1/3 medial 
fragments . These were cultured in the abdomina of adult flies for a week 
to allow proliferation to oceur at the wound surface, and were then earried 
through metamorphosis in host larvae to see whether either fragment 
was ab Ie to regenerate the missing struetures or to duplieate itself. Only 
a Iimited number of differentiated implants eould be added to those 
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available from the earlier study. The results, viewed in the light of Bryant's 
recent findings on the wing disc, suggest that a situation similar to that 
in the wing disc mayalso prevail in the eye disc: peripheral parts may 
duplicate themselves, whereas central parts (i.e. the eye anlage proper) 
may regenerate the peripheral anlagen. This possibility should be checked 
further by appropriate fragmentation and culturing experiments. 

2. Genetic pattern alterations in the haltere disc (Drosophila melanogaster) 
(W. J. Ouweneel) 

In continuation of work described in the previous report (sect. I1.2; 
cf. this report, ref. 11) the morphological analysis of all cuticular structures 
of the halteres of the homoeotic mutants halteroptera and postbithorax 
and of the duplication mutant Costal was completed. In the fust two 
mutants parts of the haltere are replaced by wing structures. By sub
stituting these homologous wing structures for haltere structures in the 
previously established organ map for the haltere disc (see previous report, 
ref. 15), an organ map for the wing disc could be derived. This map proves 
to be in perfect accordance with recently published wing-disc maps based 
on the results of disc fragmentation experiments. 

The morphological and histological study of the homoeotic discs was 
continued and revealed the exact shape and structure of the discs, and 
thus the localization of the homoeotic alterations. The duplication pattern 
of the haltere in Costal shows certain similarities to the duplications 
occurring in culturing experiments involving haltere disc fragments (see 
previous report, sect. Il.l). 

3. Morphogenetic studies of imaginal discs by clonal analysis (Drosophila 
melanogaster) 

Major problems in the study of the norm al morphogenesis of imaginal 
discs are the following: the number of initial imaginal cells in the anlage 
of the disc in question in the blastoderm; the growth and morphogenesis 
of the disc itself; and the determinative compartmentation of the disco 
Clonal analysis by means of X-ray-induced somatic crossing-over is the 
best technique available for the study of these problems. 

3a. The haltere disc (W. J. Ouweneel) 

Af ter the analysis of the organ map of the haltere disc, of its duplication 
and regeneration properties, and of its genetic pattern alterations (see 2 
above and earlier reports), a beginning has now been made with the 
study of the normal morphogenesis of this disc by means of clonal analysis. 
Because the haltere is a small organ which bears no brist1es but only 
hairs (trichomes), it is difficult to find the right genetic markers for its 
cells. 

The analysis was started by inducing marked clones of cells in yfDf(l)sc8 , 

wa; Dp(1 ;3)scJ4 , y+fmwh individu als by somatic crossing-over. This was 
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done by X-Îrradiation at various developmental stages, from the blasto
derm stage up to the beginning of the third larval instar. The resulting 
y; mwh-patches appear to be recognizable by the effect of mwh (multiple 
wing hairs) on the number and orientation of trichomes produced byeach 
ceH, but not by the colour effect of y (yellow). The microscopic analysis 
of the clones is therefore laborious. Improvement of the marking procedure 
is being attempted by simultaneously marking the wild-type background 
tissue with mutations such as Hairy wing (Hw) or Minute (M). The former 
produces sm aH bristles which are lacking on the norm al haltere ; the latter 
mutation is used because of the advantage that M+/M+ patches (ad
ditionaHy marked with mwh) are induced with higher than norm al frequen
cy and proliferate more rapidly than the M/M+ background tissue. 

3b. The eye disc (R. J. Ransom, W . J. Ouweneel) 

Clones observed in Drosophila eyes in clonal analysis studies using 
pigmentation as a ceH marker show distinctive shapes and orientations. 
A computer simulation study of clonal growth in the eye disc (Ransom, 
1975) showed that these clone shapes could be duplicated by invoking 
"growth constraints" around the developing disco The authors who studied 
such clones in vivo paid little attention to the continuation, or juxta
position, of clones in the eye proper and in the surrounding head cuticle. 

As the computer model predicted the possible shapes of clones on the 
head cuticle, experiments were started using X-ray-induced somatic 
crossing-over in heterozygous y w sn2 individuals. The induced clones 
should show up as yeHow cuticle with "singed" bristles on a wild-type 
background. Preliminary results suggest that the clones do in fact develop 
as the model predicts. Various other mutations, such as ebony, are being 
used to try to make the clones stand out more clearly. 

It is hoped that studies of this kind may help us better to understand 
how tissue shapes are generated by the movements and interactions of 
ceH assemblies during morphogenesis. 

111. Epithelial-mesenchymal interactions in organogenesis 

The pattern in which a branching epithelium develops, such as that 
of the salivary gland, lung or kidney, is characteristic for each organ and 
can be described in terms of points of branching and growth of the 
epithelium. It has long been known from organ culture experiments that 
the investing mesenchyme is essential for both growth and morphogenesis 
of these epithelia. Recombinates of epithelium and mesenchyme are being 
used to investigate branching morphogenesis in vitro. 

1. Specificity in mesenchyme requirement tor branching morphogenesis 
(Mus musculus, Rattus norvegicus) (K. A. Lawson) 

Since the demonstration that salivary gland epithelium has a less strict 
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mesenchyme requirement in vitro (see ref. 8) than was previously thought, 
the mesenchyme of ot her organs showing branching morphogenesis is 
being re-examined. 

Ureteric bud epithelium (previously thought to require its own mesen
chyme) grows and branches in submandibular and, to alesser extent, 
in lung mesenchyme. Rat lung epithelium (from l4-day embryos) continues 
to develop in rat submandibular mesenchyme, but that from 13-day 
embryos (primary bronchus stage) rarely does so. The incidence ofbudding 
can be increased by retrypsinizing the recombinate af ter 3 days of culture 
and recombining with either the same or freshly isolated submandibular 
mesenchyme. This suggests th at trypsin-sensitive substances formed 
during culture inhibit the initial branching process. 

Metanephric mesenchyme is unable to support morphogenesis of sub
mandibular or lung epithelium ; this result is in agreement with previous 
reports in the literature. 

Growth and morphogenesis of submandibular, lung, and ureteric bud 
epithelia in heterotypic recombination with mesenchyme are delayed in 
comparison with the homotypic controls. Further analysis of the modi
fying effect of mesenchyme on the branching pattern is required. 

2. Oell division and lung morphogenesis (Mus musculus) (K. A. Lawson) 

The extent to which differential ceU division is important in the for
mation of new buds in the developing lung is controversial. Pilot ex
periments indicated that incorporation of 3H-TdR into DNAse-sensitive 
material could be reduced to about 30% ofthe control value by incubation 
in 10-5 M mitomycin C for I hr. This sub stance irreversibly suppresses 
DNA synthesis. Such a treatment of intact lungs greatly reduced the rate 
of increase in surface area of the epithelium while branching continued. 
However, the extent of the effect was very variabIe and histological 
analysis showed that not only mitotic but also many necrotic ceUs were 
present in the treated epithelium. This approach has therefore been 
abandoned. 

3. Electron microscopy ot branching morphogenesis in the lung (Mus 
musculus) (J. G. Bluemink, K. A. Lawson) 

This work is a continuation of part of the research described in the 
previous report (sect. III.2). Mouse lung cuItured in vitro develops from 
a slightly lobulated vesicle (2 days) into a lobulated bronchiolar epithelium 
(4 days). Along regions of morphogenetically inactive epithelium the basal 
lamina (BL) is non-stratified and continuous, but towards the terminal 
buds it thins out and shows breaks. The purpose of the present study 
was to examine the epithelial-mesenchymal interface in the lungs of 
mouse embryos in vivo. 

The ll-day lung primordium consists of a simple paired outgrowth of 
the oesophagus wall. The 12-day left lung has developed an early dichot-
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omous branch to one side. The 13-day lung shows the characteristics 
of a bronchial tree. Along regions of morphogenetically inactive epithelium 
in all these stages the BL is continuous, but it is stratified into a lamina 
lucida (250--400 A) and a lamina opaca (150--250 A) and thus differs from 
that seen in lung cultured in vitro for 2 days. Along regions of morpho
genetically active epithelium the BL thins out and shows breaks, as it 
does in explants. Here close cell-to-cell contacts occur between epithelium 
and mesenchyme, leaving a gap of about 100 A. It was concluded that 
the electron density of the non-stratified BL seen in lung explants is a 
result of the culturing conditions, but that the discontinuities in the BL 
are natural and do not result from the manipulations involved in organ 
extirpation. 

4. The incorporation of glucosamine in developing lung (Mus musculus) 
(A. van Rinsum) 

According to Bernfield, proteoglycans at the epithelio-mesenchymal 
interface (EMI) are involved in branching morphogenesis in submandibular 
epithelium. The synthesis of this material is reflected in an enhanced 
incorporation of glucosamine at the EMI of morphogenetically active 
regions. If the mechanism of branching in lung is basically similar to 
that in submandibular gland, higher incorporation of glucosamine would 
be expected at the EMI in the epithelial bud region than in the concave 
bends. 

Twelve-day left lungs were cultivated overnight, labelled with 3H
glucosamine for 2 hrs, then fixed and processed for autoradiography. 
Grain density was measured over epithelial cells, mesenchyme cells, and 
the EMI in both buds and bends. Incorporation was found in all regions ; 
statistical analysis of the results showed that the grain density at the 
EMI of the buds was twice that in the bends. There was significantly more 
label in the mesenchyme in the bends than round the buds. There was 
no significant incorporation of glucosamine into the abundant epithelial 
glycogen, since total removal of glycogen with amylase did not affect the 
grain density. Further analysis is necessary to identify the newly syn
thesized material in the different regions. 

5. The integrity of epithelium and mesenchyme during lung morphogenesis 
(Mus musculus) (W. Sluiter) 

The possibility that cells may be exchanged between epithelium and 
mesenchyme in areas of new bud formation in the lung is suggested by 
the absence or discontinuity of the basal lamina and by the intimate 
association of epithelium and mesenchyme in these areas (see previous 
report and 3 above). The possibility is being tested by recombining 3H
thymidine-labelled epithelium with unlabelled mesenchyme, and vice versa, 
and examining the fate of the labelled cells by autoradiography. 

Preliminary experiments have established that more than 70% of the 
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epithelial nuclei are labelled af ter a 2 hr pulse with 3H-thymidine and 
that the radioactivity left af ter DNAse treatment does not differ from 
the background. Further experiments are in progress (a) to establish the 
concentration of 3H-thymidine that is suitable for autoradiography af ter 
dilution by cell division but does not disturb development via a radio
biological effect, and (b) to check the efficiency of separation of epithelium 
and mesenchyme. 

IV. Regulation of the eeU cycle: role in development and differentiation 

The research units of biochemistry, biophysics, and ultrastructural 
research are now collaborating in this project (for a general outline of 
the project, see previous report, sect. IV.I). Aspects of the cell cycle 
being studied are the following: fertilization, cytokinesis and new mem
brane formation, membrane potential and permeability, intracellular ionic 
compartmentation, cyclic nucleotide metabolism, DNA synthesis, and 
their possible interrelations. 

1. Formation ol new cell membrane during cytokinesis (Xenopus laevi8) 
(J. G. Bluemink) 

The cleaving zygote of Xenopus in certain respects constitutes favour
able material for the study of new cell membrane formation. The intro
duction of new cell membrane into the pre-existing cell surface can be 
observed directly; the time of onset and rate of assembly are known; 
de novo formation is local and a sharp boundary persists between the 
pre-existing and new cell membrane (cf. preceding reports). 

We are investigating the mechanism of assembly of new cell membrane, 
as weIl as the existence of ultrastructural differences between the pre
existing and new ceH membrane. This year two new preparative methods 
were tested. 

The technique of rapid freezing in combination with cryo-ultramicro
tomy was used to produoe ultrathin sections of eggs. None of the tech
niques described in the literature (Bernhard, 1971; Christensen, 1971; 
Kuhlman, 1972; Tokuyasu, 1973) proved to be successful. Only with 
Tokuyasu's technique was it possible to make and collect sections, but 
during stain application to increase the contrast for EM observation the 
sections disintegrated completely. These efforts have been abandoned for 
the time being. 

An alternative method is that of freeze-fracturing. For the initial tests 
the technical facilities of the "Centrum voor Submicroscopisch Onderzoek 
van Biologische Objecten", University of Utrecht (head: Dr. P. F. EIbers) 
were placed at our disposal. An introduction into the technique was 
provided by Dr. P. Ververgaert. The tests showed that intact replicas 
can be obtained from the fracture surface of frozen and broken eggs. 
It is expected that a major problem will be how to determine the orien-
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tation of the fracture surface with respect to the situation of the new 
ceIl membrane. It remains to be seen whether the output obtained with 
this technique justifies continuation of this line of research. 

2. Localization ol intracellular calcium stores in the zygote (Xenopus 
laevis) (J. G. Bluemink) 

It has been suggested earlier that the release of Ca ++ from cytoplasmic 
stores might be functional in filament-mediated contraction at the onset 
of cytokinesis. Bluemink (1970) suggested that the numero us vesicles 
present in the diastema of amphibian eggs possibly represent units of a 
calcium-releasing and -sequestering system (a function similar to that of 
muscular sarcoplasmic reticulum) . In a recent publication it was shown 
that Ca ++ stored in ceIls can be precipitated histochemically by ammonium 
oxalate present in the fixation fluid (Braatz and Komnick, 1973). Calcium 
oxalate deposits were identified in vesicles in plasmodia of the myxomycete 
Physarum by transmission electron microscopy in combination with an 
energy-dispersive X-ray analyser. 

The same histochemical procedure was applied to the first-cleavage 
zygote of Xenopus, but so far without success (although tests on Physarum 
material were positive). The reason for this discrepancy remains to be 
established. 

3. Cell membrane permeability and intracellular ionic compartmentation 
belore and during first cleavage (Ambystoma mexicanum) (S. W. de 
Laat, W. Wouters, M. M. Marques da Silva Pimenta Guarda, M. A. 
da Silva Guarda) 

This work is comparable in scope to that performed earlier with Xenopus 
eggs and described in the previous report (sect. IV.4; see also ref. 4, 5). 

The intraceIlular ionic distribution in uncleaved and cleaving eggs was 
investigated by analysing the influx of 3H20, by determining the total 
content of Na+, K+ and CI- in extracts of eggs at different stages by 
both flame spectrophotometry and ion-selective micro-electrodes, and by 
the continuous measurement ofthe Na+, K+ and CI- activities using intra
ceIlular ion-selective microelectrodes. The electrical membr~ne potential 
(Vm) and membrane resistance (Rm) were measured continuously in un
cleaved and normally cleaving eggs as weIl as in eggs cleaving af ter removal 
of the vitelline membrane. The latter eggs expose their newly formed 
cleavage membrane to the external medium. Ionic permeability of the 
ceIl membrane before and during cleavage was analysed by a statistical 
comparison of the experimentaIly determined relationship between Vm 
and the ionic gradients across the ceIl membrane with those predicted 
theoretically from a constant field equation in dependence on the relative 
permeability, through insertion ofthe measured intraceIlular ion activities. 

3H20 influx revealed the existence of a single intracellular water com
partment (3.06 !1Jjegg) and a low water permeability (5.35 x 10-5 cm sec-l). 
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Na+, K+ and CI- concentrations were constant at 54.1, 72.1 and 73.1 mM 
respectively, while the activities of these ions were constant at 5.8, 5l.8 
and 59.7 mM respectively. It was concluded that all CI- ions are in 
solution, while 12.5% of all K+ and 86% of all Na+ is bound. The un
cleaved egg showed a positive Vm of ca 40 mV and a specific membrane 
resistance of 39 kOhm cm2• Vm could be described by a constant field 
equation with a permeability ratio PK/PNa of 0.073. Shortly af ter the 
onset of first cleavage, Vm rapidly decreased concomitant with a rise in 
Rm (68.5 kOhm cm2 ) . This was interpreted as a drop in Na+ permeability. 
During the cleavage process Vm progressively hyperpolarized and Rm 
decreased due to the insertion of a sm all fraction (3.3%) of the newly 
formed intercellular membrane into the cleavage furrow. This new mem
brane had a low specific resistance (0.69 kOhm cm2). Both in normally 
cleaving eggs and in eggs cleaving in the absence of the vitelline mem
brane Vm behaved according to the constant field equation, PK/PNa 

being 0.69 and 0.39, respectively. 
The most obvious difference with the Xenopus egg is the high positive 

value of Vm prior to new membrane formation, which is due to the 
relatively high permeability of the membrane to Na+-ions. Shortlyafter 
the beginning of fust cleavage the membrane properties of the Ambystoma 
egg become comparable to those of the Xenopus egg. 

4. Oell membrane permeability and cyclic nucleotide metabolism during 
lertilization in vitro (Xenopus laevis) (S. W. de Laat, P. T. M. van 
der Saag) 

From the procedure des cri bed by Wolf and Hedrick (1971) a method 
was derived for the artificial fertilization of Xenopus eggs. The method 
uses eggs stripped from hormonally stimulated females and a sperm 
suspension which can be stored in liquid nitrogen. 

A beginning was made with measuring the changes in electrical mem
brane properties, ionic permeability, and cyclic nucleotide metabolism 
that occur during fertilization. Particular attention will be given to the 
possible relationships between release of cortical granules, changes in the 
cell membrane, cyclic nucleotide metabolism, and the activation of DNA 
synthesis. 

5. Electrical membrane potential and cyclic nucleotide metabolism during 
the cell cycle ol dissociated blastomeres (Xenopus laevis) (S. W. de 
Laat, P. T. M. van der Saag) 

Early Xenopus embryos divested of the vitelline membrane and kept 
in Sörensen's phosphate buffer (pH 7.5) dissociate completely into indi
vidual cells while cell division proceeds normally (K. Hara, unpublished). 
The cells expose their intercellular membranes to the medium. Since these 
membranes are more permeable than the outer membrane of the embryo 
(cf. previous report, sect. IV. 3b and this report, ref. 4) such cells are 
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particularly weIl suited for the study of biosynthetic processes. Moreover, 
it may be expected that their membrane potential can be varied over 
a wide range by altering the ionic composition of the medium. 

This system is being used to study the possible direct relationships 
between membrane potential, cyclic nucleotide metabolism, and rate of 
DNA synthesis. A similar study using normally cleaving embryos is being 
undertaken. 

V. Other research projects 

1. Studies on the mechani8m8 of multiple regeneration evoked by the ro
tation of limb 8tump component8 (AmbY8toma mexicanum) (B. M. 
Carlson) 

The following is a brief account of all the work performed at the 
Hubrecht Laboratory from September 1973 till July 1974, including the 
work already mentioned in the previous report (sect. V.5). 

Previous work (Carlson, 1974) has shown that rotation of upper arm 
skin through 1800 about the underlying stump tissues results in a high 
percentage of multiple regenerates ranging from simple digital duplications 
to regenerates possessing up to 15 digits. During the past year about 
40 different types of experiment were performed to detine this experi
mental system further and to discover the control mechanisms involved. 
Some ofthe major problems and experimental answers can be summarized 
as follows. 

What components of the limb stump cause multiple regeneration when 
rotated through 1800 ? Rotation of derrnis or muscle results in 80-90% 
multiple regenerates. Rotation of epidermis or bone results in 100% 
normal regenerates. Viabie nerve cannot be satisfactorily rotated. 

Must the rotated tissues be present at the wound surf ace in order to 
exert their morphogenetic effect? Interposition of homologous, normally 
oriented tissue between rotated tissue and the wound surface prevents 
the formation of multiple regenerates. However, if a 2-3 mm space is 
present between rotated tissue and the wound surface, a small percentage 
of multiple regenerates forms. T,his could be due to migration of cells 
from the rotated tissue. 

What is the nature of the disturbance leading to multiple regeneration? 
Gross rotation of the type described previously (Carlson, 1974) can be 
dissociated into two components : (1) axial rotation in relation to the 
axes ofthe limb and (2) positional dislocations not involving axial rotation. 
Experiments on both muscle and derrnis have demonstrated that positional 
dislocation is the most important component (cf. ref. 1). 

How do these manipulations of stump tissues exert an effect upon 
morphogenesis of the regenerating limb? This question was not directly 
attacked experimentaIly, but the fust morphological abnormality noted 
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was a disturbance in morphology of the apical epidermis. Commonly a 
triaxial epidermal ridge formed, and later multiple digits differentiated 
along the ridge. 

Can the morphogenetic information specifying position survive dis
ruption of the tissues containing it? Flexor and extensor muscles of the 
upper arm were minced and cross-transplanted. They were allowed to 
regenerate for 5 or 30 days. The limbs were then amputated through the 
level of the minced muscles. In both experiments the percentage of 
multiple regeneration exceeded that found in controls in which intact 
muscles were cross-transplanted. 

2. Cellular properties mediating morphogenesis in the cellular slime moulds 
(Dictyostelium discoideum) (A. J. Durston) 

This work has only just started. It is a continuation of previous research 
conducted at the University of Chicago. The emphasis is on identifying 
defects in cell behaviour underlying altered morphogenesis in mutants. 

3. Absence ot melanosomes and premelanosomes in eggs ot the albino 
mutant aP (Xenopus laevis) (J. G. Bluemink) 

To investigate gene participation in development appropriate mu
tations are required. Among the colour mutations, albino mutations are 
of great interest, but they are encountered rarely in amphibians. 

The spontaneous mutation aP leading to periodic albinism, which oc
curred in a laboratory population of Xenopuslaevis, seems to offer material 
advantageous for experimental work (Hoperskaya, 1975). The mutation 
causing the syndrome is inherited as a typical Mendelian recessive. The 
homozygote~ are perfectly viabIe. The lack of pigmentation in their milk
white eggs could be due either to the absence of premelanosomes or to 
failure of melanin deposition in the premelanosomes, resulting in the 
absence of mature melanosomes. 

The purpose of the present study was to ex amine the unpigmented eggs 
by transmission electron microscopy for the presence of premelanosomes 
(on material made available by Dr. Hoperskaya, Moscow). It was found 
that both mature melanosomes and premelanosomes are absent (see 
ref. 14). This 'trait might be useful as a ceH marker in experimental 
embryological studies. 

VI. Miscellaneous 

1. Dr. W. P. Luckett again worked for a month in the Central Embryo
logical Collection. He began a study of the post-primitive streak stages 
of the monotremes Ornithorhynchus and Tachyglossus, with special reference 
to the amnion, allantois, and yolk sac splanchnopleure. The data will be 
compared with those on similar stages of marsupials and eutherians. 
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2. Dr. B. M. Carlson again used the lihrary facilities in connection 
with the writing of a hook on human pregnancy. 

P. D. NIEUWKOOP 

J. FABER 

VII. Papers published and accepted lor publication in 1974 

Published 
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September 1974. Amsterdam, Excerpta Medica (1974-). 
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mRNA. Abstr. Commun. 9th Meet. Fed. Eur. Biochem. Soc. Buda
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13. SUTASURJA, L. A. and P. D . NIEUWKOOP, The induction of the primordial 
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The Centraalbureau voor Schimmelcultures was founded in 1904 by the "Associa
tion Internationale des Botanistes". Dr. Johanna Westerdijk at Amsterdam was 
appointed as the fust director in 1907. Af ter the dissolution of the AIB, the Bureau 
was supported by various Netherlands scientific institutions and associations, esp. 
by the Royal Netherlands Academy of Arts and Sciences. In 1920 the institute 
moved to Baarn; the yeast collection has been kept since 1922 at the Laboratory of 
Microbiology, Technical University, Delft. 

Af ter Prof. Westerdijk retired in 1959, she was succeeded as director by Miss A. L. 
van Beverwijk (1959-1963). In 1964 the CBS moved into a new building in Baarn 
(Oosterstraat 1). Since 1968, the CBS has been an institute of the Royal Netherlands 
Academy of Arts and Sciences. 

The Centraalburea.u voor Schimmelcultures maintains a collection of living fungi, 
yeasts and a.ctinomycetes. In 1974 the total number of strains maintained was 21.500, 
including 3.800 yeasts. By supplying cultures, identifications and advice to workers 
in diverse fields of scientific and applied mycology, a service is rendered to all those 
interested in these micro-organisms. Scientific research is carried out mainly in 
taxonomy of fungi. In the division of human and animal mycology, problems 
pertaining to this field are studied. Investigations on the chemistry of fungal meta
bolites are carried out in the biochemical department. 

Fa.cilities are available to students and guest workers who want to study a myco
logical subject. Ea.ch year courses are given on general and on human and animal 
mycology. 

Scientifie StaU (as from December Ist 1974). 

Baarn, Oosterstraat I. 

Dr. J. A. von Arx, director (general mycology, Ascomycetes, Melanconiales) 
Dr. G. A. de Vries (human and animal mycology, Actinomycetes) 
Miss drs. A. C. Stolk (Aspergillus, Penicillium and related genera) 
Miss dr. M. A. A. Schipper (Mucorales) 
Mrs. drs. E. J. Hermanides-Nijhof (Fusarium, Aureobasidium) 
Mrs. drs. A. J. van der Plaats-Niterink (Oomycetes) 
Dr. H. A. van der Aa. (Spha.eropsidales) 
Dr. G. W. van Eijk (biochemistry) 
Dr. W. Gams (Verticillium, Acremonium and related genera, MortierelIa) 
Dr. R. A. Samson (Pa.ecilomyces, Penicillium and related genera) 
Dr. G. S. de Hoog (Dematiacea.e) 
Drs. J. A. J. M. Stalpers (Basidiomycetes) 
Drs. A. C. M. Weijman (biochemistry, physiology) 
Mrs. drs. G. de Bruin-Brink (documentation) 

Yeast Division, Delft, Julianalaan 67 A. 

Prof. Dr. T. O. Wikén, Director Laboratory of Microbiology, Technical University 
Drs. L. Rodrigues de Miranda (Basidiomycetous yeasts) 
Miss drs. M. Th. Smith 
D. Yarrow (Sa.ccharomyces and related genera) 
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1. Division of Fungus Taxonomy 

In the course of 1974 several taxonomic revisions and monographs of 
imperfectly known groups of fungi were finish ed. The results have been 
or will be published in the series of Studies in Mycology. 

All workers paid much attention to the delimitation of species. As a 
common experience it can be stated that a usabie species-concept can be 
achieved if the greatest possible number of strains are studied in pure 
culture under weIl defined conditions, augmented with fresh or dried 
material if necessary. In contrast to earIier classifications based on her
barium material only, it was often found that the number of species in 
the elaborated groups could be reduced considerably: many specific 
names have been shown to be superfluous, or to cover merely forms of 
known species. In some cases evidence corroburating these conclusions 
was provided by mating experiments. 

In each group of fungi the problems regarding species delimitation 
require a different approach; no uniform criterion can be laid. Conse
quently the mutual co-operation of taxonomic students usually consisted 
of mainly the exchange and comparison uf experiences in different groups; 
to a less extent joint research on the same project was undertaken. 

The results produced in 1974 are enumerated bel ow under the name 
of the co-worker studying the respective group of fungi. 

Dr. H. A. van der Aa 

The study of the species to be excluded from Phyllosticta was continued. 
A manuscript of a checklist of all the species described in this genus is 
in preparation, although the original material of only a third of these 
could be studied and many species had to be judged provisionally by 
means of descriptions in the literature. Only about 8 % of the species 
can be maintailled in thc genus Phyllosticta. Pers. ex Dcsm. Three more 
species were found, which were not included in a previous publication 
on this subject (van der Aa, Stud. Mycol. 5. 1973). A syntype of Phyllosticta 
apocyni TreJ. (Trans. Wisc. Acad. ScL 6 : 17. 1884) became available, 
whereas from Phyllosticta asiminae EUis & Kellerm. a secondary collection 
could be studied which fits the description . On leaves of Rhizophora 
mangle, collected by Dr. J . A. von Arx in the Casamance, Senegal, an 
undescribed species of Phyllosticta was found, accompanied by a Leptodo
thiorella spermatial state and the unripe Guignardia ascigerous state. The 
latter may be conspecific with Physalosp()ra rhizophorae Batista & Maia 
(Anais Soc. BioJ. Pernambuco 13: 195. 1955), of which the holotype 
collection was studied. 

About 50% of the PhyliosUcta species hitherto reviewed belong to the 
genus Phoma, the majority being identical with Phoma exigua Desm., a 
plurivorous species for which many hundreds of synonyms in the genera 
Phyllosticta, Phorna and Asc.Qchyta can be expected. About 20% of the 
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excluded Phyllosticta species are spermatial states of Mycosphaerella species 
belonging to the form-genus Asteromella; about 5% are Phomopsis conidial 
states of Diaporthe, mere.ly leaf-inhabiting forms of species which are also 
known to grow on branches. The oUter species have to be classified in 
Coniothyrium, Ascochyta, Colletotrichum, Coleophoma, Sporonema, Septoria, 
Ceuthospora, Discella, Discula, Dothiorella, Pleuruphomella, or have ap
peared to be various Ascomycetes, usually in unripe condition, Leptodo
thiorella spermatial states of Botryosphaeriaceae, or Hyphomycetes Iike 
Ov'ltlaria and Ramularia. 

In co-operation with K . Freyer (München, W-Germany) a manuscript 
was prepared on Herpotrichia parasitica (Hartig) E. Rostrup [=Acantho-
8tigma parasitica (Hartig) Sacc.] and its conidial state, which will be 
redescribed in the genus Pyrenochaeta. In addition several type collections 
of species classified in the genus Acanthostigma de Not. were studied in 
co-operation with Dr. J. A. von Arx. These proved to belong to different 
genera, such as Tubeufia, Chaetosphaeria, Boerlagella and Niesslia. No 
material is available of the type-species of the genus (Acanthostigma 
perpU8silum de Not.) and the description is inadequate. 

Papulaspora sepedonioides Preuss, the type-species of the genus Papu
laspora, was isulated from a wine-cork and compared with a slide of the 
holotype collection and with CBS-strains of Papulaspora coprophila Hotson 
and P. rubida Hotson. Judged only from the sclerotial state. the three 
species are indistinguishable. This is in accordance with observations made 
by Weresub (Fungi Canadenses No. 27 . Ottawa, 1974). 

Dr. J . A. von Arx 

The revision of the CBS-stl'ains maintained under the name M icroascus 
was finished. The genus .. 11: icroa.'tcus was redescribed ; it now contains only 
species with ostiolate ascomata and with smalI, asymmetrical, one-ceJled, 
smooth, yellow or straw coloured ascospores with a single germ pore at 
the base. Conidial states belonging to the form genera Scopulariopsis or 
Wardomyces are known in each of the 11 accepted species. A new species 
isolated from soil colJected in Senegal (W. Africa) was described as 
Microascus senegalensis. A list of 7 doubtful or excluded species is given; 
4 of them have been classified by von Arx (1973, Persoonia 7: 367-375) 
in the new genus Pitlwascus. 

In another study all CBS-strains maintained as Thielavia and Chaetomi
dium were re-identified. The genus Thielavia is restricted to Ascomycetes 
having non-ostiolate ascomata with a wall of textura epidermoidea, and 
having dark ascospores with a single, distinct. germ pore; 18 species are 
accepted. The genus C'h"aetomidi'urn, listed by Malloch and Cain (1973, 
Mycologia 65: 1055-1077) as a synonym of Thielavia, was re-introduced 
for 6 species having ascomata with a pseudoparenchymatous wan covered 
with characteristic hairs, and limoniform, laterally flattened, dark asco-
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spores with an inconspicuuus germ pore. The generic na me .l'd elanocarpu8 
is introduced for Myriococcurn albomyces. a thermophilic fungus charac
terized by dark, smooth, pseudoparenchymatous aseomatl1, by ovate
oblate, dark ascuspores wit.h a de Bary bubble and a single, distinct 
germ pore, and by thc formation of large, thick-walled arthroconidia. 
An unknown ascomycete isolated by C. S. Hodges from soil in North 
Carolina, U.S.A., is described as Corynascella humicola as the type of a 
new genus. It has light ascomata covered with dark hyphae anel forms 
ellipsoidal ascospores. Another fungus, isolated by C. Carolis (Milan, ltaly) 
from a rice plant and eharactcrized by thick-walled, dark, non-ostiulate 
ascomata, by asci with a refractive structure in the apex and by 1- to 
2-celled ascuspores with a single germ pore is des cri bed as Apodu8 o1"yzae. 
The manuscript entitled "On Thielavia and some similar genera of Asco
mycetes" is in press as Studies in Mycology No. 8. 

In co-operation with Prof. E. Müller (Zürich, Switzerland) a, manuscript 
was prepared entitled "A re-evaluation of the bitunicate Ascomycetes 
with keys to families and genera." The genera of this group of fungi are 
classified in 3!i families, for which only the order Dot.hideales is maintained. 
A dichotomous key to families ancl genera is given. The families are 
characterized; their relationships and synonymy are discussed. The 
accepted genera are lü;ted with references to the first publication and 
the names of the type species; synonymous genera are listed and an 
estimate oft.he numbcr of species in each genus is included. This manuscript 
will be published as Studies in Mycology No. 9. 

Dr. W. Gams 

Much time was speut on the preparation of an expanded edition of 
the book on soil fungi in co-operation with Prof. K. H. Domsch and 
Mrs. H. Anderson, Braunschweig. The work has nut yet proceeded much 
further than the dissecting of Abstracts of Mycology, pastillg the abstracts 
onto cards and arranging them according to fungal species. Drawings 
were prepared for scveral species. 

For the revision of Chloridium and related genera, more specimens were 
collected during travcls to Czechoslovakia and to France (near Nancy, 
in the Vosges and in Southern France). The perfect state of Chloridium 
chlamydosporum was collected twice. It takes an intermediate position 
between the genera Chaetosphaeria alld Trichosphaerella. A large collection 
of herbarium specimens was obtained from Dr. V. Holubová-Jechová for 
study. Mr. M. C. Clark, Birmingham, contributed some import,ant col
lections to thc study of Niesslia. The perfect state of Tilachlidium brachia
tum, a new species of Pseudonectria, was collect.ed near Baarn and isolated. 

A supplement to the Cephalosporium monograph, describing 23 tropical 
species, was accepted for publicatioll in the Transactions of the British 
Mycological Society, and t.he description of the obligate mycoparasite 



60 PROGRESS REPORT 1974 

Tympanosporium parasiticum on Nectria cinnabarina was submiUed and 
published in Antonie van Leeuwenhoek. 

Mr. C. L. de Graaff (graduate student, State University, Utrecht) 

Under supervision of Dr. W. Gams the fungal colonization of young 
wheat roots was studied. The root samples from pot experiments in a 
phytotrone ceIl were subdivided into seminal and nodaJ fractions, and 
both groups into young parts with root hairs and older parts without 
active hairs. Fungi were isolated repeatedly in three experimenta.l series 
from washed root segments. Using the wheat variety Kaspar in a Zavel 
soil, remarkedly few fungi were observed (on average 0.5-1.0 fungi per 
5 mm root segment), and rather little infiuence of the urea treatmellt 
was noticed: a slightly increased colonization on seminal and a significant 
reduction of fungal propagules on nodal roots (4-6 weeks af ter urea 
treatment). A marked difference was found between the root fractions: 
nodal roots contained more fungi than seminal ones, older parts more 
than younger ones. MortierelIa and Penicillium species were common in 
the beginning and decreased markedly af ter one month, while Oylindro
carpon destructans and, to alesser extent, Fusarium tabacinum and F. 
oxysporum remained the most common colonizers on older root parts. 

Mrs. Drs. E. J. Hermanides-Nijhof 

The revision of the fungi classified in A ureobasidium was continued. 
No type specimens are available of Dematium pullulans de Bary and of 
A. vitis Viala & Boyer, the latter being the original type species of the 
genus Aureobasidium. Viala and Boyer (1891, Rev. gén. bot. 3: 369) gave 
a detailed description of the fungus growing on leaves and grapes of 
Vitis vinitera. To get a better idea of their species concept, grapes covered 
with spots that fitted the description were coUected in the Beaujolais. 
From this material several strains were isolated. The cOIOlly colour of 
these strains is beige, light rose or yeIlow at first; most of the cultures 
become more or less black in age. They are identical with the cultures 
generaIly regarded as Aureobasidium pullulans (de Bary) Arnaud and 
characterized by simultaneously formed conidia (group A in CBS Progress 
Report 1973). 

The available strains of group A and of Dothiora, Pr'ingsheimia, Potebnia
myces (group B) as weIl as Sydowia polyspora were subjected to growth 
experiments. The growth-rate was measured at different temperatures. 
All strains of group B (with conidia borne in basipetal succession) proved 
to grow much slower than those of group A, except Sydowia polyspora 
of which some strains grew even faster than strains of group A. Cultures 
with a yeast-like appearance and abundant sporulation grow more slowly 
than those forming mycelium, even when they originate from the same 
isolate. The maximum temperatnre was different for the two groups, viz. 
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in group A 21-24° C and in group B 15-21° C; again Sydowia polyspora 
fitted better in group A. This species can be distinguished from the (other) 
ascomyccte genera studied by its cuitural characters, whereas the otllers 
are indistinguishable from each other. 

A morphoiogical study of Aureobasidium bolleyi (Sprague) v. Arx was 
started. This species has to be excJuded from A ureobas'idium, since it 
forms falcate conidia in basipetal succession on distinct denticles or 
ampulliform phialides. This species somewhat resembles Harposporium, 
but the colony habit is entirely different from the available strains of 
that genus. 

Aureobasidium foliicola (Oudem. ex Delitsch) G. Müller is another 
species that does not fit in the genus A ureobasidium. The conidia are 
formed on phialides which vary widely under different circumstances. 

Dr. G. S. de Hoog 

The first months of 1974 were al most completely devoted to the prepa
ration of the manuscript on hyaline Hyphomycetes with sympodial 
conidium formation and one-celled conidia. The monotypic genus Blasto
botrys was described in detail. The genus Oalcarisporium was restricted 
to one species, characterized by erect, verticillate conidiophores and 
determinate conidiogenous ce1ls. Five species were exc1uded from the 
genus, one of which was classified in Oakarispm·iella gen. nov., and three 
new cumbinations were proposed. The concept of the genus Sporothrix 
was enlarged considerably. The presence of more or less differentiated 
conidiogenous cells, conspicuous denticles, and ono-celled, hyaline conidia 
were regarded as diagnostic characters. The genus now comprises 24 
species, among which 13 conidial states of thc Ascomycete genus Ophio
stooUL. One species was excluded from Sporothrix and redescribed in 
Nodulisporium. The paper was issued on June 10 as Nu. 7 in the series 
of Studies in Mycology. 

The subdivision of the genus Oeratocystis, as proposed in above paper, 
was ampJified in co-operation with Drs. A. C. M. Weijman. A clear-cut 
bipartition could be achieved by using the conidium formation as a 
diagnostic character : species with phialides of the Ohalara-type were 
classified in Oeratocystis sensu stricto, those without phialides in Ophio
st011UL. The data on the chemical constitution of cell-walls appeared to 
strongly support this classification. 

The genus Phaeoisaria was studied in co-operation with Prof. M. C. 
Papendorf (Potchefstroom, South-Africa). The type species, P. clematidis, 
mayor may not form synnemata in pure culture. A number ofunidentified 
isolates from wood and soH, maintained in the CBS-collection sub Sporo
thrix and Rhirwcladiella, were indistinguishable from non-synnematous 
strains of P. clematidis. As a consequence the presence of synnemata is 
insufficient to characterize the genus Phaeoisa·ria in a proper manner. 
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More stabie and reliable characters were found in the morphology and 
pigmentation of the conidiogenous ceIls. Thus the concept of the genus 
was slight.1y altered, and two non-synnematous specieH were added. 

The revision of Rhinocladiella-like genera was continu ed. Numerous 
strains of the pleomorphic species Rhinocladiella rnansonii were studied 
in detail, with emphasis on the recognition of the various types of conidium 
formation in each strain. It was found that, according to the criteria 
laid down in modern experimental taxonomy, the CBS-material is ex
tremely heterogeneous. A tabulated data-matrix and a set of punclled 
cards were prepared for the above mentioned series of strains, in order 
to attempt numeri cal methods in the classification of this group of fungi. 

Miss H. Lindner (graduate student, State University, Utrecht) 

The thermotolerant and thermophilic fungal flora from soil samples, 
coIlected in the Netherlands and in Senegal were studied under supervision 
of Dr. R. A. Samson. The fungi were isolated at various temperatures 
or by treating of the soil with a heat shock at 60Ç

, 70° and 80° C for 
10 to 30 minutes. Besides some typical t.hermophilic species several asco
mycetes were encountered among which species of the genera Talarornyces, 
Eupenicillium, N eosartorya and Gelasinospora. From Dutch soil samples 
coHected under Calluna, Eleutherascus tuberculatus was found. This asco
mycete seems to be salient for this habitat and can only be isolated by 
partial steriliza tion of the soil. 

Mr. W. M. Loerakker (graduate student, State University, Utrecht) 

Under supervision of Dr. H. A. van der Aa the fungal flora of dying 
branches of Acer pseudoplatanus, Betula pubescens, Fagus silvatica and 
Sorbu8 aucuparia was studied with special attention to the change-over 
between living and dead tissues. Numerous funga.l strains were isolated 
from the different tissues of the branches and from fructifications de
veloping in the dying twigs. None of the species that sporulated on dead 
parts was found in the living tissues of the same branch. On a dead 
branch of Fagus silvatica an undescribed species belonging to the genus 
Oorynespora was encountered. A manuscript on its taxonomy is in press. 

Mr. D. Mühlenbacher (graduate student, Technical University, Aachen, 
B.R.D.) 

Under supervision of Dr. W. Gams the decomposition of uredospores 
of Puccinia gmminis f. tritici by various fungi waf! studied. Most of the 
sixteen CBS strains originating from rust.s as weIl as numerous fresh 
isolates of hyperparasites, destroyed rust spores in liquid culture. The 
parasites penetrated through the germ pores and caused the rust spores 
to burst by the intern al growth. Sterile culture filtrates of hyperparasites 
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did not cause visible alterations of the rust spores or germ tubes. Af ter 
incubation of rust spores (or the waJl fraction) with a steriIe culture 
filtrate of Verticillium lecanii no significant difference from the control 
solution in soluble carbohydrate content was observed in a gas-chromato
graphic study. In 8-10 days old cultures with Darluca filum, Aphanocladium 
album and Verticillium cephalosporum protoplasts from heat-sterilized 
uredospores were observed which disappeared again a few da.ys later. 
When looking for saprophytic decomposition by soj] fungi, rust spores 
scattered on a moist garden soil sample were colonized selectively by 
Verticillium lecanii within two days and the germ tubes were lysed; but 
the empty spore walls were still recognizable af ter five weeks. 

Drs. A. J . van der Plaats-Niterink 

A paper on the occurrence of Pythium 8pecies in soiIs in the Netherlands 
was finished (Neth. J. PI. Path. 81, 18- 33. 1975). During these investi
gations the new species Pythium jlevoense (Van der Plaats-Niterink, Acta 
bot. neerI. 21, 633-639. 1972) and 18 new records for the NetherJands 
were documented: P. acanthicum, P . adhaerens, P. angustatum, P. dissimile, 
P. dissotocum, P. gracile, P. helicandrum, P. heterofhallicum, P. masto
pMrum, P. middletonii, P. oedochilum, P . oHgandrum, P. paroecandrum, 
P. periplocum, P . 'rostratum, P . spinosum, P . syl'lJaticum, P. tracheipilum. 

The Pythium population of 5 flax fields (3 in Noord-HoJland, 2 in Fries
land) was investigated. Samples were taken from soiI and healthy or 
diseased flax roots, both under plants attacked by P. megalacanthum sensu 
Buisman and from spots where this disease did not occur. The results from 
thc two fields in Friesland were simiIar but differed from those in Noord
Holland, which showed a greater variation in occurrence of Pythium spe
cies. Altogether 11 species of Pythium were isolated (6 from the Friesland 
fields and 9 from the Noord-Holland fields) . No correlation of species distri -
bution with occurrence of flax scorch was observed. Pythium megalacanthum 
was not isolated but its ougonia were present in the diseased roots. 

109 Soil samples, mostly originating from S. and E. Flevoland were 
taken both from a depth of 2-5 cm, and from 5-10 cm below the surfa,ce. 
In 41 cases more species occurred in the upper layer, in 19 cases more in the 
lower layer. In 28 cases the same number of species was present in both 
layers and in 21 cases no Pythium species were isolated in any of the 
layers. Both layers showed the same species in their Pythium population. 
On the whole there was no significant difference between the two layers. 

In 74% of a series of samples taken from dry sandy soiIs, Pythium 
rostratum was the only species. It of ten also occurred in much wetter 
soiIs. From arabIe fields 21 species were isolated. Dominating species were 
P. sylvatic'llm, which was present in all samples, P . oligandrum, occurring 
in 83% of the samples, P. intermedium, in 75% of the samples and P . 
paroecandrum, in 61 % of the samples. 
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Dominating in soil from meadows were P. 8ylvaticum (in all samples) 
and P. oligandrum (in 66% of the samples). Pythium ultimum, P. acanthi
cum and P. 8ylvaticum were present in all samples from garden soil, P. 
torulo8um and P. irregulare in 83% of these samples. FOl'ests showed a 
poor Pythium population. P. 8ylvaticum was the most common species, 
being present in 60% of the samples. 

The investigations on the Oomycetes occurring in water in the Nether
lands were continued. From 25 samples of water collected in the provinces 
of Noord-Holland and Utrecht and from 8 samples of diseased animals 
(pikes, pike-eggs, Xenopu8, different species of Daphnia, Axolotl) 9 species 
of Pythi-um, 2 species of Achlya, 5 species of Saprolegnia, I species of 
Aphanomyces and 1 species of Leptolegnia were isolated. Additionally a 
number of water samples were taken from places in Drenthe where the 
chemical and bacteriological composition of the water constantly is checked 
by the "Zuiveringschap Drenthe". Aphanornyce8 irregulari8, 3 species of 
Saprolegnia and 15 species of Pythium have been isolated from these 
samples up to now. 

A study of the genus Brevilegnia was started. The species B. gracilis 
and B. macro8pora (Van Eek, Th., Wortelrot van Viola tricolor L. max. 
hort., Diss. Utrecht, 1937) proved to belong to another genus according 
to their morphology and also to their physiological behaviour (Sörenson, 
Mycologia 60: 193- 196. 1968). Subcultures originating from the type 
cultures on sterilized pieces of grass in pond water produced sex organs 
but no sporangia. The nature of the thraustothecoid sporangia in Van 
Eek's drawings is ambiguous. The sex organs of B. gracilis resembie those 
of Pythium ultimurn and the fungus can possibly be accomodated in the 
genus Pythium. Brevilegnia macrospora is different from B. gracililj but 
mayalso belong to the genus Pythiurn. 

Dr. R. A. Samson 

The manuscript on the revision of the genus Paecilomyces and some 
allied Hyphomycetes was finished and published in June as Studies in 
Mycology No. 6. The genus Paecilomyces, based on P. variotii Bain., is 
characterized by verticillate conidiophores bearing divergent whorls of 
branches and phialides. The phialides have a cylindrical or inHated basal 
portion, a long, distinct neck and produce one· celled hyaline conidia in 
basipetal chains. The perfect states belong to Bys8ochlamys, Talaromyces 
and Therrnoascus. A subdivision into two sections was proposed: meso
philic to thermophilic species with yellow brown to brown colonies were 
accomodated in the sect. Paecilomyces; several species are accompanied 
by a perfect state. Mesophilic species with white or (other) bright colonies 
were brought together in the section lsarioidea, amongst which are several 
entomogenous taxa. 31 Species were keyed out, described and illustrated. 
The genus Mariannaea, based on Penicillium elegans, was re-introduced; 
a new variety and a new species were described. 
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The genus N01nuraea was retained for two species, N. rileyi and N. 
atypicola. PaecilO1nyces berolinensis and P. herbarum were classified in the 
genus 8eptofusidium. In co-operation with Dr. W. Gams the new genus 
Gabarnaudia was described to accomodate Oospora betae and the conidial 
state of Sphaeronaemella fimicola. Gabarnaudia tJwlispora and G. kumicola 
(ascig. st. Sphaeronaemella humicola Samson & W. Gams) are described 
as new species. 

In J uly two strains of an undescribed Byssochlamys species were received 
from Dr. M. R. Tansey (Bloomington, U.S.A.). These strains, isolated 
from nesting material of incubator birds in Australia, differ from the 
Im0W11 Byssochlamys species by the larger ver ru co se ascospores and the 
different ascoma initiaIs. The fungus grows optimally at 40° C. 

The taxonomy of two groups of the genus Penicillium was investigated. 
Hundreds of strains belonging tu the Fasciculata group were compared, 
paying much attention to the morphology of the conidiogenous structures. 
It was found that P. cyclopium, P. martensii, P. palitans, P. viridicatum, 
P. crustosum, P. corymbifer·um and simiIar species agree in the branching 
pattern and ornamentation ()f the conidiophores and in the shape and size 
of the conidia. The species difler only in some cultural charact.ers, viz. 
mainly in colony colour, although many intergrading strains exist. In 
addition some indications ware found that the colony characters are not 
constant and that they can be changed by use of different media and by 
thc influence of light. It is therefore concluded that the species with 
simiIar conidiogcnous structures can better be classified as varieties of 
a single species. In collaboration with Drs. Amelia C. Stolk much time 
was spent to elucidate the nomenclature of the species and the typification 
of the genus Penicillium, which is still unclear. 

In co-operation with Mr J. Mouchacca (Paris, France) the study on 
Aspergilli and other interesting fungi from Egyptian desert soil was con
tinued. Most of the Aspergillus isolates be long to the A. versicolor or 
A. nidulans group and usually show optimal growth at 35° C and on 
media with higher sucrose concentrations. A manuscript with descriptions 
of new and interesting Aspergillus species is in preparation. 

Together with Prof. Dl' R. Hadlok the available type or authentic 
cultures of the species of the Penicillium chrysogenum series were studied. 
The comparison of the type cultures of P. chrysogenum and P. notatum 
showed that there is only a sm all difference in colony colour and exudate 
production. In both cultures globose to subglobose conidia were formed. 
Also in the authentic cultures of P. meleagrinum and P. cyaneofulvum 
no significant differences in the morphology of the conidiogenous structures 
could be found to delimit these species from P . chrysogenum. Furthermore 
numerous strains isolated from various substrates were compared to clarify 
the variability of the species. Since there is a great variability in colony char
acters but no significant differences in morphology, it is proposed to broaden 
the species concept of P . chrysogenum to fit all these variabIe strains. 
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Five species of the entomogenous Hymenostilbe, collected on various 
arthropod hosts in Ghana are described jointly with Dr. H . C. Evans 
(Quecedo, Ecuador) in a third paper in the series "Notes on entomogenous 
fungi from Ghana". Hymenostilbe dipterigena Petch occurs on Diptera 
spp. and was found associated with Cordyceps dipterigena Berk. & Br. 
Hymenostilbe longispora Samson & Evans was found on several ant species 
of the subfamilies Ponerinae and Myrmicinae. Two new species, H . sul
phurea and H. ghanensis were collected on a Fulgoroidea species and on 
a spider, respectively. The conidial state of Cordyceps nutans Pat. is 
described as Hymenostilbe nutans Samson & Evans. Papers on some 
phialidic genera like Stilbella and Hirsutella are in preparation. 

Dr. M. A. A. Schipper 

Af ter some years of study of the genus Mucor the conviction took 
shape that Mucor species that belong together from a general morpho
logical point of view, produce similar zygospores. It seemed to open 
perspectives for the realization of a natural phylogenetic grouping of 
Mucor species and an indication of the relationships will be revealed whilst 
studying zygospores only. As a matter of fact, mating experiments were 
even more successful than expected: rather of ten species with similar 
zygospores were not only related, but were found to be able to produce 
zygospores with each other as weIl, thus indicating synonymy. 

Results of research on 12 Mucor species were compiled in a manuscript. 
Descriptions and original line drawings (af ter cultures on beerwortagar 
at 20° C) are given, with, in addition, notes on the influence of environ
mental conditions such as temperature, light, medium (e.g. S.M.A.) and 
the outcome of mating experiments. Furthermore keys, synonyms and 
lists of excluded or doubtful species are provided. 

M. racemosus, M. plumbeus and M . tuscus have several features in 
common. The zygospores of M. racemosus, reddish brown to bright brown, 
up to 110 p,m diam., roughened by short spines, are produced at lower 
temperatures (about 10° Cl. The zygospores of M. plumbeus were observed 
by Bainier (1884) and never since, as far as is known. They are described 
as yellow or brownish, with spiny projections, and were said to be produced 
in summer only. In spite of numerous contrasts under a diversity of 
conditions, zygospores were not obtained. Mucor plumbeus strains were 
never seen to react in contrasts with M. racemosus, but 11 strains out 
of 19 responded to M. circinelloides or/and M. lusitanicus (at 25° C): 
each showing a (-) mating reaction. In M . tuscus the zygosporic stage 
is unknown. Strains of M . tuscus were never seen to respond sexually 
to any partner tested so faro 

Other species, subject-matter of the study, are larger species of Mucor 
with optimal development at temperatures below 20° C: Mucor mucedo, 
M. piritormis, M. saturninus, M . aligarensis, M. plasmaticus, M. psychro-
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philus, M. strictus, M. flavus and a new species. In view of general 
morphology, M. mucedo and M. piriformis are closely related and to a 
less ex tent M. saturninus. Mucor flavus is a species apart, differing from 
M. mucedofM. piriformis in several features. Mucor strictus, rather 
"dimorphic" because of strongly temperature-dependent features, tends 
in its morphology to M. strictus when grown at 10° C or be]ow, and to 
M. flavus when grown at higher temperatures. Mucor plasmaticus and 
M. mucedofpiriformis, though distinct from each other, share some features. 
The zygosporic stage is known in M. mucedo, M. piriformis, M. saturninus, 
M. plasmaticus and M. flavus. In each of these species the zygospores, 
resulting from compatible matings (favourable temperature 15° C) are 
black, roughened in outline and vary from 180-250 flm in maximal dia
meter. However, in M. mucedo, M. piriformis, M. saturninus and M. 
plasmaticus, the zygospores are produced in the underportion of the 
colony, while in M. flavus the zygospores are formed in the upper portion 
of the colony. 

Drs. J. A. Stalpers 

Special attention was paid to those species of the Aphyllophorales which 
are homothallic and have multiple clamp connections. These characters 
can be found in the genera Coniophora, Phanerochaete and Stereum, all 
containing economically important wood-rotting fungi. These species 
belong to Boidin's (Bull. Soc. bot. Fr. lll: 309-315. 1964) "groupe holo
cénocytique " , meaning that all cells except basidia and basidiospores are 
usually pluri-nucleate. The basidia have two nuclei and the basidiospores 
one or two. 

In the genera mentioned above, especially in Coniophora and Stereum, 
many species have been described. They usually differ only in minor and 
of ten unreIiable characters. Welden (Mycologia 63: 790-799. 1971) con
cluded that the nu mb er of species in Stereum s. stro can be reduced con
siderably and he maintained only six species or species complexes. From 
a comparative study of herbarium specimens and cultures it is concluded 
that the same has to be done in Coniophora. The thickness of the basi
diocarp, the colour and morphology of the hymenial surface and the 
incrustation of the hyphae are extremely variabie. In pure culture the 
normal variability is even increased by changes of some characters af ter 
many transfers. Cultures may loose their clamp connections and wide 
(8-15 flm) hyphae, grow much slower (colony radius 5-25 mm in two 
weeks against the normal 50-80 mm) and have a brownish reverse, which 
is normally colourless or sIightly yellowish. 

It is concluded that the European strains of non-cystidiate Coniophora 
represent only two species: C. puteana (incl. C. arida and C. sufJocata) 
and C. fusispora (incl. C. bourdotii and C. fuscata). 

The genera Mycoacia and Sarcodontia have wide advancing hyphae with 
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plurinucleate cells and without clamp connections. The secondary and 
tertiary branches are narrower, have binucleate cells and usually clamp 
connections (Boidin's "groupe astatocénocytique") . Fresh cultures usually 
produce basidiocarps within six weeks. The genera are not homogeneous. 
Sarcodontia isidioides has sulpho-negative gloeocystidia and amyloid basi
diospores and has to be transferred to Dentipellis in the Hericiaceae. 

A paper was prepared on the genus Alytosporium, a segregate of Sporo
trichum. Hughes (Can. J. Bot. 36: 735. 1958) selected Alytosporium 
bombacinum as type species, but this can not be accepted, because the 
species is not included in the validating publication. The consequences of all 
possibilities are discussed and a proposal is made to select A. juscum as the 
type of the genus and to conserve Tomentella Pat. against Alytosporium. 

Together with Dr. R. A. Samson, in a project on conidiogenesis in 
co-operation with Drs. G. T. Cole and W. Gams, a number of fungi 
representing all types of conidiogenesis were screened with the scanning 
electron microscope. In co-operation with Dr. M. A. A. Schipper another 
project on the ornamentation of zygospores in the Mucorales is in progress. 

Dr. Vasant Rao (Department of Botany, Vivek Vardhini College, Hyde
rabad-A.P ., India) 

All CBS strains under the name Torula were examined; they appeared 
to be a heterogeneous assemblage. A manuscript was prepared in co
operation with Dr. G. S. de Hoog, in which a key was proposed to the 
accepted species of Torula, and a new species, T. rhombica was described 
from dried plant material collected in India. Amongst the excluded strains 
a new species of Scytalidium was encountered, and new combinations in 
Polypaecilum and Moniliella were proposed. Further, new species of 
Acrodontium and Beauveria known in culture and a new species of Periconia 
on dried material were described in a short paper. 

Some herbarium specimens of Isaria pulcherrima were studied and com
pared with other materials kept in CMI and CBS. This species does not 
agree with the generic concept of the genus I saria sensu stricto. Therefore, 
it will be described in a new genus in collaboration with Dr. R. A. Samson. 

Dictyoarthrinium sacchari was isolated from a decaying leaf sheath of 
sugar cane. lts conidial ontogeny was studied in detail in slide cultures. A 
strain kept in CBS as D. sacchari, probably represents an undescribed species. 

Besides, several other strains of dematiaceous Hyphomycetes at CBS 
and isolates made from the plant materiais, collected in the neighbourhood 
of Baarn were studied. 

2. Division of Biochemistry and Physiology 

Dr. G. W. van Eijk 

The culture filtrate of a strain of Penicillium citrinum CBS 222.73 was 
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reported in the CBS Progress Report 1973 to contain, in addition to 
curvularin and dehydrocurvularin, a small quantity of another phenolic 
compound C22H2609. The compound gives a poor reaction with most 
typical phenolic reagents. Good colouration was obtained by spraying 
chromatograms with diazotized sulfanilic acid, giving a yellow spot. The 
ultra-violet spectrum of the phenol derivative bears a marked resemblance 
to that of curvularin. Hence the same chromphoric, i .e. a dihydroxy
benzoyl system, was concluded to be present in the compound. The same 
conclusion was drawn from the examination of the mass spectrum. Frag
mentation peaks identical to those of curvularin were measured. However, 
differences in the relative abundances for corresponding peaks including 
the base peaks were observed. The infra-red spectrum shows bands at 
3500, 3350 and 3150 cm-I. This means the presence of 3 or more hydroxyl 
groups. Strong absorption bands were present in the 6 ft region indicating 
carbonyl frequencies. Due to hydrogen-bonding between carbonyl and 
hydroxyl groups, lowering of carbonyl frequencies has occurred. Because 
of this compIication, the absorption spectrum is rather unsuitable for 
diagnostic purposes. From the above chemical and spectral evidence, it 
appears that the phenoIic compound is a resircinol derivative containing 
an unsaturated macrocylic ketaloctone ring system. 

As noted in the preceding Progress Report experiments are being 
carried out concerning the metabolites produced by an entomogenous 
hyphomycete, belonging to the genus Aschersonia. Carotenoids, steroids 
and triterpenoids were isolated from the mycelium. The production of 
{J-carotene and torulene has already been reported. Complete removal of 
carotenoids from the steroids and triterpenoids succeeded by chromato
graphing the saponified fractions on sephadex LH 20. Further separation 
of the several carotenoid fractions was achieved on siIica gel G plates. 
Spectral data combined with adsorption affinities on different adsorbants 
indicate the additional presence of minor amounts of phytoene, phyto
fluene and a {J-zeacarotene-like pigment. The identification of some other 
minor carotenoids is in progress. Investigations of the isolated steroids 
and triterpenoids were also continued. A steroid having a 7, 9 (ll) diene 
structure was detected. !t's identity is still unknown. ' 

The triterpenoid C30Hs202, a hopane derivative with 2 hydroxyl groups, 
has been identified as dustanin. This was confirmed by comparison with 
an authentic sample, kindly provided by Dr. 'l'suda. Dustanin is the only 
hopane derivative known to be isolated from a fungus, mz. an Aspergillus 
species (Tsuda, Tetrahedron Letters, 3357. 1965). 

The structural studies of the hopane triol C30Hs203 were directed to 
define the places of the two secondary hydroxyl groups and their con
formation at the hopane skeleton. The presence of a trihydroxyhopane 
in a fungus has not been reported previously. Two hopane trioIs, isolated 
from lichens, have been described. Physical chemical data reported for 
leucotylin (= 6 IX, 16 {J, 22-trihydroxyhopane), show similarities to those 
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obtained with our triol. A gift of leucotyIin from Dr. Huneck enabled 
us to compare the two compounds with each other. Our compound is 
obviously not leucotylin, since differences in chromatographic behaviour 
(thin-Iayer and gas-Iiquid chromatography) and Ï:1 the mass and infra-red 
spectra were measured. The triol treated with boiling methanoIic hydro
chloric acid afforded a diene with ultra-violet adsorptions at 242.5, 251 
and 260 nm, indicating th at one secondary hydroxyl group is attached 
at C-15 or C-16 of the hopane skeleton. The triol oxidized with chromium 
trioxide in pyridine yielded a hydroxy-diketone, which gives a positive 
Zimmerman reaction specific for 3-keto-steroid or-triterpencid compound. 
This means that the other secondary hydroxyl group is at the C-3 position. 
Further investigations are directed to find out the definite place of the 
2 secondary hydroxyl groups and their conformation at the ring system. 

Drs. R. B. Beems 

A study was started on the lipid composition of an entomogenous 
Hyphomycete belonging to the genus Aschersonia. The Iipids were ex
tracted, isolated and separated into different groups by preparative 
column and thin-Iayer chromatography. The total extractable Iipid content 
averaged about 10% of the dry weight. At least 16 components could be 
distinguished. The identity of some of these Iipids was estabIished by 
co-chromatography with known standards, u .v. spectroscopy and saponi
fication followed by thin-layer chromatography and gas-Iiquid chromato
graphy. The major components were identified as triglycerides, free fatty 
acids, sterolesters, ergosterol and terpenoids. These techniques revealed 
the presence of ergosterol esters as the most important component of 
the sterol ester fraction . Mannitol was also isolated from the mycelial 
extract. The identification of the other components needs further study. 

The fatty acid composition of the total lipid and the individual lipid 
classes was examined by gas-liquid chromatography of the fatty acid 
methyl esters. The fatty acids were identified by comparison of retention 
times with methyl ester standards and by hydrogenation. The major fatty 
acids were linoleic (35%), oleic (31 %), palmitic (18%) and stearic (8%) 
acids. There were sm all amounts of palmitoleic, arachidic, linolenic, lauric, 
myristic, heptadecanoic and heptadecenoic acids. 

Drs. A. C. M. Weijman 

The study on the biochemistry of cell wall constituents of yeasts and 
yeast-Iike fungi was continued and extended to 119 strains. Purified cell 
wall material was obtained from 18 strains. Gas-liquid chromatographical 
analysis of carbohydrate hydrolysis products, such as trimethylsilyl de
rivatives, is a valuable tooI in screening large numbers of strains, especially 
with application of an electronic digital integrator. 

Since the preparation procedure of purified cell wall material is very 
laborious, gas chromatograms of carbohydrates resulting from cell wall 
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and intact cell acid hydrolysis were compared. The peak patterns closely 
resembIed each other. Although a large number of components are present 
in intact ceU hydrolyzates (fatty acids, glycerol, amino acids, peptides, 
melanins, minerals e.g.), the silylating reagent applied, in combination 
with the appropriate GLC conditions, only resulted in the visualization 
of monosaccharides and polyols. In the present study, a qualitative com
parison of the hydrolysis products of intact cens seemed favourable in 
obtaining a preliminary survey of the fungi concerned. The use of intact 
cells in chemotaxonomy has the following advantages: 

1) The preparation of purified intact cells is a simp Ie and fast procedure. 

2) The chromatograms give additional information about storage polyols 
(erythritol, arabitol, mannitol, inositol) of cytoplasmic origin. 

Information about intact cells only, cannot be correlated with ceU wall 
composition, since the glucose released during hydrolysis of intact cells 
originates not only from cell wall glucans but also from intracellular 
trehalose, glucosides and glucogen. Storage compounds in the cell strongly 
fluctuate with age and physiological conditions (Lewis, New Phyto
logist 66: 143. 1967). 

The fungi studied can be characterized partially on the basis of mannose! 
galactose ratio's. The majority of species examined possess galactomannans 
in addition to glucans. Arachniotus, A scodesmis , Monascus and Filo
basidium species e.g. are characterized by ratio's below 0.5, whereas 
Endomyces, Eremascus, Schizosaccharomyces and Ascoidea rubescens range 
from 0.5-5; Botryoascus synnaedendrus, Hansenula saturnus and Ascoidea 
corymbosa show ratio's from 10-15. 

Saccharomyces cerevisiae CBS 6508 is characterized by 2 major com
ponents in gas chromatograms: mannose and glucose. Galactose is absent 
or only present in trace amounts. The following species show the same 
GLC pattern: Saccharomycopsis fibuligera, Arthroascus javanensis CBS 
821.71, Eremothecium ashbyi CBS 741.70, Pichia membranaefaciens CBS 
1331, Hansenula anomala CBS 5759, Ambrosiozyma cicatricosa CBS 6157, 
Ambrosiozyma monospora CBS 5514 and Hormoascus platypodis CBS 4111. 
Quantitative GLC and determination of chitin contents wiIl yield further 
subdivision. 

The distribution of rhamnose in polysaccharides can serve as an im
portant taxonomic criterion in the Ascomycete genus Ceratocystis (Spencer 
and Gorin, Mycologia 63: 387. 1971). Biochemical evidence was obtained 
supporting the bipartition of the genus on the basis of morphological 
characters, as suggested by De Hoog (Stud. Mycol. 7: 1. 1974). 

In 15 examined strains of Ceratocystis sensu stricto rhamnose was 
absent, whereas in all Ophiostoma strains rhamnose was present. Moreover, 
according to the literature (JeweIl, Mycologia 66 : 139. 1974) cellulose is 
absent in Ceratocystis and present in Ophiostoma. 

Some probably related fungi are included in this study: the Ascomycete 
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genus Europhium and the form genera Blastobotrys, RaUaelea and Sporo
thrix. The biochemical data of Sporothrix are much alike Ophiostoma. On 
the other hand the yeast-like fungi Botryoascus and Cephaloascus have 
no affinity with the Ophiostoma group. Cephaloascus tragrans CBS 183.71 
shows an extra-ordinary high inositol content, possibly of ceH waH origin. 

3. Division of Human and Animal Mycology 

Dr. G. A. de Vries 

Lobomycosis was recorded in 2 Dolphins (Tursiops truncatus) in the 
Dolphinarium at Harderwijk. From biopsy material received from Mrs. 
E. A. R. Blythe and Dr. T. G. Poelma several colonies were grown of a 
fungus which was similar in its morphology to the Glenospora graphii 
isolate from Sotalia guianensis (de Vries & Laarman, Aquatic Mammals 
1, 1-8. 1973). Two strains produced ascomata and were identified as 
Petriella setitera (Schmidt) Curzi. A short communication about these first 
cases of Lobomycosis in live dolphins in the Netherlands entitled "Lobo
mycosis in Atlantic bottle-nosed dolphins in the Dolphinarium at Harder
wijk" will be published in "Aquatic MammaIs" . 

The cultural conditions for the formation of branched chains of iso
diametric cells resembling the fungus in the tissue were investigated. 
A temperature slightly below the maximum appeared to be favourable. 
On Sabouraud maltose agar and malt agar with ± 5 % sodium chloride 
both strains produced globose cells. On a medium with chemical sub
stances that are reported to be present in the skin of dolphins the strains 
failed to produce these cells. The dolphin isolates were compared with 
all the available strains of Petriella setitera, P . sordida, P. guttulata, P. 
musispora, Petriellidium boydii, Graphium eumorphum and Glenospora 
graphii. Coremium formation was found to be very irregular, which is 
in full agreement with data from the literature. At least in some strains 
it was stimulated by cultivation on Czapek agar and human hair. All 
the experimental strains (except one of Petriella lindtorsii) produced 
"boring hyphae" in the hair shafts, of ten in great abundance. The lique
faction of gelatin varied in the Petriellidium boydii strains and appeared 
to be positive in Graphium eumorphum and in all the Petriella and Gleno
spora graphii strains. 

In November water samples were collected in the Dolphinarium at 
Harderwijk. An ascomycete was grown in rather great abundance and 
was identified as Petriella setitera. 

A valuable addition to the test series was a fungus isolated from a 
human ear canal sent for identification by Dr. Fragner at Prague. This 
culture was identified as Petriellidium ellipsoideum v. Arx & Fassatiová. 

Soil samples were collected at 29 localities in S. and E. Flevoland and 
in the N.E. polder. The facultative pathogen Aspergillus tumigatus was 
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of ten isolated in great abundance. It occurred at 19 localities to a depth 
of 10 cm. The keratinophiIic species Arthroderma quadrifidum (st. con. 
Trichophyton terrestre) and Arthroderma uncinatum (st. con. Trichophyton 
a}elloi) were isolated from soil from E. Flevoland and the N.E. polder, 
not from S. Flevoland. Mating experiments wit,h tester strains from the 
CBS collection permitted the fin al c]assification of these heterothallic 
species. They were isolated from sandy and loamy, cultivated and non
cultivat.ed soiIs, of ten from places frequented by mamma]s Iike horses, 
cattle, rabbits and hal'es. 

A manuscript entitled "Studie über einen Trichophyton quickeanum
Stamm mit ausgeprägter Fluoreszens des ScutuJums im Tierversuch" by 
O. E. Rodermund, T. Heymer & G. A. de Vries will be pubIished in 
"Mycopathologia & Mycologia AppIicata" . 

4. Division of Yeasts (Laboratory of Microbiology, Delft) 

Head: Prof. Dr. 1'. O. Wikén 

Drs. L. Rodrigues de Miranda 

The investigation of the basidiomycetous yeasts was continued in 1974. 
Mating teElts with RhodotO'rula graminis renewed interest in strain 5624. 
Drs. W. Sloof! had already found a mycelium with clamp connections 
and thick-walled teJiospores. This species is physiologically much Iike 
Sparidiobolus ruinenii. The strain cannot be placed in the genus Spori
diobolus because it does not form bil.lIistospores, but should be placed in 
the genus Rhodosporidium. Att.empts to germinate the teliospores in 
artificial media have failed thus faro The strain cannot be identified with 
any existing Rhodosporidium species and wiII be described as a new 
species. 

Mating types of Cryptococcus macerans were found . The strains CBS 
2206 and 2426 form a mycelium with clamp connections and teliospores 
af ter conjugation. The strains CBS 2426+6532 gave the same results. 
Mating tests of 2206 nnd 2426 with other strains present in the collection 
did not result in mycelium with clamps. The life cycle of this species will 
be studied further. 

The sexual reproduction and life cycle of tbe nitrate-assimilating species 
of the genus Sporobolomyces was also investigated. In mating tests with 
the strains of Sporobolomyce8 odoruB some combinations resulted in for
mation of mycelium with clamp connections and teliospores. 1'he strains 
CBS 483 and 6529 belong to thc same mating type and conjugated with 
the stra.ins CBS 4030, 6322, 6470 and 6530. No. 483 was designated as 
a and No. 4030 as IX. Only the type strain of this species did not react 
with the mating types. 

There appeared to be no strains of the opposite mating type in Sporo
bolomyces hi8panicu.~. However, the strain CBS 2873 could mate with 
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Sporobolomyces odorus CBS 6529. Thi'3 strain 2873 is therefore mating 
type IX. The other two strains were sexually inactive. Only the strains 
2634 and 4269 of Sporobolomyces holsaticus could be mated. The strains 
CBS 1522 (type), 4029 and 6166 did not. react. 

Mating reactions with formation of mycelium with clamps and telio
spores could be found in strains of the following species : Sp . hispanicus 
and Sp . odorus; Sp . holsaticus and Sp. odorus; Sp. roseus and Sp. odorus; 
Sp. holsaticus and Sp. roseus; Sp. holsaticus and Sp. salmonicolor. From 
the interfertility it is apparent that the relationship is very close and 
that the identifying characteristics such as the assimilation of saccharose 
and maltose and presence or absence of true mycelium are not adequate 
for distinguishing the species of this genus. In my opinion the 5 species 
mentioned should be united in one species, in so far as they show mating 
reactions. There are several sexually inactive strains in each of the species 
mentioned. This inactivity will be further investigated by more mating 
experiments. 

Mating types were also found in Sporobolomyces pararoseus. The strains 
CBS 484, 499 and 4216 belong to the same type and were called a. The 
strains 491 and 5329 belong to the opposite type and were called IX . The 
strain CBS 5541 appears to be self-sporulating. Various means were tested 
to induce germination of teliospores, but without any result thus faro 

Drs. M. Th. Smith 

The study of the genus Hanseniaspora and its imperfect counterpart 
Kloeckera was continued. A new species Hanseniaspora occidentalis was 
described (Antonie van Leeuwenhoek 40: 441-444. 1974). A culture of a 
newly described variety Kloeckera corticis var. pulquensis Ulloa & Herrera 
(Bol. Soc. Mex. Mic. 7: 27-32. 1973) isolated from the Mexican beverage 
pulque, was received from the NRRL culture collection (NRRL Y-7575= 
CBS 6558). The new variety was described as differing from the type 
strain of K. corticis by not forming pseudomycelium, by its ability to 
assimilate galactose and its inability to assimilate cellobiose. On checking 
the physiological characteristics of the new variety several times, it was 
found that it did not assimilate galactose and maltose and did assimilate 
cellobiose. This strain appears to be identical with Kloeckera apiculata 
(Reess emend. Klöcker) Janke. 

A closer study was made of the 18 H anseniaspora valbyensis strains 
present in the CBS collection. These strains could be divided into two 
groups. One group is characterized by forming 1-2 hat-shaped ascospores 
and by not growing at 37° C or on 2-ketogluconate. This group consists 
of7 strains, the type strain of Hanseniaspora valbyensis (CBS 479) included. 
The second group is characterized by forming 1-4 hat-shaped ascospores 
and by growing at 37° C and on 2-ketogluconate. This group consists of 
11 strains, the type strain of Hanseniaspora guilliermondii (CBS 465) and 
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of Hanseniaspora melligeri (CBS 466) included. The division into two 
groups is supported by Nakase & Komagata (J. gen. appl. Microbiol. 16: 
241-250. 1970) who found the GC content of the DNA of the first group 
to be 26.8-27.6% and of the second group to be 31.0-31.7%. Since the 
GC content of the DNA of strains of H anseniaspora uvarum was calculated 
by Nakase & Komagata (l.c.) to be 31.5%, Hanseniaspora uvarum was 
included in the same group as H. guilliermondii and H . melligeri by these 
authors. From this it might be infered that these species are related. 
Hanseniaspora uvarum, however, can be differentiated from H. guillier
mondii (including H. melligeri) by its 1-2, oblate ascospores and by not 
growing at 37° C. Since Meyer & Phaff (in: Yeasts & Models in Science 
and Technics. First Specialized International Symposium on Yeasts, 
Smolenice, Czechoslovakia. June 1-4, 1971. Slovak Academy of Science) 
have demonstrated that organisms with similar DNA base compositions 
are not necessarily related, a closer study of the relationship between 
H. uvarum and H. guilliermondii (including H. melligeri) is necessary. 

Some strains were obtained from Dr. T. Nakase and two of these, 
AJ 5172 and AJ 5175, require comment. Strain AJ 5172 was identified 
by Nakase (l.c.) as K. africana. Nakase received this strain from Prof. 
Tsuchuja (J 5030) and it reportedly originates from the CBS culture 
collection (CBS 280). At the CBS the characteristics of AJ 5172 were 
checked and compared with those of CBS 280. The characteristics of 
AJ 5172 were identical with those of the species K. corticis and differed 
from those of CBS 280, the type strain of K. antillarum, which is now 
considered a synonym of K. javanica. Thus the DNA base composition 
reported by Nakase cannot be taken as that of CBS 280. Strain AJ 5175 
of H. valbyensis was reported as originating from the IFO collection 
(IFO 01l5) and as having a GC content of 31.5%. According to Nakase 
the Hanseniaspora group with a GC content of 31.0-31.7% grow on 
keto-2-gluconate and form 1-4 hat-shaped ascospores. A culture of IFO 
0115 obtained directly from the IFO culture collection did not grow on 
keto-2-gluconate and formed 1-2 hat-shaped ascospores per ascus. Ac
cording to these characteristics, IFO 0115 should be identified as H. 
guilliermondii, in which case its GC content should be ca. 27%. Thus it 
is obvious that IFO 0115 and AJ 5175 are not subcultures of one and 
the same strain, and the results given in the literature need to be checked. 

Mr. D. Yarrow 

Several recently described yeast species were examined and could be 
identified with earlier described species. Rhodotorula ulzamae Moriyon & 
Ramirez (Proc. 4th Int. Symp. Yeasts, Vienna 1974, Part 1, p. 233) is 
identical with Rhodotorula pilimanae Hendrick & Burke. Pichia nonfer
mentans Nakase (J. gen. appl. Microbiol. 17: 469-478. 1971) is identical 
with Arthroascus javanensis (Klöcker) v. Arx. Candida parapsilosis (Ashf.) 
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Langeron & Talice var. tuxtlensis Herrera & al. and Hansenula pozolis 
Herrera & al. (Bol. Soc. Mex. Micol. 7: 17-26. 1973) are respectively 
identical with Candida guilliermondii (Cast.) Langeron & Guerra and 
Kluyveromyces fragilis (JÖrg.) van der Walt. The type strains of Candida 
pseudolipolytica Blagodatskaja & Kocková-Kratochvflova and of Candida 
lipolytica (Harrison) Diddens & Lodder var. thermotolerans Blagodatskaja 
& Kocková-KratochviIova (Biologia, Bratislava, 28 : 709-716. 1973) are 
mating type A and B strains respectively of Saccharomycopsis lipolytica 
(Wick. & al.) Yarrow. 

Ascospores were found in the type strain of Candida nitrativorans Scott 
& van der Walt, CBS 6152, af ter 10 weeks on 5% malt extract agar, 
this species thus becomes synonymous with Hansenula sydowiorum van 
der Walt & al. Ascospores we re also found in the strain CBS 4611, 
Saccharomyces scandinavicus nom. nud., previously listed as a synonym 
of Candida lambica (Lindner & Genoud) van Uden & Buckley, and this 
can now be identified as Pichia fermentans Lodder. 

Ascospores were found also in one of the strains listed as Candida 
krusei (Cast.) Berkhout. This strain differed from the other strains of 
Candida krusei, and of its perfect counterpart Pichia kudriavzevii Boidin 
& al., in its vitamin requirements. The DNA base composition was de
termined by Dr. S. A. Meyer of the American Type Culture Collection 
and found to be considerably different from that of C. krusei and P . 
kudriavzevii strains, but in the same range as two other Pichia species. 
These two species differ from CBS 5141 in the shape of their ascospores 
and growth on mannitol and sorbitol. If the difference can be confirmed 
by DNA reassocÎation studies this strain will be jointly described as a 
new species. 

Work on the genus Saccharomyces was continued, partly in co-operation 
with Dr. T. Nakase of Ajinomoto Co. Inc. who determined the DNA 
base composition of some strains. Due to the limited number of strains 
examined it was difficult to draw any conclusions from this investigation. 
However, two pairs of apparently sibling species were revealed. The first 
pair, S. bailii Lindner and S. elegans Lodder & Kreger-van Rij, are 
identical morphologically, in their vitamin requirements, maximum 
temperature for growth, actidione and sorbic acid resistance, structure 
of the cell-wall mannan, and antigenically. The two strains for which 
the DNA base composition was determined differed in their growth on 
sucrose but as the growth of other stra;ns varies from good to weak and 
latent, this characteristic seems of doubtful value for identification unless 
it can be shown to correlate with the DNA base composition in a wide 
range of strains. A similar situation obtains in the case of the second 
pair of species, S . dairensis Naganishi and S. servazzii Capriotti. Further
more the relationship between S . diarensis and Kluyveromyces phaffii 
(van der Walt) van der Walt should be investigated by DNA/DNA 
hybridization, as these two species have very many characteristics in 
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common as weIl as an identical DNA base composition. Other work was 
concentrated on obtaining and examining more strains of species of the 
torulaspora and zygosaccharomyces types which are rather poorly repre
sented in the CBS collection. Further progress in the taxonomy of these 
strains will have to await studies of their DNA. 
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1. History and funcüon of the Insütute 

The institute was founded in 1954 by the Division of Sciences of the Netherlands 
Academy of Arts and Sciences on the initiative of the Committee on Ecology. This 
proposal was based on the lag in some aspects of ecological research in The 
Netherlands noted by the Committee. 

The function of the institute is to perform and to encourage terrestrial ecological 
research in a broad sense and to co-operate with other organizations engaged in 
such research. 

At the start, several already existing institutes of scientific research were in
corporated, 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 by the Phyto
pathological Service at Wageningen, was also taken over. The distributional research 
on organisms in the reclaimed IJ BBelmeer polders was started af ter the foundation 
of the institute. 

The headquarters of the institute are at Arnhem; the Department of Botanical 
Ecology has its seat at Oostvoorne. Recently a new seat for experimental research 
was founded at Heteren near Arnhem. 

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

The addre88 of the institute is: Kemperbergerweg 11, Arnhem, Holland. 

2. Scienüfic Staff 

J. W. Woldendorp (Director) 

Population ecology 
J. H. van Balen (Hood, Ecology) 
J. A. L. Mertens (Physiology) 
P. Drenth (Ethology) 
H. N. Kluyver (Guest worker) 
Christina W. Eshuis-Van der Voet (Guest worker) 

Bird migration 

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

Distributional ecology 

J. H. Mook (Hood, Zoology) 
J. Haeck (Zoology) 
R. Hengeveld (Zoology) 
J. van der Toorn (Botany) 
Ph. Stoutjesdijk (Micrometeorology) 

Ecological dune research Weevers' Duin, Oostvoorne 

P. J. M. van der Aart (Head, Zoology) 



80 PROGRESS REPORT 1974 

A. H. J. Freijsen (Experimental Ecology) 
c. P. W. M. Blom (Experimental Ecology) 
P. A. I. Oremus (Microbiological Ecology) 
C. van Dijk (Microbiological Ecology) 
D. van der Laan (Synecology) 
S. J. Troelstra (Soil science) 
M. J. Adriani (Guest worker) 

3. Population Ecology 

3.1. POPULATION DYNAMICS OF THE GREAT TIT, Parus major 

3.1.1. Factors affecting the size ot the breeding population (J. H. van Balen) 

An extensive series of population data is now available for the Hoge 
Veluwe study area. Comparison with similar data from a neighbouring 
area has shown that during 1959-1966 the numbers of breeding pairs in 
the two areas were very similar, and that from 1967 on, those from the 
Hoge Veluwe increased sharply and stayed at a higher level than those 
in the other area under study. The change in the breeding population 
coincides with the start of the large-scale provision of food during the 
winter. An analysis of the effect of the size of the beech mast crop on the 
numbers of breeding pairs has shown a positive correlation between the 
two during the 1959-1966 period, whereas during the 1967-1974 period 
this positive correlation was weak and insignificant. During winters with 
a poor beech crop, artificial feeding can improve survival (or reduce 
emigration) considerably. 

3.1.2. Trends in numbers within the annual cycle (J. H. van Balen) 

This project, which is based on regular captures of tits throughout the 
year, was continued. A preliminary analysis of the results over a series 
of seven years was performed. The survival of several categories of tits 
(breeding adults, autochthonous juveniles, and immigrant juveniles) from 
one breeding season to the next, was compared with the numbers (of the 
same and of the other categories) present in the fust breeding season, 
and with the percentage survival in the other categories. This analysis 
provided evidence suggesting the occurrence of competition both within 
and between different categories of Great Tits. 

3.1.3. Factors affecting clutch size (J. H. van Balen, J. A. L. Mertens) 

In the Biesbosch near Breda, some field experiments were performed 
concerning the success of broods of different size in nestboxes with a 
reduced diameter. The usual clutch size in these boxes is 7, whereas in 
normal boxes 9-10 eggs are usually laid. By transferring eggs or small 
nestlings, broods of 4-13 nestlings were formed. Nestling survival and 
body weight proved to be negatively correlated with brood size, . but the 
differences were smalI. No indications were obtained for the occurrence 
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of hyperthermia in large broods, probably due to the relatively low air 
temperatures in the period concerned. 

In the laboratory, overnight survival and weight loss were studied in 
relation to brood size, ambient temperature, and size of the nesting cavity. 
Broods of 6, 7, 9, and 12 nestlings (IO-ll days old) were kept overnight 
in small-diameter nestboxes at temperatures of about 21°, 26°, and 31°. 
For comparison, broods of 9 and 12 young were kept in normal nestboxes 
at 31°. No mortality occurred in the normal boxes, but in the narrow 
boxes it occurred in all broods of 12 and in broods of 9 at the highest 
temperature. Generally, the mortality, the weight loss, and the temper
ature in the nest increased with increasing brood si ze and ambient temper
ature. Some distinct cases of hyperthermia, with temperatures increasing 
up to 44° and resulting in mortality, were observed. 

3.1.4. Experiments on the regulation of numbers in the Vlieland population 
(J. H. van Balen, H. M. van Eck) 

The experiments on the effect of removing part of the breeding popu
lation were continued. Comparison of the results of four experimental 
years with those of three years without interference has shown that the 
annual survival of both the remaining adults and the juveniles increased 
as the percentage of removed adults increased. This effect is stronger for 
male than for femde ad ults. When 50 % of the breeding males are removed, 
the annual survival percentage of the remaining males is doubled. 

3.1.5. Parasitism by Protocalliphora spp. (C. S. Eshuis-van der Voet) 

The fieldwork was concentrated mainly on some aspects of Protocalli
phora during the past year. 

3.1.5.1. Wrapping of the pupae 

When larvae of Protocalliphora start pupating, they provide themselves 
with a wrapping made of fine material from the bird's nest, i.e., a mixture 
of small blades, parts of leaves, hairs, and small feathers, which they 
stick together slightly with their excrements. The pupa forms within this 
wrapping. Larvae only produce this wrapping if suitable material is 
available, but pupae without wrapping can also be found in nests with 
suitable material. It is not known why some larvae do not provide them
selves with a wrapping. 

To find out whether the chance that imagines wiIl hatch from the 
pupae is infiuenced by the presence of such a wrapping, pupae were 
collected from a number of nests and kept until autumn. When this 
material is examined af ter some months, we find some of the pupae empty 
and some of them unhatched. The kind of damage shown by the empty 
pupae indicates whether they were left by imagines of Protocalliphora 
or those of the superparasite Mormoniella vitripennis Walker. Some of 
the unhatched pupae contain hibernating larvae of Mormoniella, but most 
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of them contain dead stages of Protocalliphora that can be easily recognized 
(in the autumn we never find living larvae or pupae of Protocalliphora). 
The dead contents of a smaU number of pupae could be the remnants 
of an infection by M ormoniella. The findings are summarized in Table I. 
The percentage of pupae from which imagines have hatched is high for 
pupae with wrapping, low for those without wrapping. 

Table 1. Hatching results of pupae with and without wrapping. 

Total Pupae left by Pupae infected Pupa.e with 
number Protocalliphora by Mormoniella dead remmants 
ofpupae (%) (%) (%) 

Pupa.e with 
wrapping 94 77.6 12.8 9.6 

Pupa.e without 
wrapping 78 19.3 55.1 25.6 

Infection by M ormoniella was found much more frequently in pupae 
without wrapping than in those with wrapping. It is not known definitely 
whether Mormoniella lays its eggs in the larvae or in the pupae of Proto
calliphora. Altson (1920) mentions Mormoniella as a pupal parasite of 
Musea domestiea, Oalliphora, and other Calyptratae, so it seems probable 
that Mormoniella is a pupal parasite of Protoealliphora as weU. In that 
case we could conclude that the wrapping protects against Mormoniella. 
In pupae without wrapping we also found dead remmants more of ten. 
Probably, the wrapping also gives protection against other unfavourable 
conditions (humidity, cold, etc.), or perhaps weak larvae of ten do not 
form a wrapping. 

3.1.5.2. Synchronization between Protoealliphora and host 

The fust Protocalliphora infection occurs sooner af ter the hatching of 
the first tit nestling the later the breeding season starts (Progress Report, 
1973). For the years 1969-1973 we found that the later the first egg of 
the Great Tit is laid, the later the fust nestling is hatched and the fust 
Protocalliphora infection occurs. In this respect 1974 was an exception. 
In that year the first Great Tit egg was laid early (5 April), but during 
the laying period the weather became col der for a couple of days, and 
there was even snow. Therefore, the first nestling hatched relatively late, 
on 3 May. The first Protoealliphora eggs were laid on 14 May, a date 
which agreed better with the date of the first nestling than with that of 
the fust egg. This could indicate that Protoealliphora is influenced by the 
cold, as the tits are, and that the first laying date of the fly is correlated 
more closely with the hatching date of the fust Great Tit nestling than 
with the laying date of the fust egg. Furthermore, it should be remarked 
that - if we consider not the date of the first Great Tit, the fust hatching 
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date, and the date of the first Protocalliphora infection but rather their 
respective mean values - the conclusion that in a later starting season 
the Bies lay their eggs relatively quickly af ter the hatching of the nestlings, 
is far less certain. The influence of temperature on the laying behaviour 
of ProtocallipJwra will be investigated further. 

3.1.5.3. Host selection 

Protocalliphora was found not only in the Great Tit, but in all species 
breeding in my nestboxes (Sitta europaea, Parus major, Parus ater, Parus 
caeruleus, Parus palustris, Ficedula hypoleuca, Sturnus vulgaris, Passer 
montanus). The percentage of infected nests generally varies from species 
to species and from year to year (Tabie 2). 

Table 2. Numbers of nestboxes occupied by certain species and the percentage 
of nests infected. 

1972 1973 1974 

Species Total % nests Total I % nests Total % nests 
number infected number infected number infected 

Parus major 25 68.0 53 58.5 21 71.4 
Parus caerule'U8 13 53.8 6 33.3 8 25.0 
Sitta europaea 10 10.0 10 40.0 10 10.0 
Ficedula hypoleuca 24 8.3 25 '0.0 18 22.2 
Parus pal'U8tris 5 80.0 - - 4 50.0 
Parus ater 4 25.0 - - 4 0.0 

In the extraordinarily late spring of 1973 (first Great Tit egg in the 
beginning of May) the hatching of nestlings of the observed species was 
fairly synchronous. In that year the percentages of infected nests were 
more similar than in the other years. This might be an indication that 
Protocalliphora does not select bird species but simply accepts the broods 
available. 

There is evidence suggesting that the fly does not select Great Tit 
nestlings according to their age: during the whole season the mean age 
of all infected nestlings is the same as the mean age of all nestlings present 
(Progress Report, 1971). It may be assumed that Protocalliphora does 
not have more preferenee for a certain age of other bird species than 
for the Great Tit, but to find out whether Protocalliphora has a preference 
for certain species, I needed a measure for the chance that ProtocallipJwra 
has of finding a nest with nestlings of the respective species. For this 
purpose I took the number of brood-days, i.e., the sum of the numbers 
of days of broods of one species falling within the observation period. 
The period in which Protocalliphora was mainly active was taken as 
observation period. 
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Table 3. Protocalliphora infections in certain bird species during three breeding 
seasons (in %). 

Species 1972 (31-57 April) 1973 (58-75 April) 1974 (40-57 April) 

Nwnber Nwnber Nwnber Nwnber Nwnber Nwnber 
of of of of of of 

brood- in- brood- in- brood- in-
days fections days fections days fections 

Parus major 49.3 58.3 59.6 59.5 45.3 56.0 
Parus caeruleus 18.5 19.4 7.6 4.8 20.5 20.0 
Sitta europaea 16.9 2.8 12.0 11.9 20.5 4.0 
Ficedula hypoleuca 0.2 5.6 20.8 23.8 0.0 12.0 
Parus palustris 10.5 11.1 - - 6.7 8.0 
Parus ater 4.6 2.8 - - 7.0 0.0 

I 100.0 I 100.0 I 100.0 I 100.0 I 100.0 I 100.0 

Note: Theoretically, the nwnbers of infections may have been higher than those 
given, because of the difficulty of distinguishing more than one infection 
per nest on the same day. 

The numbers of brood-days of the various species can now be compared 
with the numbers of infections found with the respective species (TabIe 3). 

Generally, the distribution of the infections over the respective bird 
species and the distribution of the brood-days in our observation period 
were rather proportional. Presumably, we may conclude that Protocalli
plwra does not have a preference for special nestbox-inhabitants. For the 
Nuthatch (Sitta europaea) , proportionality occurred between number of 
brood-days and number of infections only in the relatively late season 
of 1973. In both of the other years the number of infections is far lower 
than would be consistent with the number of brood-days. The cause of 
this phenomenon is not yet clear. In 1974 there were no nestlings of the 
Pied Flycatcher (Ficedula hypoleuca) until the end of the period in which 
Protocalliplwra was mainly active, and the three infections found occurred 
af ter the observation period. 

Reference 

ALTSON, A. M., The Iife-history and habits of two parasites of blowflies, etc. Proc. 
zool. Soc. Lond. 1920, 196-243 (1920). 

3.2. ECOLOGY OF THE COLLARED DOVE, Streptopelia decaocto (J. H. van 
Balen, D. Westra) 

The study on the productivity of the Collared Dove population near 
Ermelo was continued. Besides the routine observations on normal clutches 
(two eggs), some experiments were carried out on the breeding success 
of artificial clutches of three eggs. 

The addition of one egg to clutches in the laying period (i.e., one egg 



Plate 1 - The Collared Dove, St1'eptopelia decaocto and its habitat. 



Plate II - The trampling machine, used in the study on Plantago species, designed by A. J. de Swart of our 
Technical department. 
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laid) resulted in some cases in a 3-egg clutch, but in other cases the fin al 
egg was suppressed. This finding suggests that the number of eggs in a 
clutch is to some extent determined by external stimuli ("indeterminate 
laying"). 

In 4 out of 6 cases the doves succeeded in hatching all three eggs of 
the experimental clutches. The hatching percentage was slightly lower 
than in the 2-egg clutches, but in the absolute sense more young hatched 
from three than from two eggs (2.5 and l.9 young, respectively). However, 
these experiments must be supplemented before definite conclusions can 
be drawn. 

The results reported in the 1973 Progress Report on the successful 
rearing of three young by Collared Doves in the July-August period were 
confirmed by some additional experiments. In most cases broods of three 
young are indeed successfully raised, but these young have a longer 
nestling period than normal broods and the body weight increases much 
more slowly. It could weIl be that the condition of these young at fledging 
is worse than that of young from normal broods. 

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

The field work during the breeding season, intended (among other 
things) to determine the relationships between breeding density, clutch 
size, and laying date, was continued. 

The regular captures of Coots in the Westeinderplassen study area were 
continued. A special effort was made to collect Coots for carcass analysis, 
which we hope wiIllead to a better understanding of the large fluctuations 
in body weight, both between and within individuals. Much time was 
spent on the fust draft of a paper on body weight and its variability in 
the Coot. Some of the conclusions are reported below. 

In any given month, males are heavier than females. The weight differ
ence between the sexes is greatest in the autumn and winter. This also 
applies to differences due to age, the yearling Coots being lighter than 
the older age classes. Furthermore, Coots hatched or breeding in the study 
area have higher body weights than immigrant Coots. 

The body weight is subject to strong seasonal fluctuations, with a peak 
in October-November and a low in January. Dnring the breeding season 
the females show a peak associated with egg-Iaying, and in both sexes 
there is a low associated with the provision of food for the young. Among 
the yearlings those born early have higher weights in their first autumn 
than those born late in the season. 

There are also large annual differences in body weight, especially in 
the autumn and winter. Some of the annual fluctuation is related to 
differences in air temperature in the November-February period. The 
lowest weights occurred in the relatively severe winter of 1969-1970. 
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4. Bird migration 

4.1. SPONTANEOUS MIGRATION ACTIVITY OF CHAFFINCHES IN THE KRAMER 

CAGE (A. C. Perdeck, C. Clason) 

In the preceding report evidence was given that Chaffinches kept under 
a constant daylength of 12 hours do not change their direction choice 
in the June-December period. The duration of these experiments was too 
short to permit final conclusions, but the results do not suggest an internal 
circannual clock related to direction choice. It is more likely, therefore, 
that the shift in this choice is brought about by external factors, for 
instance daylength. 

To study the effect of a changing daylength, the following experiment 
was begun in 1974. Starting at the beginning of the year, one of two 
groups of Chaffinches was kept under the artificial daylength of 60° 
northern latitude (normal group), the other under the daylength of the 
same latitude, but set back six months (season-shifted group). Daylength 
was changed during the season as though the birds were at 60° northern 
latitude. 

From 13 August onward, the direction choice of both groups was tested 
in the solarium mentioned in the preceding report. Each bird was tested 
separately for two days, a bird being taken from each group alternately 
On the fust day the birds were tested without artificial sun; on the second 
day a sun was given during the first four or five hours. This sun followed 
the sun arc on 21 March (or 21 September) at 60° northern latitude. 
Daylength was the same as in the birds living cages. Most individuals 
were tested twice, the first time in the late summer or early autumn 
(13 Augustus- 20 September), the second time late in the autumn (21 
September- 25 October) . Sin ce the directions chosen in the two periods 
were not significantly different, the results are not treated separately. 

For each hour of observation, the direction (hour direction) and the 
length of the mean vector (hour vector length) of the direction choices 
was determined. Hours with less than 100 choices were not taken into 
account. Depending on the activity of the birds, data for 2-5 hours are 
available for each day. The arithmetic mean of the above-mentioned hour 
vector lengths was determined for each day (mean hour vector length 
per day) . The arithmetic mean of these mean hour vector lengths per day 
is given in Table 4 under A (mean vector length per day). 

Both groups of birds were significantly (P < 0.05) more directed with 
sun than without sun. With sun the season-shifted group was significantly 
more directed than the normal group. 

If the length of the vector is disregarded, the mean of the hour directions 
for each day gives a day direction. The mean of these day directions is 
again taken, disregarding the length of the vectors. These mean day 
directions are given in Table 4 under C, and their probability to occur 
under the null-hypothesis (no concordance in day directions, Raley test) 
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Table 4. The effectB of changing daylength on the direction choice (auturnn, 1974). 

Daylength Daylength 
shifted back 6 monthB normal 

(Bpring situation) (auturnn situation) 

+ Bun I - Bun + Bun -Bun 

A. Mean vector length per 
day 0.58 0.30 0.34 0.14 

B. Mean day vector length 0.89 0.85 0.89 0.89 
C. Mean day direction 66° 336° 62° 43° 
D. Probability 

randornneBB C. < 0.005 > 0.10 > 0.10 > 0.10 
Number of dayB 14 12 11 6 
Number of indiviBualB 7 7 4 3 

under D. Only the season-shifted group with sun shows a significant 
concordance in the day directions. This group is in the spring situation, 
and the mean day direction is in the expected NE direction. The normal 
group, being in the autumn situation, was not significantly concordant 
in its day directions. In the mean they also chose NE instead of the 
expected SE direction. Without sun, the season-shifted group was not 
concordant in its day directions. This shows that the artificial sun is the 
directing factor in the choice of the day directions, and that the birds 
react to it as they would react to the real sun. 

The day direction is derived from the hour directions of that day, 
neglecting the length of the vectors of these hour directions. The vector 
length of the day direction gives an estimate of the variation between 
hours, disregarding the variation within hours. The arithmetic mean of 
these day vector lengths are given under B in Table 4 (mean day vector 
length). These mean day vector lengths are fairly high for both groups 
in either of the two situations, which shows that the direction chosen 
is rather constant during the day. The large variation in direction between 
days, except for the season-shifted group with sun (Tabie 4, D), shows 
that although the birds are fairly constant during the day, the individuals 
choose different directions. This means that when the artificial sun is 
shining the birds of the season-shifted group are not more directed during 
the day but are more concordant in their choices between days. This 
difference between the season-shifted group with sun and the normal 
group is peculiar. We do not think it wise to speculate about this difference 
without knowledge about the behaviour of the birds next spring (1975) 
when the season-shifted group wiIl be in the autumn situation and the 
norm al group in the spring situation. 

4.2. EXPERIMENTS ON THE DISCRIMINATION BY THE STARLING BETWEEN 

GEOGRAPHICAL LOCATIONS (A. J. Cavé, C. Bol, G. Speek) 

The purpose and design of these experiments are described in the 1970 
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Progress Report (pp. 55-60). In these experiments the birds were trained 
to obtain food by jumping on one oftwo perches; at The Hague (Monster) 
by jumping on a black perch and at Münster (Gimbte) on a white one. 

The birds were trained alternately at both pI aces, and tests were inter
mingled to obtain information about their performances. To avoid the 
possibility that any af ter-effect of the last training . would increase a 
difference in choice between both places, tests were always carried out 
af ter a training at the other place. However, we did not know whether 
such an af ter-effect would interfere substantially with our results. To 
obtain information about this point, the following experiment was carried 
out. The birds were trained as usu al at The Hague and Münster and were 
tested not at those pI aces but at a place near Arnhem (Terlet), situated 
halfway between The Hague and Münster. The results are given in Table 5, 
separately for each individual tested. 

Table 5. Test results (March-June 1974) at Terlet (near Arnhem) af ter training 
near The Hague (Monster) and near Münster (Gimbte). 

Terlet af ter The Hague Terlet af ter Münster 

Number of jumps Number of jumps 

Ind. black white % white black white % white 
A 1 122 138 53 33 70 68 
B 1 108 52 32 66 47 42 
C 1 127 79 38 39 35 47 
A2 106 51 32 115 109 49 
B2 123 136 53 150 138 48 
C 2 149 123 45 136 140 51 

With the exception of B 2, each bird chose the white perch more of ten 
af ter training in Münster and the black one more of ten af ter The Hague. 
This effect is only significant (P < 0.05) for birds A 1 and A 2. B 2 did 
not choose significantly differently at Terlet af ter The Hague than af ter 
Münster either. This af ter-effect is significant for all birds taken together, 
although B 2 chose significantly different. The other birds did not differ 
significantly in their choices. What could be the reason for the aberrant 
behaviour of B 21 B 2 is the bird longest in use (from 4-11-70 onward), 
followed by B 1 (from 1-12-71 onward). The other birds started their 
training in the summer and autumn of 1972. B 2's long training makes 
it plausible that this bird has learned to make use of the alternation of 
the trainings, although there is no proof that this explanation is correct. 

The aberrant behaviour ofB 2 suggests that the procedure of alternating 
training at two places is incorrect and should be avoided, since it opens 
the possibility for the birds to make use of this information to discriminate 
between the two place. There are other differences during travel and in 
the surroundings at the two places that cannot be avoided, as aresuIt 
of which there is always a risk that the birds wiIl learn to make use of 
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cues not relevant to our problem. The after-efIect of the last training 
mentioned above has the consequence that the difIerences found between 
the choice at the two places in our experiments are smaller than they 
would have been without this after-efIect. In some experiments we found 
a preference for the wrong perch, which might be explained by this 
after-efIect. 

5. Distribution ecology 

5.1. EXPERIMENT ON THE DEVELOPMENT OF REED VEGETATION IN THE 

ZUID-FLEVOLAND POLDER (J. H. Mook, J. van der Toorn) 

In the 1973 Progress Report we outlined the basic idea and the first 
results of an experiment on the influence of certain environmental factors 
on the development of reed vegetation in the IJsselmeerpolders. In this 
experiment the treatments consisting of burning (to control damage by 
larvae of noctuid moths) or not burning (= undisturbed) of the vegetation 
in the early spring were superposed on the artificial maintenance of a 
wet and a dry environment. There proved to be only a slight difIerence 
in productivity between the wet and dry burned vegetations, which means 
that the waterlevel in itself had no great influence in this case. In the wet, 
undisturbed situation, however, the production of both shoot and rhizome 
biomass was lower due to heavy infestation by the stemborer Archanara 
geminipuncta, and in the dry, undisturbed situation the production was 
still lower owing to the damage inflicted by rhizome borers (especially 
Rhizedra lutosa) in addition to that of the stemborer. This trend continued 
in 1974 in the dry, undisturbed treatment. Here, the maximum shoot 
biomass was somewhat higher than in 1973, but still only about half 
that of its burned counterpart, and the rhizome biomass decreased again, 
just as in the two preceeding years. 

In the wet, undisturbed treatment there was only slight damage by 
Archanara in 1974. Maximum shoot biomass was nearly as high as in the 
wet burned treatment, and the rhizome biomass increased by an amount 
of the same order as in the wet burned treatment. Thus, two years of 
heavy infestation were followed by a year with a low degree of infestation, 
and the vegetation seems to have recovered to sorne degree. Although 
shoot biomass and leaf area index were almost the same, there remain 
large difIerences between the wet burned and the wet undisturbed vege
tations in other aspects, mainly the diameter of shoots. The development 
of these difIerences during the course of the experiment will be discussed 
here. 

The experiment was started in the winter of 1971/1972. In the summer 
of 1971 (three years af ter the sowing of the reed on the bare polder soil) 
the reed vegetation was rather homogeneous throughout the area and 
was only slightly damaged by stemborers. During the later years the 
basal diameter of the young shoots present at the beginning of the growing 
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season remained about the same in the burned stands, but in the undis
turbed stands the diameter of new shoots became successively lower in 
the spring of 1973 and of 1974, as can be seen, for instanee, in Fig. lb. 
This is probably a result of the heavy damage (leading to a low leaf area 
in the growing season) inHicted in 1972 and 1973, respectively. At present, 
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we cannot say why the rhizomes fail to make wide buds. This point will 
have to be studied in detailed experiments. 

We also have strong indications that the survival of dense populations 
of stemborers depends at least partially on the quality of reed shoots 
serving as food, i.e., the shoot diameter. We will confine ourselves here 
to the discussion of this influence in the wet undisturbed situation, be-
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cause in that case there is not much interaction with other reed parasites. 
The basal diameter of the reed shoots is fixed from about the middle 
of May onwards. Variations in the frequency of shoot diameters or in 
the mean shoot diameter found in a reed vegetation are due, apart from 
sampling variation, to the growing up of new shoots or the dying of 
existing ones. It is known that the larvae of Archanara, especially the 
later, and thus larger, instars, attack the wider shoots. When a sufficiently 
large variety of shoot diameters is available, hardly any larvae of the 
later instars (during the second half of June) are found in shoots with 
a basa! diameter ofless than 5.5 mm (Mook, 1971). This is not surprising, 
because the larva which lives in the hollow reed shoots, is about 4 mm 
in diameter. 

Because a larva needs at least three shoots to reach the pupal stage, 
it has to search for new undamaged shoots, and before the end of June 
it has to find or inhabit an undamaged wide shoot. It seems safe to assume 
that the chance a larva has to find such a shoot in a relatively short 
time must be dependent not only on the absolute density but also on 
the relative density of such shoots, because the search will be time
consuming when the density of unsuitable shoots is high. 

From Fig. Ic & dit is evident that far fewer wide shoots were available 
in 1973 than in 1972, both in percentage and in absolute number. In the 
course of the season this number falls oir, because shoots are abandoned 
and new shoots infested. In 1972, a minimum was reached in the beginning 
of July, but by then almost all of the remaining larvae had already 
pupated and moved to a basal intern ode of a wide stem that might or 
might not have been damaged earlier. In 1973, a very low number of 
wide shoots was reached as early as the middle of June, and this probably 
explains why no larvae were able to pupate in that year. It is interesting 
to note that in 1974 the number of wide shoots at the beginning of the 
season was still lower than in 1973, but because there were few larvae, 
this number feIl oir slowly and did not reach as low a level as in the 
preceding years, so that a relatively high proportion of larvae pupated. 

Many aspects of the relationship between the quantity and quality of 
reed shoots and stemborer larvae remain to be investigated, but it seems 
to us that the general tendency, as sketched above, is clear. The pattern 
of one or two successive years of very high larval density and damage 
to the vegetation followed by a year of low density was found not only 
in the experimental field but also in a number of other places in the polder 
where the reed grows in a wet environment and consequently Archanara 
is the only important parasite. What is found in the experimental field 
seems to be anormal phenomenon in the early years of reed vegetations 
in a polder. So far, larval or pupal parasitoids have not been found to 
be important in the polder, but at the moment it is not known to what 
extent the polder populations diirer in this respect from long-established 
populations. 
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5.2. MICROMETEOROLOGY (Ph. Stoutjesdijk) 

High 8ur/ace temperature8 

The temperature of many smaller organisms is doubtless closely related 
to the surface temperature of the substrate. For larger organisms, whose 
thermal regime is less directly dependent on this surface, the body temper
ature may still provide valuable indications for the thermal conditions 
of the site, because it reflects, for instance, radiation conditions and the 
strength of convective processes. 

Now that rapid survey of surface temperatures by thermal imaging has 
become possible, an insight into the range of surface temperatures has 
gained added interest. The lower limits of the range were dealt with in 
an earlier Progress Report (1972); here, we shall discuss the highest 
temperatures that can be reached under natural conditions in The 
Netherlands. 

It is weIl known that bare dry surfaces can reach high temperatures 
in the sun. In the course of our work in this field we occasionally measured 
surface temperatures exceeding the ambient air temperature by more 
than 60° C, and the absolute maximum observed was 92° C, which exceeds 
the highest temperature reported in the literature. Since these high 
temperatures hardly seemed possible in terms of energy balance, we 
attempted to analyse the heating of some natural surfaces in an experi
mental setup. Surfaces were heated by mercury lamps giving a radiation 
load comparable to summer conditions in the field, albeit not in the same 
wavelengths, sin ce about half of the radiation consisted of long-wave 
heat radiation, but this was of no importance for our purposes. 

The diagrams in Fig. 2 show the values obtained on dry sand and pine 
needIes, both of which were covered with a thin layer of peat dust to 
make the surface properties identical. The sand was applied in a layer 
15 cm thick, the pine needIes in a 8 cm layer on 8 cm of dry sand. As 
can be seen from the diagrams, the total energy flux absorbed by the 
surface, from both the lamps and the surroundings, leaves the surface 
in three ways. First, there is conduction, which heats up the lower layers 
of the material. The conduction flux was measured with a heat-flow disk. 
Secondly, there is the radiative flux from the surface, which was measured 
with a radiation thermometer (Stoutjesdijk 1974). The third flux is by 
convection, i.e., direct transfer of heat from the surface to the air. This 
enters the balance sheet as a closing item and contains all the errors made 
in the measurement of the total energy budget, the radiative flux from 
the surface, and the conductive flux. The diagrams also include a curve 
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for Llt: the difference between the surface temperature and the air temper
ature, the latter being about 10° C. 

The conduction term is always smaller for the pine needies than for 
the sand, and for both the materials there is a decrease of conduction 
with time and an increase of the radiation and convection terms, i.e., 
a rise of surface temperatures. Af ter 20 minutes the temperature of the 
pine needies has risen to about 52° C, that of the sand to 32° C. This 
is clearly due to the higher heat conduction in the sand. The heat con
duction into both pine needies and sand decreases rapidly, leaving room, 
so to speak, for higher heat losses by radiation and convection, i.e., higher 
surf ace temperatures. In accordance with the higher conduction term, 
the temperatures reached by the sand are about 10° C lower than those 
of the pine needies. 

With the convection term we can calculate the heat transfer number lX 

by division through Llt. This number can also be calculated from data 
in the literature on heat transfer (Monteith, 1973). For the diagrams, 
Llt was plotted such that the convection curve would rougly coincide 
with the curve for Llt when lX had the calculated value. It is clear that 
lX is much lower than the expected value (only about two-thirds of it). 
The experiments were done in a greenhouse where air movement was 
equivalent to a wind of 0.10 mJsec, a situation similar to that in the 
field during still weather under sheltered conditions near the ground. 

We can now analyse the field observations, as we will illustrate with 
an energy balance sheet for an extreme case. The data refer to measure
ments made on August 16, 1973 on the exposed southern slope of an 
anthill situated at the southern fringe of a patch of dense pine shrub, 
which screened the northern sky and parts of the eastern and western 
sky as weIl. The air temperature was 28° C, and the surface temperature 
reached 92° C. 

The solar radiation received and reflected was measured with a Kipp 
solarimeter, the heat radiation with a radiation thermometer. The down
ward heat flux was estimated from the experimental results. The con
vective heat loss was again the closing entry. With a Llt of 64° C, we find 

Table 6. Ba.lance sheet of energy f1uxes at the surfa.ce of an ant hilI. 

Energy f1uxes (in cal/cma min) 

To the surfa.ce From the surfa.ce 

Solar ra.diation direct, Reflected 80lar ra.diation 0.07 
diffuse from sky, and 
reflected from surroundings 1.40 
Heat ra.diation from sky 0.25 Emitted heat ra.diation 1.44 

Heat flux downward 0.08 
Heat ra.diation from Convective heat IOBB 0.41 
surroundings 0.35 

2.00 2.00 
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tt=0.41/64=0.0064 cal/cm2 min °C. This exactly fits the experimental 
results, which is of course fortuitous but in any case makes the measured 
surf ace temperature quite acceptable. 

The balance sheet also shows under which conditions such extremely 
high surf ace temperatures are possible. 

The solar radiation received is strong, partly due to the meteorological 
conditions and partly because the surface is situated roughly perpendicular 
to the direct radiation of the sun. The reflectivity of the surface is very 
low. About half of the sky is screened by the pine shrubs. This means 
that less short-wave radiation is received from the sky, but this amount 
is replaced by reflected radiation, which may be slightly stronger. Calcu
lation and observation showed an extra radiation gain of about 0.01 
cal/cm2 min. Because the shrubs have a much higher radiation temper
ature than the clear sky, the extra radiation gain in the long wavelengths 
is appreciable: about 0.1 cal/cm2 min. The effect of low conductivity on 
the surface temperature is clearly shown by the experiments, as is the 
effect of prolonged heating. FinaIly, the shelter provided by the spatial 
factors of the site means not only that radiation conditions are favourable 
but also that the convective heat loss is low. 

To predict surface temperatures, radiation conditions have to be known 
as weIl as the properties of the substrate and the convective heat transfer 
conditions. Of these, the convective heat transfer is the least understood 
and its importance is not limited to the problem discussed here. 

On the basis of the energy balance of a well-defi.ned surface (black 
plastic foam) determined in the field, we estimated tt under natural con
ditions. We found that under sheltered conditions, open to the sun, wind 
velocities of about 0.2 m/sec, and heat-transfer values around 0.008 
cal/cm2 min °C occur regularly when the wind force is low to moderate 
in the open. This implies that suitable surfaces with a favourable ex
position will rather frequently have a Llt of 50-60° C in the months of 
May to August. ? 

On raw humus and similar surface, in spite of the rainy summer in 
1974, we in fact measured Llt values of up to 60° C and surface temper
atures of up to 75° C. 

For "white" sand with a reflectivity of 25%, we calculated that a 
temperature of about 55° C can be reached at an air temperature of 
20° C, which is in accordance with the observations. 

For the months of November to January it was estimated from the 
radiation conditions that a dark surface of low conductivity could reach 
a Llt of 40° C. This value was actually reached by artificial surfaces. 
Natural surfaces reach a Llt of about 30° C, and usually not more than 
20° C, because surface conditions are not ideal, e.g. as regards dryness. 
With low elevations of the sun these high temperatures are found on 
nearly vertical surfaces, i.e., on the bark of trees. 

As already mentioned, in still air heat-transfer numbers can be con-
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siderably lower than those calculated from the data in the literature. 
On the other hand, the effect of wind is sometimes much stronger than 
expected, and one gets the impression that there may be a rather abrupt 
change from a regime with low heat-transfer numbers and high Llt values 
to a much more effective heat transfer process with low Llt values. For 
comparison, some data from other parts of the world may be given. 
In deserts, high surface temperatures are an essential feature of the 
environmental conditions which are always and everywhere present. Yet 
the absolute maxima are not excessively high, hardly above 80° C, and 
Llt values do not exceed 40° C. This is probably due partly to atmospheric 
conditions and partly to the absence of a suitable surface of dark organic 
material of low conductivity. In the Austrian Alps surface temperatures 
of over 80° C were observed at an air temperature of 27° C. In the central 
part of Sweden surface temperatures of over 70° C were measured on 
raw humus. 

With respect to surface temperatures, the difference between the ex
tremely hot climates and cool to temperate climates is not so much 
in the maxima reached but in the more or less common distribution of 
high temperatures in space and time. 
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6. Ecological dune research (Biological Station "Weevers' Duin") 

6.1. SOME EXPERIMENTS ON THE CALCICOLOUS PLANT CYNOGLOSSUM 

OFFICINALE L. (A. H. J. Freijsen) 

6.1.1. Introduction 

The lime content of the beach and dune sands along the co ast of The 
Netherlands varies considerably. In the northern part of the country, 
i.e., north of Bergen (province of Noord-Holland), the beach sands are 
primarily poor in lime (below 0.5%). In the process of dune succession 
this small amount of CaC03 is rapidly lost by leaching. In this area the 
soH in the inner dunes shows an acidic reaction. The beach sands oc
curring south of Bergen contain, on the contrary, up to 10% CaC03, 

and lime is still be found in the inner dunes (Eisma 1968). 
The plant cover of these coastal regions differs widely. In the northern 

region heaths form a predominant element of the landscape, and in the 
southern region extensive scrubs of Hippophaë rhamnoides are found. In 
the dune system near Oostvoorne many other shrubs (e.g. Crataegus 
monogyna) and trees grow in the inner dunes. The difference in plant cover 
between the two coastal areas is thought to be determined by the difference 
in lime content. 
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Many soil properties are determined by the Iime level. There is a direct 
relationship between Iime and Ca-ions. Calcareous and acidic soils have 
high and low levels of both soluble and exchangeable Ca, respectively. 
This Ca availability is ecologically important (Jefferies & Willis 1964; 
Davies & Snaydon 1973). It may be assumed that the levels of available 
Ca-ions in the Dutch dune soils correspond to the differences in Iime 
content, and that they are the real cause of the above-mentioned difference 
in plant cover. 

In addition to the direct relationship between lime on the one hand 
and Ca-ions and other chemical soil factors on the other, the lime content 
indirectly affe cts the nitrogen status of calcareous dunes. The atmospheric 
nitrogen fixed in the root nodules of Hippophaë rhamnoides is eventually 
supplied to the soil complex, e.g. via fallen leaves (Stewart & Pearson 
1967). The gradual increase in the nitrogen content of the soil covered 
by scrubs of Hippophaë rhamnoides promotes the establishment of nitro
philous plants in the calcareous dunes. 

Oynoglossum officinale L., a typical plant of the calcareous dunes found 
especially in nitrogen-rich environments, is being studied in the laboratory. 
Pilot experiments on the mineral nutrition and growth were carried out 
some years ago (Freijsen 1971). Recent germination and culture experi
ments concerned with the significance of Ca en Nare briefly described 
below. 

6.1.2. Material and metlwds 

Oynoglossum officinale is a biennial herb belonging to the Boraginaceae. 
The culture experiments were carried out with vegetative rosettes. In 
The Netherlands at present O. officinale is restricted almost completely 
to calcareous coastal dunes. This distribution area shows the calcicolous 
nature of the plant. Within the dune system the plant grows in open dry 
places. Luxurious growth is seen where the superficial soil layer is turned 
up, e.g. alongside tracks, near rabbit holes. The disturbance of the soil 
material and the intensive mixing of organic and mineral elements favour 
the mineralization and subsequent nitrification processes. Such soil proper
ties seem to be of essential importance for the occurrence of O. officinale. 

In one experiment O. officinale was grown in nutrient solution with 
varied concentrations of cations. In the germination and the other culture 
experiments, natural dune sands were used as substrates. The sand was 
derived from the calcareous dunes near Oostvoorne, from the transitional 
zone between the calcareous and the acidic dunes (south of Bergen), and 
from the leached-out dunes north of Bergen. Table 7 gives the differences 
in Iime content and nitrogen status. 

6.1.3. Results 

The growth of o. officinale in nutrient solution proved to be decreased 
more by a low concentration of Ca-ions (0.1 m.e./I) than by equal or even 
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Table 7. Properties ofthe dune sands of different origin (with indication ofkm.pile) 
used in the experiments. 

Origin 

Oostvoorne South of Bergen N orth of Bergen 
(km 5) (km 35) (km 31/32) 

CaCOs (%) 6.0 0.5 0 
p HH20 8.3 8.8 5.3 
pHKC1 8.2 8.5 4.1 
Organic matter (%) 1.0 0.6 0.4 
N (mg/l00 g) 27.3 7.8 9.6 

lower (0.01 m.e.JI) concentrations of Mg, K, or Na. In the same experiment 
a high accummulation of Ca (1400 m.e.Jkg d.m.) developed in the plant 
at high extern al concentrations of this cation. It is known that calcicolous 
plants have astrong tendency to accummulate Ca. 

In two experiments the rate and percentage of germination of the seeds 
(strictly speaking, nutlets) of C. officinale were highest on the calcareous 
dune sand from Oostvoorne, and lower on the sand poor in lime. On the 
acidic sand germination took much longer and most of the seeds did not 
germinate at all. These differences did not occur when the tips of the 
seeds were opened before sowing. 

In a comparative experiment with acidic and lime-poor sand the rootlets 
ofC. officinale seedlings grown on the former were shorter and Ie ss branched, 
and the root hairs were poorly developed. I t may be concluded that 
cen elongation in the roots on the acidic sand was hampered by the 
shortage of Ca (Burström 1968). 

On the acidic sand C. officinale seedlings stopped growing quite soon, 
and they died off af ter some time. The rosette plants attained a higher 
yield on the dune sand from Oostvoorne than on the sand from the area 
south of Bergen; the above-ground parts in particular were larger. The 
plants on the Bergen sand showed N-deficiency symptoms in an earlier 
phase of the culture experiments. These differences in productivity and 
vitality were primarily caused by the difference in the N status of these 
soils. 
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6.2. THE INFLUENCE OF TRAMPLING AND SOIL COMPACTNESS ON SEEDLING 

DISTRIBUTION OF SOME PLANTAGO SPECIES SOWN ON PLOTS IN THE 

DUNE AREA OF VOORNE (C. W. P. M. Blom) 

6.2.1. Introduction 

The research on the influence of trampling and soil compactness on 
the distribution of some Plantago species was continued in sowing ex
periments on plots in the dune area of Voorne. Preceding experiments 
(Blom, Progress Report 1973) concerned the influence of trampling and 
soil compactness under optimal and low moisture levels on the germination 
of seeds of Plantago lanceolata, P. coronopus, P. major, and P. media in 
barren dune soils. In the experiments under discussion here the seeds 
were sown on natural dune soils with a cover of other plant species. The 
aim of these sowing experiments is to get an impression of the influence 
of trampling, soil compactness, soil humidity, and competition effects of 
the surrounding vegetation on the emergence and establishment of 
Plantago seedlings. 

6.2.2. Material and methods 
Fourteen plots were chosen in the dune area of Voorne, six of them 

in the middle of paths, five plots on edges of paths, and three on sites 
rarely trodden by men. Some characteristics of the plots are given in 
Table 8. Besides trampling and soil compactness, other factors including 
the soil humidity and the height and coverage of the vegetation layer are 
important for the emergence and development of seedlings. The vegetation 
on paths in the dunes is mostly low, and the soil surface is not entirely 
covered by plants. The herb layer is higher on the edges of the paths 
than on them, and the entire surface is covered by vegetation. 

On sites with loose soil, rabbits keep the vegetation layer open and 
mostly very low. The soil humidity depends on the ground water level, 
the physical and chemical composition of the soil, and the total biomass 
of the vegetation. In choosing the plots an attempt was made to obtain 
some diversity in soil moisture contents. 

In the beginning of April, 1974, the plots (30 x 30 cm) were sown with 
a mixture of Plantago lanceolata, P. coronopus, P. major, and P. media 
(200 seeds of each species) distributed uniformly over the plots. Every 
fortnight the location of the individual plants were recorded on a map 
(scale 1: 1), and the study was interrupted at the end of the growth 
season. For comparison, control plots close to the sown plots were studied 
to get an impression of the spontaneous appearance of the Plantago 
species. 

6.2 .3. Results 

The results of these experiments are shown in Tables 9a, 9b, and 9c 
as the number of living Plantago plants and the percentages of plants 
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Table 8. Survey of the sown plots in the dune area of Voorne. 

Characterization of the plots Site SoU humidity 

scarccly trodden, not compacted, barren soH dune grassland dry 
sca.rcely trodden, not compacted dune grassland dry 
scarcely trodden, not compacted, barren soH dune grassland dry 

edge, sometimes trodden, moderately compacted dune grassland dry 
edge, sometimes trodden, moderately compacted dune grassland moderately humid 
edge, sometimes trodden, moderately compacted dlme slack humid 
edge, sometimes trodden, moderately compacted dune slack wet 
edge, sometimes trodden, moderately compacted dune slack humid 

path, trodden, compacted soil dune grassland dry 
path, trodden, compacted soH dune grassland humid 
path, trodden, compacted soH dune grassland humid 
path, frequently trodden, compacted soil dune slack humid 
path, frequently trodden, compacted soil dlme slack humid 
path, frequently trodden, compacted soil dune slack wet 

which died off during the research period. The percentages of succumbed 
plants were determined in relation to the total numbers of emerged 
seedlings. Seeds of P. lanceolata and P. coronopU8 are able to germinate 
on untrodden sites with a loose, dry soil (TabIe 9a). The data in Table 9b 
show that on occasionally trodden sites with a moderately compacted 
soil, P. lanceolata and P. coronopu8 also occurred more frequently than 
the other Plantago species but had a higher mortality than on loose dune 
soils. Table 9c shows that all four species, but particularly P. major and 
P. media, occur more of ten on compacted and trodden sites than on 
loose or moderately compacted soiIs. 

During the research period P. coronopU8 showed the highest mortality 
of all the Plantago species; the lowest percentages of dead plants were 
found for P. major and P. lanceolata. 

6.2.4. Di8cU88ion 

In field situations the emergence and development of seedlings are 
dependent on the effects of a complex of unknown factors, including the 
quantity of Plantago seeds already present in the plots at the start of 
the research period, the quantity of seeds immigrating into a plot, and 
the quantity of seeds that disappear from a plot during this period. 

Some control plots were investigated to get an impression of the seed
lings naturally present on a site, for comparison with a sown plot. Ac
cording to the findings in the unseeded plots, P. lanceolata had been 
present in the vicinity of all of the experimental plots, P. coronopU8 
occurred in the direct surroundings of plots M2, Ma, V 2, Va, and P. major 
grew sparsely near plots V 4, V 5, and V 6. 

As already mentioned, the combined effect oftrampling, soil compaction, 
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Table 90.. Numbers of living (+) and percentages of dead (- %) Plantago plants 
on the non-compacted sown plots. 

Date 29(4 15/3 27/5 

Species Plot nr. Ol 02 0 3 Ol 02 Os Ol O2 Os 

P . lanceolata + - 11 - 3 17 1 6 16 2 
-% - - - - 5 - - 10 -

coronopus + - - - 7 - - 8 - -
-% - - - - - - - - -

major + - - - 1 - - - - -
-% - - - - - 100 - -

media + - - - 1 - - - - -

-% - - - - - - 100 - -

Date 13/6 26(6 9(7 

Species P lot nr. Ol 02 Os Ol O2 0 3 Ol 02 03 

P. lanceolata + 5 19 2 8 14 5 11 17 8 
-% 16 13 - 11 36 - 8 32 -

coronopus + 10 - 1 9 - 1 17 - 2 
-% - - - 10 - - 5 - -

major + - - - - - 1 - - -
-% 100 - - 100 - - 100 - 100 

media + - - - - - - - - -
-% 100 - - 100 - - 100 - -

Date 22/8 5/9 15/10 

Species P lot nr. Ol 02 Os Ol 02 03 Ol 02 Os 

P. lanceolata + 13 25 21 23 29 25 29 37 27 
-% 27 24 4 20 27 7 18 24 22 

coronopus + 23 7 10 19 2 18 15 9 26 
-% 20 - 9 40 66 5 54 35 19 

major + 4 - - 5 - - - - 3 
-% 20 - 100 16 - 100 100 - I 25 

media + 4 - - 5 - - - -

I 
1 

-% 20 - - 16 - - 100 - -

soil moisture level, and competition of surrounding plants is important 
for the presence or absence of a plant species. Table 10 shows the data 
on some of these factors, together with the total percentages of new 
Plantago plants. In comparison with the other Plantago species, P. lan
ceolata is most tolerant to the factors indicated in Table 10. P . coronopus 
seems to occur in smaller numbers, mainly on partially covered sites, 
and on open dry dune sand soils more frequently than on humid, incom-



Table 9b. Numbers of living (+) and percentages of dead (- %) Plantago plants on the moderately compacted sown plots. 

Date 29/4 

I M5 I Mi 

15/5 

M4 I M5 I Mi 

27/5 

Species Plot nr. Mi I M2 I M3 I M4 I M2 Ma M2 M3 i M4 Ms 

P. lanceolata + 3 2 2 2 1 5 

1 

2 1 6 -

1 

2 2 

1 

3 22 

1 

2 
- % - - - - - - 33 66 14 100 60 50 50 8 30 

coronopu8 + - - 4 35 - - 2 4 41 5 - - - 10 -
-% - - - - - - - 43 35 - - 100 100 85 100 

major + - 1 - 2 5 1 - 1 3 4 - - 2 4 1 
- % - - - - - - 100 - 25 88 100 100 50 50 92 

media + -

1 

- -

1 

2 -
1 

- -
I 

3 2 

I 
- -

I 
- 3 

1 

2 -
-% - - - - - - - - - - - - - - -

Date 13/6 26/6 9/7 

Species Plot nr. I Mi I M2 I M3 I M4 Ms I Mi I M2 Ma I M4 Ms I Mi M2 I M3 I M4 I Ms 

P. lanceolata + 
1 

3 4 

I 
12 22 

1 

2 5 6 8 34 9 

I 
5 5 15 37 8 

-% 50 25 25 40 50 37 16 55 38 18 50 44 46 46 46 

coronopus + 

I 

- 2 1 17 - - - 2 10 - - 3 - 3 -
- % - 50 87 84 100 - 100 80 88 100 - 57 100 96 100 

major + - - 2 2 1 - - 2 2 4 - 1 16 14 1 
- % 1 1~ 100 60 80 92 100 100 33 82 75 100 50 23 33 94 

media + 
I 

- 1 
1100 

1 

I 
- -

1 

2 5 

I 
5 -

1 

- 3 

1 

10 -
- % I 

- - 66 - - - 66 28 - - - 57 23 100 

Date 22/8 I 5/9 1 15/10 

Species_ Plot nr. Mi I M2 I Ma I M4 I Ms Mi I M2 I Ma M4 I Ms Mi MI I Ma I M4 I Ms 

P. lanceolata + 
1 

13 20 1 
10 27 

1 

13 11 

1 

18 9 23 7~ I 
17 18 

1 

9 23 1 7 
-% 35 16 66 64 38 28 33 74 72 51 47 76 78 70 

coronopuB + - 4 - - - - 1 - - - - 2 - - -
-% - 63 100 100 100 - 91 100 100 100 - 84 100 100 100 

major + - - - 1 - - - - - - 1 - - - 1 
-% 100 100 100 95 100 100 100 100 100 100 50 100 100 100 94 

media + 1 - - 1 
100 1 

3 - -
100 I 100 5~ 1 

-
100 1100 

-
-% - - 100 92 - - 100 - 100 

~ 
o 

~ 
fIl 
fIl 

~ 
~ 
~ -co 
-..:a .... 

-o 
w 



Table 9c. Numbers of living (+) and percentages of daad (-%) Plantago plants on the compacted SOWll plots. 

Date 29/4 15/5 27/5 

Species Plot no. VI VI I Va V4 Vs Va VI VI Vs V4 Vs Va VI VI Va V4 
P. lanceolata + 7 1 - 14 6 - 7 6 - 11 16 1 7 3 1 22 

- % - - - - - - 12t 14 - 35 11 - 22 57 - 39 
coronopus + - - 2 82 97 26 8 13 1 66 54 39 - 11 2 26 

-% - - - - - - - - 50 39 54 27 100 38 50 77 

major + - - 3 12 2 23 - 1 2 58 36 34 1 5 9 52 
-% - - - - - - - - 33 16 5 21 - 16 31 50 

media + - - -
1 

4 - - -
1 

- -

1 

16 8 2 -
1 

- -
1 

19 
-% - - - - - - - - - - - - - - - -

Date I 13/6 26/6 

Va I VI 

9/7 

Species Plot no. VI VI Va V4 Vs I Va VI VI Vs V4 Vs VI Vs V4 
P. lanceolata + 5 7 1 25 20 14 I 8 17 1 52 45 16 10 16 3 48 

-% 44 41 - 47 49 171 33 29 50 32 32 38 30 46 40 47 
coronopUB + - 10 1 35 51 24 - 11 - 13 36 9 3 7 2 6 

-% 100 60 80 75 72 72 100 64 100 91 82 90 72 81 71 96 
major + - 4 4 29 26 45 - 1 6 12 19 14 - 8 18 61 

-% 100 42 71 74 61 51 100 87 66 90 77 85 100 50 40 66 
media + -

I 
- -

I 
24 25 

1 

3 -
1 

- 1 18 28 - 2 

1 

3 -

1 

22 
- % - - - 29 16 50 - - - 54 26 100 - - 100 52 

Date 22/8 5/9 15/10 

Species Plot no. VI VI Va V4 Vs Va VI VI Va V4 Vs Va VI VI Va V4 
P. lanceolata + 14 16 I 6 43 39 15 13 11 6 35 38 9 12 16 13 27 

- % 30 54 33 56 53 63 35 71 50 64 58 79 42 64 38 74 
coronopus + - - 2 15 20 5 - 3 - 17 18 1 - 12 - 22 

-% 100 100 77 90 93 95 100 92 100 90 92 99 100 76 100 88 
major + 1 7 18 57 42 32 - 13 18 44 55 34 - 7 17 24 

- % 50 61 48 71 71 74 100 45 55 79 67 75 100 70 60 91 
media + 2 1 1 

I 
9 11 - 2 1 -

I 
13 12 - 1 

1100 
-

I 
10 

-% 33 66 50 78 69 100 33 75 100 72 68 100 66 100 79 

I Vs 
32 
18 
38 
74 
46 
27 
13 

1 
-

Vs 
51 
35 
26 
88 
69 
50 
17 

I 53 

Vs 
39 
61 
27 
89 
23 
87 
8 

1 
80 

Va 
5 

16 
20 
71 

33 
48 
3 

-

Va 
17 
50 

1 
99 
26 
76 
4 

60 

Va 
8 

83 
3 

97 

28 
80 

1 
91 

.... 
o 
"'" 

~ 
~ 
al 
al 

~ 
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Table 10. Some environmentsi factors related to the emergence of Plantago 
seedlings • 

S Soil humidity Emerged plants (%) 
... c:l ..: (% dry weight) ..c:~ ... 
.~ § 

Q) 
bil 

~ 
d _ 

] t ~ 
..c: '$ ~ 8.- llt- ... 
d .! '" '" ~.- ... '" '" '" Ol 0 ... .~ Q) ~.E ~ § f!l Q) Cl) Cl) d Cl) ., 

'S ... al Q) > it.E ..c: ::l al ::l j ~ ..s Cl) bil bIl-
e~ ~ ~ 0 ~ ~ o al 

._ al 

8 iË iË ~ 0 ~ .Ei - > ..c: > 

01 0 0 0.1 - 1.1 6.5 4.4 21.5 16.5 5 2 
O2 5 50 0.2 - 2.0 7.5 4.2 24.5 7 0 0 
Oa 0 0 0.1 - 3.0 16.1 9.9 17.5 16 2 0.5 

MI 15 100 0.5 ± 4.4 39.4 13.7 17.5 0 1 1.5 
M2 15 90 0.7 ± 11.6 46.4 27.1 17 6.5 1 0 
Ma 10 100 0.4 ± 42.8 104.2 70.8 19.5 16 2 0.5 
M4 10 100 0.3 ± 50.8 136.8 93.5 42 45 11.5 6.5 
Ms 10 100 0.3 ± 34.6 95.5 60.1 12 2.5 8.5 2.5 

VI 7 85 0.9 + 0.1 15.2 7.7 10.5 5.5 1 1 
V2 5 70 1.3 ++ 20.5 60.4 43.4 22.5 25.5 12 2 
Va 5 70 1.7 ++ 11.9 75.0 39.2 10.5 4.5 21.5 1 
V. 2 40 1.1 +++ 20.5 76.4 38.7 52 89 99.5 25 
Vs 3 50 1.4 +++ 23.2 41.4 31.4 50 95 85.5 20 
Va 3 40 1.1 +++ 45.3 164.3 93.3 24 51 71 5.5 

• Symbols: trampling: - absent; ± sometimes ; + moderate; + + rather 
frequent; + + + very frequent . 

•• penetrometer v&lues: at a depth of 5 cm (penetrometer units). 

pletely covered sites. There are more P. major plants on trodden, com
pacted, humid, and open sites; and the same holds for P. media. 

For all of the species studied, high percentages of seedlings occurred 
on the paths, probably because trampling led to increased contact between 
the seed surface and the soil, which in turn results in an increase in the 
rate of water uptake. In the absence of trampling, germination of seeds 
landing on compacted surfaces may be reduced, because of the disap
pearance of microrelief during the course of the compaction process 
(Sheldon, 1974). This effect is more important for large seeds like those 
of P. lanceolata than for small seeds like those of P. coronopus (Harper 
et al., 196.5). As compared with the other sites on the paths, plot VI had 
a small number of plants of P. coronopus, P. major, and P. media. This 
was probably due to the higher density of the surrounding vegetation. 
As compared with the other plots on the paths, plot V 6 showed relatively 
few seedlings of all the species under study, probably because of the 
wetness of the soi!. Table 9 shows that increased trampling causes an 
increase in the number of dead seedlings. Under these same conditions 
fewer P. lanceolata plants succumbed than would be expected from the 
results of earlier green house experiments (Blom, Progress Report 1973). 



106 PROGRESS REPORT 1974 

This discrepancy is explained by the fact that the trampling intensity 
in the field is less regular than the simulated trampling applied in the 
greenhouse. It is remarkable that relatively few individuals of P. coronopus 
were present, indicating that the presence of the typical dune species 
depends on unknown factors . There is some evidence that the distribution 
of P. coronopus is related to the presence of shells and mosses. P . media 
was found in the lowest numbers, possibly because this species does not 
occur naturally in the dunes. At the end of the research period the number 
of P. major plants decreased, probably due to shoot mortality during 
the winter. Studies on the emergence of Plantago seeds in the dune 
area will becontinued. 

Reference8 

BLOM, C. W. P. M., The influence of soil moisture and trampling on gennination 
and development of the seedlings of four Plantago species at various 
degrees of soil compactness. Progress Report 1973 Inst. Ecol. Res., 
98-108 (1973). 

HARPER, J. L., WILLIAMS, J. T. and SEGAR, G. R., The behaviour of seeds in soil. 
I. J. Ecol. 53, 273-286 (1965). 

SHELDON, J. C., The behaviour of seeds in soil. lIl. J. Ecol. 62,47- 66 (1974). 

6.3. A NODULATION STUDY ON HIPPOPHAE RHAMNOIDES L. (P. A. 1. 
Oremus) 

6.3.l. Introduction 

A preliminary field survey on Hippophaë rhamnoides has shown that 
the total number of nodules on suckers of the same age varies greatly 
from site to site. The experiment described here represents a first attempt 
to find out whether these differences can be explained by differences in 
the number of infective particles (the infectious state of the root-nodule 
endophyte) in the soil. For this purpose, the nodulation of plants grown 
in soil samples from different habitats was compared with that of plants 
grown in the same samples to which infective particles had been added. 

6.3.2. Material and metkads 

Sample sites 

a. sandy beach, H . rhamnoides absent, 

b. outer dunes with Ammophila arenaria vegetation, H. rhamnoides 
absent, 

c . . inner dunes with H. rhamnoides vegetation, m places where young 
suckers were not nodulated, and 

d. inner dunes with H . rhamnoides vegetation, m places where young 
suckers were abundantly nodulated. 

Plant material 

Sterilized seeds of H. rhamnoides (for techniques, see Oremus, 1971) 
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were placed on 1.75% water-agar in petri dishes. Af ter a 7-day dark 
period (at 28° C) the seedlings were planted in perlite, moistened with 
Hoagland's solution (pH 6.8), held at 28° C, and illuminated continuously. 
Ten days later, when the plants had 1-2 pairs of leaves, they were placed 
in Hoagland's solution; af ter 5 weeks (plants with 4-5 pairs of leaves) 
the root system had developed sufficiently for the nodulation experiment 
be started. During this period, the plants were given 16 hours of illumi
nation in alternation with 8 hours of darkness. 

N odulation study 

Nine l-litre pots were filled with 1700 g soil from a particular site. 
The pots were divided into three groups of three pots each, provided with 

a. 240 mI distilled water, 

b. 240 mI Hoagland's solution (-N), or 

c. 240 mI Hoagland's solution (-N) containing 10 mg ground nodule 
material, i.e., sufficient to achieve maximal nodulation (Oremus, 1973). 

The nutrient solution was added to apply sufficient nutrients, ex cept 
nitrogen, to the soil samples from the different sites. The pots, each 
holding five plants, were placed in a greenhouse. The day temperature 
was about 27° C, the night temperature about 20° C, and the relative air 
humidity 60%. 

Water lost by evaporation was replenished daily. Af ter 100 days the 
newly formed nodules were counted. Dry weight data on nodules and 
plant material were obtained by drying to constant weight at 95° C. 

6.3.3. Results 

The results are presented in Table 11. The nodulation in beach sand 
and sand from Amnwphila dunes was low (column 1), probably due to 
low numbers of infective particles in these soils. This can be concluded 
from the higher nodulation in the treatment with added infective material. 
The nodulation in sand of habitat 3 was a little higher, but (with one 
exception) not maxima!. It is possible that the number ofinfective particles 
in this soil sample was higher than the data suggest, because the addition 
of infective particles has no effect on nodulation. The same holds for the 
sand from habitat 4, sampling depth 0-10 cm. This is possibly due to 
the presence of nodulation-inhibiting elements of a biotic and/or non
biotic nature. The nodulation in sand from location 4 (sampling depth 
about 30 cm) was maximal. This points to the presence of a high number 
of infective particles, possibly introduced by disintegrated, necrotic 
nodules. 

There is a significant negative correlation (P < 0.005) between the 
number ofnodules per plant and the mean dry weight per nodule (column 
3). In spite of this, there is a significant positive correlation (P ~ 0.005) 
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Table 11. Nodulation and growth of Hippophaë rhamnoide8 in soil samples from various habitats. 

Medium added to 
Habitat bl)ê 

.S ~ 
the soil samples 

lt oot 

(1) distilled water 

Sandy beach 0-10 Hoagl. -N··· 

without vegetation Hoagl. + nodule mat. 

distilled water •••• 
(2) 0-10 Hoagl. -N 

Outer dunes with Hoagl. + nodule mat. 
Ammophila arenaria distilled water • ••• 
vegetation ; no 

±30 Hoagl. -N Hippophaë present 
Hoogl. + nodule mat. 

(3) distilled water 

0-10 Hoagl. -N 
Inner dunes with 
Hippophaë rhamnoide8 Hoagl. + nodule mat. 

vegetation, in places distilled water 
where young suckers ±30 Hoagl. -N 
were not nodulated Hoagl. + nodule mat. 

(4) distilled water 

Inner dunes with 
0-10 Hoagl. -N 

Hippophaë rhamnoide8 Hoagl. + nodule mat. 

vegetation, in places distilled water 
where young suckers ±30 Hoagl. -N 
were nodulated Hoagl. + nodule mat. 

• Total dry weight of nodules in 3 pots 
Total dry weight of plants in 3 pots . 

(1) 

Number of 
nodules 
per pot 

13- 23- 24 
9- 25- 13 

400-350-160 

5- 3- 5 

19- 4- 3 
128-137-350 

24- 24- 2 
61- 28- 46 

400-350-375 

77-400- 67 
87- 72- 83 
53- 75- 46 

22- 38- 29 
33- 13- 54 
75- 52- 15 

26- 23- 8 
18- 7- 6 
6- 29- 13 

399-122-400 
436-325-229 
246-320-283 

•• 
••• 
•••• 

At the end of the experiment only 9 plants were left. 
At the end of the experiment only 12 plants were left . 

(2) (3) (4) 

1: * * ·~bO § 
* ;g 

i 1 ä'3 
~~ 

'at ; 
~ ~ 

.., 
o lP j 
Z ~ ~ 8- p. 

105 1.8 3.712 

44 0.9 1.702 
791 ±0.8 9.849 

27 2.1 1.623 

44 1.7 2.128 
411 0.7 8.933 

66 1.3 2.363 
63 0.5 2.377 

373 0.3 7.820 

234 0.4 8.077 
200 0.8 7.117 
169 1.0 5.274 

108 1.2 4.517 
210 2.1 6.476 
139 1.0 3.633 

197 3.5 4.446 
236 7.6 3.980 

119 2.5 3.137 

316 0.3 6.804 
337 0.3 10.519 
306 0.4 4.278 

between the nu mb er of nodules per plant and the total nodule dry weight 
per plant. There is also a significant positive correlation (P ~ 0.005) 
between the total nodule dry weight per plant and the plant dry weight. 
Like those obtained in earlier experiments, these results show the im
portance of good nodulation, in terms ofnumber and dry weight ofnodules, 
for the growth of plants of H . rhamnoides. For maximal nodulation the 
nodule dry weight as percentage of the total plant dry weight varies 
between 3.2% and 8.0% (column 5). 

(5) 

?f2. 
~.., 
1:~ bi) . ... 
. ... lP ; ~ 
lP .., 

'3 ~ 
'g'a 
z'S 
2.8 

0.1 
8.0 

1.7 

2.1 
4.6 

2.8 
2.7 

4.8 

2.9 
2.8 

3.2 

2.4 
3.2 
3.8 

4.4 
5.9 
3.8 

4.6 
3.2 
7.2 
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From the data in Table 11 it is clear that addition of Hoagland's (-N) 
solution had no detectable influence on the nodulation and growth rate 
of the plants. 

6.3.4. l)isc~si~ 

The results of this experiment show that a low nodulation level in 
H. rhamnoides plants is not necessarily caused by a low number of infective 
particles in the rooting medium. Some other possible causes, biotic as 
weIl as non-biotic, can be suggested, such as: 

a. possible nodulation inhibition by other micro-organisms, 

b. the presence or absence of particular chemical substances in the soil, 
and 

c. the physical properties of the soil. 

The role of these biotic and non-biotic factors on the nodulation in a 
given soil is being investigated. 
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History and function of the institute 

The Limnological Institute is situated at Nieuwersluis, a smaU village between 
Amsterdam and Utrecht. In 1957 the institute was founded as a hydrobiological 
institute and was given its present name in 1968. Research is done on the biology 
and chemistry of fresh water, with field objects located in the centre of the country 
as weU as in the northern part of the Netherlands. 

An isolated sandpit (Lake Vechten) and lakes near the river Vecht are the field 
objects in the cent re of the country, near Nieuwersluis. 

In the northern part of the country, research on Lake Tjeukemeer was started 
as part of the International Biological Programme (IBP). IBP meetings were 
organized by the institute in 1966 and 1972. The work on Tjeukemeer was extended 
to cover the lakes of the Frisian polder system, of which Tjeukemeer is a part. 
The research in this area led to the planning of a new laboratory , at Oosterzee 
on the border of Tjeukemeer. The construction was started in 1974. 

The institute also organizes courses and other training facilities in limnology for 
students of the universities. Training and research facilities are also offered to 
scientists from abroad, for which purpose a UNESCO feUowship is available. 

H. L. Golterman and 
R. Soekarjo - di rectors 
C. L. M. Steenbergen 
J. R. Moed 
D. M. Beattie 
Th. E. Cappenberg 
H. de Haan 
R. D. Gulati 

INTRODUCTION 

Scientific Staff 

J. Vijverberg 
W. A. de Kloet 
H. Verdouw 
Miss P. H. Best 
Mrs. M. A. C. I. Blaauboer·Wiercx 
E. J. P. J. Mols 
H. W. de Nie 
J. B . W. Wanders 

The studies on the lakes Vechten and Tjeukemeer were continued and 
the lakes in the Frisian polder system were surveyed as a background 
for the work on Tjeukemeer. The results of earlier work on the lakes near 
the river Vecht are being processed in preparation of further research in 
this area. 

A project on development and morphogenesis of algae directed to 
the analysis of the influence of environmental factors and a project to 
study the biological consequences of the heat disposal of an electrical 
power plant into the lake Bergumermeer were started. 
As this lake is limnologically similar to Tjeukemeer, data from these 
two lakes may be compared. 
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Projectgroup Tjeukemeer 

ABIOTIC ENVIRONMENT (Dr. H. L. Golterman) 

The abiotic factors which change sharply under the influence of water 
current direction were monitored bi-weekly. The equivalent content of 
cations and anions showed only a slight discrepancy. There was an excess 
of cations of 6-8% and 2-6% during winter and summer respectively. 

The chloride concentration increased steadily from 1.4 meq.l-l in 
FebruaryjMarch to 5.4 meq.l-l in early July. This increase continued 
more slowly till the maximum was reached on 10 September. It decreased 
afterwards and the winter value of 1.4 meq.l-l was reached again on 
20 December. In the IJsselmeer-from where water flows into Tjeukemeer 
in summer - a similar pattern is found (an increase of the chloride concen
tration from 5 meq.l-l in winter to 7.8 meq.l-l in summer). These changes 
are less prominent in the Groote Brekken through which the water of 
the IJsselmeer passes before entering Tjeukemeer. Due to the wet autumn 
the direction of the waterflow through the lake was reversed early this 
year, i.e. by 20 September. The sodium concentration changed simul
taneously with the chloride concentration, however, the maximum concen
tration of sodium (5.8 meq.l-l) was 2 meq.l-l lower than the chloride. 
The calcium concentration rose from 2.2 meq.l-l in winter to 3.3 
meq.l-l by 20 September and that of magnesium from 0.8 meq.l-l to 
1.4 meq.l-l. 

The bicarbonate concentration increased from 1.5 meq.l-l on 25 February 
to ab out 2 meq.l-l on 7 May af ter which period it decreased again to 
1.4 meq.l-l in June. From this period onwards there was a slow increase 
to 2 meq.l-l in September. The decrease in June was similar to that in the 
incoming water of the IJsselmeer. Such a sudden decrease is difficult to 
explain. ·The pH varied from 8.0 in February to between 9 and 9.5 in 
MayjJune and decreased to 8.5-9 in AugustjOctober. The silicate concen
tration decreased from about 5 mg.l-1 in February to 9.1 mg.l-1 in April, 
af ter which an unexpected increase continued till the middle of July. 
The autumn increase started early in October together with the early 
onset of the rise in the chloride concentration. The summer increase, 
is related with that in Groote Brekken, which was remarkably sharper 
than in the IJsselmeer. Moed started experiments to study the influence 
of clay (bentonite) on the concentration of silicate in Tjeukemeer. This 
clay absorbed silicate above 10 mg.l-1 of SiOz-Si, but released silicate 
below that concentration. 

The ammonia concentration decreased rapidly in February, probably 
because of nitrification as can be concluded from the nitrite and nitrate 
concentrations. The decrease in nitrate-nitrogen values in MarchjApril 
was concomitant with those of the siIicate. The chlorophyll concen
tration increased more or less exponentially from 10 mg.m-3 in January 
to 150 mg.m-3 in May. In early summer the chlorophyll concentration 
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decreased again to 50 mg.m-a and fluctuated between 50 and 100 mg.m-a 

afterwards. In October/November the winter level of the chlorophyll 
concentration was again reached. 

If we assume chlorophyll to be 1.5% of dry weight and nitrogen to be 
12% of dry weight, the increase of 140 mg.m-a in chlorophyll would mean 
an increase of (8 x 140 mg.m-a) = 1.1 mg.l-1 of particulate nitrogen. As 
the total inorganic nitrogen decreased from 4.5 mg.l-l to about 0.5 mg.l-l, 
about 25% of the inorganic nitrogen is converted into algal nitrogen, 
while 75% was lost. No explanation ofthis phenomenon can yet be offered. 
The oxidation of the ammonia took place in January/February, when 
the water temperature was 4-6° C. The relatively high ammonia concen
tration (100-200 ,ug.l-l), compared with the nitrate concentration during 
summer might be seen as an indication of the rapid recycling of the cellular 
nitrogen. Particulate phosphate remained rather stabie this year ranging 
between 100 and 200 ,ug.l-l of P. During the growing season inorganic 
orthophosphate was never depleted below 5 or 10 ,ug.l-l. The total dis
solved phosphate varied between 50 and 100 ,ug.l-l. The particulate COD 
increased from the winter values between 5 and 10 mg.l-1 of O2 to values 
between 30 and 35 mg.l-1 of O2 in early May and corresponded to the 
chlorophyll a curve remarkably well. The spring increase (about 10 mg.l-1 

of C) is twice the value that can be calculated from the chlorophyll 
concentration. 

In all Frisian lakes studied the ratio Ptot-POrP/chlorophyll was de
termined once a month. Most lakes showed a ratio of about 5 during winter. 
However, Bergumermeer, Gaastmeer, Tjeukemeer and Pikmeer gave 
values of about 13, while for De Leyen this figure was 44.6. From April 
onwards a quotient of 2.0 ± 0.5 is reached-most values varying between 
1.5 and 2.0 in most lakes. De Leyen with values up to 4 was an exception. 
Only in July higher values occurred. Although this value seems somewhat 
high - probably due to humic-phosphate - the rather constant value of 
this quotient clearly indicates that phosphate and the algal chlorophyll 
concentrations in the Frisian area are strongly related. 

BACTERIOLOGICAL AND ECOLOGICAL IMPORTANCE OF RUMIC SUB STANCES 

(Drs. H. de Haan) 

De Haan terminated his biochemical investigations on the ecological 
role of fulvic acids in Tjeukemeer. The results of his research during six 
years is submitted in a thesis. He demonstrated that fulvic acids in fresh 
water are co-metabolized by actively growing bacteria and that this 
biodegradation is stimulated by a priming effect of readily degradable 
substrates like lactic acid and benzoic acid, and might, therefore, depend 
on the productivity of the water. The degradation of aromatic compounds 
by catechol-l,2-oxygenase was shown to be stimulated by the presence 
of fulvic acids, inducing the synthesis of this enzyme. Fulvic acids contain 
changing amounts of covalent bound sugars and amino acids. In summer, 
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when the turn over of sugar and amino acids is high, the amount of both 
substances linked to fulvic acid, is lower than in winter. 

PRIMARY PRODUCTION AND MINERALISATION (Dr. H. L . Golterman, Mr. 
R. F. Liqui Lung) 

The mean value for the gross primary production in Tjeukemeer was 
5.6 g.m-2.d-1 of Oz (18 sampling days), Le. 17% higher than in 1973, 
while the total irradiance was 14% higher. The productivity (g.m-Z) 
during the incubation periods was strongly correlated with the irradi
ance mg Oz/kcal=2.0; a=0.7; n=14). 

Furthermore, the chlorophyll a concentration appeared to be correlated 
with the total irradiance in the fortnight preceding the sampling date 
(mg.m-a of chlorophyll a per 1000 Kcal = 1.7 (a=0.7; N = 15). These facts 
strongly suggest that primary production is controlled either by a constant 
phosphate concentration and by the irradiance, rather than by the nutrients 
alone. If this is true, the correlation between chlorophyll and particulate 
phosphate might be explained by suggesting that the amount of phos
phate fixed in the cells depends on the algal concentration and not the 
reverse. The excess phosphate - the part which therefore cannot be fixed 
biologically - consequently must be adsorbed to the sediments, as the 
orthophosphate concentration is rather low during summer. In agreement 
with this new hypothesis the ratio of particulate-phosphate to chlorophyll 
was higher on the days the amount of chlorophyll per 1000 kcal was 
low, and vice versa. 

If primary production is controlled by light, the production over the 
growing season can be calculated. This value was 1560 g.m-2 of Oz per 
254 days or 6.1 g.m-2.d-1, which figure is 9% higher than the mean 
(5.6 g.m-Z.d-1 of Oz) ofthe sampling days. This indicates that 18 sampling 
days are sufficiently representative for the whole growing . season. 

That light rather than plwsphate may control the primary production 
can only be explained by the high light attenuation coefficient of Tjeuke
meer and the high particulate phosphate concentration. This high concen
tration must be maintained by a rapid recycling both via the algae and 
the sediments. The sediments appear to be a source of phosphate supply 
since the dissolved orthophosphate would otherwise be depleted in a few 
days by the algal growth. Moreover, recycling by algae cannot generate 
sufficient phosphate per day. However, the phosphate concentration is 
rather constant over the year, which may - although less likely - explain 
the constancy of primary production. More data on underwater light 
attenuation would facilitate a statistical analysis of the results. 

The estimation of net primary production remains difficult. The O2 

consumption rates during an incubation period of two hours are much 
higher than during a period of 24 hours. Using dinitrophenol the Oz 
consumption is nearly linear with time up to 48 hours (Oz consumption 
during 48 hrs/idem 24 hrs= 1.9). The present method employing DeMU 
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as an inhibitor of photosynthesis to measure O2 consumption during 2 
hrs in light, may give an overestimate of the consumption rates, so that 
net production found in this way may be very much underestimated. 
Experiments in which the decrease of cellular carbon and organic nitrogen 
was compared with the oxygen uptake were continued. It was again noted 
that the oxygen uptake was relatively higher than could be accounted for 
due to 0 and N decrease. The method must be improved in such a way 
that the changes in the dissolved organic carbon and organic nitrogen can 
be measured as weIl . An interference by dinitrophenol in this estimation 
could not yet be avoided. 

PHYTOPLANKTON ZOOPLANKTON ENERGY TRANSFORMATION (Dr. R. D. 
Gulati) 

Gulati improved his methods for the studies on feeding, assimilation 
and respiration rates of herbivorous zooplankton in the lake (see also 
Vechten) . 

The mean values of dissolved organic carbon in Tjeukemeer during 
the summers of 1972, 1973 and 1974 showed no great differences (between 
13.1 and 13.8 mg 0.1-1). This value is about the same as the sum of the 
organic carbon in the seston and in the zooplankton taken together. The 
mean values for the standing crop of seston during the three summers 
were between 10.3 and 1l.8 mg 0.1-1, comprising about 40% of the total 
organic carbon in the particulate and the dissolved form. The variation 
in the zooplankton standing crop was the greatest. For the three successive 
summers the mean values were: l.68, 0.78, and 0.58 mg 0.1-1 respectively. 

The seston fraction < 15 ft was half of the total seston biomass in 1974, 
and two-third in 1973. Nevertheless, the 140 uptake potentialof this 
fraction measured in the laboratory was 71 % of the total uptake by 
seston and only 52 % in the year before. 

The mean summer consumption rates in the lake varied between 1 and 
l.6 g 0.m-2.d-1. Which means that about 10 to 15% of the total seston 
in the lake, or about 20 to 30% of the fraction < 15 ft, is daily consumed 
by the filter feeders. This daily consumption is about 50% of the daily 
primary production. The assimilation efficiencies were extremely variabIe : 
28 ± 11 % and 48 ± 19% for the years 1973 and 1974 respectively. About 
two-third of the assimilated energy was used in metabolic processes and 
the rest was used for their growth. 

SEASONAL PERIODICITY OF PHYTOPLANKTON (Mrs. Drs. M. A. O. I. Blaau
boer-Wiercx, Dr. J. R. Moed) 

Moed continued his studies on the periodicity of Diatoma elongatum 
and Melosira sp. In spring, numbers of D. elongatum appeared to be 
controlled by wind effects and silicate depletion. No indication has been 
found that dying off caused the fluctuations in the numbers of D. elon
gatum, so that sinking may be one of the controlling factors. In spring 
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D. elongatum remained in the water at low silicate concentrations in 
relatively large numbers for a longer time than M elosira sp. 

Attempts to cultivate D. elongatum in artificial lake water met with 
no success. It seems likely that competition for EDTA between iron on 
one side and calcium plus magnesium on the other side causes problems 
regarding the availability of iron. Attempts were made to prepare a natural 
iron-complex by means of Sephadex and other fractionation techniques. 
Circumstantial evidence indicated that manganese is essential for the 
growth of D. elongatum. 

Good growth of D. elongatum was obtained in a synthetic medium, 
in which ceU numbers double once a day. Some growth occurred at 1125 
Lux, af ter a lag phase of 3 weeks. The growth rates at 2500 and 3000 
Lux were equal (10° C; 10 hrs light). At 5° C growth was observed even 
at about 235 Lux. 

Mrs. Blaauboer-Wiercx investigated the infiuence of environmental 
factors on the growth rate of some Chlorococcales. So far Ankistrodesmus 
sp. and Scenedesmus quadricauda were isolated from Tjeukemeer. 

The effects of a light-dark cycle and of continuous illumination on 
both species were studied in axenic-batch-cultures under different irradi
ance intensities. The growth rate of Ankistrodesmus was higher than that 
of Scenedesmus in aU cases tested. Specific growth constants obtained 
under continuous illumination differed markedly from those obtained 
under a light-dark cycle. The results also suggest that irradiance for 
optimal growth will be lower for Scenedesmus quadricauda than for Anki
strodesmus sp. 

Several species of Chlorococcales from lake Vechten will be studied as 
weU. These studies will be continued in chemostat cultures to investigate 
the effects of temperature, nutrient concentrations and irradiance on the 
specific growth rate. 

PRODUCTION OF CHffiONOMIDS (D. M. Beattie M.Sc.) 

An analysis was made of the larval growth and development rates 
of the four most important chironomid species occurring in Tjeukemeer. 

The duration of the life cycle in Chironomus plumosus and Glyptotendipes 
paripes is controlled by a temperature dependent rate of development. 
In the overwintering generation, development is retarded by the low 
temperature. Growth, however, continues at a high rate, resulting in a 
greater weight at pupation time and consequently larger adult insects. 

The summer generation shows a development at a high rate, and a 
growth at a similar rate to that in the overwintering generation in C. 
plumosus and at an increased rate in G. paripes. In both species the 
pupation weight in summer is approximately 50% Ie ss than th at of the 
overwintering generation and therefore smaU adult insects are produced. 

In Pentapedillum uncinatum and Tanytarsus mancus the development 
also shows a temperature dependent development rate. In these two species 
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a diapause occurs in the second larval instar of the overwintering generation 
from September until April. As the larvae do not grow in this period, 
the pupation weight of the overwintering generation is only approximately 
15% higher than that of the summer generation. 

In the four species mentioned, the regulation of the development by 
temperature synchronizes the emergence of the adults during favourable 
periods ofthe year. The occurrence oftwo and sometimes three generations 
per year in shallow lakes (as contrasted to deep lakes where the temper
ature under the thermocline is low, and only one generation occurs per 
year) , results in a comparatively high chironomid larval biomass pro
duction. This fact is important for the ecosystem budget, especially in 
relation to those fish species that feed on the bottom of the lake. 

POPULATION DYNAMICS AND PRODUCTION OF ZOOPLANKTON (Drs. J. Vijver
berg, Mr. H. W. de Nie) 

Approaching the production problem of a whole lake using a population 
dynamics method, makes it necessary to have a good knowledge of the 
variation of the densities of the species studied. This would make it 
possible to calculate the accuracy of the ultimate production estimate. 
Therefore, a study of the vertical and horizontal distribution of copepods 
and cladocerans in (the shaIlow) Tjeukemeer has been carried out. 
Horizontal variation was caused both by flow of water through canals 
into the lake as weIl as by swarming behaviour of the zooplankton itself. 
In spring, water from IJsselmeer is flowing into the lake. This water is 
very different from the water in Tjeukemeer itself at this time of the 
year. The IJsselmeer water containsless phosphate, less humic compounds, 
more algae and more chloride than the Tjeukemeer water. Together with 
the IJsselmeer water, large numbers of Eurytemora affinis enter into 
Tjeukemeer. Other copepod species and cladoceran species (Bosmina 
longirostris, Chydorus sphaericus and Daphnia hyalina) , also showed 
statistically significant differences in the population densities in those 
two types of water. 

Compared with the results cited in the literature, the intensity of 
swarming in Tjeukemeer is weak. Measured as Lloyd's coefficient of 
patchiness, the rate of swarming showed species specificity. The value 
of the coefficient was positively correlated with the potential increase 
of the species populations. 

Cladocerans did not show any pattern deviating significantly from the 
random distribution. Only adult and sub-adult copepods showed a definite 
vertical distribution pattern as a result of vertical migration. 

In day-time, during calm weather, the majority of the adults and sub
adults stay very near the bottom, where they can not be sampled with 
the Friedinger sampler. During the night they rise to the surface and 
consequently more adults and sub-adults were caught at night (5 times 
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more éM, 10 times more Wand 20 times more W with eggs, than during 
day-time). 

When wind force was above 4 m/sec, there was no difference between 
day and night samples. 

POPULATION DYNAMICS AND PRODUCTION OF YOUNG FISH (Drs. W. L. T. 
van Densen, Drs. J . Vijverberg) 

Using flsh-traps in the littoral area in spring and summer and trawls 
on two open-water points in the lake throughout the year the flsh popu
lation of Tjeukemeer was sampled. Apart from the species and age compo
sition of the catches, growth as a parameter for production was recorded 
for 1+ flsh, while at the end of the year length and weight of 0+ flsh 
could also be determined. The flsh from the flsh-traps was measured and 
weighed to determine the variation in the length-weight relationship 
(W =a.Lb) and the Fulton-index (K) for the different flsh species through
out the year. 

The 0+ flsh was regularly sampled. The growth of smelt (Osmerus 
eperlanus eperlanus) appeared to be poor in comparison with the four 
preceding years, while the densities were greatest in 1974. 

GROWTH AND STOMACH CONTENTS ANALYSIS OF YOUNG FISH (D. M. Beattie 
M.Sc., Drs. W. L. T. van Densen, Drs. J. Vijverberg). 

Different flsh species (0+, 1+) were sampled for stomach content 
analysis. Food analysis as part of an investigation of the factors governing 
the growth of 0+ smelt (Osmerus eperlanus eperlanus) was started. Smelt 
appeared to be a planktivore with a diet of young copepodites at the 
beginning of June and a change of diet consisting of adults of different 
plankton species when the flsh has reached a length of 25-30 mm (mid 
June), with astrong preference for adult Daphnia, as analyzed by the 
use of the Ivlev-index for electivity. During the years 1971 to 1974 good 
growth coincided with astrong development of Daphnia. 

THE FRISIAN LAKES (D. M. Beattie M.Sc., Drs. W. L. T. van Densen, 
Dr. H. L. Golterman, Drs. J. Vijverberg) 

The work on the lakes in the Frisian polder system and IJ sselméer 
as background information for processes occurring in Lake Tjeukemeer 
was continued. Nineteen other lakes were sampled monthly from April 
until November. The phytoplankton of eight lakes in the south-western 
region was determined and showed similar patterns of species during the 
year, with the exception of Gaastmeer. In April diatoms and blue green 
algae occurred in greatest numbers and Oryptophyceae and Scenedesmus 
spp. were also abundant. In the same period IJsselmeer only showed 
great densities ofOryptophyceae and Scenedesmus. In May the Oryptophyceae 
densities were very low and did not occur later in the year. Diatom 
densities decreased much slower. Blue green algae increased considerably 
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Survey of lakes in the Frisian polder system and some of the important canals. 

LAKES; 

1. Bergumermeer 6. Langweerder Wielen H. Slootermeer 
2. De Leijen 7. Koevordermeer 12. Brandemeer 
3. Princenhof 8. H eegermeer 13. Grote Brekken 
4. Pikmeer 9. Fluessen 14. Tjeukemeer 
5. Sneekermeer 10. Morra 15. Gaastmeer 

16. Oude Gaster Brekken 
INLET; 

A. Staveren 
B. Tacozijl 

(Oscillatoria spp. and Aphanizomenon spp.). Oscillatoria reached densities 
above 30.000 threads/ml. 

Ghironomus plumosus densities in the 1973-74 overwintering generation 
were lowest in the northern lakes (Bergumermeer and De Leijen) : about 
100/m2, and highest in the southern lakes (Heegermeer, Fluessen and 
Morra) : ab out 1000/m2 • Princenhof, Gaastmeer and Oude Gaster Brekken 
had densities of about 500/m2• This pattern of population densities was 
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also recorded in the summer generation. In November a population of 
C. plumosus was recorded for the first time in Grote Brekken. 

The lakes were sampled 6 times during the year, for 1+ and older 
fish by means of a trawl. Length of all fish was measured, while in 1 + 
fish weight was also determined for the calculation of condition-indices. 
Length and weight of 0+ fish was determined at the end of the year. 
The portion of bream (Abramis brama) in the catches was considerable 
in almost all of the lakes and the strong yearclass of 1970 was easily 
followed in the length-frequency-distributions. De Leijen had constantly 
greatest numbers of 1+ and also the greatest number of 0+ bream as 
determined at the end of the year. Conditions for growth and development 
of young fish in this shallow lake with astrong development of littoral 
flora and open water vegetation are optimal. 

Five times during the year 0+ smelt (Osmerus eperIanus eperlanus) was 
sampled to follow its growth and to obtain an index of abundance. The 
results wiII serve as a check on a growth model based on Tjeukemeer data. 

In 1975 fish and zooplankton work will be limited to two sampling trips 
(August and November). 

Projectgroup Lake Vechten 

ABIOTIC ENVIRONMENT AND MUD-WATER RELATIONS (Dr. H. L. Golterman, 
Drs. H. Verdouw) 

The routine analysis of the abiotic factors in both epi- and hypolimnion 
in Lake Vechten was continued. 

The first increase ofphosphate just above the mud was found on 28 May, 
i.e. before complete deoxygenation of the hypolimnion. The highest 
concentration above the mud was 650 pg.l-l of P04-P and was found 
on 15 October. At that date the increase found earlier at 1 m above the 
mud had disappeared already, probably due to the downward movement 
of the thermocline. These data suggest a significant upward diffusion of 
phosphate. The upward transport of phosphate may have a stimulatory 
effect on the primary production, which is phosphate limited. Unfortu
nately attempts to improve the technique to measure this effect so far 
have met with no succes. Studies on the adsorption of phosphate on 
the model-clays used earlier met with unexpected difficulties. It appeared 
that the adsorption was much less than during earlier work. Since the 
adsorption capacity was partly restored af ter wetting these clays for some 
weeks, it is likely that the decrease in the adsorption capacity is due to 
weathering during dry storage. The results obtained with mud samples 
from other lakes are in agreement with the earlier findings that "iron 
phosphate" is available for Scenedesmus and can be extracted with 
CaNTA. Calcium phosphate does not seem to be available. Quite different 
results were obtained with sediments from Lake Loosdrecht. These sedi-
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ments adsorb phosphate very strongly and the phosphate in this case 
can neither be used by algae, nor can it be extracted by NTA. This ad
sorption, the mechanism of which can not yet be explained, may be 
important for the relatively low algal growth in Lake Loosdrecht con
sidering the phosphate loading. 

PreIiminary measurements were carried out to measure the concen
tration of organic matter in the interstitial water. Permanganate demand 
was 0.4 meq.l-l under acidic conditions in the cold and 1.8 meq.l-l at 
1000 C. Ceric and dichromate demands were 23.6 and 21.3 meq.l-l re
spectively, at 1450 C (2 hrs) . These figures suggest organic matter concen
trations to be in the range of 300 to 500 mg.l- 1. 

Verdouw continued his research on the factors controlling iron and 
manganese concentrations in the hypoIimnion. The maximal manganese 
concentration (5 mg.l-l) during stratification seems to be regulated by 
the solubility product of MnC03 . This mechanism is active below 8 m. 
Above this depth the concentration is controlled by difIusion from the 
deeper layers with oxygen as the main regulating factor near the epilimnion. 
In 1974 the quantity of exchangeable manganese in the top layer of 
sediments was larger than in 1973, which agrees with the lower amounts 
present in dissolved state in the hypolimnion. The factors controlling 
the iron concentrations are more complicated. Below 8 m formation of 
iron sulphide plays a role, although in this region supersaturation with 
iron carbonate was also found . The solubility product is exceeded to such 
extent that this factor cannot control the iron concentration. Above the 
8 m depth difIusion from the deeper layers, and oxidation by oxygen or 
manganese oxides are important factors . For both elements an estimation 
of the precipitating amounts is essential in order to get a better insight 
in their dynamics. 

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

The mean primary production was 515 mg.m-2.d-1 of C (14C method) 
during the year 1974, about 6% higher than in 1973) 

The productivity (g.m-2) during the incubation period was compared 
with the irradiance during the incubation period (mg eq. 02/kcal=0.45; 
<1= 0.2 n= 17). This productivity is much less than that found in Tjeuke
meer. The chlorophyll a concentration was 0.10 mg.m-3 per 1000 kcal 
irradiance in the fortnight before the sampling dates (<1=0.06; n= 16). 

Realizing the fact that the chlorophyll containing layer is twice as thick 
as in Tjeukemeer the chlorophyll yield per 1000 kcal is only 14% of that 
in Tjeukemeer, due to the lower nutrient concentrations. On 18 April 
and on 1 May high concentrations of chlorophyll were found in the water 
deeper than 5 m (8.5 and 4.2 mg.m-3 respectively). The same was found 
in June, when just above the thermocline, concentrations were found 
twice as high as in the epilimnion. The photosynthetic depth curve did 
not show any deviation from Talling's model, so that these high concen-
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trations seem to reflect no photosynthetic activities. Photosynthetic 
maxima were found at a depth of 6 m in July and August. 

ECOLOGY OF ANAEROBIC BACTERIA (Drs. Th. E. Cappenberg) 

Cappenberg continued his work on the relations between sulphate
reducing and methane-producing bacteria in the bottom deposits (for 
details see Progress Report 1973). 

Continuous culture studies using chemostat technique showed that the 
yield of Methanobacterium sp. was high (37.8 g/mole of acetate). Molar 
growth yield of Desulfovibrio desulfuricans recorded a value of Y G= 30.6 
g/mole of lactate. A production of approximately 30 g bacterial mass 
per mole of ATP seems reasonable, indicating a production of about 1 mole 
of ATP per mole of acetate fermented by M ethanobacterium and a some
what higher ATP yield per mole of lactate fermented by Desulfovibrio. 
Maintenance coefficients were calculated according to the formula of Pirt: 
l/Y = l/Y G+m/", where Y is the observed growth yield, '" is the specific 
growth rate and m is the maintenance coefficient (g substratelg dry 
weight hr), while Y G is the yield under absence of maintenance require
ment. Calculated values for m were 0.53 gIg dry weight hr for Desulfovibrio 
and 0.54 gIg dry weight hr for Methanobacterium. 

The dissimilation rate of intermediates involved in methanogenesis in 
the bottom deposits is the product of their turnover rate times pool size. 
To obtain accurate values of these pool sizes of the lower organic acids 
identification and determination methods for the extraction and quanti
tative estimation ofindividual, volatile free acids from mud were employed. 
Supernatants of centrifuged mud samples were condensed to about one
fifth of their volume by vacuum evaporation, and organic acids were 
concentrated by continuous ether extraction. Acetic, lactic, butyric and 
propionic acid were identified and estimated from these concentrates by 
partition chromatography on cellulose powder columns eluted with 
mixtures of acetone in n-hexane. Furthermore, gas chromatographical 
methods were applied, using columns packed with porous polymer coated 
with phosphoric acid. The fin al determinations were performed with 
specific enzymatic and spectrophotometric methods. 

PHYTOPLANKTON-ZOOPLANKTON ENERGY TRANSFORMATIONS (Dr. R. D. 
Gulati) 

Studies on the dissolved organic carbon and on the phytoplankton and 
zooplankton interrelations in Vechten were continued for the third year 
in succession. 

The concentrations of the organic carbon and organic nitrogen in dis
solved form, seston, and in zooplankton in Lake Vechten showed no 
significant changes during 1972, 1973 and 1974. The mean seston concen
trations during the years 1973 and 1974 were also similar: 0.74 ± 0.2 
and 0.75 ± 0.2 mg C.1-1, respectively. This was equally true for the 



122 PROGRESS REPORT 1974 

zooplankton: 0.16 ± 0.09 and 0.15 ± 0.07 mg C.1-1, respectively, in the 
two years. The nitrogen carbon ratios (%) of zooplankton (24.7 and 
25.9%, respectively in 1973 and 1974 were about 65% higher than those 
of the seston. 

The feeding rates of zooplankton in Vechten are extremely variabIe, 
despite the relative stability of phytoplankton and zooplankton standing 
crops. The range of summer means of zooplankton feeding rates during 
the last three years, 295- 565 mg C.m-2.d-1, is similar to the range of 
primary production rates of phytoplankton in this period, assuming a 
homogeneous grazing rate in time and depth. Between 33 and 40% of 
the ingested food was assimilated and about two-third of this assimilated 
material was respired. The grazing pressure of zooplankton kept the 
seston standing crop to relatively low levels (2 g C.m-2) during May 
to early August 1974. 

The calculation of daily production of zooplankton based on the instan
taneous assimilation (measured during day time) and respiration rates 
on some occasions gave negative results. In some cases this was due to 
scarcity of food. The explanation in other cases probably lies in diurnal 
feeding rhythms and in other sources of food, which need to be investigated. 

SEASONAL PERIODICITY IN ALGAE (Mrs. Drs. M. A. C. 1. Blaauboer-Wiercx, 
Drs. E. J . P. J. Mols) 

As already stated in the part of this report on Tjeukemeer, Mrs. Blaau
boer-Wiercx investigates the influence of environmental factors on the 
growth rate of algae in chemostat cultures. Within the framework of her 
research, she will study several species from Lake Vechten as weIl. Mols 
continued the investigation of the seasonal succession of algae in Vechten. 
In 1973 an algallayer of one to two meter in thickness was observed at 
or about the oxygen zero line. This layer consisted predominantly of 
Oscillatoria agardhii . During the course of the season, this algal layer 
moved upward, together with the raising of the oxygen zero line. In 1974 
this algal layer was again observed. This year, however, Lyngbia ct. 
borgerti was abundant in this layer, and the Oscillatoria spp. occurred in 
much lower numbers. 

DEVELOPMENT AND MORPHOGENESIS OF ALGAE (Drs. E. J. P . J . Mols, 
Dr. C. L. M. Steenbergen) 

Steenbergen started the investigation of the effect of environmental 
factors on the formation of different types of coenobia in Scenedesmus, 
using synchronously dividing cultures. 

Mols started a survey of forms of Ceratium hirundinella and Ankistro
desmus gracilis, in their relation to the depth in the lake and the time 
during the year. An analysis of the conditions under which resting ceIls 
are formed in Pediastrum spp. has also been started. 
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MORPHOGENESIS OF WATER PLANTS (Miss Drs. P. H. Best, Dr. R. Soekarjo) 

In this research group, which was started in 1972, the main aim is 
to investigate developmental processes occurring in aqua tic macrophytes, 
in particular regarding the significance of these phenomena in ecological 
connection. 

Elodea canadensis and Ceratophyllum demersum in Lake Vechten were 
followed in their development throughout the year, both morphologically 
and in chemical content. Monthly samples were taken in situ by scuba 
diving. The caloric values for both species fluctuate very little during 
the year, those of Ceratophyllum being slightly higher. 

In the growing period the nitrogen and protein content is higher than 
in the resting period. In February both species contain their maximum 
amount of starch, which diminishes during the growth period. The sugar 
content is high in JulyjAugust and JanuaryjFebruary, when the plants 
are in dormant form. There is little variation in mineral content, although 
the manganese and calcium values are slightly higher in winter. 

The seasonal variation in auxin and abscisic acid content in Cerato
phyllum was determined as weIl as the responses to addition of hormones. 
The indolacetic acid content was highest in May and much lower during 
the rest of the year. The abscisic acid content decreased from November 
till March showing its maximum value in November and smaller maxima 
in the concentration in May and June. These lower maxima occurring 
af ter periods of high temperature, are suggestive of the importance of 
high temperature for the initiation of the synthesis of abscisic acid. 

The response to added hormones during the course of the year can be 
explained by the internal hormone content at that particular moment. 
Maximum growth of the stem and budinitiation is caused by indoleacetic 
acid addition in February, the outgrowth of buds in April, before the 
maximum content of endogenous auxin is reached. Addition of gibberellic 
acid promotes stem growth as early as in December already. 

Whereas gibberellic acid is still promoting the growth in concentrations 
up till 10-4 M indoleacetic acid in the same concentration of ten causes 
inhibition of the growth. 

Further experiments will be done on the mechanism of dormancy and 
the regulation of the growth by ethylene and interactions with other 
phytohormones. 

The response of Ceratophyllum to light intensity and photoperiod is 
also under investigation. In summer continuous illumination results in 
better growth than a 12 hours light regime, whereas in winter the plants 
disintegrate under continuous illumination. 

R. SOEKARJO 

H. L. GOLTERMAN 
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Publications during the year 1973 

CAPPENBERG, TH. E., Studies on the ecology of sulfate reducing and methane 
producing bacteria in the mud. Verh. int. Verein. theor. angew. Limnol., 
18 (3); 1300. (Abstract) 

GOLTERMAN, H. L., The role of phytoplankton in detritus formation. In: Proceedings 
IBP-UNESCO Symposium on "Detritus and its role in aquatic eco· 
systems", Pallanza, Italy, May 23- 27 , 1972. In : Mem. Ist. Idrobiol., 29 
Suppl.; 89-103. 

----, Deposition of river silts in the Rhine and Meuse Delta. Freshwat. Biol., 
3; 267-281. 

----, Vertical movement of phosphate in freshwater. In: Environmental 
phosphorus handbook; ed. by E. J. Griffith, A. Beeton, J. M. Spencer 
and D. T. Mitchell. New York, London, J. Whiley, 1973. Pp 509- 538. 

----, De invloed van fosfaat op het aquatische milieu. HaO, 6 (17); 430--438. 
- ---, Natural phosphate sources in relation to phosphate budgets: A contri· 

bution to the understanding of eutrophication. 
- - --, R eview of "Nutrients in natural waters; ed. by H. E. Allen and J . R . 

Kramer. New York, J. Whiley, 1972" and "Detritus and its role in 
aquatic ecosystems; Proceedings of an IBP- UNESCO Symposium; ed. 
by U. Melchiorri·Santolini and J . W . Hopton." HaO, 6 (19); 487. 

MOED, J . R., Effect of combined action of light and silicon depletion on Asterionella 
formosa Haas. Verh . int. Verein. theor. angew. Limnol., 18 (3); 1367- 1374. 

SOEKARJO, R . and H. L . GOLTERMAN, Progress Report 1972 of the Limnological 
Institute, Nieuwersluis. Verh. Kon. Nederl. Akademie Wetenschappen, 
Md. Natuurkunde, 2e reeks, 61 (4); 113-125. 

- ---, Limnologisch Instituut. Contactblad voor Oecologen 9, (2); 36-38. 
VERDOUW, H ., Enzymatic NHa- N determination: a specific method for the de· 

termination of ammonia in water and sediments. Water Res., 7; 
1129- 1136. 

WÜRTZ·SCHULZ, G. H., Lijst van publicaties van het Limnologisch Instituut ; 1955-
1973. Contactblad voor Oecologen, 9 (3); 65-72. 

Publications dUIing the year 1974 

CAPPENBERG, TH. E. , Interrelatidns between sulfate-reducing and methane-pro
ducing bacteria in bottom deposits of a fresh-water lake. I. Field obser
vations. Antonie van Leeuwenhoek, 40 (2); 285-295. 

- - --, Interrelations between sulfate-reducing and methane-producing bacteria 
in bottom deposits of a fresh-water lake. 11. Inhibition experiments. 
Antonie van Leeuwenhoek, 40; 297-306. 

----, Ecological observations on sulphate-reducing and methane-producing 
bacteria. J. gen. Microbiol., 81 (2); xii (Abstract) 
and R . A. PRINS, Interrelations between sulfate-reducing and methane
producing bacteria in bottom deposits of a fresh-water lake. 111. Experi
ments with 14C-Iabeled substrates. Antonie van Leeuwenhoek, 40 (3); 
457-469. 

----, Gasontwikkeling in de Nieuwe Merwede. In: Intern Rapport; uitgevoerd 
door het Limnologisch Instituut in samenwerking met Rijkswaterstaat 
Deltadienst; afd. Milieuonderzoek te 's Heer Arendskerke _ 

GOLTERMAN, H. L., Natuurlijke en versnelde mobiliteit van fosfaat. H20, 7 (6); 
1l0--11l. 

- - --, De biologische produktie in het Tjeukemeer. Nederlandse bijdrage aan 
het Internationaal Biologisch Programma, sectie "Productivity fresh-
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water". I. Primaire en sekundaire produktie. II. Tertiaire produktie. 
Vakblad Biol., 54 (7); 112-115 en 54 (8); 136-139. 

----, Nitrogen cycle and blue green algae. H.O, 7 (7); 134-137 en HIO, 7 (8); 
152-155. 

----, Some theoretical considerations of thermal discharge in sha.llow lakes. 
In: Biological balance and thermal modifications; meeting at Versailles, 
October 1973, Institut de la Vie. Amsterdam, North-Holland Publ. 
Comp., 1974. Pp 373-393. 

----, Warme meren, opgewarmde meren en polyfosfaten; verslag van een 
studiereis naar Israël, Versailles, de VS en Canada. HIO, 7 (16); 334-335. 

----, Eutrofiëring, fosfaten, NTA: goede en slechte berichten. (Review of: 
"Phosphate und Wasser" and J. R. Vallentyne. The algal bowl; lakes 
and man. Miscellaneous special publ., Dept. Environment Fish. Marine 
Service, Ottawa. 185 p.) HIO, 7 (24); 536. 

GULATI, R. D., Laboratory methods in secondary production (wlth special reference 
to herbivore zooplankton). Hydrobiol. Bull., 8 (3); 255-268. 

----, Review of "Detritus and its role in aquatic ecosystems; Proceedings of 
an IBP-UNESCO Symposium; Pallanza (Italy), 1972; ed. by U. Mel
chiorri·Santolini and J. W. Hopton." Hydrobiologia, 44; 332-334. 

HAAN, H. DE, Effect of a fulvic acid fraction on the growth of a. Pseudomonas 
from the Tjeukemeer (The Netherlands). Freshwat. Biol., 4 (3); 301-309. 

SOEKABJO, R. and H. L. GOLTERMAN, Progress Report 1973 of the Limnological 
Institute, Nieuwersluis. Verh. Kon. Nederlandse Akademie Wetenschap
pen, Afd. Natuurkunde, 2e reeks, dl. 63. 14 pages. 

STEENBERGEN, C. L. M., The role of light in the life cycle of Scenedesmus obliquus 
(Turp.) Kütz. Utrecht, Elinkwijk BV, 1974.56 pages. Is: Thesis, Utrecht 
3 April 1974. 



DELTA INSTITUTE FOR HYDROBIOLOGICAL RESEARCH 
YERSEKE 

PROGRESS REPORT 1974 * 

In 1957 the Division of Natural Sciences, reacting on an initiative of the Com
mission for Ecology, created an institute, to be established in the deltaic area of 
the 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-a.rm.s 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 
staft', 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 co-ordinated 
eft'ort 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 back
ground 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 afliliation 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. 

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

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

Dr. K. F. Vaas - Director 
F. Vegter - Chemist 

Scientific Staff 

Dr. W. G. Beef tink - Botanist (Phanerogams) 
P. H. Nienhuis - Algoiogist 
R. Pealen - Planktonoiogist (Northern Delta area) 
C. Bakker - Planktonoiogist (Southern Delta area) 
Dr. S. Parma - Experimental Ecologist 
Mrs. C. H. Borghouts - Zoologist 
Dr. W. J. Wolft' - Zoologist 
Dr. A. G. Vlasblom - Experimental Zoologist 
A. B. J. Sepers - Microbiologist 
Miss A. W. Stienstra - Experimental Botanist 

* Publication no. 130 of the Delta Instituut voor Hydrobiologisch Onderzoek, 
Yerseke. 



PROGRESS REPORT 1974 127 

I. Introduction 

This year the staff thoroughly discussed the problem of coordinating 
the various research activities by means of grouping them around some 
central themes, sometimes in collaboration with the work of researchers 
from outside the institute. In doing so, care will be taken not to violate 
the main purpose the institute was established for. During recent years 
the working-team centered round the elucidation of the carboncycle in 
the Grevelingen, has - af ter our opinion - justified its existence and the 
efficiency of this approach. Similarly three staff members engaged in 
botanical research have joined forces and have established a team with 
the object of studying structure and dynamics of salt-marsh systems and 
a couple of other workers did the same concerning their work on inland 
waters. 

This year the controversy around the future of the Oosterschelde 
reached a preliminary solution. The Commission, specially established by 
the Government to study the possibilities of arealistic synthesis between 
the heterofore competing aspects of nature conservancy and protection 
against inundations, published its report in March. It was proposed to 
close the Oosterschelde in such a way that a reduced tidal influence still 
rcmains. Although the essence of the report was greatly valued in many 
circles, serious criticisms were expressed concerning several essential 
aspects. Finally a Government decision was taken to the effect that the 
Oosterschelde is to be dammed up by means of a dam with culverts, 
to be closed in case of storm. Towards the end of the year Parliament 
gave its sanction. 

The Institute has been very much involved in this matter, owing to 
its many contacts, notably with officials of the Ministry of Culture, Recre
ation and Social Affairs. 

In autumn the researchflat "J. C. de Man" was made over to the 
Limnological Institute for thei1' work on the Tjeukemeer and another 
vessel the "Maris Stella" was procured. 

An agreement was reached with the Section Environmental Researeh 
of the Division of Roads and Waterways, stipulating that during 5 years 
the Institute will measure radioactive raruation in their plankton samples, 
with a scintillation counter financed by the Section Environmental 
Research and placed at the Institute. The work carried out for the Section 
will not exceed 50 hours of counting per week, the other hours being 
available for our own work. 

Not much spectacular progress can be recorded in the technical works 
carried out in the area having consequences for our studies owing to the 
changes in the aquatic environment involved. Dredging operations, carried 
out in connection with the construction of the Scheldt-Rhine canal, were 
completed towards the end of the year and the canal is to be finished 
in September 1975. Work in the Oosterschelde comprised reinforcement 
of the bottom and the making of foundations for futur e constructions. 
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II. Research on changes in flora and fauna in specific areas 

The year 1974 was characterized by a mild winter and spring, a cold 
and dry summer followed by a wet autumn and winter. River discharge 
was high towards the end of the year and the locks in the Haringvliet 
were quite of ten open during that period. In spite of improvements 
notably realized in Germany and in spite of the high discharge, the oxygen 
contents of the Rhine still decreased, reaching a minimum value of 2.2 mgfl 
in September, the equivalent of a saturation percentage of 24%. Newly 
established industries and an increased population in the drainage area 
will probably have been instrumental in this respect. 

1. Brielse Meer, Brielse Gat 

Af ter a spring bIoom of green algae and diatoms, in the Brielse Meer 
blue-green algae came to the fore in early summer. Mr. W. Vermeulen 
(Institute for Drinkingwater Research), a guest worker at the institute 
under the auspices ofPeelen, found Microcystis aeruginosa, Aphanizomenon 
jlos-aquae and some other algae in the mud below the water from 2 centi
meters downwards, in March. Even at a depth of 14 cm viabIe blue-green 
algae could be found . His work will be continued. 

In the Brielse Gat this year a thermostratification once more developed 
between April and October with an oxygen concentration in the hypo
limnion of 1 mgfl (5% saturation). A bIoom of Oyclotrichium meunieri 
caused the surface layers to be supersaturated in spring. 

Beef tink still found progressive changes in the phanerogamic vegetation 
of the Groene Strand, caused by the closure of the Brielse Gat in 1966, 
but also partly caused by cattIe grazing. Guided by Beef tink and by 
Mr. D. C. P . Thalen of the International Institute for Aerial Survey and 
Earth Sciences, Enschede, Miss M. Suy (Utrecht) investigated the impact 
of the above influences on the vegetation, using aerial photographs as 
weIl as her own observations in the field. A report is being prepared. 

2. Haringvliet, Spui, Hollands Diep, Biesbosch 

In spite of a shorter residence time caused by heavier river discharge 
the total algal biomass in the entire basin was ab out twice that of the 
previous year, when measured as total quantity of chlorophyll a . The 
spring bIoom consisted of the diatoms AsterionelIa tormosa, Diatoma 
elongata and Melosira varians, but from early summer till autumn blue
green algae were very conspicuous. About twice the number of colonies of 
Microcystis aeruginosa was counted. In the Biesbosch the vegetation of 
creeks increased notably in the central part. In the zooplankton a progress 
towards increasing maturity of this three years old ecosystem could also 
be seen. 

Beeftink's assistant Koutstaal surveyed all permanent squares in this 
area together with the flora of their surroundings. In the future the less 
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time consuming Tansley-method will be used for this work. The reed
and bulrush beIts still shift towards lower zones along the banks and the 
upper areas are now gradually invaded by species adapted to fertile soiIs, 
such as Oirsium arvense. The still remaining halophytes are disappearing 
graduaIly, as weIl as plants characteristic for the brackish tidal zone 
(Althaea oJficinalis). On the creek-banks of the Korendijkse Slikken 
however, this species develops rapidly, but the plants are less sturdy 
than those growing under the influence of the tides. 

3. Grevelingen 

Between 1964 and 1971 the Grevelingen was an open estuary with a 
tidal difference of 3 meters and a very limited and indirect river influence 
via the coastal water of the North Sea. Af ter the closure in 1971 the 
Grevelingen was changed into a stagnant basin with a salinity comparable 
to that of sea water. lts future still remains undecided and possibly it 
will be turned into a stagnant fresh water lake. The working group of 
the institute will make an effort to compare the functioning of the eco
system in each of these stages, in order to elucidate the influence of large
scale changes in entire ecosystems and to establish the most essential 
differences between them. A result of our investigations on the open 
Grevelingen has been the conclusion that this sea-arm may be seen as 
a miniature Wadden Sea, because, as is the case there, the import of organic 
material from the North Sea by means of the tides will also play an 
essential role in the carbon balance of the Grevelingen. The closure of 
the basin offers the opportunity to evaluate this import and present 
research will be focussed on this point. Led by Wolff the team this year 
made a good deal of progress. N ext to these activities it remains the 
task of the institute to registrate and analyse current changes in the 
biota. 

Owing to the heavy rainfall the salinity dropped from 15.50joo CI- in 
January to 14.50joo in November. For phosphorus and nitrogen the maxima 
were found to be 12.6, 27.6 and 9.6 p.gatjl for P-P04, N-NHa and N-NOa 
respectively. The minima for these nutrients were situated at 3.9 P-P04, 

3.2 N-NHa and 3.0 p.gatjl N-NOa. Vlasblom tested the various nutrient 
values found previous to and af ter the closure, on the reliability of the 
differences between surface and bottom strata. Before the closure no 
difference could be found, but af ter the closure higher concentrations of 
NHa and P04 were ususally present ne ar the bottom. Both before and 
af ter NOa and P04 proved to be correlated, but the ratio between them 
changed, phosphates rose and nitrite values dropped af ter the closure. 
His calculations will serve to chose the most reliable and economic way 
of sampling in the future. 

Near Scharendijke this year again a thermostratification developed. 
Peelen found, however, oxygen near the bottom not to be totally exhausted 
this time and no H 2S was detected. lt was found that the phytoplankton 
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sinks to the bottom layers in periods of very low winds. This was the 
case in March 1973, when 70% of the total biomass of the phytoplankton 
was encountered below the 20 meter level in the western part. When 
stratification develops in such a situation a severe oxygen consumption 
is bound to take place, with formation of H2S as aresult. However, in 
spring of this year heavy winds prevailed and the phytoplankton was 
more evenly distributed. 

Notably in autumn, the ciliate Cyclotrichium meunieri, weIl known from 
the Brielse Gat, was also very conspicuous in the Grevelingen. The coccoid 
green algae living in symbiosis inside the cells created locally super
saturation with oxygen during this period. 

On the whole numbers of phytoplankton organisms as weIl as chloro
phyll concentrations were lower than in 1974, probably because insolation 
as weIl as nutrient supply were lower. A difference was observed between 
the plankton over shaIlow parts and that in the water over deep gullies. 
In the later case more true planktonic species are found, in the former 
more littoral species. Total numbers are also higher here. This phenomenon 
was investigated in somewhat greater detail by the student C. Nelissen 
(Wageningen). Along a transect he found at a depth of 0-2 meter mainly 
littoral diatoms, such as Licmophora gracilis and Nitzschia closterium and 
over greater depths more pelagic species, such as Chaetoceros spp. and 
Ditylum brightwellii. Even at high wind both categories remained seperate. 
A statistical analyse, in which also Vlas blom and Peelen took part, based 
on identical samples, revealed that reliable data can be obtained most 
economicaIly by taking 1 litre of water out of 3 identical samples and 
to mix these. In this way routine sampling will be carried out in the 
future. 

Parma's assistant Flohil found that in different regions different popu
lations of a single zooplankton species may be distinguished and that the 
periodicity of these populations may be different. Again Polydora larvae, 
Peridinium species and harpacticides formed the bulk of the zooplankton. 

As a base for the further research into the role of bacteria in the eco
system the chemist C. Wessels, temporarily attached to the staff and 
working under the supervision of Sepers, studied the possibility of using 
the methods indicated by Hobbie and Wright, to measure the activity 
of heterotrophic bacteria in their natural environment. Without changing 
the natural substrate concentration to a marked extent, the respirative 
break-down and the assimilation of selected carbon compounds is measured 
by means of 14C-labeled substances. It proved to be difficult to re cover 
the total amount of 14C introduced initially at the end of the experiments. 
In the case of certain amino-acids a percentage between 70 and 80% 
only could be accounted fol'. Various technical difficulties, in which among 
others, the composition of the counting mixture is involved, could not 
be solved in the short time available for this study. 

Nienhuis and his assistants had studied the distribution and biomass 
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of macro-algae and submerged higher plants in previous years. Zostera 
proved to be the main component. This year changes in biomass of sea
grass were studied in the course of the year by means of monthly samples 
taken from permanent squares. The standing crop of Zostera changed 
from a minimum of about 1 g Cfm2 in January to a maximum of 35 g C/m2 

in July (roots not included). The present population of sea-grass in the 
Grevelingen originated from a population of Zostera marina var. stenophylla, 
a variety mainly reproducing by means of seed and in which rhizomes 
do not stand a good chance to survive during winter. Zostera in the 
Grevelingen forms a sod of roots hibernating in the mud and growing 
out again in spring. In July excessive seed formation takes place. The 
surface occupied by sea-grass did not increase compared with previous 
year. However, the accompanying aigal vegetation, growing epiphytically 
as weIl as on the sand- or silt bottom, changed a lot. Bushes of brown 
algae, with a standing crop locally amounting to 35 g C/m2 in 1973, were 
present with 5% of this value onIy this year. During March and April 
the biomass of macro-algae with maximum development during late 
winter, was estimated. Dumontia incrassata reached a biomass of 15 g C/m2 

locally and Petalonia fascia of 4 g Cjm2 • The total biomass of the macro
algae during winter could be ascertained at 1.2 g C/m2, about 10% of 
the value attained in summer 1973. 

The periwinkie Littorina saxatilis, which disappeared in 1971 shortly 
af ter the closure, returned this year. Mrs Borghouts considers this find 
rather interesting, because this is a viviparous animal and a distribution 
via the sluices at Bruinisse, Iocated in the extreme eastern part of the 
lake seems unlikely. 

Wolft· composed a paper on his results from the period previous to the 
closure and his assistants have now finished the analysis of all samples 
up to the end of 1973. Secondary production on the bottom was found 
to be small in areas deeper than 10 mand may be estimated as under 
1 gram ash-free dry weight per m2. In the shallow parts however, and 
notably in those between 1 and 5 m deep, more than 200 grjm2 is being 
produced, mainly by the mussel Mytilus edulis. Other bivalves, such as 
Oardium edule and Orepidula fornicata, proved to be much less important. 
The student E. J. G. M. van der Schoot (Amsterdam) evaluated the 
role of the starfishes. Their consumption of shell fish amounted to 1.059 
g/m2jyear in 1973 and to 0.402 g/m2/year in 1974 on an ash-free dry 
weight base. 

It follows from the work of the student A. H. van Haperen (Utrecht), 
who studied feeding of birds during late spring and summer 1973, that 
they consurne about 0.4 g ash-free dry weight per m2. However this value 
is bound to increase during the rest of the year. In this as in similar work 
Vlas blom advised on statistical matters. 

As regards mysids, Mrs Borghouts found that Praunus flexuosus is still 
the dominating species, although N eomysis integer and M esopodopsis 
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slabberi are frequently encountered, Schistomysis spiritus and S. kervelli 
are rare. P. flexuosus occurs in differently structured populations along 
the shore and in deeper water. 

Studying changes in demersal fishes Vaas found the fauna of the Gre
velingen proceeding along similar lines as that of the Veerse Meer. Com
paring monthly catches from the period before 1960 with those from 
periods af ter the closure, he found that the number of species of bottom 
fishes dropped from 32 between 1960 and 1970, via 23 in 1973 to 18 in 
1974. The plaice was seen to dominate more and more. The total weight 
of plaice in the catches amounted to 9.5% between 1960-1970 and 28.5% 
immediately af ter the closure. However some years later the following 
percentages were found: 79% in 1972, 85% in 1973 and 66.5% in 1974. 
As a result of heavy fishing - mostly angling by sportsmen - the population 
ofplaice is decreasing rapidly. Two sand-smelts are found in large numbers: 
Atherina presbyter and A. mochon. 

Beeftink's studies on the phanerogams gave the following results this 
year. On the Springersgors the less euryhaline species (Halimione portula
coides, Limonium vulgare) continue to decrease. More euryhaline species 
(Glaux maritima) had been increasing in previous years but seemed to 
loose ground in 1974. Tall herbs, such as Urtica dioica, Cirsium arvense 
en C. vulgare are still expanding and Sambucus nigra, which species invaded 
the salt-marsh from the neighbouring dunes in previous years, lost a good 
deal of its vitality owing to the high salinity of the soil (14-200f0o Cl' 
at a depth of 1 m in May). The leaf borer Gnorimoschema atriplicella 
F.R. affected the leaves of Halimione seriously. On the heavily grazed 
parts of the Slikken van Flakkee and the salt marsh near Battenoord 
vegetational changes are still proceeding. Locally Festuca rubra comes to 
the fore. Some halophytes, such as Halimione portulacoides also suffer 
from grazing. On the small islands in the Grevelingen the soil is still fairly 
saline, except in a shallow upper layer af ter a period of rain, when the 
whole profile is saturated with water and saline - enriched rainwater 
(7-80f0o Cl') flows over the surface into the lake. Halophytes and various 
salt tolerant species increase (Salicornia, Suaeda, Atriplex etc.). Some other 
plants (Poa annua, Matricaria inodora) made their appearance. 

4. Keeten, Krammer, Volkerak 

As river discharge amounted to half the quantity of previous year 
only, less freshwater diatoms were seen in this area. Only Asterionella 
formosa occupied the entire basin in April. Instead of Coscinodiscus con
cinnus, this year various Biddulphia species bIoomed. 

On the salt marshes vegetation has almost reached a sta bIe state. Five 
years ago an increase in tidal range took place and where this exceeded 
40 cm and soil salinity increased changes hardly take place any more. 
This is also the case along Keeten and Krabbekreek where a very slight 
increase in tidal range of less than 15 cm, took place. However, in inter-
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mediate areas shifts in the vegetation can still be observed. Triglochin 
maritima and Halimione portulacoides increase, Armerion-species decrease. 
In the whole area Aster tripolium is declining. 

5. Oosterschelde 

According to Vegter nutrient concentrations in the mouth of the sea
arm are higher during ebb, than during flood-tide but do not change in 
the water of the eastern end of the Oosterschelde. Probably owing to the 
high water temperature of 5-60 in the first three months of the year and 
the sudden rise to 110 in April, the spring diatom Biddulphia sinensis 
grew out already in April, according to Bakker's observations. 

A research team, with Mrs. Borghouts, Nienhuis and Beef tink partici
pating, started a study of the connection in the spatial variations of higher 
plants, benthic algae and molluscs on the one hand and environmental 
factors on the other. In this respect a central question is whether biotic 
structure is an expression of spatial variation within the habitat in a 
gradient situation on a salt marsh. The field work is carried out by a 
team of 9 assistants. From permanent squares chosen so as to represent 
the entire gradient, algae, halophytic higher plants and molluscs are 
sampled on small plots of a minimum surface of 1/16 m2, during one year. 
Although all samples have not been analysed yet, it already became 
apparent that the most instabie environments harbour the lowest number 
of species. This preliminary investigation will be finished next years af ter 
a statistical evaluation has been carried out. The final results will be 
used to decide upon future continuation. 

6. Veerse Meer 

During spring and summer the usual gradual increase in salinity took 
place and a maximum of 13-13.50/00 Cl' was reached in August--Sep
tember. This is slightly lower than in 1973. In September-November 
abnormally heavy rainfall decreased the salinity of the upper layers 
abruptly and in the beginning of November values of 9.50/00 Cl' were 
reached. For the fust time since 1970 the lake was a mesohaline water 
body and is expected to remain in that stage far into the year 1975. It is 
expected that the development of the phytoplankton community will 
resembie that of the years 1969-1970. Again Bakker observed the intro
duction of some new polyhaline-marine species, such as Centropagus 
hamatus, as weIl as the existence of large temporary populations of species 
introduced in 1973. However a future enrichment with marine immigrants 
in 1975 is not likely to occur. 

In the previous year a comparison was made between the phytoplankton 
of the lake and that of a traject of the Westerschelde with similar salinity. 
Again in collaboration with N. de Pauw (Gent), this year the zooplankton 
of both habitats was compared and, as was also done in the case of the 
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phytoplankton, an article was jointly written. The intention is to compose 
a third paper, specially devoted to the copepods. 

The student Mrs. I. van Noordwijk (Utrecht) studied all data about 
vegetational changes observed by Beef tink on the 1Iiddelplaten, with the 
aid of cluster-analysis and principal component analysis with help of Miss 
P . Hogeweg (Utrecht). Thus a clear picture was obtained of changes in 
time and space of the vegetation. She also constructed a map of the 
vegetation on the islands in the lake using Beeftink's data and aerial 
photographs, kindly provided by the Section Environmental Research of 
the Division of Roads and Waterways. Her final report wiIl be ready 
next year. 

Studying ground water relations Daane obtained indications that the 
construction of gravel dams at a certain distance from the shore, exerts 
alowering influence on the salinity of the ground water in the shore area 
during rainy periods, because exchange with the saline lake water behind 
the dams is insufficient. 

On the Middelplaten a number of lichens- Usnea cf. lragilescens Hav. 
ex Lynge, Evernia prunastri (L.) Ach. and Parmelia physodes (L.) Ach. 
and various Cladonia-species - usually are living epipsammically, whereas 
in other habitats these plants are growing epiphytically. The only place 
where a similar situation is found in the Netherlands is on the isle of 
Terschelling. As these spots are frequently visited by cattIe during the 
wet season, eutrophication might begin to interfere and therefore a detailed 
study if this vegetation will be worth while. 

Mrs. Borghouts continued her surveys of the littoral fauna and found 
that former local differences are being smoothed out. Most species now 
occupy the entire shoreline, such as the tropical sessile barnacle Balanus 
amphitrite amphitrite. A succession of mild winters thus far preserved the 
population and an influence via the artificially heated canal through 
Walcheren and the sluices at Veere might also play some part, but it is 
not sure that the population within the lake will prove to be a permanent 
one. For the fust time af ter a couple of years live specimens of Crepidula 
lornicata were found . 

The population analysis of the immigrant fish Gobius niger, carried out 
during 1973 and 1974 was finished and a paper, jointly written by Vaas, 
Vlasblom and De Koeyer, was forwarded to be published in the first part 
of next year. 

7. Westerschelde 

Although the average oxygen concentration off Zandvliet in summer, 
amounting to l.7 mg/l , was somewhat lower than in summer 1973 (2.0 
mg/l), the average winter value of 5.6 mg/l was much higher than in the 
previous year (3.2 mg/l) . Probably strong turbulence of the water caused 
by heavy storms operating around the moment of sampling, is involved 
here, because the loading with organic waste substances did in fact increase, 
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as the sewage pipe of Waarde became operational in September 1973. 
As in December 1974 a 400-MW nuclear power station became operational 
at Doel (Belgium) and the opening of a second similar unit is envisaged 
towards the middle of 1975, oxygen conditions are not likely to improve 
in the future. At the end of the year a three-year cycle of netplankton 
development was completed. Sampling will be stopped in 1975 and the 
results obtained thus far will be analysed. 

In order to evaluate a possible influence of the sewage discharge by 
the Waarde pipe line, samples of the benthic fauna have been coUected 
for a couple of years including the present. An analysis, carried out by 
the student K. Willems (Gent) revealed th at variations in the composition 
of the benthic fauna caused by other environmental factors were so large 
that changes eventually caused by the sewage input cannot be demon
strated in areliabie way by the study of the benthic fauna. 

8. Terrains outside the dykes 

The vegetation of the Kwade Hoek demonstrated the effe cts of higher 
flood levels and increased salinity of the water to an ever increasing extent. 
Various species were seen to retreat (Hippophaë rhamnoides, Lotus tenuis, 
Carex distans) along the ridges and others (Festuca rubra, Juncus gerardii) 
between the ridges. The latter plants are gradually being displaced by 
Salicornia europaea, Aster tripolium and some others. 

9. lnland waters 

The cursory work carried out this year and in previous years on inland 
waters led, towards the end of the year, to the formation of a working 
group in which Parma, Mrs. Borghouts and Vegter together with their 
assistants, participate. Research, previously carried out by Beef tink, 
Nienhuis and W olff will also be incorporated and the chemical analysis 
department, led by Merks, will play an important part. The central theme 
is to be the study of the structure and dynamics of biocenoses existing 
under heavily fluctuating environmental circumstances. This year's re
search, to be related below, is to be regarded as an attempt to collect 
material suitable for a better insight into the problem. 

For this purpose Merks started determinations of Na, K, Ca and Mg 
in brackish inland waters and worked out methods for the measurement 
of sulphate. 

Peelen added the small pool de Waal near Rockanje and the Bernisse, 
an old dammed river meander located between Spui and Brielse Meer, 
to the series ofinland waters studied. De Waal proved to be an oligohaline, 
eutrophic water body with low nitrate contents and a bIoom of Anabaena 
spiroides in summer. The plankton spectrum of both pools was studied 
in different seasons. 

Spatial and temporal variations in various parameters were studied in 
several creeks. The strongly eutrophicated creek Canisvliet offers an 
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example of a wide fluctuation in oxygen content. Undersaturations of 
50 % alternate with supersaturations of 175% in this creek. As was found 
earlier in other ones, this year a stabie salt stratification was encountered 
in a deep creek near Veere. Here a layer of 1.5 m thick with a chloride 
contents of 30f0o, is floating on an under layer of 17% 0 chlorinity con
taining a concentration of S" as high as 300 mg/I. 

Parma and Mrs. Borghouts continued their work on chironomid larvae 
in the field as weIl as in the laboratory. Data kindly provided by polder 
authorities of Walcheren enabled them to calculate the average chlorinity 
of various inland waters over the past 15 years and correlate the distri
bution of various chlronomid larvae with these data. Halophilus-type 
larvae proved to be euryhaline and distributed all over the isle of Wal
cheren, but salinarius larvae are more restricted to water with an average 
chlorinity over 30f0o. Larve of the plumosus- and thummi-type were found 
to favour chlorinities under 30/00 Cl', viz. waters of a oligohaline character. 
Studying the chironomid population in a moat in the Adriaanpolder 
with stratified sampling methods, they found again halophilus-Iarvae pre
dominating, although plumosus-larvae came to the fore towards the end 
of the year and mainly in that part of the moat where hardly any salt
gradient was present in the mud. Various observations gave them the 
impression that the presence of a certain type of larva is mainly governed 
by the environmental circumstances encountered during the earlier stages 
of the life cycle (egg, lst and 2nd instar) . The presence of plumosus-Iarvae 
in numbers is probably caused by the heavy rainfall during autumn. 
During the first months of the year the 3rd and 4th instar larvae of the 
halophilus-type increased till about 10.000 larvae per m2• Probably a 
development of younger stages takes place in winter while those tiny 
larvae are not retained by the meshes ofthe sieves used. Medio November 
many puppae of chironomids were found, which observation corroborates 
the previous hypothesis. Procladius-larvae also showed a slight increase 
in the winter months, but their numbers feIl again in spring probably 
owing to the escape of imagines. 

The student A. Middeldorp (Amsterdam) continued hls experiments 
and observations in the field. Experiments on the influence of salinity 
on the rate of development and on mortality did not give conclusive 
results whereas halophilus-Iarve from the neighbourhood of Yerseke failed 
to develop in water with a chlorinity over 80/00, those from the Adriaan
polder could grow out and develop into imagines at 170f0o Cl', although 
with a heavy mortality. It is intended to repeat and enlarge these ex
periments. 

On 6 different stations the course of the salinity gradient between mud 
and water has been followed the year round. The vertical salt gradient 
proved to fluctuate strongly being best developed inside the bottom mud. 
As chlorinity at the surface and in the water just over the mud did not 
differ very much at all stations examined, an attempt was made to correlate 
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the distribution of various larval types with surface salinity. Preliminary 
results are the following. Salinarius-type larvae are mainly found at 
chlorinities over 40f0o, halophilus-type larvae between 2 and 40f0o and 
plumosus- as weIl as semireductus-type larvae at chlorinities under 2% 0. 

111. Special research projects 

1. Bacteriological research 

Bacteriological work, carried out by Sepers and his assistants, can be 
related under three headings. 

In the first place ammonifying bacteria are being isolated at growth 
limiting substrate concentrations. To this purpose growth is studied in 
a chemostat run at low dilution rate. The medium contains an amino-acid 
as growth limiting substrate, which acid serves as the only carbon-, 
nitrogen- and energy souree. The inoculum is passed through a 3 J..l filter 
before introduction into the chemostat. Af ter 5 to 10 replacements a 
steady state is reached and one species of bacteria clearly dominates. 
Two different amino-acids have been used so far and the isolates are 
being studied. 

Secondly, substrate specificity of ammonifying bacteria is studied with 
19 different amino-acids. This year specificity of about 20 isolates has 
been established. It follows from the results that specificity is rather low. 
Only 3 isolates could use less than 7 different amino-acids, all others more 
than 10. At a later stage sugars and organic acids will be studied along 
similar lines. 

Thirdly, in order to determine the relationship between specific growth 
rate and substrate concentration (Michaelis-Menten curve), the maximal 
specific growth rate is first of all determined in batch cultures. This was 
done on histidine with races isolated on that substance. All strains isolated 
on plates proved to show a higher ,u-max than those in continuous culture 
at low growth rate. The maximum growth rate on various amino-acids 
was determined for 2 isolates with a J..l-max on histidine of 0.32 hr-1 and 
0.14 hr-1• When the entire Michaelis-Menten curve will have been de
termined these and the above results will give some insight into compe
tition phenomena between ammonifying bacteria in their natural habitat, 
but first of all more isolates must be tested. 

2. Benthic algae 

The studies on chromosomes of Rhizoclonium riparium, carried out by 
De Bree, under supervision of Nienhuis, were stopped for the time being. 
The results thusfar, can be summarized as follows. Between populations 
growing on salt marshes and those growing on wooden poles fairly large 
differences had been found in morphology as weIl as in reproduction. The 
purpose of the studies of chromosomes was to decide whether genetic 
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differences might be involved. In the fust place the mitotic index was 
determined. Mitoses take pI ace the whole day and are scattered over the 
entire population. For populations from salt marshes as weIl as for those 
from wooden poles 24 chromosomes were counted during mitosis. However 
the number of countable stages was smalI. No correlation between a 
specific number of chromosomes and a specific habitus of cells could be 
ascertained. 

As cultures had proved that external morphology is largely influenced 
by temperature, investigations in the field were carried out with the object 
to find out whether morphological differences, observed in the field, could 
also have been caused by differences in temperature. 

Although statistical treatment of the results is still to be carried out, 
Nienhuis got the impression that minor differences do exist, which can 
not be explained by differences between summer- and winter temperatures. 

Culture experiments already started in 1973 on the combined influence 
of pH and salinity were repeated this year under more strict circumstances, 
using better technical fascilities. The experiment is still in progress and 
will be terminated next year. 

Nienhuis finished the work on his thesis and the manuscript will be 
forwarded to the printers next January. 

3. Higher plants 

In Beeftink's experiments in permanent squares on the Stroodorpe
polder, where the influence of various cultural practises is being tested, 
vegetational changes continued along the lines already apparent in 1973. 
Halimione portulacoides proved to be most susceptible and is of ten replaced 
by Suaeda maritima in the earlier stages and ultimately by Puccinellia 
maritima. The Puccinellietum maritimae proved to be less susceptible to 
cultural practices, because Puccinellia maritima is a very resistant species 
with great regenerative power. Here Limonium vulgare is the weaker one. 
On places where Puccinellia cannot survive - af ter spraying or mowing
Triglochin maritima will take its place. On the control plots, however, 
Puccinellia and Salicornia increased and Limonium and Triglochin de
creased. Perhaps different hydrobiological conditions in the basin of the 
Oosterschelde af ter the closure of the Volkerak, might be involved. 

The Middelplaten experiments gave the following results. Fertilization 
with 550 kg NJha induced an increase of vegetational biomass and Cala
magrostis epigejos grew out, while Poa pratensis and P. trivialis declined. 
However 175 kg phosphatesJha did hardly influence the vegetation, as 
burning also did. Cutting of sods increased species diversity, but digging 
caused diversity to fall. 

Miss Stienstra started her work on the ecology of halophytes with 
research of a general informative character. I t is her intention to investigate 
the influence of inundation on growth and distribution of halophytes, 
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using as a base ecological field observations gathered by the institute's 
botanists in earlier years. 

Halimione portulacoides was chosen as initialobject. It is a perennial 
plant, mainly found along creeks outside the dykes on weIl drained soil. 
Seedlings are rare as vegetative propagation is the rule. In order to facilitate 
fut ure culturing, the formation of roots on twigs under conditions of 
varying salinity, was investigated in petridishes as weIl as in pots with 
Hoagland-solutions of the appropriate salinity, some of them aerated. 
Seedlings gathered in the field were also cultured at various salinities. 
From seeds harvested in autumn the germination was studied in the 
laboratory as weIl as in the field. In the interest of later studies on the 
salt content and the osmotic value in the press sap of the leaves and the 
influence of salinity of the soil on these parameters, preliminary measure
ments were carried out on suitable localities along Ooster- and Wester
schelde, from where samples were collected and analysed. 

Anatomical studies revealed that in the parenchymatic cells of the 
leaves many cristals are seen, probably oxalates. Gland cells were seen 
in the epidermis and these cells might play a role in the excretion of salt, 
because plants growing on saline media do excrete salt, contrary to plants 
growing on media without salt. 

Miss Stienstra had to spend a good deal of her time making plans for 
the construction of green house space. In consultation with the Academy 
it was decided that, in the near future possibilities wiII be realized to the 
effect that part of her experiments can be carried out in one of the air
conditioned green houses at the moment being constructed at the Acade
my's Biological Station "Weevers Duin" in Oostvoorne, one ofthe stations 
of the Ecological Institute. This year a small green house, without fasci
lities for controled climatic conditions, wiII be built at Yerseke. 

4. Zoological investigations 

Part of the taxonomical-ecological studies carried out by Bakker and 
his assistant Phaff, concerning Tintinnidae was used for a paper on the 
genus Tintinnopsis. The manuscript was finished toward the end of the 
year and wilI be forwarded for publication in January 1975. The results 
drawattention to the fact that local populations of Tintinnopsis species 
are characterized by a large individual variation as regards the shape 
to the lorica, and notably its aboral end. Oral diameter, on the other 
hand, proved to be a much more stabIe character. The many forms ob
served can be classified in the following 7 species: T. baltica Brandt, T. 
beroidea Stein, T. campanula (Ehrbg.) Daday, T. cylindrica Daday, T. 
fimbriata Meunier T. lobiancoi Daday and T. turbo Meunier. T. beroidea 
is the most varia bIe species, the most stabIe ones are T. cylindrica and 
T. fimbriata. 

Field observations carried out earlier, had given Mrs. Borghouts the 
impression that mysids might be dragged along with the tidal current 
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under certain circumstances. For this reason she and her assistants carried 
out some experiments at the Netherlands Institute for Sea Research at 
Texel, with the instrument designed and used by Dr. F. Creutzberg for 
his research on dispersion of D.sh larvae. The preIiminary conclusion of 
her experiments is that mysids are dragged on by currents of a certain 
velo city and that the animals can resist displacement better in media of 
high than in those of low salinity. Further experiments will have to be 
carried out. 

Vlasblom and his assistant Rozing continued their eco-physiological 
work on animals from the Delta area. Respiration of N eomysis integer 
was measured at 5 and 10° C, and that of Praunus flexuosus at 5-10-15 
and 20° C, both animals were tested in saIinities ranging from 0.5 to 
20%0 Cl'. At 5° Neomysis shows a stronger respiration than Praunus of 
the same weight over the entire saIinity range. At 5° C the increase in 
respirative activity from 10 to 200/00 Cl' is more rapid in Praunus than 
in N eomysis. In tolerance experiments in combinations of salinities be
tween 0 and 200/00 Cl' and temperatures between 5 and 20° C, Neomysis 
proved to survive better at low salinities than Praunus. The eco-physio
logy of both animals was studied in greater detail by the student H. 
Elgershuizen (Nijmegen) and Vlasblom intends to pubIish his results the 
next year. 
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