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On the 1st of January 1977 the Netherlands Institute for Brain 

Research commenced operations as an institute of the Royal Aca

derny of Arts and Sciences (KNAW). Although 'some aspects of the 

research undertaken are new to the Institute, its history goes 

back more than 70 years. 

Historical background 

At a meeting of the International Association of Academies 

held in Paris in 1901, the anatomist Wilhelm His proposed that 

research into the nervous system be placed on an international 

footing. This resulted in the formation in 1904 of the Inter

national Academies Committee for Brain Research, which set it

self the task of "organizing a network of institutions throughout 

the civilised world, dedicated to the study of the structure and 

function of the central organ ... " The committee pointed out 

that "the time is not far distant when the study of the millions 

of brain cells will have to be divided amongst researchers in 

the way that astronömers have been obliged to divide the millions 

of stars into various groups. The committee also wished " .. . to 

introduce order into the chaos brought about by the gradually 

increasing confusion because of differences in nomenclature 

They hoped to be able to persuade governments to establish 

Academy institutions for brain research. The first country in 

which their efforts were successful was the Netherlands. 

In 1905, on the basis of a report drawn up by C. Winkler and 

L. Bolk, the KNAW approached the government with the request 

that a national Central Institute for Brain Research be set up 

in Amsterdam. Following the governmen t consent, the municipality 

of Amsterdam provided a building and research material, and the 

government provided the Dfl. 10,000 required to equip a labora

tory and an annual Dfl. 14,300 for salaries and other running 

costs. The Netherlands Central Institute for Brain Research 

opened on the 8th of June 1909; it was housed in a wing of the 

newly erected Department of Anatomy and Embryology of the 

Municipal University of Amsterdam, and was the first institute 

for pure research in the Netherlands. 

The first director was Dr. C.U. Ariëns Kappers, who later com

bined this post with an "extraordinary" professorship at the 

University of Amsterdam. He gained international fame with his 

work in the comparative anatomy of the nervous system. A con

siderable number of the human and animal brains used in his. 

research are essential for the understanding of the normal and 

pathological structure and function of the nervous system. That 
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his contention is still valid, is evident by the central place 

this approach occupies in the research program of the institute 

to-day. In 1923, to make the staff eligible for state pension, 

the Institute formally became a State Institution by Royal 

Decree; the supervision, however, was left in the hands of the 

KNAW. 

Dr. Ariëns Kappers died in July 1946 and was succeeded by 

Dr. B. Brouwer, whose principal field of study was pathological 

anatomy. He had previously been an assistant director of the 

Institute, and was professor of neurology at the University 

of Amsterdam at the time of his appointment. A member of his 

staff, Dr. J. Drooglever-Fortuyn, who was later appointed profes

sor of neurology at the State University of Groningen, intro

duced electrophysiology to the Institute's field of research. 

Professor Brouwer died in 1949. In response to a proposal put 

forward by the .. supervisory committee , the government agreed 

to a reorganization and expansion of the Institute designed to 

allow for the gradual setting up of a number of departments and 

thus for a multi-disciplinary approach to brain research. It 

was felt that in this way the original aims could be more readi

ly achieved. 

In 1952, Dr. S.T. Bok, professor of histology at the State 

University of Leiden, was appointed director. Shortly af ter

wards he was also appointed "extraordinary" professor of neuro

biology at the University of Amsterdam. One of the pioneers of 

quantitative analysis of the cortex, Professor Bok, actively 

encouraged multi-disciplinary research at the Institute. He re

tired in 1962 and was succeeded by Dr. J. Ariëns Kappers, pre

viously professor of anatomy and embryology at the State Univer

sity of Groningen. The University of Amsterdam appointed him 

"extraordinary" professor of neuroanatomy. His special fields 

of study were the circumventricular organs and more particu

larly the pineal gland. Under his direction, research into the 

structure and function of the pineal gland became an important 

part of the Institute's work. He was due to retire on the lst 

of August 1975. 
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Recent history 

When professor Ariëns Kappers tendered his resignation a year 

or sp before his official date of retirement, a procedure was 

set in moti on to appöint his successor . On the 26th of November 

1974, the section of sciences of the Royal Academy of Arts and 

Sciences wrote the Ministry of the recommendation of · the super

visory committee and the representatives of the Institute, pro

posing Dr. H.G.J.M. Kuijpers, professor of anatomy at the Erasmus 

University in Rotterdam, as the next director. However, on the 

day on which professor Ariëns Kappers was due to retire, his 

successor had still not been appointed because of discussions 

about building plans, guarantees for the budget and special 

research facilities for professor Kuijpers not being finished. 

The ret iring director was asked by the Ministry to remain at 

his post for a further two months or for such shorter period as 

may be sufficient to appoint a successor . 

On the 15th of August 1975, the director was unexpectedly and 

verbally inform ed by the secretary of the supervisory committee 

that the government had decided to close the Institute as from 

the lst of January 1977. On the 27th of August 1975, the Director

General of Higher Edu cat ion and Research, together with the 

head of the personnel department of the Ministry of Education 

and Science and members of the supervisory committee, conveyed 

to the staff of the Institute the government's decision (which 

apparently was taken without prior discussions with any of the 

many scientific bodies available for consultations) and a letter 

was re ad aloud to them from Dr. G. Klein, State Secretary for 

Education and Science , stating that financial problems forced 

the government to cease the activities of a number of medium

sized research-institutions. The reasons given for the c losure 

of their own Institute wer e that it no long er fulfilled its 

original " centrai" function, that the staff turnover was too 

high, and that the Institute could be transformed into an effec

tive one only if new premises were built, staff structure were 

changed and substantial additions were made to the equipment. 

On that same day, the staff set up a committee which set out 

to do everything possible to have the decision reversed: a memo

randum and a subsequent detailed report were submitted in which 

the validity of the reasons underlying the decision was contested 

They we re both sent to the parliamentary standing committee for 

education, science research and development, and a delegation 

from the Institute attended a hearing held by the committee on 

the 15th of December 1975 . The Institute received a large number 
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of letters of support and declarations of solidarity with its 

effort to continue its research from universities, scientific 

institutions and individual researchers from all over the world. 

Dr. D . F. Swaab, a member of the staff, was appointed acting 

director by Dr. G. Klein on the lst of November 1975. Representa

tives of the Institute and governing board of the Academy had 

several discussions with Dr. Klein and, af ter much effort, par

liamentary support for the Institute was pledged in the form of 

an amendment deleting th e term "liquidation" from the budget 

thereby enabling the Institute to carry on its activities in 

1976, and in the form of a motion formulated to prevent a similar 

situation arising in the future. The form in which, and the 

extent to which the Institute could continue its research, was 

made dependent upon the findings of an evaluation committee con

sisting of profess o r H. B . G . Casimir (chairman), professor D. de 

Wied and professor J. Joosse. 

The Casimir Committee' s r e port was pr e sented to the State 

Secretary in February 197 6. It stated that various elements of 

the research condu c ted by the Institute was unquestionably of a 

very high standard, and recommended that the various lines of 

investigations be grouped under one central research-theme en

titled "maturation and adaptation of the nervous system" . This 

would not only be unique as far as the Netherlands was concerned, 

but would also be of considerable social relevance. The work was 

to be planned around fi v e research-groups, composed of scientists 

with highly di v ergent ba c kgrounds such as biologists, physicians, 

biochemists, physicists, engineers and psychologists. A committee 

called "Recon" was put in charge of carrying out the Casimir's 

Committee ' s recommendations and to study the possibilities of 

transfer of those researchers who could not be placed in the 

new formation . For the next five years , the formal status of the 

Institute, now named the "Netherlands Institute for Brain Re

search" will be that of an Academy Institute, as it was fifty 

years ago; the continuation of the research program itself has 

been guaranteed indefinitely beyond the five years mentioned 

above. 

The members of Recon, appointed by Dr. Klein (viz . the two 

representatives of the Ministry Drs. J.A.M. Goemans and F . G.E. 

van Haersma Buma, the acting director of the Institute Dr. D.F. 

Swaab, the observer representing the professional bodies Drs. 

W.L. Bakhuis and the two scientific advisors Prof. Dr . D. de 

Wied and Prof. Dr . J. Joosse) were relieved of their duties upon 

completion of Recon's tasks on the 21st of June 1977. 
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A committee consisting of Prof. Dr. H.B.G. Casimir (chairman), 

Prof. Dr. R.A. Crone (representing the medical faculty of the 

University of Amsterdam), Prof. Dr. J. Joosse, Prof. Dr. A.H.M. 

Lohman, Dr. F.H. Lopes da Silva and Prof. Dr. D. de Wied convened 

several times in 1977 in the presence of the director of the 

KNAW (Mr. J.Th.A. Klarenbeek) , the acting director of the Insti

tute (Dr. D.F. Swaab) and his manager (K.E. de Roos) and initi

ated a selection procedure laid down for the appointment of a 

director of the Institute, who would also occupy the chair of 

neurobiology at the University of Amsterdam . 

In accordance with the Casimir Committee's recommendations the 

central research theme is being investigated by five multidisci

plinary research groups: I. Adaptability of the nervous system 

of adult organisms; II. Interaction of nerve cells and behavior 

during maturation; lIl. Interaction of the nervous system and 

hormones during maturation and adaptation; IV. Development and 

correctabi lity of behavior patterns; V. Neurophysiological 

aspects of the maturation and adaptation of the nervous system. 

The reorganization of the Institute had important consequences 

regarding the personnel situation and the research projects . 

Several projects could largely continue their original research 

aims within the framework of the present five groups, others 

had to initiate a new program within the central theme , while 

those who could not continue their work at the Institute, could 

be transferred, at least for the next five years, to various 

University Departments. The present progress report will thus 

reflect not only the results of the first year of reorientation 

around the central theme, but also the completion of various 

projects that will be discontinued . Apart form the research 

data obtained by the Institute's research groups, and their 

Servicing departments, assistents, guestworkers, students and 

apprentices, several other aspects of the Institute-members' 

research and teachings are mentioned in this report, such as 

the papers that were read, the seminars and lectures that were 

given, the working visits and conferences that were attended, 

the visitors, mainly from 3broad, their seminars and the post

graduate activities ( e .g. the Xth International Summerschool 

of Brain Research and a postgraduate course in neuroendocrinolo

gy). Concerning the equipment it is worth mentioning that the 

Institute's computer has been reconditioned in 1977, and approval 

was obtained from the Ministry to replace the old el e ctronmicro

scope in the years 1978-1979. 

D.F. Swaab 
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GROUPS AND PARTICIPANTS 

Director: vacancy (acting director: Dr. D.F. Swaab) 

Manager: K.E. de Roos 

I . Adaptability of the nervous syst em of adult organi sms 

(including histological technicum) (p. 9 ) 

Dr. H . B.M. Uylings ( leader) 

Drs. K. C. Hodde 

vacancy 

Drs. W. A.M. Veltman 

I. Mataw 

B.M. Przybylski-Zweesaar dt 

A. de Ruyter 

M.A.P. Vrielink-Van Dam (u ntil September 1977) 

II . Interaction of nerve cells and behavior during maturation 

(including d e partment of e l ectron microscopy) (p . 1 5) 

Dr. M.A. Corner ( leader ) 

Dr. R.E. Bak e r 

Dr. W.L . Bakhuis ( until Septemb e r 1977) 

Drs. H. Bour 

Dr. H.J. Romijn (head , dept . of e l ect r on mi croscopy) 

M.T. Mud 

A.Ph.J. Richt e rs 

P. Wolters 

III . Interaction of the nervous system and hormones during 

maturation and adaptation (p . 22) 

Dr. D . F . Swa ab ( l eader) 

Dr. G. J . Boer 

Dr. K. Boer 

Drs. R.M . Buijs 

Dr. J. Dogt erom 

Drs. F . W. van Leeuwen 

J.W.L. van Buuren -N o lt en 

B. Fisser 

C . de Raa y 

C.M.F. van Rheenen-Verberg 

F.G.M. Snijdewint 
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IV . Development and correctibifity of behavior (p . 38) 

Dr. N.E . van de Po l l (leader) 

Dr. J . p . e . de Bruin 

Drs . J.G . van Oyen 

vacancy 

T . Dijkstra 

V . D.J . Nolten 

V. Neurophysiological aspects o f the maturation and adaptation 

of the nervous system (including computer depar t ment) (p. 49) 

vacancy (leader) 

Ir . K . Kuypers (acting leader, head computer department) 

Drs . e.v. de Blécourt 

vacancy 

R.M. Nooy 

vacancy 

P. Bonnie (H .T . S.-volunteer) 

Er;h o phy s iolo .'y (p . 52) 

Drs. B. Bermond 

Drs. A .P. van der Meché 

Monoaminergic mechanisms in rat brain (p. 56) 

Drs. M. van Wijk 

Sec r eta ri e s 

S . W. Lust-Bosboom ( until Dece mb er 197 7 ) 

J. S", l s 

M.M. Smidt 

J . van der Velden 

Allimal ca r e 

F. Hark ema 

R. Hof er 

Li brary 

Dr s . e . Winki er 

Electronica l workshop (p. 58 ) 

J. Overdijk 

Mechanical workshop (p. 60) 

A. W. Kamstra 

E.W. Moes 
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Administration 

J.H. Oudshoorn (head) 

P.A.M. van der Poel 

H. Sijtsrna 

Drawing department 

H. Stoffels 

Photography department 

A.T. 

T.C. 

Potjer (head) 

Sypkens-Potjer 

General techni cal s e rvice 

J.C. de J o ng (head) 

L. Tibb er t s rna 

CaYL tee n 

C. de Groot 

Ho useh old s ervice 

H. H. Barbé - Scheermeyer 

C . de Haas-Joel e 

J.N . Pals-Cappon 

C. Salgado (unti l March 1977) 

M. A . Schcermeyer-Beuker 

M. de Vos -H arthoorn 
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I. ADAPTABILITY OF THE CENTRAL NERVQUS SYSTEM OF ADULT ORGANISMS 

Participants 

Dr. H.B.M. Uylings (biolc ç';s t, 100 %) 

Drs. K.C. Hodde (M .D., 100 %) 

Drs. W.A.M. Veltman (physici s t, 100 %) 

vacancy (neuroanatomist) 

I. Mataw (technician, 100 %; from September 1977) 

B. Przybylski-Zweesaardt (technician, 66%) 

M. Vrielink-Van Dam (technician, 100 %; until September 1977) 

A. de Ruyter (technician, 1 00% ; from November 1977) 

The research is directed tow a rds the potency of "adult" 

brains for plasticity or r ecove ry af ter retardation due to 

stunting factors (e.g . hormonal , nutritional or environmental) 

acting during development. "Normal " development, r e tardati on 

in this d eve lopment, and r ecove r y potencies are inve st igat ed 

in several components of the central nervou s sys t e m such as 

neurons, dendrites, synapses and glia. 

This project is partly represented in the FUNGO workgroup 

"De ve lopment of Brain and Behavior". 

Theme 1: Adaptability of pyramidal ce ll dendrites in the neo

co rt ex of adult rats 

In rabbits indi cat ion s were found th at dendrit es of pyramidal 

cort i ca l neurons in adult mammals are still capab l e to for m 

new bran ches . With regard to the curren t opinions on neuronal 

growth this finding was found of such a va lu e that it has been 

examined more extensively in rats in collaboration with Prof. 

M.C. Diamond (University of Ca lifornia , Berkely, U.S.A.) . Thi s 

year the sta ti st ical analysi s of these experiments ha s been 

completed. 

An increase in the number of bran ches and in the l e ngth of 

terminal segments was found in the basal dendrites of v isual 

cortex pyramidal cells of adult rats af ter ex p osure to standard , 

and even more af ter exposure to " enriched " (i. e . in a large 

cage, containing more rats and mor e toys) conditions. The analy

sis showed that the mode of this outgrowth in the adult rat is 

similar to that observed in the cortex of normal immature rats. 

Besides the results for the basal dendrites, oblique dendrites 

changed also in the same mann e r. It can be concluded that the 

entire dendritic tree of pyramidal neurons in adult rats has 

extended its surface, providing a new area for the establish-
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ment of synaptic connections with other nerve cells. These 

results point to the possibility that, under certain conditions, 

a retarded outgrowth of dendrites of pyramidal neurons in de

velopment may be (partially) recovered in later life. 

For the quantitative study of the branching patterns of neu

ronal processes in rats under different conditions, many measu

rements are necessary. In colyaboration with J. Overdijk (elec

tronie workshop), A. Kamstra (mechanical workshop), and K. Kuy

pers (computer department) , a semi-automatic "3 Oimensional 

Oendrite (3 DO)" trackin~ system was developed and constructed, 

since such a system is not commercially·avai lable and the few 

existing digital systems were found to be not only too expensive 

but also unnecessarily complicated . The programming (K. Kuypers) 

for the 3 DO system has been completed this year. Af ter extensi

ve trial measurements and gauging of the system, the 3 DO system 

is now operational for the measurements of nerve cell processes 

in thick Golgi preparations (see also below, Theme 3). A paper 

describing this system (Overdijk et alo) , is in preparation. 

Theme 2: The fnfluence of hormones on the development of the 

cortex 

Influences of peptide hormones (e.g . vasopressin) on behavior 

have been reporte d frequently in the literature. Nothing is 

known, however, about the influence of vasopressin on the de

ve lopment of co rtical neuronal organization . In collaboration 

with group 111 ( Intera ction between the nervous system and 

hormones during maturation and adaptation) , the investigation 

of the development of the brain of Brattleboro rats was started. 

The first studies concern the development of body weight, wet 

and dry bz"ain weight , and cortical and subcortical weight of 

Brattleboro rats heterozygous and hom9zygous for ' the recessive 

factor for diabetes insipidus . Furthermore , determinations are 

executed on the DNA, RNA, protein and lipid content of brain 

halves. The other brain halves are processed for Nissl and 

Golgi-Cox staining to visualize the neurons and dendrite pat

terns, respectively. Postnatal stadia selected for biochemical 

and anatomical analyses were day 1 2, 16, 24 and day 180. Before 

the quantitative analysis of number of neurons, dendritic pat-

terns and synapses is started , the above-mentioned examinations 

and cortical thickness measurements will indicate the cortex 

areas to be examined in more detail. 

In order to make counting of number of neurons possible, it 

is necessary to discriminate between neurons and (the different 
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types of) glial cells. This is performed in semi-thin and Nissl 

sections. For synapse counting, the E-PTA (ethanolic phospho

tungstic acid) contrasting method will be used. In order to 

facilitate precise localization of the area under consideration, 

a method was devised for concurrent application of different 

tissue preparations. With a tissue chopper 200 ~m sections were 

made of fixed brains. From 3 adjacent sections, one was treated 

for routine EM, the second with E-PTA, and the third was Nissl 

stained for LM examination serving as a reference for the first 

and second section, enabling precise marking of the desired 

area. Semi-thin serial sections, both perpendicular and tangen

tial to the pia have been made for orientation on cellular level, 

and the EM work is now in progress. 

Bef ore buying the Kontron MOP AM-02 system, also the various 

other systems for quantitative EM and 2 -dimensional LM studies 

were tested. The MOP AM-02 will be connected on line with the 

Interdata computer. 

Theme 3: The structural and functional development of the cortex 

The postnatal development of non-pyramidal neurons in rat's 

visual cortex was measured by Dr. G.J. parnavelas (University 

Col l ege, London) in Golgi Cox sections of day 4, 6, 8, 10 , 1 2 , 

14,16,20,24 and 90, made by himself. These measurements 

(~ 700 neurons) were obtained with the newly developed semi

automated " 3 DO" system, and are stored on magnetic tape . The 

analysis of the data is now in progress. 

Theme 4: Comparative anatomy of the brain stem (K.C. Hodd e ) 

During a stay with Prof. S.O.E. Ebbeson (San Juan, Puerto 

Rico), the work on as c ending spinal systems in th e nurse shark , 

Gi ngl ymo s to ma ci rratum was completed. The ascending spinal 

systems were studied with the Nauta and Fink-Heimer techniques 

af ter hemi-sections of the spinal cord were made. 

The distribution of the debris of degenerated asc e nding 

spinal fibers in the spinal cord was found to b e restricted to 

the dorsal and lateral funiculi. Terminal degeneration was 

a lso observed in the gray substance . The dorsal funicular 

fibers are not segregated into a fasciculus gracilis and a 

fasciculus cuneatus, but form a single bundle issuing fibers 

to the gray substance of the spinal cord , the dorsal funicular 

nucleus (NFO), and the vestibular complex. Some dorsal funi

cular fibers also appear to contribute to the spinocerebellar 

tract. It is not possible to distinguish subdivisions in the 

11 (13) 



NFD as w~s already noted in amphibians, which suggests a common 

origin of the recipients of ascending dors al column fibers. 

The degenerated lateral funicular fibers are segregated into 

three fasciculi issuing fibers medially as they ascend through 

the brainstem. The largest target of these fibers, by far, is 

the reticular formation, but diffusely organized axons also 

reach 1) the gray matter of the spinal cord, 2) the dorsal motor 

nucl e us of the vagus, 3) nucleus "A" of the medulla oblongata, 

4) the central gray substance of the brainstem, 5) the granular 

layer of the cerebellar cortex, 6) the cerebellar nucleus, 7) 

the nucleus intercollicularis, 8) stratum profundum of the 

optic tectum, and 9) the dorsal thalamus. 

The zone of spinal input in the thalamus does not overlap 

with the visual area, a finding comparable to those in other 

vertebrates, which provides strong evidence against Herrick's 

view that modality-specific thalamic nuclei evolved from a 

multimodal "nucl eus sensitivus". 

The results of this study, co mpared with the striking similar 

findings inother classes of vertebrates 50 far described, in

dicate that all ver tebrate groups appear to have the same basic 

co mp onents of ascend ing spinal projections. 

Theme 5: Angio-architecture and scann~ng EM 

The ~~ th09. on Scann in g Elect r on Microscopy of bloodvessel 

casts was completed. 

It was confirmed unequivocally that simple morphological 

criteria can be app li ed to distingu ish arteries from veins 

beyond any doubt. This observation also applied t o light micro

scopy of sectioned material, stained with various methods, 

especia lly in d iff erent i a l interference microscopy of thick 

sections. 

As an assay of the validity of these c riteria the rat cochlea 

was revisited. Her e capillary beds are well-known, and the ef

fective filling of the vascular system with the casting medium 

was illustrated with the comp lete filling of all c apillary beds. 

The e xistenc e of arterio-venous anastomoses, suggested in the 

literatur e , was established beyond any doubt. 

One important co nclusion from inspecting the vascular system 

in th e rat brain was that the cortical blood supply in the 

cerebrum is very different from the cerebellar cortex supply, 

where the capillary network is constructed as closed loops with 

the main in- and outflow in the subcortical area. The cerebral 

supply has "open" loops with main in- and outflow to the men in-
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ges. 

In coöperation with A.Ph.J. Richter, a pilot study was done to 

apply combined techniques to tissue culture: phase-contrast 

microscopy, scanning and transmission EM. It turned out to be 

possible to consecutively locate a given cell while growing in 

the culture chamber, inspect the surface features in scanning 

EM, and have transmission EM images of that particular cell 

af ter re-embedding the critical-point dried specimen. 

Papers read 

K.C. Hodde, A. Miodonski, C. Bakker and W.A.M. Veltman. Scanning 

Electron Microscopy of microcorrosion casts with special at

tention on arterio-venous differences and application to the 

rat's cochlea. xth Symposium on SEM-IITRI, Chicago, March 1977. 

K.C. Hodde. Microcorrosion casts of rat brain vascular system 

in SEM. Hershey Medical School, Penn. State Univers ity, 

Hershey, May 197 7. 

K.C. Hodde. Neurobiologi ca l application of SEM, New J e rsey 

Medical School, New Jersey, June 197 7 . 

H.B.M . Uylings, K. Kuypers, W.A .M. Veltman and M.C. Diam ond . 

Dendritic outgrowth in the visual cortex of adult rats in

duced by environmental cond itions. 18e Federatie v e Ve rgadering 

van Medi sch -Biologische Verenigingen, Leiden, April 1977 . 

H.B.M. Uylings, K. Kuypers and W.A.M. Veltman. En viron menta l 

influences on the neocortex in later life. 10th Int e rn at i onal 

Summer School of Brain Research, Amsterdam, July 1977. 

Working visits, training meetings and attended co nferen ces 

K.C. Hodde. Working visit to Dr. S.O.E. Ebbeson, Laboratoria 

de Neurologia, San Juan, Puerto Rico, March-June 1977 ; 

attended: Kongress Deutsche E.M. Gesellschaft, Münster, 5 -9 

September 1977; Conference and course on advanced SEM, Cam

bridge, 26-30 September 19 77; Course on Transmissi o n EM, 

University of Amsterdam, 17- 27 October 1977. 

H.B.M. Uylings attended the 4th Intensive Study Program of 

Neurosciences Research Program (M. I. T. ), Boulder, Colorado, 

June 20-July lst. Working visits to Dr. G. Vrensen, 1.0.1., 

Amsterdam. 

W.A.M. Veltman and K.C. Hodde. Working visit to Dr. H.J. Hout

hoff, University of Groningen, Dept. of Pathology, 25 November 

1977. 
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Visitors from abroad 

Prof. Dr. J.R. Wolff (Max-Planck-Institut, Göttingen, D.B.R.), 

March 1977; Drs. G.P. Wilkin and P.L. Woodhams (Medical Research 

Council, London, England) , july 12, 1977; Dr. M .. Berry (univer

sity of Birmingham, England) , July 14, 1977; Dr. R.V. Stirling 

(National Institute of Medical Research, Dept. of Developmental 

Neurobiology, London, England) , July 15, 1977; Dr. J. Zimmer 

(University of Aarhus, Penmark) , July 15, 1977; Prof. Dr. M.R. 

Issidorides (University of Athens, Greece), Se .. 'tember 22-23, 

1977; P. McConnel1 (University of Birmingham, England) , November 

23 - 24, 1977; R, Buskirk (graduate fellow Rockefeller Univer

sity, N.Y., U.S.A.), December 20,1977. 

Guest workers 

Dr. J.G. Parnavelas (University College, London, England) . 3-

dimensional measurements of postnatal development of non-pyra

midal neurons in rat's visual cortex. March and April, July 

16-20, 1977. 

Dr. A. Miodonski 

Krakow, Poland) 

ques and S.E.M. 

Miscellaneous 

(Jagellonian University and Medical Academy, 

Blood vessel injection and casting techni

techniques. July 17 - August 8, 1977. 

K.C. Hodde. Referee for Xth Symposium on SEM, IITRI, Chicago. 

H.B.M. Uylings. Member organizing committee 10th International 

Summer School of Brain Research; received a fellowship of 

Neurosciences Research Program (M.I.T.) for the Fourth Inten

sive Study Program in Boulder, Colorado, U.S.A.; referee (1 x) 

Journal Neurocytology; co-editor of "Maturation of the Ner

vous System", Progress in Brain Research volume; leader of a 

FUNGO project. 
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11. INTERACTION OF THE NERVOUS SYSTEM AND BEHAVlOR IN 

DEVELOPMENT 

Participants 

M.A. Corner (physiologist, 100 %) 

R.E. Baker (embryologist, 100 %) 

W.L. Bakhuis (bioiogist, 10 0% , until October, 1977) 

H.L.M.G. Bour (bioiogist, 100 %, per September, 1977) 

M. Mirmiran (M .D ., 100 %, guestworker, fr om September, 1977) 

H.J. Romijn (bioiogist, 100 %) 

vacancy (per October, 1977) 

M. Mud (technician, 80%) 

A.Ph.J. Richter (technician, 100 %) 

P. Wolters (technician , 100 %) 

The work of the group this year has continued along two lines 

which have been reported in past progress reports. On the one 

hand, the problem of synaptogenesis has been pursued, especially 

with respect to factors which may determine the specificity of 

interconne c tions in the nervous system. On the other hand, 

further work has been done on spontaneous behavioral rhythms 

in ear ly life, and the question of their physiologi ca l int er 

pretation . Neither the circuitry underlying the rhythmi c ity of 

ner vo u s activity, n o r the role which it may play in th e devel o p

ing organism have as yet been elucidated. 

A. The curious phenomenon of the misdirected wiping reflex , 

which develops in frogs subjected to the grafting of skin in an 

abnormal location prior to a certain larval stage , holds promise 

of shedding light on the selective formation of synapses during 

development. Such selectivity, o f course, lies at the basi s of 

the adaptive behavior patterns and potentials genetically pro

grammed into e a ch organism. Specifically, there is a possibility 

that sensory nerve fibers ob tain information, needed to selec

tively make functional centra l connections, from the peripheral 

target tissues. Such a process would contrast with the selective 

outgrowth shown by various other classes of neurons in establis~

ing contacts with their proper target celis. If one were able to 

locate those cutaneous neurons, within the sensory ganglia, 

which normally innervate the back, respectively the belly, it 

would become simply a matt,er of establishing whe ,ther or not 

their receptive fields have changed position under th.e .influence 

of the altered peripheral tissue. This could be done in prin

ciple either by a morphological technique (uptake of a labelled 

substance by the peripheral endings and transport to the cell 
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soma) or by a physiological one (electrical recording of the 

impulses generated in neuronal somata following mechanical 

stimulation of the skin). 

B. Hatching in birds marks a transitional period between pre

and postnatal life. Moreover, it bears a certain resemblance 

both behaviorally and electroencephalographically to the late 

embryonic period: large amplitude slow waves dominate the EEG, 

while variable trains of stereotyped generalized movement bursts 

occur against a background of low muscle tonus and intermittent 

twitching. This same EEG pattern is characteristic of the normal 

state of sleep af ter hatching, and the motor bursting (together 

with the EEG sleep pattern) can be caused to reappear by means 

of certain types of movement restraint. The physiological study 

of the hatch process can be expected, therefore, to shed light 

on the neurological mechanisms underlying sleep activity rhythms, 

and their relationship to the system responsible for pre- and 

postnatal behavior patterns . 

(This project is repr~sented in the FUNGO workgroup "Development of Brain 

and Behavior") 

Theme 1: Cutaneous afferent projections of spinal ganglia in 

normal and skin-grafted frogs 

The electrophysiological mapping experiments of thoracic 

sensory ganglia in Di scoglo ss u s pictûs were co mpleted this year. 

Control frogs showed essentially the same ganglion topography as 

had been found earl ier in Rana e s cûlenta (the European green 

frog): the ventral surface shows a predominance of belly over 

back units, especially in the caudal half, whereas the dorsal 

surface (especially in the rostral half) projects primarily to 

the animal's back. In addition, a statistically significant 

difference was found in both species studied between belly and 

flank cell distributions, with the former being concentrated in 

the lateral part of the ganglion, and the latter clustered more 

medially. This differential topography is inconsistent with the 

hypothesis that sensory neurons acquire their full specificity 

only af ter ma'<ing contact with peripheral target tissues (the 

"end-organ modulation" hypothesis of Weiss and Sperry). We con

clude, therefore,that spin al ganglion cells are al ready program

med prior to axonal outgrowth for innervation of specific regions 

of the frog's body. 

Several plausible mechanisms for explaining, on the basis of 

a switch in the peripheral projections of specified populations 
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of afferent neurons, the misdirected behavioral responses which 

of ten develop in skin-rotated frogs we re then put to the test. 

Peripheral searching of axons for the properly matching skin 

type could be discounted, since the receptive field of a given 

nerve trunk generally failed to invade areas from which the mis

directed reflexes were elicited. Selective stabilization of 

(initially multiple) afferent collaterals was dismissed af ter we 

found that no multiple receptive fields could be recorded from 

sensory units in frogs having belly or back skin all around the 

body. Finally, the mechanism of degeneration-regeneration of the 

misconne cted nerve fibers was disproved by our failure to find 

any difference between control and skin-rotated frogs with 

respect to the topography of belly and back cutaneous neurons 

in the spinal ganglia. This was established first by using 

electrophysiological recording techniques, and was subsequently 

confirmed by labelling (with cobalt) the cells projecting to the 

back via dorsal nerve trunks. Our general conclusion is that the 

?rigina l population of sensory neuroblasts may in fact not be 

functional in skin-grafted frogs, but rather has been replaced 

by a population which in normal development would have degene

rated ( as a result of improper matching with the available re

ceptor organs). We are now trying to obtain evidence for such a 

possibility by means of autoradiographic identification of 

spinal ganglion cells "born" at different stages of development. 

A series of experiments was also done employing electrical 

stimulation of the skin. Well-directed wiping reflexes could be 

consistently evoked from all parts of the body even by single 

shocks. Unit rec o rdings established that only one impulse is 

elicited per shock in any given fiber, and that the arrival time 

of a nerve impulse in the ganglion varies greatly with the 

stimulus location within the receptive field . These facts make it 

inconceivable that positional information is being transmitted 

via the sensory nerves in the form of impulse patterns (as has 

been suggested by Székely and others). There is therefore no 

reason at present to doubt the adequacy of the conventional 

model of sensory encoding, based upon anatomically distinct input 

channels rather than upon coded messages, to explain positional 

information signalling in frog cutaneous reflexes. 

The planned continuation of our work on the origins of afferent 

innervation patterns will shift its emphasis to the central ner

vous system (sp inal cord and lower brainstem) and exploit the 

possibilities for experimental manipulations afforded by the 

cultivations of living tissues in v itro. Routine culture condi-
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tions have been worked out this year for ganglion, spinal cord 

and medulla neurons , and attempts are currently under way to 

trace the sites of central afferent terminations and the overall 

process of synaptogenesis, using light and electronmicroscopic 

techniques. This is to be supplemented by electrophysiologic~l 

mapping experiments on ce the setup now under construction be

comes operational. 

Theme 2: Spontaneous motility patterns during sleep in neonatal 

chicks and rats 

The research 

off this year, 

serta tion (W. L. 

in the con trol of hatching behavior was rounded 

and written up in the form of a doctoral dis

Bakhuis) and a 'hoofdvak werkstuk' (H. Bour). 

A number of unexpected new aspects could be added to our know

ledge of the physiology of hatching in birds. 

Two aspects of climax behavior can be distinguished: the 

stereotyped motility pattern of the behavioral unit, and the 

rhythmical occurrence of the b~havior (the b~havioral unit is 

repeated every 10 to 30 seconds). The stereotyped pattern only 

occurs when the freedom of movement of the animal is very re

stricted, whereas the rhythm occurs if the animal is prevented 

from leaving its plac~ while, in addition , its possibilities 

for postural adjustment are limited. Af ter the ons et of climax, 

maintained external conditions (unbreakable egg and constant 

ambient temperature) will lead to response waning, possibly as 

a result of habituation, which is a function of time and of 

the degree of departure from the optimal incubation temperature. 

On the basis of behavioral and polygraphic criteria , and with 

the aid of certain drugs, it was shown that climax behavior 

occurs while the animal is either as leep or drowsy but, in 

contrast to what was expected, not during the phase of 

paradoxical sleep. Paradoxical sleep only occurs when the 

tendency for climax behavior has fallen to a low level. 

Further work was continued on the infant rat as model for 

the ontogeny of sleep mechanisms in mammals. This year the 

emphasis was shifted to free-moving rather than restrained 

rat pups. 

During early developmental stages af ter birth, rats show a 

high level of vigorous body-motility during sleep, which 

gradually declines during the first two weeks of neonatal life. 

The relationship between the occurrence of this spontaneous 

motility and different sleep-stages is now being investigated, 

using sleep-stage indicators such as eye-movements, muscle tonus 
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and the cortical electroencephalogram. Pqlygraphic recordings 

(EEG, EOG; EMG) of sl eep-waking cycles have been made i n free

moving rat pups of 2 to 26 days old, in the company of litter 

mates. A very s im ilar picture of periods with atonia , muscle 

twitching and REM s can be observed in young pups (of 2 to 12 

days) as we il a s i n older animais , where such periods are a l ways 

characteristic of paradoxical sleep phases as defined according 

to EEG criteria . The cons i stency of this pattern in different 

ages is being investigated in order to es tablish comparab le 

behavioral stages for the ana lysis of qualitative a nd quanti

tative asp e cts of spontaneous sleep - motility . 

Th ese baseline studies will provide the necessary basis for 

evaluat in g the effectiveness of o ur attempts to suppress p~ra 

doxical sleep (andparadox i ca l sleep- lik e periods) in neonatal 

rats during the first weeks of life. This lin e of investigation 

has been started with a pilot study of the usefulness of severa l 

different kinds of drugs (tri - cyciic antidepressants , catechol

amin e antagonist s , MAO - inhibitors) for PS-suppression in young 

rat s . So far , n -m ethyl Dopa and ch iorimipramine have been proven 

to be effective in PS-inhibition in animals from 3 days of age 

onwards. The effect of PS-suppress ion during development on the 

adult animal will be examined anatomically and behaviora ll y , 

as weil as physio logi ca ll y. 

Students 

H. Bour (biology , Gem. Universiteit, Amsterdam) "R e l a tion s hip 

between hatching behavior and stage of vig i lance in chic k s " . 

S . de Boer (biology , Landbouw Hogeschool , Wa gen ing en) "Pol y 

graphic and behavioral studies of sleep in neonata l ~ats ". 

Doctoral dissertation 

W.L. Bakhuis (University of Groningen) "Th e C~usal Organ i zat io n 

of Climax (Hatch in g) Behaviour in the Domestic Fowl (Gallu.s 

do me s ticlA s J ". 

Pap ers read 

Bak er , R. E. " Development of afferent innervation patterns ". 

1 0th Internat. Summer School of Brain Research, Ams t erdam , 

July 1977 . 

Baker, R.E. " Studies on the mechanism of misdirected tactile 

reflexes in sk i n - grafted frogs". Symposium "Form-shaping 

movement s in Neurog enesis ", Uppsa l a , September 1977. 

Baker, R. E. " Cutaneous afferent connections in normal and skin

rotated frog s ", An atomy Dept ., Debrecen Medical University 
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(Hungary), November 1977. 
Bour, H.L. "Hatchinq and viqilance in the neonatal chicken". 

Animal Phvsioloqv Lab., Gem. Univ. Amsterdam, June 1977. 

Bour, H.L. "States of viqilance durinq hatchinq in chicks". 

Ned. Ver. voor FVsioloqie, December 1977: Neurophysioloqv 

section meetinq, Rotterdam. 

Corner, M.A. "Comparative studies of early behavior development". 

Dept. of Bioloqical Psychiatry, Un1V. of Groninqen, January 

1977. 

Corner, M.A. "Experimental studies of afferent reflex develop

ment in froqs". 5~h Internat. Neurobioloqy Symp., Maqdeburq 

(DDR), May 1977. 

Corner, M.A. "Development of c utaneous afferent connections in 

froqs". 27th Internat. Conqr., Internat. Union Physiol. Sci., 

Paris, Julv 1977 . 

Corner, M.A. "What mechanisms mav underlie earlv spontaneous 

motilitv in vertebra tes ? ". 27t h Internat. Conqr., Internat. 

Union Phvsiol. Sci .. Paris. Julv 1977. 

Corner. M.A. "Motility rhythms in ear ly life : comparative and 

physioloai ca l considerations ". 10th Internat. Summer School 

of Brain Research. Amsterdam. Julv 1977. 

Romiin, H.J. "El ectron mi croscopv of endocrine pru c esses in the 

pineal qland of the rabbit". Joint Dutch-Belqian Anatomv 

Meetina. Hasselt. October 197 7 . 

Foreiqn visitors (wi tho~_~ seminars; for thos e who gave se min3.rs 

see list) 

Dr. R.V. Stirling, Natl. Inst. for Medical Research ( London) . 

Visits abroad 

R.E. Baker to : Univ. of Uppsala (Prof . C.-O. Jacobson J September 

1977; Debre ce n Medical Univ. ( Prof . G. Székely) October-Novem

ber 1977; Oxford Univ. (Dr. Horder) and 

Natl. Inst. for Medical Research, London (Dr. Gaze) November 

1977. 

M.A . Corner to: Academy of Medicine, Magdeburg, DDR (Prof_ 

Matthies) May 1977; and 

Univ. of Uppsala (Prof. C .-O. Jacobson) September 197 7_ 

Miscellaneous 

R.E. Baker, organizing and editorial committee, 10th Internatl_ 

Summer School of Brain Research, Amsterdam, July 1977; Fellow 

of the Neth. Pure Research Organization (ZWO), at Debrecen 

Medical Univ. (Hungary) October-November 1977. 
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M.A. Corner, advisory board of "Developmental Psy=hobiology" and 

of "Developmental Neuroscience"; invited discussant, Réunion 

de l'Assoc. des Neurobiologistes Ontogénetiques, Paris, May 

19 77 ; co-chairman of session on "Circadian Rhythms" at the 

9th Internatl. Congress of EEG and Clinical Neurophysiology, 

Amsterdam, June 1977; organizing and editorial committee, 

10th Internat. Summer School of Brain Research, Amsterdam, 

July 1977; coördinator guest-speakers program, Neth. lnst. 

for Brain Research; workgroup leader FUNGO Werkgemeenschap 

"Brain and Behavior Development". 
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111. INTERACTION BETWEEN THE NERVOUS SYSTEM AND HORMONES 

DURING MATURATION AND ADAPTATION 

Partiaipants 

Dr. D.F. Swaab (M.D., 1 00 %) 

Dr. G.J. Boer (biochemist , 100 %) 

Dr. K. Boer (M.D., 100 %) 

Drs. R.M. Buijs (biologist , 100 %) 

Dr. J. Dogterom (biochemist, 100 %) 

Drs. F.W. van Leeuwen (biologist , 100 %) 

Dr. P. Pevet (biologist, 100 %; University of Amsterdam) 

Drs. M. Visser (gynaecologist , guestworker since October 1977,66~ 

J.W.L. van Buuren-Nolten (technician, 50%) 

B. Fisser (student-technician , 100 %) 

C. de Raay (technician, FUNGO, 100 %; since July 1977) 

C.M.F. van Rheenen-Verberg (technician , 80 %) 

F.G.M. Snijdewint (techn ician, FUNGO, 100 %) 

In this project the production and secretion of hormones by 

nerve cells (neu ro secre ti on) and their action on the various 

target organs, in c luding the brain itself are studied. Neuro

endocrine mech~nisms are involved, e . g . in diuresis, reproduc

tion, bra in development , behavior and diseases like diabetes 

insipidus, toxaemia of pregnancy, disturbances of lactation, 

parturation and mental disturbances . Emphasis is laid (1) on 

fundamental aspects of neurosecretion ( e . g . on the sites of 

hormone production and the mechanisms of horrnone releas e) , 

(2) on neuroendocrine systems in maturat ion ( also of the bra in 

itself) and parturi ti on , and (3) the role of neuroendocrine 

systems in learning and behavior. The main disciplines included 

in this project are: immuno cytochem ical localization and radio

immunoassay techniques, microchemistry, electrophysiology, 

electronmicros c opy and c lini ca l observations which are mainly 

performed in collaboration with va riou s univer s ity clinics in 

Alosterdam . 

The project is represented in the FUNGO projects nrs. 1 3 -35-0~ 

13-35-04 and 13-35-10. 

Theme 1: The sites of production, tra~~ort and release of 

vasopressin, oxytocin and related hormones 

Various hypophysial and hypothalamic hormones among which 

vasopressin and oxytocin, influence behavioral processes. Trans

port of these peptide hormon es from the hypothalamic cell bodies 
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to the brain regions where they affect behavior could occur via 

the liquor or, more probably, by direct transport via peptider

gic fibers. 

To study these possibilities, vasopressin and oxytocin pathways 

are specifically localized by immunohistochemical techniques 

using the unlabelled antibody enzyme method and purification of 

the first antiserum. It was found that vasopressin containing 

fibers of the suprachiasmatic nucleus (SCN) fan out into all di

reètions and reach the organum vasculosum lamina terminalis. nu

c l eus periventricularis and probably the lateral septum and me

dian eminence. In the paraventricular (PVN) and supraoptic nu

cleus (SON). bipolar and multipolar cells were frequently observ

ed with fibers projecting to the median eminence as well as to 

extrahypotha lami c areas. Fibers from the PVN and pröbably from 

the SON reach the septum. hippocampus and stria terminalis. Via 

the s tria terminali s. fibers reach the medial amygdala and hippo

ca mpu s where oxytocin and vasopressin con taining fibers could be 

visualized. From th e PVN many oxytoc in conta ining fibers reach 

the s tria medullaris. Via the nucleus periventricularis and stria 

medullaris. fibers rea c h the lateral habenula where vasopressin 

but also oxy t ocin con taining fibers cou ld be demonstrated. From 

th e l ateral habenula . vasopress in a nd oxytocin fibers reach the 

lonqitudinal fasciculus. In addition . fibers cou ld be demonstra-

ted in the pineal sta lk dnd in the border of the subcommissural 

o r gan. Fibers from the PVN and SON extend as far as the medulla 

ob l ongata where fibers under thc area postrema cou ld be seen. 

Punctuate pejineural struct~res in the lateral habenula seem to 

indicate that on these places the hormones are released to exert 

an influ ence on brain function. This is in good agreement with 

th e observations that lesions in these areas caused behavioral 

def i cits that were impervious to vasopressin treatment. Thus. 

vasopressin and oxytocin cou ld act as peptide neurotransmitters. 

which might be the basis of the behavioral effects. 

Th e si tes of production (SON. PVN. SCN) and release were in 

addition studied by means of immuno-electronmicroscopy. Using 

neurohypophysial tissue a study on the suitability of a number 

of fixatives. buffers. embedding media and a comparison between 

th e two-step method and the unlabelled antibody enzyme method 

were completed. The optimal conditions found in this study 

enable sensitive and specific immunocytochemical localization 

of the hormones at the electronmicroscopical level. To bridge 

the gap between the light- and electronmicroscopy, a procedure 

was developed using semi-thin epon sections. Af ter light mi cro-

scopical orientation in the immunocytochemically stained 
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sections, a particular area can be selected for immuno-electron

microscopy from the same specimen. It was found that the hormo

nes in the SON were present in granules of 140 nm, while vaso

pressin in the SCN was found in granules of about 95 nm. The 

PVN is presently under investigation. This finding might enable 

to define the source (SON , PVN vepsus SCN) of the neurohypo

physial hormones that were found in the various brain areas 

(see before). 

By means of radioimmunoassay (see below) vasopressin and oxy

tocin were demonstrated in the septum , amygdala, hippocampus, 

parafascicular nucleus, choroid plexus, organum vasculosum of 

the lamina terminalis and the subcommissural organ. These hor

mones could not be detected in the rat cerebellum, cortex 

and pineal gland. Pilot studies are in progress to examine 

whether the level of the neurohypophysial hormones in the 

brain area mentioned above co rrelates with behavioral parameters 

in the pa ssive avoidance te st (in collaboration with group IV). 

Th e observation of extrahypothalamic hormone containing fibers 

raised the question whether the same ce lls would send their 

fib ers to the neurohypophysis and to e xtrahyp o thalamic brain 

areas and whether ho rm one is indeed released in these areas. 

Electrophysiological techniques are used for this purpose, the 

more 50 s in ce th e ca pability of conduct ing act ion potentials 

i s thought to be a prerequisite for hormone release. Until now, 

however, on ly a few PVN cells which we re antidromically iden

tified from the neurohypophysis, could a ls o be stimulated 

from th e stria terminalis. Even less ce lls showed a positive 

co llisi on test, indicating spontaneous action potentials to be 

co ndu cted from the PVN to the stria terminalis. Although, in 

principle , action potentials from PVN ce ~ls running into extra

hypothalamic structures can be s hown this way , "electroanatomy" 

thus stillseems to be a very elaborative technique . 

In order to co rr e lat e the different firing patterns of neuro

secretory ce ll s to their possibly different hormonal content, 

it is tried to comb ine electrophysiological and immuno-histo

chemical localization techniques. HRP, injected into the PVN 

area was found to be taken up by nerve cells and fibers . It 

will be attempted to lable this way the neurosecretory cell that 

was recorded from and stain subsequently its hormonal content . 

In order to facilitate the lable technique, a ventral approach 

to the HNS was learned. It is hoped that in this way electro 

physiological phenomena can be correlated to the structure and 

hormonal nature of HNS cells and to enrafle also existing ques-
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tions on recurrent and collateral inhibition and excitation. For 

the HRP and ven t ral approach technique s K. Boer visited the 

physiological l aboratory of Prof. J.J. Dreifuss (Geneva) . 

Theme 2: Radioimmunoassay 

Specific and sensitive assays are essential for many aspec t s 

of this project. Radioimmunoassays for vasopressin, oxytocin, 

vasotoc i n and a- MSH (developed in collaboration with Dr. A.J. 

Thody, New Castie, U.K., who obtained a ZWO-fellowship) are 

therefore running in our institute . problems with extraction 

of these hormones from body fluids were solved. The detection 

limit for extracted samp l es is 1-2 pg and the specificity is 

weil defined. For the many resu lts obtained with these assays , 

the reader is referred to the various themes and the literature 

references. In addition, samples of many other laboratories and 

clinics are assayed; Pharmacology , V .U. , Amsterdam; Rud o lf 

Ma gnus In stitute , Utrecht; Veterinary Hospital, Utrecht) 

St. Franciscus Hospital, Ro tterdam, and Dept . of Obstetrics 

and Gynaecology, Univ. of Amsterdam). In co llaboration with the 

latter c linic, an extensive study is running o n the possible 

involvement of neurohypophysial hormones in the ethi ology of 

toxaemia of pregnancy. The presence of vasopressin in human 

cerebrospina l fluid was confirmed in samples which were kindly 

donated by Dr. J. Vos (Amst erdam Univ . Clinic , Dept . o f Neuro

l ogy) . In addition , co llaborative radioimmunoassay studies are 

performed together with Dr. A . Tixi er -Vidal (Paris) , Dr. A . 

Reinharz (Geneva) and Dr . B.T. Pickering (Br i sto l ) . 

Th eme 3: Neurohypophysial hormones in dev~~ent 

Fetal endocrine systems might produce hor mones that are dif

ferent from those operating in adult organisms. It is e . g . 

thought that the fetal brain would make arginine - vasotocin in

stead of vasopressin and oxytocin and that vasotocin would re

main in some adult brain structures (the pineal and subcom mis sur 

al organ) . Therefore , antibodies were raised against argin in e

vasotocin (kindly donated by Dr s . H. Greven, Organon) and a 

sensitive and specific radioimmunoassay was developed. The pres

ence of arginine-vasotocin in mammalian material could, however, 

not be confirmed. It was not found in the rat pineal gland or 

subcommissural organ, in the fetal sheep or rat pituitary , 

in human amniotic f lui d (20 weeks of pregnancy) or maternal and 

fetal blood at t erm. The materia l found in the subcommissural 

organ of young rabb its seems to be caused by cross reaction of 

25 (27) 



the large amount of vasopressin. 

Neurohypophysial hormones have important effects on brain 

function as appears from their effects on behavior. Whether 

or not they mayalso be involved in brain development is not 

known. A pilot study is therefore performed in collaboration 

with group I on the brain development of rats, being homo

or heterozygous for diabetes insipidus. The homozygous rats 

show~d retarded body growth, a reduced brain weight, DNA and 

protein content of the brain. Dendritic outgrowth in the 

cortex is currently determined (se e group 11. 

Theme 4: Neurohypophysial hormones in reproduction 

In order to estab li sh the role of oxytocin in the physiology 

of parturition, three experi ments have been performed that 

follow the previous work, in which it was demonstrated by means 

of electrica l stimulati o n of the pituitary sta lk, that the hypo

thalamo-neurohypophysial system (HNS) has the potency to induce 

labour and to accelerate its c ourse. Moreover, a chronica lly 

in c reased releas e o f n eu rohypophysial hormones before and during 

p~rturiti o n was indi c ated o n the basis of the mean firing rate 

o f antidr o mi c all y id e ntified paraventricular neurOfles, that 

Wd S high e r during th e se stages than during the oestrous cycle . 

IJl th e iirst experiment it was tested with continuo us 6 Hz pi

t u it a ry s talk s timulati o n , whether a small in crease in firing 

f r e qu e n c y of HNS-neurones, like that recorded during parturitio~ 

r es ult s into an in c reased neurohypophysial hormone release. 

Oxytocin plasma levels , as measured by radioimmunoassay, indeed 

increased gradually durlng the 30 min stimulation period and 

d ec lined afterwards. The physiological sig nifi canee of this in

c rease was demonstrated subsequent ly in one-day post-partum 

rats by the registration of uterine contraetions, that were 

el icit ed by the same stim ulation frequency af ter a delay of 

6-9 min during the first stimulation period or soone r during 

the n ext ones. During the half hour non-stimulation intervals , 

uterine contracti ons disappeared or decreased. In the second 

experiment it was investigated, by measuring oxytocin plasma 

levels in the course of gestation, whether the release of neuro

hypophysial hormones already increased before the expulsion of 

pups, as appeared from the electrophysiological studies. This 

would be in contrast with the generally accepted idea that these 

hormones are in c reasingly released only during labour. Yet, oxy-
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tocin plasm~ leve ls appeared to increase gradually from the 

onset of gestation on, and to rise more dramatically during 

the last day(s) they did not drop te basal levels immediately 

post partum. 

In the third experiment the physiological effect of elevated 

oxytocin plasma levels on the initiation and the course of 

parturition was studied in homozygous Brattleboro rats, dis

playing diabetes insipidus (d.i.), that do not produce vasopres

sin, but have elevated oxytocin plasma levels, and for control 

in heterozygous and back-crossed homozygous dominant Brattle

boro's, that do not display d.i. D.i. rats started earlier to 

deliver than their controls did. Furthermore, the distribution 

of onsets o f parturition in d.i. rats did not show the charac 

teristic peak-like clustering around the median onset arid was 

not obviously depress ed during th e dark period lik e in their 

controls or in Wistar rats. As far as the course of delivery 

is concerned, d.i . and heterozygous Brattl e bor o rats deliver 

at a faster rate than the homozygous d o minant co ntr o ls. 

Conc l udi n g , it can be stated that these a n d pr ev i ous experi

ments show that oxytdc in is involved in the initiati o n and the 

course of spontaneous delivery of the rat. 

Them e 5: a -MSH and related. co~und~ 

In human and rat fetuses. intr auterine growth was found to 

depend on the fetal brain and pituitary . Rat e~periments r e 

vea led that th e intrauterine growth acceleration on day 19 of 

pregnancy was induced by endogenous fetal ~ -MSH. In orde r to 

see whether a -MSH cou ld be involved in intraut er in e growth also 

in the human, its presence had first t o be established. Ther e 

fore specif i c immuno-histoc hemi ca l localizati o n techniques 

were developed f or a -MSH and ACT H. Imm unofluorescence studies 

showed that in the human pituitary, a -M S H was present not on ly 

in the intermediate lobe of the fetus. but also in the "inter

mediate zone " of the pituitary of children and adults. In the 

course of development the ratio of a- MSH to ACTH-containing 

cells cha~ges, however, in favor of the ACTH cells. Whether or 

not the same holds true for the ci r cu lating levels of these 

hormones is now under investigation. 

Because of the stimulating action of a- MSH o n fetal body 

growth, a pilot study has been performed on its action on brain 

development. Antibodies against a-MSH were injected s.c. direct

ly into the fetus at day 19 of pregnancy. At day 21 of pregnancy 

not only f etal body weight appeared to be decreased but also 
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fetal brain weight, protein and lipids. Total ~NA was not af

fected. a-MSH might thus be involved in nerve cell differentia

tion rather than in multiplication. 

By means of immunohistochemical localization techniques, a

MSH-like compounds were found also to be present throughout the 

adult nervous system: (1) in the cerebrum mainly in association 

with myelinated structures, in the choroid plexus and pineal 

gland, (2) in the cerebellar basket cell fibers, (3) in neurons 

of the medulla oblongata, (4) in nerve fibers and motoneurons in 

the spinal cord, and (5) in neurites and cell bodies of the 

dorsal root ganglion cells. No staining was obtained with anti

bodies against ACTH 1-39 or 1-24. The a-MSH-like compounds are 

localized predominantly in neurons, and are probably synthetized 

within the ner vous system. This idea is supported by immuno

electronmicroscopy, which revealed the presence of these com

pound s in th e endoplasma tic reticulum of dorsal root ganglion 

cells. 

Theme 6: Specificity in immunohistochemi cal localization tech

!l.~ques 

In order to enab le spec ifi c lo ca lization of hormones, charac-

terization and quantification of c ross reaction is necessary. 

Irnmunofluorescence techniques have been developed earl ier for 

this purpose. For immunoperoxidase, quantitative procedures are 

in deve l opment in co llaboration with C.W. Pool (Dept. of Zoolog~ 

Univ. of Amsterdam) . 

In tissue sections also unknown related peptides can be stain

ed (see e . g . a-MS H-like compounds: are they different from a

MSH ?) . Th erefore a procedure has to be developed by which the 

nature of the stained peptides could be identified. Isoelectric 

focussing of material from the nervous system on slab gels and 

staining with antibodies afterwards, was regarded as the most 

promising approach. Gel sections can be pro cessed in immuno

cytochemistry similar to tissue sections which would enable 

characterization of the compounds stained in the tissue. 

Equipment in which micro slab gels of 1.5 mm thickness could 

be electrophoresed at 5 °c was constructed for this purpose. 

Equilibrium electrofocussing of synthetic peptide horrnones 

could be reached within 1 hour using a 7% polyacrylamide gel 

containing 4% Ampholine pH 3.5- 10 and 12 % sucrose at a voltage 

of up to 750 v. Radioactive 125I-labelled oxytocin having an 

isoelectric point of pH 6.9 was used as a marker. Subsequently 

the pH-gradient was measured using a surface pH electrode where-
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af ter the gel was frozen in Freon-12 for cryostat sectioning. 

A series of fixation procedures was tested, using 125I_oxytocin 

as marker. However, whenever a water.immersion solution of 

fixatives (aldehydes, carbodiimides, triazines) was used the 

oxytocin was washed out immediately. Only vapour fixation at 

25 to 80 oe with aldehydes appeared to be successful in insolu

bilizing the hormone using paraformaldehyde. Up to 80% of the 

hormone remained in the polyacrylamide gel sections . The same 

recovery was reached by immersion for 2-4 hours in 2% formal

dehyde dissolved in aceton . The subsequent immunohistochemical 

staining procedure as applied on tissue sections is now worked 

out . 

Theme 7: Pineal hormones (Dr . P. Pevet and Prof. J. Ariëns 

Kappers (advisor)) . 

Mammals have evolved neuroendocrine mechanisms which ensure 

under natural conditions that their young are born during a 

restricted period of the year, permitting so their survival. 

The pineal is an intermediary between the environment and such 

reproductive processes. In this framework the pineal gland of 

mammals living under natural conditions was studied. The ultra-

structure of the pinealocytes of some mammals such as bat, 

hedgehog, mole, mole-rat has been studied during the different 

parts of their annual sexual cycle. From the ultrastructural 

observations it can be concluded that at least two different 

types of secretory processes involved in the synthesis of pep

tidic/proteinaceous compounds, are present in mammalian pineal

ocytes: one is characterized by the production of granular 

vesicles by the sacculus of the Goigi apparatus, whil e the 

other is characterized by the presence of mater ia I originating 

directly from the cysterns of the granular endoplasmic reticu-

lum. In our opinion this process is involved in the production 

of active pineal principles showing an antigonadotropic effect. 

In those species in which two populations of pinealocytes are 

present both secretory processes are specific of a population. 

In species showing only one population of pinealocytes (mole, 

hedgehog, rat) both types of secretory processes occur. In this 

case, however, we do not know whether each cell can show both 

processes or whether some are functionally different. In each 

of the studied naturally blind mammals (the mole, the mole rat 

and the golden-mole) 

hyperdeveloped . 

one of these two secretory processes is 

This investigation was performed in collaboration with M.A. 
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Kuyper (R.S. Africa), Prof. Dr. E. Nevo (Israel), Dr. P.A. Racey 

(Scotland), Dr. M. Saboureau (France) and Dr. A.M. Voûte 

(Utrecht) . 

The pineal of var ious non-mammalian vertebrates contains 

~unctional photoreceptor elements which do not occur in adult 

mammalians . Studies on the phylogenetic development of the 

pineal from a photoreceptor- to a secretory-organ led to the 

theory that the' pinealocytes of mammals belong to a sensory 

cell line evolved from the sensory pineal photoreceptors. The 

transformation of a photoreceptor cell into a secretory pinealo

cyte during phylogenetic development al~ ows for the presence 

of intermediate ce ll types found in the pineals of chelonians, 

lacertilians and birds which have been termed secretory rudi

mentary photore ceptor cel ls or pseudosensory celis. An electron

mi c roscopi ca l investigation of the pineal gland of two adult 

mammals (the mol e and the noctule bat) has revealed the presence 

of some peculiar ci liary derivatives, similar to the club-shaped 

outer segment of rudimentary photore ce ptor cells in the pineal 

organ of non-mammalian ver tebrates. The pinealocytes of these 

two mammal s can be thus class ified in several morphological 

types, one of them display ing morphologi ca l features resembling 

those of rudimentary photoreceptor cel is. This in vest igation 

was perfo~med in c ollaborat i on with Prof. Dr. J . P. Collin 

(France) and Dr. A.M . Voûte (U tre cht). 

Considering that the pinealocytes did evo l ve from photorecep

tor ce li s , it seemed of interest to study the capacity of BIOMT 

to synthetize melatonin and/or 5-methoxytryptophol in the eyes 

of a mammal possessing an atroph i ed and rudimentary visual 

system under natural conditions . The activity of BIOMT in both 

eyes of the mole I TaZpa eu r opea n ) was 2-10 times higher than in 

the pineal, indicating that in a mammal; an extra-pinea l bio

synthesis of methoxyindoles occurs. The results show, in addi

tion, for the first time that the pineal is not necessarily the 

organ in which most of this compound is synthetized. The pro

duction, in different orga ns, of methoxyindoles, might help 

in understanding their paradoxical endocrinological effects 

described in the literature. 

The identification of the nature, the sites of production and 

release of various n euro peptides which are supposed to be pre

sent in the mammalian pineal and subcommissural organ (especial

ly a-MSB-like compounds vasotocin-like compounds, vasopressin, 

etc.) is currently in progress using radioimmunoassay and 

immunohistochemical lo caliz ation techniques on the light and 
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electronmicroscopical level. This work will form core for 

further integration of Pevet's work into group 111. 

Papers read 
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cine bevattende banen in de rat. Vergadering van_ de Neder

landse Vereniging voor Endocrinologie, Utrecht, November 29 , 

1977 . 
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consideration on the nature of the mammalian pineal active 
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cytes: An ultrastructural identification. XXVIIe International 

Congress of Physiological Sciences. Paris, July 18-23,1977. 

Pevet, P. and Kuyper, M.A. Granular vesicles in the mammalian 
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al Symposium on the Pineal Gland. Jerusalem, November 13-17, 
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Swaab, D.F. Immunolocalisatie van hormonen in hersenen en hypo
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28 , 1977. 
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growth and parturition. V. International Symposium of Obste

trics and Gynaecology "Current Trend s in Obstetrics and Gynae

cology ", Barcelona, May 26 - 28 , 1977. 

Swaab, D.F. The influence of the fetal brain and pituitary on 

growth . Symposium "pa ediatrics and Growth", Fifth Unigate 

Paediatric Workshop, London, May 30 - 3 1, 19 77. 

Swaab, D.F. Fetal neuroend ocrin e mechanisms in development and 

parturition. 10th Int ernat ional Summer School of Brain Re

search, Amsterdam, July 11-15, 1977. 

Swaab, D.F. Algemene inleiding Neuroendocrinologie. Post-aca

demisch onderwijs c ursus "Neuroendocrinologie", in samenwerking 

met de Koninklijke Ned er landse Akademie van Wetenschappen, 

Nederlands Instituut voor Hersenonderzoek, Amsterdam, August 

8-12, 1977. 

Swaab, D.F. Seminar "peptide hormone localization in the brain". 

College de France Groupe de Neuroendocrinologie cellulaire 

(Dr. A. Tixier-Vidall, Paris, November 28, 1977. 

Swaab, D.F. "Neurohistologie in historisch perspectief". Histo

logisch Laboratorium, Free University, Amsterdam, December 22, 
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Van Leeuwen, F.W. Specificity in immunocy~ochemistry, Workshop 

on "section-histochemistry" of the Netherlands Society for 

Cell Biology, Amsterdam, February 4, 1977. 

Van Leeuwen, F.W. Optimalization of ultrastructural immunocyto

chemistry of neurohypophysial substances. 18e Federatieve Ver

gadering van Medisch Biologische Verenigingen, Leiden, April 

13-15, 1977. 

Van Leeuwen, F.W. lmmunoelectronmicroscopic demonstration of 

neurohypophysial peptides. Seminar at the Department of Zoolo

gy from the University of Amsterdam, Amsterdam, June 10, 1977 . 

Van Leeuwen, F.W. "lmmunolokalisatie van hypofyse-achterkwab

hormonen". Post-academische cursus "Neuroendocrinologie", 

August 8-12, N.l.H., Amsterdam , 1977 . 

Van Leeuwen, F.W. Evaluation of fixatives, two staining proce

dures and specificity criteria in the localization of vasopres

sin and oxytocin in the neurohypophysis of the rat. Workshop 

on "immunoele c tron microsc o p y " of the Netherlands Society for 

Biology, Amsterdam, September 14, 1977. 

Van Leeuwen, F.W . lmmuno electronmicroscopi c methods for the opti

mal and specific localization of vasopressin and oxytocin in 

rat hypothalamo-neuro hyp ophys ial system . Annual Meet ing o f 

the Dut ch So c iety of Electron Mi c roscopy, Leiden, Nove mber 

10-11, 1977. 

Working visits abroad 

Bo e r, K.: Prof. Dr. 

Gènève , No vember, 

Pev e t, P. Prof. Dr. 

Poitiers, Fran ce) , 

Pe vet , P. Prof. Dr. 

J.J . Dreifuss, Lab. de Physi o l og i e. Univ . de 

1977. 

J.P . Collin (Lab. de Biologie Ce llulair e , 

January 5-6 and t1ar ch 21 , 1977 . 

E. Nevo (Biological Laboratori es , Haiffa, 

lsrael), November 18, 19 77. 

Swaab, D.F.: Prof. Dr. K. Dieri ckx (Laboratorium voor Embryolo

gie en vergelijkende Hist o logi e , Rijksuniv ers iteit Gent), 

Gent, March 10-11, 197 7 . 

Swaab, D.F.: Dr. A. Tixi er-Vidal (College de Fran ce , Groupe de 

Neuroendocrinologie), Paris, November 28,1977. 

Van Leeuwen, F.W.: Prof. Dr. K . Dieri c kx (Laboratorium voor 

Embryologie Gent), Gent, March 10-11,1977. 

Students ûnd guestworkers 

Buijs, R.M. (student biology) a) lmmun olocalization of extra

hypothalamic neurosecretory fibers in the rat. b) lmmuno

electronmicroscopical demonstration of gonadotropic hormones 
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in Black MollY. 

Cransberg, K. (student biology): Effect of low-frequency stimula

tion of the neurohypophysis on horrnone release and electro

anatomy of extrahypothalamic neurosecretory fibers. 

Everts, M. (student biolC'gy) : Immunolocalization on EM and LM 

level of horrnones in the supraoptic and suprachiasmatic 

nucleus. 

Hiemstra, K. (student biology): The installation of a second 

electrophysiological registration unit and HRP labelling of 

neurosecretory cells . 

Jansens, P. (student biology) Immunolocalization of antibodies 

af ter intrac e r eb ro ven tri c ular injection . 

Visitors 

Hobbelen, P. (Organon, Oss) 

rements. 

to learn telemetric pressure measu-

Kronnie , G.K. te (Dept . Zoology, Amsterdam): Immunoele c tron-

microscopy o f myosin and actin in the zebra fish. 

Schreuder-Van Gelder, R. and De Jong, H. (Dept. of Haematology, 

Wilhelmina Gasthuis, Amsterdam): Immunoperoxidase electron

microscopy on blood and bone marrow ce lls. 

SChuiling, G.A. (Dept . of Experimental Endocrinology, R.U., 

Groningen) to learn intra-mammary pressure measurements. 

Van Eys, G . (Dept . Zoology, Nijmegen): Immunocytochemistry of 

ACTH and a- MSH in Tilapin mossambica. 

Vet, B . J .C .M. de ( De pt. Exp. Internal Medicine , Wilhelmina 

Gasthuis , Amsterdam): to learn chronic EEG repitrution. 

Wilkin, G.P.: MRC Laboratories, Developmental Neurobiology Unit, 

Carlsha l to n, Surrey, England. 

Woodhams, P.L. MRC Laboratories, Developmental Neurobiology 

Unit, Carlshalton , Surrey, England. 

Attended conferences 

Boer, G.J. 

Boer, G.J. 

18e Federal Me et ing, Leiden, April 13-15, 1977. 

Symposium "Mechanisms, Regulation and Special 

Fun ct ion s of pr ote in Synthesis in the Brain". Amsterdam, 

A ug us t 29- 30 , 1977. 

Boer, G.J. : Colloque International "La Biologie Cellulaire des 

Processus neurosécrétoires hypothalamiques" , Bordeaux, Septem

ber 6-10, 1977. 

Boer, G.J. : IIIrd European Round Table on Neuroendocrinology . 

Noordwijk aan Zee " September 23-25, 1977. 

Boer, G . J.: Symposium "Unity in Biochemistry". Amsterdam, 
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October 20-21, 1977. 

Boer, G.J.: Symposium "Moleculaire Neurobiologie", Z.W.O., 

Den Haag, October 25, 1977. 

Boer, K.: 10th International Summer School of Brain Research. 

"Maturation of the Nervous System", Amsterdam, July 11-15, 

1977. 

Boer, K. Round Table in Hemingford Gray "Electrophysiology of 

the hypothalamus", July 23-27, 1977. 

Boer, K.: Symposium "Iontophoresis and transmitter mechanisms in 

the mammalian nervous system", Cambridge, July 28-30, 1977 . 

Boer, K.: Symposium "Mech anisms, Regulation and Special Functions 

of Protein Synthesis in the Brain", Amsterdam, August 29-30 , 

1977. 

Boer, K. Co lloque International "La Biologie Cellulaire des 

Processus Neurosécrétoires Hypothalamiques", Bordeaux, Septem

ber 6-10, 1977. 

Buijs, R.M. Neural hormones and reproduction. Thi rd brain- e ndo

crine interaction symposium Würtzbur g, July 26-29 , 1977. 

Dogterom, J.: Colloque International "La Biologie Cel lulair e des 

Processus Neurosécrétoires Hypothalamiques", Bordeaux, Septem

ber 6-10, 1977. 

Dogterom, J.: "Symposium, Mechanisms, Regulation and Special 

Functions of Protein Synthesis in the Brain", Amsterdam. Auqust 

29-30 , 1977. 

Dogterom, J.: 10th International Summer School of Brain Resea rch. 

"Maturation of the Ne rvous System", Amsterdam , July 11-15. 

1977. 

Pe ve t, P. Congrès Société Française de Microscopie Electr o niqu e . 

Nice, May 3 1-June 5, 1977. 

Pevet, P. Acta endocrinologica Congress. Lausanne. June 20-25, 

1977 . 

Pevet, P. 9th Congress of polish Society of Endocrinology, 

Poznan, June 23 -25, 1977. 

Pevet, P. XXVIIe Int ernational Congress of Physiological Scien

ces. Paris, July 18-23, 1977. 

Pevet, F.: International Symposium on the Pineal Gland. Jerusale~ 

November 1\3-17, 1977. 

Swaab, D.F.: Werkgroep Coupe Histochemi e van de Nederlandse 

Vereniging voor Celbiologie, Lab. voor Pathologische Anatomie, 

Wilhelmina Gasthuis, Amsterdam, February 4, 1977. 

Swaab, D.F.: Boerhaave cursus "Clinical and Exp erimenta l Aspects 

of Neuroendocrino'logy" , Leiden, March 31 -April 1,1977. 

Swaab, D. F.: V. International Symposium of Obstetrics and Gynae-
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cology", Barcelona, May 26-28, 1977. 

Swaab, D.F.: Symposium "Paediatrics and Growth" Fifth Unigate 

Paediatric Workshop, London, May 30-31, 1977. 

Swaab, D.F.: 10th International Summer School of Brain Research, 

"Maturation of the Nervous System", Amsterdam, July 11-15, 

1977 . 

Swaab, D.F . Symposium "Mechanisms, Regulation and Special 

Functions of Protein Synthesis in the Brain. Amsterdam, August 

29-30, 1977. 

Swaab, D.F.: IIIrd European Round Table on Neuroendocrinology. 

Noordwijk aan Zee, September 23-25 , 1977. 

Swaab, D.F . Symposium "Moleculaire Neurobiologie" Z.W . O., 

Den Haag, October 25, 1977. 

Swaab. D.F . Symposium "Onderzoek en Onderwijs in de Celbiologie: 

Toekomst, Hed e n en Ve rleden". Free Uni ve rsity, Amsterdam, De

c ember 22 , 1977 . 

Van Lee uwen, F.W.: 1 8e Feder atie ve Vergadering van Medisch Bio

logis c h e Ve r e niging e n, Le iden, April 1 3- 15, 1977. 

Van Leeuwen, F.W.: Third Symposium on Brain-Endocrine Inter

action "N eu r o nal Hor mones a nd Re p roduc ti o n" . Wür zburg, W. Ger

many, July 26 - 29 , 1977. 

Van Leeuwen, F . W. Annual Mee tin g of the Dutch So c iety of Elec

tr onm i c r oscopy , Leiden, Nove mbe r ' 0 -11, 1977. 

Van Leeuwen, F.W. I Cth I nte rnati ona l Summer S c hool of Brain 

Research . "Matu r at i on of t h e Nervous System" , Amsterdam, 

Ju ly 11-1 5 , 1977. 

Mi sce llane ous 

Boer , G. J. : Member of the o r g anizing co mmittee o f the Dutch

Briti sh Endocrine Me e tin g t o be he ld in 1978 at Maastri c ht. 

Boer , G.J. : Co ur se and Examinations of "Qualifi c ation of Radia

ti o n Protection " ( J.A . Cohe n Institute, Leiden and the Minis

tries o f Social Affairs, P ub li c Health and Milieu Hygiene). 

June 20 , 1 977 . 

Boer, G .J . Organization together with the other memb e rs of 

th e group the Post Academic Course "Neurosecretion" held at 

th e Institut e under auspices of th e Royal Academy, August 8- 12, 

1977. 

Boer, G.J. 

1977. 

Boer, G. J. 

Coordinator of the animal house, until September, 

Head of the radioisotope laboratory of the Institute 

from April, 1977. 

Boer, K.: Editor serie Breinverkenningen in Intermediair. 
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Boer, K. x referee for J. Endocrinology. 

Boer, K. Coordinator of the drawing room. 

Dogterom, J.: x referee for J. Endocrinology. 

Pevet, P. Secretary-treasurer of the European Pineal Study 

Group, May, 1977. 

Pevet, P.: Vice-chairman of the session "Comparative sexual 

endocrinology" during the XXVIIth International Congress of 

ph Y s i 0 log i c a I S c i en ces, Par is, J u I Y 1 8 - 2,3 , 1 9 7 7 . 

Pevet, P.: Vice-chairman of the session "Cytophysiolo gy of the 

Pineal" during the International Symposium on the Pineal Gland. 

Jerusalem, November 13-17 ,1 977. 

Swaab, D.F. Member committee for thesis J. Dogterom. 

Swaab, D.F. Integrated lecture for 3rd year of Medical School 

University of Amsterdam on "Growth and Development of the 

Brain ". 

Swaab, D.F. Examinated M.A.G. de Boer (student biochemistry), 

April 25, 1977. 

Swaab, D.F. Vice-presid e nt of Dutch Soc. for Endocrinology. 

May 1977. 

Swaab, D.F. Secretary of the Dutch Committee of the Internati o n-

al Brain Research Organization . 

Swaab, D.F.: Member of the advisory board of Ac ta Endocrinologi

ca and of the Journalof Neural Transmission . 

Swaab, D.F. Leader of a Fungo Project (1 3-35-07) 

Swaab, D.F. Referee for Acta Endocrinologica (5x) and for the 

Journalof Endocrinology (2x). 

Swaab, D.F.: Member of the organizing and editorial committee , 

10th International Summer School of Brain Resear c h "Maturation 

of the Nervous System", Amsterdam, July 11-15. 19 77 . 

Van Leeuwen, F.W.: Chairman working group "Immunoele ct r o nmi c ro

scopy" and organized a workshop for the 40 memb e rs, at our 

Institute for this group, September 14, 1977. 
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IV. DEVELOPMENT AND CORRECTABILITY OF BEHAVlOR 

Participants 

Dr. N.E. van de Poll (psychologist, 100 %) 

Dr. J.P.C. de Bruin (biologist, 100%) 

Drs. H.G. van Oyen (psychologist, 100 %) 

vacancy 

V. Nolten (technician, 90%) 

T. Dijkstra (technician, 100 %) 

Hormonal and environmental factors, acting during early stages 

of development predetermine to a certain extent structure and 

function of the central nervous system in adulthood. In this 

way soma tic as well as behavioral aspects of an organism are 

affected and the position of an individual in its physical and 

social environment as well as its possibilities to adapt to 

changes are predetermined up to a certain le ve l. The presence 

or absence of testicular hormones during perinatal development 

are now generally thought to accomplish changes in such diverse 

aspects of behavior as sexu ality, aggression and maternal be

havi or as well as in activity, emotionality and some dspects 

of learning. An analysis of sex-differences of behavior in nor

mally developed individuals in this respect contributes more 

to our understanding of the role of endocrine factors in brain 

development. 

Th e effect of social deprivation or specific social stimula

tion during developnent is assumed to interact with the hormonal 

phenomena. An integrated study of these two factors, together 

with a detailed analysis of behavior in adulthood and research 

aimed at the localization of the underlying -neural substrate, 

further contributes to the concepts of maturation and adaptation 

of the ner vous system. By determining critical periods in de

velopment and the rigidity of the occurring behavioral changes, 

information is gathered for the understanding of individual 

characteristics and adaptability of behavior of the adult or

ganism. 

The project is represented in the FUNGO workgroup "Development 

of Brain and Behavior ", in the project group "Aggression" of 

the Ethological working group of BION, and in the Comparative 

and Physiological Psychological working group of Psychonomy. 

The project is subdivided into four themes: 

1. Developmental aspects of sexual and aggressive motivation. 

2. Sex-differences and hormonal factors in the development of 
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aggression, sexuality and learning. 

3. The influence of social stimuli upon the development of 

sexually dimorphic patterns of behavior (not studied in 

1977) • 

4. The neural substrate underling sexual behavior, aggression 

and learning. 

During 1977 research has been focussed on themes 1, 2 and 4. 

Some experiments were carried out in collaboration with group 

111, "Interaction between the nervous system and hormones during 

maturation and adaptation" on the Brattleboro rat. These expe

riments on hormonal factors in the development of learning are 

mentioned within theme 2. 

Research on telencephalic functions in the Siamese fighting 

fish (B e tt a sp l en de nsJ has been completed and resulted in the 

thesis of J.P.C. de Bruin (September 1977 - University of 

f.msterdam) (see also Progress Report 1976, p. 40-41). In Be tta 

s plenden s nest building, sexual and aggressive behavior we re 

described both in a qualitative and quantitative way. Consider

able attention was devoted to the measurement of aggression. 

The nuclear cell masses of the telencephalon and its fibre con

ne c tions were described, while schematic drawings at representa

tive transversal levels were designed to enable a topographical 

representation of lesions sites. The effects of ablation of 

the telencephalic hemispheres and small lesions in the dorsal 

telencephalic area on the above mentioned behaviors were studied. 

The decrease in aggressive and sexual beha v ior caused by com

plete forebrain ablation is concordant with the concept o f the 

teleost telencephalon as a non-specific facilitator of lower 

brain centres. The impairment of nest building following abla

tion of the telencephalon shows that it has probably integrative 

properties as well. The results of small telencephalic lesions 

are discussed in terms of a regional function specialization 

of the ar ea do r aali s pars do rs al is and pars medi ali s with 

respect to aggressive behavior. The area exerts both facilita

ting and inhibiting influences on aggression. Based on neuro

anatomical and neuroethological evidence it is presumed that 

fibers originating from this area project upon certain parts 

of the hypothalamus, thus modulating the expression of aggres

sive behavior. 

During 1977 Vera Nolten has spent most of her time assisting 

in the completion of the research of Drs. A.P. van der Meché 

and Drs. B. Bermond (section Ethophysiology). The spatial re

organization of the working group, which required extensive 
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planning and rebuUding, was started during the last month of 

1977 and will be finished early 1978. 

Theme 1: Dev elopmenta l aspects of sexual and aggressive 

motivation 

During pre- and postnatal development gonadal hormonal fac

tors partly determine sexual and aggressive motivation which 

is reflected specifically in the interrelationship of masculine 

and feminine sexual behavior and of sexual and aggressive be

havior underling masculine and feminine motivation in male 

rats. An estrogen-progesterone-treated group of sexually in

active male rats and of sexually exhausted mal es showed lower 

levels of lordosis as compared to the intact sexually active 

males. The present work is aimed at an analysis of the inter

relationship of sexual and aggressive behavior patterns observed 

in aggressive behavior tests of S-3 rats confronted with female 

Wistars (see Progress Report 1976). A further statistical 

analysis was accomplished with the coöperation of Ir. K. Kuypers 

(Computer department) and Drs. H. van Dis (Clinical Psychology, 

Uni versity of Amsterdam) . Mutual influences of specific com

ponents of aggressive and sexual behavior in a confrontation 

of two female rats determining the interaction are indicated. 

These we re partly determined by factors in the partner (hor

monal treatment, dominance). This subject will be investigated 

in experiments using sequence analysis of the diverse parameters 

and by exper~ment s aimed at the development of parameters for 

more spccific analysis of preference and reinforcing aspects of 

social behavior. 

Theme 2: Sex differences and hormonal factors in the develop

ment of aggression, sexual beha vi or an? lea rning 

Aggre ssi o n 

Earlier results on masculine and feminine responses in males 

and females in interaction with organizing effects of testos

terone were published and extended. In order to establish 

stable and reliable le vels of masculine and . feminine responses 

induced byestrogen and testosterone treatment in groups of 

females in lesion experiments (theme 4), several control groups 

were tested in oil conditions. It was found that feminine 

responses are completely dependent upon hormonal treatment 

(estrogen or testosterone are both effective) whereas comparison 

of these groups with oil treated ovariectomized animals indi

cated that in our test conditions and with the dosages used, 
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masculine responses are not dependent on estrogen or testos

terone treatment. These results, in addition to earlier ex

periments ( Van de Poll and Van Dis, 1977), suggest the import

ance of stimulus factors in this test situation (receptivity 

of the stimulus females). 

Gonadal hormones present during early stages of development 

are generally thought to accomplish developmental changes in 

the CN5 which affect aggression in adulthood. These results 

are mainly based on work with mice. In order to establish the 

basic levels of aggressive behavior in female rats that can be 

qualitatively and quantitatively compared in later stages ex

perimental work was started with female S-3 rats (see Progress 

Report 1976). Sexual and aggressive behavior were studied af ter 

TP or oi l administration and the females were tested against 

Wistar females that were treated similar with TP or oil. All 

animals were ovariectomized before th e experiment. Analysis 

of the resuls revieled that: 

1. Substantial levels of aggressive behavior occur in these 

animais, even in the least aggression-provoking situation: 

ovariectomized non-treated females against similar Wistar 

females. 

2. Aggression appeared to depend both, upon treatment of the 

experimental female and of the partner: oil-treated females 

we re more aggressive when tested against testosterone-treated 

stimulus females: testosterone treatment of th~ 5 -3 fema l e 

also increased aggression when these animals were tested 

against a stimulus female, not treated with testosteron e. 

3. When both animals were treated with testosterone, a general 

increas e in social activity was seen: sexual b e havior was 

increa sed both, in the experimental and the stimulus f ema le, 

but aggression increased also . 

In order to find further co heren ce between the different para

meters and to impr ove scoring methods in future research a 

discriminant analysis was applied on this material, which is 

aimed at combinin g different parameters in such a way that 

the differences between the four conditions are maximalized, 

and can give an indication about the nature of the param e ters 

of special relevance. It i s indicated that sexual parameters 

are among the most prominent in discriminating the four con

ditions of this experiment. 

Sexua~ behavioY' 

Earlier observations showed that testosterone treatment of 
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adult females caused a long term inhibition of feminine sexual 

behavior suggesting the possibility of "organizing" effects of 

the hormone in adulthood. Groups of females treated for 16 days 

with testosterone- and oil-treated controls, therefore, were 

tested for feminine as weil as for masculine responses in dif

ferent stimulus conditions af ter an intermediate period of non

treatment. Normal levels of feminine responses were observed 

with the dosages used; masculine behavior, however, appeared 

to be facilitated. 

Learning 

The study of psychosexual differentiation and hormonal in-

fluences on learning in the 

ly motivated learning. Age, 

rat was mainly focussed on aversive

shock intensity and hormonal fac-

tors were investigated as to their relation with the sex dif

ferences found in this learning task. 

Two identical test cages for step-through avoidance learning 

were built by the mechanical workshop according to descriptions 

in literature and indications from the Rudolf Magnus Institute 

(Utrecht). Pilot studies aimed at standardization of the proce

dure were performed successfully. A high significant sex dif

ference was found in a first experiment. Males showed far more 

inhibition (longer response latencies) on the final trial, 

twenty-four hours af ter the aversive stimulus (an electric 

shock delivered through the grid floor). The interaction of 

sex differences in the performance of this learning task and 

age was investigated in an experiment in which young adult and 

adult male and female rdts (60 and 140 days old) were studied. 

Besides sex and age, shock-intensity was varied in this ex

periment as the unconditioned reaction to shock varies according 

to sex and age. The results of this experiment showed again a 

significant difference between male and female rats in passive 

avoidance, both for the 60 days old and for the 140 days old 

groups. It could be established, moreover, that for the 140 

days old rats the percentage of animals showing complete in

hibition of the response increased monotonically with the shock 

intensity, whereas for the 60 days old rats highest inhibition 

was found at intermediate shock intensity. Resulting in an 

invested U-shaped relation between shock intensity and inhibi

tion. As from the data obtained thusfar no conclusive evidence 

could be derived that female rats acquire this task, the dura

tion of the interval between shock and test-trial is investigat

ed at this moment in order to create test conditions enabling 
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females to master this task. In this experiment both gonadecto

mized and sham-operated animals are used to elucidate the con

tribution of circulating gonada l hormones to the sex differ

ences in passive avoidance performance that were found. 

To establish the relative importance of activational effects 

of circulating gonadal hormones and organizational effects of 

these hormones during development mal es and females were treat

ed with either te s tosterone estrogen, progesterone or oil and 

tested for passive avoidance learning. Schedules of hormonal 

treatment were chosen to ens ur e that the animals were in com

parable hormonal conditions both during shock and test trials. 

An additional group of males and females was treated with 

estrogen and progesterone as to differentially induce non-estrus 

and estrus state in the learning and test trial . These experi

ments showed that gonadectomy in adulthood reduces sex dif

ferences in passive avoidance l earning whereas these differ

ences can be restored with gonadal hormones. A complete abolish

ment of sex differences , however, was found af ter differential 

induction of estrus in the test trial only. It is suggested, 

therefore, that state dependency is involved as one of the 

important mechanisms affecting passive avoidance learning, dif

ferentially in males and females. This hypothesis, together 

with the possibility that sex differences in pituitary-adrenal 

functioning are involved in aversively motivated learning will 

be inve s tigated. A pilot study on effects of experimental 

manipulation of perinatal gonadal hormonal stimulation on 

passive avoidance learning is in progress. 

The study of sex differences in appetatively motivated 

l ear ning is focussed on aspects of acquisition and longterm 

mem o ry of spatial discrimination tasks (Progress Report 1976) 

As a co ns equence of the physical removal of the experimental 

set up to the main building and the necessity of more spec ific 

methods for analysis of the data, attention has been concen

trated on statistical analysis (partly performed at SARA) and 

the development of an interface connecting the Grason Stadler 

programming system directly to the Interdata computer of the 

Institute. Installation of a program control system, new con

nections between the programming system registration units and 

operant conditioning chambers together with direct inter

facing with the computer (to be completed in 1978) will improve 

the experimentation possibilities. Much attention has been 

paid to the solving of registration problems inherent to the 

available apparatus and specific learning tasks that are 
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studied. Analysis of the distribution of responses within the 

experimental sessions thereby will give better insight in the 

processes underlying sex differences in spatial discrimination 

learning (see Progress Report 1976). Technical adyises we re 

obtained from Ir. K. Kuypers (Computer department) , H. Overdijk 

(Electronic workshop) and Ir. P.P. Loesberg. 

In collaboration with the "Interaction between the nervous 

system and hormones during maturation and adaptation", experi

ments were performed on Brattleboro rats. Memory deficiency of 

homozygous rats caused the lack of vasopressin has been reported 

in literature. passive avoidance learning was studied in male 

and female homo- and heterozygous Brattleboro rats and males of 

two different ag es (65 and 125 days). It was hypothetized that 

retardation in development of the homozygous Brattleboro's 

might be involved in the findings reported in the literature. 

No differences, however, were found in the 65-day old groups 

whereas in contradiction to the expectation 125-01d homozygous 

animals showed more response inhibition - suggesting better 

retention of the task then heterozygous animals of the same age. 

No marked sex diff e ren ces were found either in homozygous or 

in heterozygous Brattleboro rats. 

Them e 3: The neural s ubstrate underlying sexual behavior and 

~gression 

AY'ea pY'aeop t1:ca and hypothalamu s anteY'ioY' 

Earlier experiments established the invo lvement of the media I 

preoptic-anterior hypothalamic continuum in masculine and 

hormone-induced feminine sexual behavior. It was indicated 

that a specific part of this continuum, structures ne ar the 

junction of the medial preoptic area and the anterior hypo

thalamus, are essential for the occurrence of masculine sexual 

behavior. It could be shown in addition that lordosis was 

facilitated by lesions bilaterally damaging anterior hypothala

mic structures. Recent literature indicated that hormones might 

be acting on this brain levels organizing the neural substrate 

underlying masculine and feminine sexual behavior and pointing 

to different neuroanatomical connections of these two parts of 

the diencephalon with other (limbic) brain areas involved in 

sexually dimorphic behavior. This stimulated further experimen

tation on this line in females. It was established that, as in 

males, masculine responses are inhibited by lesions at the 

junction of the medial preoptic and anterior hypothalamic area. 
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However, feminine responses in these females appeared to be 

drastically reduced by lesions in both areas, in contrast to 

that in males. This might be an indication of behavioral con

sequences of structural differences in this part of the brain 

between the sexes brought about by the presence of gonadal 

hormones during development. Further experimentation aimed at 

improvement of the neuroanatomical data are in progress . In 

order to use more sensitive tests for the behaviorally responsi

veness, different groups of stimulus females are used in which 

the levels of receptivity are varied by hormonal manipulation. 

?rae[rontal cortex 

The praefrontal cortex, defined as the projection area of the 

nucleus dorsomedialis thalami, is involved in a variety of 

behavioral functions. Of special interest for our research 

are its possible functions with regard to social behavior 

(aggression and sexual behavior) and the performance of cer

tain learning tasks, which exhibit sexual dimorphism. During 

1977 a theoretical basis has been laid for research on prae

fron tal cor te·x fun c tion i ng i n roden ts (Ra t tu s norvegicus) wh i ch 

will follow two different approaches. 

Literature data indicative that the praefrontal contex of the 

rat might be distinguished anatomically functionally into two 

subfields, a medial and an orbitofrontal (sulcal) region. The 

aim of our study is to investigate the functions of both re

gions in the regulation of intraspecific aggression , sexual 

behavior and certain learning tasks, in which a sexual dimorph

ism exists. Both adult males and females will be studied. 

It is known that the functional development of the praefrontal 

cortex continues into adolescence . This "delayed" functional 

development of the praefrontal cortex provides the possibility 

of studying the effects of lesions also during development. 

There are strong arguments for the hypothesis that the prae front

al cortex exhibits a sexual dimorphism during development, pos

sibly extending into adulthood. Using various morphological 

parameters the structure of the praefrontal cortex during its 

development will be studied by comparing males and females of 

different age groups. When differences between the sexes can be 

assessed, the role of gonadal hormones will be studied as the 

possible causal determinant of structural sexual dimorphism. 

This research will be carried out in coöperation with group I 

(Adaptability of the nervous system of adult organisms). 
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Students 

M. de Boer (Biochemistry) "Effects of Medial Preoptic-Anterior 

Hypothalamic Lesions on Sexual Behavior of Female Rats". 

P. Janssens (Biology) started research on a-MSH in workgroup 111 

in collaboration with our workgroup. 

Papers read 

Bruin, J.P.C. de - Regional specialization in the forebrain 

of teleost, Betta splendens Regan. 18e Federatieve Vergadering 

van Medisch-Biologische Verenigingen. Leiden, April 1977. 

Bruin, J.P.C. de - The role of the telencephalcn in the regula

tion of aggressive behavior in the Siamese fighting fish 

(Betta splendensJ. Association for the Study of Animal Beha 

viour. Durham, U.K., June 1977. 

Bruin, J.P.C. de - Telencephalon, aggressive and reproductive 

behavior in the Siamese fighting fish, Betta splendens (poster 

presentation), xVth International Ethological Conference. 

Bielefeld, W. Germany, August 1977. 

Oyen, H.G. van - Sexe-verschillen in appetetief gemotiveerd 

leren. Wgm. Verg. en Fysiol. Psychol. (Psychonomie). Nijmegen, 

December, 1976. 

Oyen , H.G. van - Passieve avoidance en gonadale hormonen. Psycho

fysiologie. Utrecht , November 1977. 

Oyen, H.G. van and N.E. van de Poll - Acquisition and retention 

of alternation performance of male and female rats. 18e Fede

ratieve Vergadering van Medisch-Biologische Verenigingen. 

Leiden, April 1977. 

Poll, N.E. van de - Hormonale en neurale factoren in sexueel, 

agressief gedrag en leren in de rat. Farmacologie, V.U. 

Amsterdam, March 1977. 

PL ·II, N.E. van de and H. van Dis - The effect of dexamethasone 

on masculine sexual behavior in rats (poster presentation) . 

18e Federatieve Vergadering van MedisCh-Biologische Vereni

gingen. Leiden, April 1977. 

Poll, N.E. van de, J.P.C. de Bruin, H. van Dis and H.G. van Oyen. 

Gonadal hormones and the differentation of sexual and aggres

sive behavior and learning in the rat. 10th Summer School of 

the Netherlands Institute for Brain Research. Amsterdam, 

July 1977. 

Visitors 

Dr. J.A. Gray (Oxford, England) Dr. H.H. Swanson (Birmingham, 
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England) ; Dr. R.F. Drewet (Durham, England) 

(BaItimore, Md, U.S.A.). 

Working visits 

Dr. M. Figler 

Bruin, J.P.C. de en N.E. van de Poll - Vakgroep Verg. Fysiol. 

Psychologie, Nijmegen, April 1977. 

Bruin, J.P.C. de - Farmacol og isch Laboratorium der V.E. Amster

dam, December 1977 . 

Oyen, H.G. 

gologie, 

van and N.E. van de Poll to Dr. 

Utrecht ( regularly). 

J.L. Slangen. Psy-

Oyen, H.G. van and N.E. van de Poll to Ir P.P . Loesberg, Benne

kom, May 1977. 

Oyen, H.G. va n and N.E. van de Poll to Dr . B. Bohus . R.M . I . , 

Utrecht, May 1977. 

Poll, N.E. va n de and H.G. van Oyen - Farmacologie V.U . , Amster

dam, March 1977 . 

Po ll, N.E. van de to Dr. K. Slob and Dr. J. Baum . Endocrinolo

gie, Rotterdam, November 1977. 

Conferences attended 

J.P.C. de Bruin, H.G . van Oyen and N.E. van de Poll: 18 e F ede

ratieve Vergadering van Medisch-Biologische Verenigingen, 

Leiden, April 1977 ; Meetings of the projectgroup "A ggress ion" 

working group Ethology (BION) ; Autumn conference working 

group Ethology (BION) Zeist, December 1977; Meetings of the 

working group Comparative and Physiological Psychology (Psy

chonomy); Summer School, Netherlands Institute for Brain 

Research, Amsterdam, July 1977 . 

J.P.C. de Bruin and H.G. van Oyen: Meeting of the working 

group "Molecular bases of behavior" ( FUNGO). Utrecht, Octo

ber 1977. 

H.G. van Oyen and N.E. van de Poll: Spring conference Psycho

nomy. Arnhem, ~ay 1977. 

J.P.C. de Bruin: Summer conference Association for the Study 

of Animal Behavior. Durham, U.K., June 1977; XVth Internatio

nal Ethological Conference, Bielefeld, W. Germany, August 

1977; Meetings of the "Nederlandse Dierkundige Vereniging"; 

"Verhaart" Meeting of neuroanatomy. Amsterdam, December 1977. 

N.E. van de Poll: Meetings of the working group "Development of 

Brain and Behavior" (FUNGO); ZWO Symposium "Molecular Neuro

biology. Den Haag, October 1977. 
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Miscellaneous 

Oyen, H.G. van. Collaboration in the post-doctoral course 

neuroendocrinology - see working group 111. 

Poll, N.E. van de. Co-editor of "Maturation of the Nervous Sys

tem, Progr. in Brain Res., Elsevier, Amsterdam (In Press) . 

Poll, N.E. van de. Member of the Dobberke Foundation for Compa

rative Psychology. 
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v. NEUROPHYSIOLOGICAL ASPECTS OF MATURATION AND ADAPTATION OF 

THE BRAIN 

Pal'ticipants 

vacancy (leader) 

Drs. C.V. de Blécourt (M.D., 100%) 

Ir. K. Kuypers (engineer, 100%) 

vacancy (scientific staff) 

R. Nooy (technician, 100%) 

vacancy (technician, 100%) 

For the function of nerve cells, electrical activity is essen

tial. This group will study the neurophysiological aspects of 

the nervous system during maturation and adaptation. Of course 

the program of this group will strongly depend on its future 

leader for which there is a vacancy at present . An account can 

thus only be given of the computer department and the complete

ment of the Cerebral Blood Flow project. Since the departure of 

P.A. de Groot at the beginning of the year. a second vacancy 

has emerged . Kuypers has functioned as acting groupleader. 

Computer department 

The department uses an IBM-1130 and an Interdata M-70 computer. 

This year the Interdata has been expanded with the necessary pe

ripherals to replace the IBM-11 3 0 . A 10 MB discdrive, a card 

reader. a chainprinter, 32 KB core memory and two CRT video dis

play units have been connected to the Interdata. The digital 

tape unit and the plotter. which are part of the IBM-system. 

can now also be connected to the Interdata. Several projects 

have been undertaken or adapted this year: 

The conversion from IBM to Interdata. Programs written in the 

machine language of IBM have to be converted to machine language 

of Interdata. Converted are a driver for the digital tape unit 

and subroutines for driving the plotter. Other programs have to 

be converted in the future. 

The implementation of a multi-task system. With the arrival of 

a discdrive for the Interdata it was also possible to implement 

the OS-16-MT2 multi-task system. This means that the system has 

to be converted from a single user to a multi-user environment. 

This has made possible the connection of more than one experiment 

to the computer at the same time, without blocking it for other 

purposes, which is necessary e . g. during measurements of dendri

tes. 
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Computer-aided scanning of dendrites. The program for data acqui

sition has been further developed and converted to the multi

task system. One of the features added is that of error conver

sion during the scanning of dendrites. Programs for the analysis 

of the collected data ha ve also been made. For instance a proce

dure has been developed to cal cu late the surface of the cell 

soma in the sections. Further an interface routine has been con-

structed between the data bank of the coordinates of the dendri-

tes and the already existing programming package for analysis 

of segment lengths of dendrites of groups of animals. 

Whyte system. Other statistical capabilities have been added to 

the system. Th e spearman rank corre lation and factor analysis 

on frequency, lat ency and duration and cn the data of the follow

ing matrix have been implemented. The ca lculation of the follow

ing matrix has been improved. 

Grason-Stadler system. A start has been made th is year with the 

construct i on of interfa ces between the Grason-Stadler system, 

used by workgroup IV and the Interdata computer by the electron ic 

workshop. At the same time the development of the cor responding 

data acquisition program has been started. 

~outi~~~~. The programs for RIA, rCBF. FLOWMP and th e 

programming packages for EEG analysis (Fast Fourier Transform 

dnd Aperiodic Interval Amplitude Analysis) hav e been used daily 

for the analysis of data. 

The relationship between EEG and cerebra l blood flow (C . v. de 

Blécourt) 

From comparison of the clearance curves of 133 xe and 99m Te (a 

non-diffusable tracer) it was concluded that part of the injected 

1 3 3 xe l eft the brain without having been diffused int o the brain 

tissue. The extensive venous plexus behind the orbit , th at has 

direct communications with the intra-cerebral arterial circula-

tion can be responsible for this phenomenon . This findingled us 

to re-analyse 200 previous CBF measurements. The results were, 

ho wever , similar to those described in 1975. No increase in CBF 

was found during intermittent photic stimulation ( IPS); in the 

resting situat i on , however, there was a significant correlation 

between EEG- and CBF parameters. 

EEG's were analysed not only with analogue broadband frequency 

analysis (ABFA) but also with Fourier analysis (FFT) and aperio

die amplitude interval analysis (AAIA) , with the assistance of 

Ir. J . Smith (Laboratory of Medical Physics, University of Am

s terdam) . 
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The following EEG parameters were tested (x ~ s.d.) (resting 

situation). ABFA: % delta (40.1 ~ 5.2) and % theta (31.4 ~ 3 .9) 

FFT: % delta (48.4 + 10.4), % theta (35.9 ~ 8.9), the delta-theta 

median (i.e. the frequency at which the power in the (delta + 

theta) band is divided into two equal parts) was 3. 1 + 0.6, the 

whole spectrum median (3.7 + 0.7) and the dominant frequency 

(2.5 + 0.9); AAIA: from this method only the mean interval value 

(msec) was tested (118 ~ 24) . 

All of them, except for the mean interval value (AAIA) yielded 

significant coefficients of correlation (p < 0.01) with one or 

more of the following CBF-parameters (expressed in ml/g/min) : 

flow mean weighted (FMW) (0.93 ~ 0.19), flow s low (FS) (0.43 ~ 

0.09) and flow mean stochastic (FMS) (0.87 + 0.22) The highest 

correlations were obtained between the delta-theta median and 

subsequently the FMW (0.86, P < 0.0005), FS (0 . 79, P < 0 . 0005) 

and FMS (0.79 , P < 0.0005). 

Another series of experiments was performed this year, in which 

not only IPS of l ow intensity but also of a hiqher one was us e d. 

Analysis is still in progress . 

Papers read 

De Blé c ourt, C .V . Artificial respiration in the rabbit fo r EEG

rCBF studies. 18th Dutch Federative Meeting,Leid e n. April 19 7 7. 

De Blécourt, C.V. Artifi c ial respiration in the rabbit for EEG

rCBF studies. 2 7th Internat. Congr . , Internat. Union Phy s i o l. 

Sci., Paris, July 197 7 . 

Attended conferences 

De Blécourt, C .V . to: the 8th Cerebral Blood Flow symposium: 

Cerebral function, metabolism and circulation. Cop p nh a g e n, 

June 1977; The 9th Internat . Congress of EEG and Clini ca l 

Neurophysiology, Amsterdam, S e ptember 1977. 
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ETHOPHYSIOLOGY 

Parti cipan ts 

Drs. A.P. van der Meché (bioIogist, 100 %) 

Drs . B. Bermond (PsychoIogist, 100 %) 

In this project the ma in interest is focussed on brain and 

behavior studies. It deals with the function of telencephalic 

and diencephalic areas in memory (theme 1) and aggression (theme 

2) • 

Theme 1: rhe neural and chemical substrate for learning and 

memory in the goldfish rCara ssius a ura tu s L.) 

This theme has been completed and the results are condensed 

in the thesis of Van der Meché. This thesis describes the beha

vior of goldfish in a shuttle-box. Both spontaneous barrier 

crossing in a shuttle-box and the effects o f telencephalon abla

tion on learning behavior and spontaneous barrier crossing are 

discussed . 

It appears that goldfish, af ter an initial latenc y period, 

regularly cross the barrier spontaneously in the shuttle-box. 

Following a subsequent confrontation with the shuttle-box, this 

latency time is shortened and the crossing frequency becomes 

stabilized af ter 2 to 3 days. This behavior is discussed in 

terms of the habituation concept. The repeated c rossings are 

neither caused by a desir e to esc ape from a restricted area 

nor by searching for a more stimulus enriched environment than 

the bare shuttle-box compartment. We propose that the crossing 

behavior is maintained by a positive reinforcer. We witnes sed 

a shortening of the latency time af ter a single cross ing during 

a second confrontation. This results in a one-trial learning 

process with a positiv e reinforcer which is very useful for 

research in which, up till now, only a negative r e inforcer was 

available. It became c lear that the latency tim e during the 

first confrontation was not caused by reduced activity. 

Active avoidance conditioning is a learning procedure for 

which the shuttle-box is most commonly used. Constant individual 

differences in learning capac ity were established; avoidances 

during the trial period occur as weIl as crossings during the 

intertrial period. These crossings increas e d in frequency during 

the beg inning of the conditioning . Once a certain level was at

tained, they remained constant even though the learning curve 

declines under the influence of the extinction procedure. The 

intertrial crossings are an expression of the general activity 
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of the goldfish in the shuttle-box and, as such, can appear 

during the trial period and be registered as a so-cal l ed avoid

ance. A connection exists between the number of avoidances and 

the number of intertrial crossings . 

Observations indicate that inter trial crossings do occur during 

the light period. It is, therefore , not unreasonable to consider 

the total amount of int ertr ial crossings per time-unit to be 

part of the avoidance sess i o n-score. A method is provided to 

correct th e avoidance score for intertrial crossings in order 

to ob tain the net result of the proper learning process. It is 

further shown that active fish , as measured by their level of 

intertrial crossings , show a faster learning progress than less 

ac ti ve ones . 

Following telencephal on ablation reten ti on of the avoidance 

conditioning is impaired, although a tendency for a partial 

saving of the response is present. Both acquisition and extinc

tion are unimpaired by telencephalon ablation, however, both 

spontaneous and intertrial barrier crossings disappear . The 

indications are discussed that the difficulty to cross the 

barrier is important in shu ttle-box behavior. Since active 

fish l ea rn the avo idan ce reponse faster, and since intertrial 

crossings disappear following telencephalon ablation, the fail

ure to find a difference in l ear ninq rate between fish with and 

without 

tati on . 

their telencephal on is not co ncordant with our 

Although active fish l e arn the response faster, 

expec

follow-

ing telencephalon ablation they remember the response worse 

than less active fish . 

.!J:!.~ m e -..?.-:..~~~~_~ 0 r~o_r:.~_ r e 5L~~!:i.~~ 0 f a.5L2..~_~~ s i ~ ~ ~~ al 

behavior in the S3 _ rat~!i~t~~120 l' l:!.~9:icu~ 

Behavioral results and histological data of previous experi

ments have been (re)analyzed, a nd will be published in the form 

of a thesis ea rly in 1978. 

The different analyses provided two important conclusions: 

1) Effe::.~~~strati~n and~l?.~~ue~~andro5L':.~ treatment upon 

int~al e_aggre~s iv e behavior in rats . Although some investiga

tors c l a im that castration leads to a decrease or disappearance 

of aggressive behavior, and hormone replacement therapy tends 

to reinstate it, the literature is very conflicting about this 

issue. To tackle this problem, the data of a castration-testos

terone propionate (TP) replacement experiment were analyzed, 

both in a conventional way (by means of Mann Whitney u-test) 

and with the aid of a behavioral sequence analysis. The results 
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of these analyses demonstrated that TP treatment of castrated 

rats enhances, on the one hand, the level of aggressiveness in 

the treated castrates while, on the other hand, it decreases the 

level of aggression-provoking behavior of the non-treated non

castrated stimulus males, and in creases the level of aggression

inhibiting beha v ior in these l ast -mentioned animals. The dif

ference in behavior of the non-treated intact stimulus males 

(those used for the TP-treated castrates compared with those 

used for the non-treated castrates) is the result of a differ

ence in the organization of the behavioral interactions between 

the castrate and his opponent. It was demonstrated that the 

stimulus mal es used for the TP-treated castrates, when compared 

with those used for the non-treated cas trates, tend to react 

to mildly aggressive acts of the TP-treated castrates signific

antly more of ten by surrendering themselves completely, and less 

of ten by aggression-provoking acts. 

Furth er a n alysis of the data indicated that this diff~rence 

in behavior of the non-treated intact stimulus males (the be

havior of the stimulus mal es used for the TP-treated castrates 

in comparison withthat of the stimu lus males used for the non

treated castrates) is not the result of the difference in le

vels of aggressiveness demonstrated by the two groups of castra

tes, but the result of a change in physical characteristics of 

the TP-treated castrates , in response to the hormone treatment, 

probably a change in phero mone-product ion. 

The fact that the two effects of androgen treatment stated in 

the above-mentioned conc lu s i on tend to counteract one another 

with regard to the amount of aggressive behavior shown during 

testing, explains why the literature on this subject is so con

flicting. 

2) The effects of implant~~~~_~~~st~sterone-p~ionate pellets 

in the neighbourhood of the medial~~tic-hypothalamus anterior 

region. In the Progr ess Report of 1974, the conclusion based 

upon results of lesion experiments, stated that the medial pre

optie-hypothalamus anterior reg ion (MPOA-AH) can be functionally 

dissociated in at l eas t two areas: a) a frontal part fulfilling 

a facilitating function in the regulation of inter-male aggressi

ve behavior, and b) a more caudal part, fulfilling a facilitating 

function in the regulation of male sexual behavior. 

In the Progress Report of 1975, additional lesion results were 

mentioned which further supported the conclusion stated above. 

Further analysis of these l es ion results showed that the "aggres

sive subpart of the MPOA-AH" is anteriorly bordered by plate 19 
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and caudally by plate 21 of the König and Klippel atlas of 

the rat brain. while the "sexual MPO~ -AH subpart" is bordered by 

plates 23 and 26. It was then hypothesized that androgens find 

their site of action for the stimu l ation of intermale aggression 

in the first-mentioned subpart of the POA-AH. and for the stimu

lation of male sexual behavior in the second-mentioned MPOA-AH 

subpart. This last hypothesis was finally tested in an experi

ment in which testosterone-propionate pellets were implanted in 

the neighbourhood of the two MPOA-AH subareas mentioned in pu

peral castrated S3 rats. The behavioral and histological results 

of this experiment are now analyzed . and they confirm the hypo

thesis stated above. Only bilateral implants within a range of 

1000 ~ to the first-mentioned MPOA-AH subarea induced intermale 

aggressive behavior. while on ly those within a range of 1000 ~ 

to the second-mentioned MPOA-AH subarea induced male sexua l be-

havior. 

Th e research of this theme forms part of the activities of 

the National Aggression Workin g Group. coordinated by Dr. P.R. 

Wiepkema. Zoological Laboratory. University of Groningen. 

Papers read 

Bermond. B. Castration and androgen treatment in S3 rats: ef 

fects on aggressive behavior in the test males (treated) and 

aggression provoking behavior in the stimulus male (untreated) 

18e Federatieve Vergadering voor Medisch Biologische Vereni

gingen. Leiden. April 1977. 

Bermond. B. Effect of lesions in the preoptic area on aggressi ve 

and sexual behavior of the male S3 rat". XVth International 

Ethological Conference. Bielefeld. 1977. 

Van der Meché. A.P. Spontaneous barrier-crossing of goldfish 

rCarassius Auratus L . ) in a shuttle-box: its use as a one-tr id l 

learning process with positive reinforcement. 18th Dutch Fe

derative Meeting. Leiden. April 1977. 

55 (57) 



MONOAMINERGIC MECHANiSMS IN RAT BRAIN: BIOCHEMICAL ASPECTS AND 

~FFECTS OF CHRONIC ADMINISTRATION OF TRICYCLIC ANTIDEPRESSANT 

DRUGS 

Participant 

Drs. M. van Wijk (biochemist, 100 %) 

The main, strongly interrelated, purposes of this project are: 

1) To establish the effects of tricyclic antidepressant drugs 

(TADS) on several aspects of monoaminergic function in the CNS , 

especially af ter chronic administration (cf. Progress Report 

1976), 2) to contribute, by developing new experimental models , 

to a better understanding of the basi c biochemi c al organization 

of monoaminergic neurotransmission in the CNS. 

50 far, our interest has mainly been focusse à o n serotonin 

(5-HT) metabolism. To obtain a general idea ab ou t chronic ef

fects of several TAD on 5-HT metabolism, measurements o f turn

over of this neurotransmitter and levels of TAD in whole rat 

bra in have been performed in 1976. Part of 1977 was spent to 

some supplementary control experiments, the results of which 

did not alter the previous conclusions, which were briefly, 

that, although levels of TAD were much higher af ter chronic 

than af ter acute treatment, 5-HT turnover was similar af ter 

the two dosage schedules. Therefore the relative inertness of 

monomethylated TAD towards serotonergic neurons seemed for the 

most part maintained af ter longterm administration. For these 

turnover measurements the probenecid technique was used, which, 

however , in view of recent evidence, might influence cerebral 

5-HT synthesis itself. Therefore, the effect of probenecid on 

5-HT formation was investigated by means of aromatic decarboxyl

ase inhibitors. These experiments did reveal, in addition to 

the known blockade of the transport of 5-hydroxyindole acetic 

acid, a moderate stimulatory effect on 5-HT synthesis. Presentl~ 

more sensitive and convenient semi-automatic methods to deter

mine 5-hydroxyindoles are in progress. These techniques will be 

applied to evaluate the biochemical consequences of stimulating 

ascending serotonergic pathways in rat brain. 

This project is at present supervised by Dr . J. Korf (Biological 

Psychiatry , State University of Groningen), and is partly per

formed at the Department of Biological Psych ia try and partly 

at the Netherlands Institute for Brain Research . 
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Papers read 

M. van Wijk and J. Korf. Levels of tricyclic antidepressant 

drugs and metabolism of 5 - hydroxytryptamine in rat brain 

af ter acute and chronic treatment . 18th Dutch Federative 

Meeting, Leiden, April 13, 1977 (poster) . 

M. van Wijk and J. Korf. probenecid-induced accumulation of 

5-HIAA and levels of tricyclic antidepressants in the rat 

brain af ter acute and chronic treatment. 6th International 

Meeting of the International Society for Neurochemistry , 

Copenhagen , August 25, 1977 (poster) . 
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ELECTRONICAL WORKSHOP 

Participants 

J. Overdijk (technician, 100 %) 

R. Nooy (technician, for th e time being 100 % in this workshop) 

Microiontophoresis stimulator (K. Boer) 

A 5-unit constant current stimulator was built for the pur

pose of e jecting co mpounds by a multibarrel micropipette during 

recording of single unit activity. Nano- to microamperes current 

(positi ve as weIl as negative) can be maintained also alter

natively and can be constantly measured. The stimulator can be 

driven by an external source. Electrical artifact problems 

during recording still exist , but will be tackled soon. 

El ec tron ic coun ter (K. Bo er) 

A digital puls e co unter was built , c o unting up to 9999 pulses 

( o f le ss than msec durati o n l without a pract i cal rate limit . 

Th e di s play c an be arr es t e d while co unti ng co ntinuous, and c an 

b e se t at z e r o i f r e quir ed . It se r ves t o c al c ulate mean firing 

fr cq u pn c i es o f r ec orded ne r ve ce ll s du ring the experiment, and 

to ch , ' c k t h p numbe r of s ti mu l.:.ti o n pu l se s given during the 

e xp e r i 01< '11 t . 

( M.A. ('u rn e r ) 

Co nstru c ti o n o f a s p ec imen h o lder (o peration not step-wise) 

whi c h i s e l ec tr o ni c ally c o ntr o !led t o pre v ent artifacts due to 

s wit c h-gea rin g o f the h e ating element during retording. A test

mod e l ha s b e en de signed , a fina l vers ion of which will be built 

in 1 'J 7 U . 

Beveling apparatu s (M.A . Corner) 

Design and c on s truct ion of an apparatus for beveling the 

fine tips of glass micropipettes ( in order to facilitate intra

ce llul ar recordings from nerve celis) in co llaboration with 

th e mechanical workshop) . 

Agitator for development of miniature films (A. Potjer) 

An electronica lly controlled unit whi c h con trols an electro

motor and is provided with two electronically operating time 

recorders, one of which indi cates the intervals between rota

tion of the development tank (adjustable from 1-100 sec) while 
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the other controls the total time, to be indicated by a buzzer . 

Alarm system (D.F . Swaab) 

An alarm system was constructed for temperature contro l of 

6 deep-freeze boxes for storage of low-temperature preparations. 

The system controls both, mains curre nt for the unit and tempe

rature in th e boxes. In case of failure of the mains supp l y 

and/or rise of temperature in the boxes above -10 °C , acontro l 

bulb at the re l evant box and a centra lly located siren will 

bec o me operat i ve. 

Grason-Stadler system (N . E. van de Po ll) 

1. Rebuilding and renewal of the setup of the " operant condition

ing chambers and Grason-Stadler programming system, and i n

sta llati on of the program co n tr o l system in the main building 

of the institute. 

2 . Development and construction of a module to be u se d for 

de livery of audio signals with adjustable intensity , 

and duration in the operant conditioning chambers . The modul e 

is contro ll ed by the Grason-Stadler programming sys tem. 

3 . An i nterface al l owi n ] for the data of the operant condition 

ing chambers and Grason Stad i er programm in g system , to be 

i ntroduced into the Int e rd ata computer of the institute for 

further analysis i s being constructed. The system was de

ve l oped in co llaboration with Ir . K. Kuypers (com put er àe 

partment) . Th e data (32 bits) are transmitted t o an inter

face (receiving part) at the co mput er in such a way that 

changes of the data result in transmi ss ion. 

To test thi s interface, a 16 bit para ll e l d i splay h3S been 

built which at the same time serves as acontro l for addi-

tional parallel bit lines. Th e display i s made up of 16 

light emitting diodes and a 1 6 - bit buffer. 

Assistanee was given to the computer department (repair and 

modification in connec ti on with the change over toa n e w com 

puter system) . Additional activities we re carried out such as 

repair and routine maintenance of apparatus in the va ri ous 

departments and the building of 3 temperature-controlled h eat ing 

elements (K. Boer, M.A. Corner). 
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MECHANICAL WORKSHOP 

Pa Y' ticipants 

A.W. Kamstra (technician , 1 00 %) 

E. Moes (techni c ian, 100 %) 

An enumeration of some large projects developed in this 

department is given below. Electronical aspects of these pro

jects were developed in the Electronical Workshop. 

a. (H. Romijn) 

1. Rotating table for the permeation of specimens with embeddinq 

material. 

2. Storage chest for electronmicroscopic grid boxes. 

3. Receptacle for specimen holders. 

b. (N. E. van de Poll) 

Two identical step-through test cages were built to be used 

for testing passive avoidance learning according to descriptions 

in the literature. 

c. (G . J. Boer) 

1. Microelectrophoresisjelectrofocussing equipment was develop

ed for protein separation on polyacrylamide slab gels. 

Special holders were made in which the slab gels can be 

electrically isolated from the cooling electrode solution. 

2. Special light box for observation of protein-stained poly-

acrylamide gels. 

d. (K. Boer) 

Several modifications were performed of the electrophysiolo

gical recording setups. The David Kopf stereotact for smal I 

animals was provided with a third electrode holder that was 

made to move into three directions . In this way, two stimula

tion electrodes and a recording electrode can be manipulated 

independently. 

For the second setup, the rabbit stereotact, which was pre

viously adapted for rats, was improved, viz . by making one 

electrode hol der movable in three dimensions. Moreover, a new 

he ad holder was manufactured on top of a resting plate that 

can be fix e d into the old stereotact. The head holder enables 

recording from the supraoptic nucleus by the ventral approach 

through the mouth cavity, whi ch facilitates iontophoretic 

application of compounds to the supraoptic neurones, as weil 

as possibly the technique of intra c ellular recording. This 

device can be used independently for the preparatory operations 

und er thp microscope, or c an b e r ep la ce d by the former he ad 

hold er of the stereota c t for the more usual registration t ec h-

60 (62) 



nique. 

In the above-mentioned as well as in the stereo tact resting 

plate, provisions are made to contain a new heating plate, 

made af ter the design of that for the first setup (by H. Over

dijk) . 

Next to these devices, a small Faraday cage was built for 

the second setup, that protects the electrical registrations 

against 50 Hz noise. 

e . (M.A. Corner) 

The following projects were completed this year on behalf of 

Workgroup 11: 

1. A vibrating knife for making fine slices of c e ntral nervous 

tissue for culture in vitro. 

2. Modifications of a dry-heat oven for tissue culture pur

poses, including a variable motor for slowly ro c king the 

culture dishes, and a gas-mixture control syst e m for c on

trolling the atmosphere inside the oven . 

3. Design and construction of an apparatus f o r b eve ling th e 

fine tips of glass micropipettes (in order to fa c ilitate 

intra-cellular recordings from nerve cell s , in co ll a b o r a 

tion with the Electroni c al Worksh o p). 

f. (D.F. Swaab) 

1. Storage trays (synthetic fabri c ) for s tora ge o f sm a ll t ub es 

containing antibodies, sample s , e tc. fo r th e immun o - p r oce -

dures. 

2. A Halasz-knife was prepared from s harp e ned s t a inl ess s t ee l. 

This knife is used for stere o tactic d e aff e r e ntiati o n s in 

the brain, af ter which immunocytoch e mi c al s tainin gs ar e 
performed. 

3. A machine was made (synthetic fabric) in whi c h tube s ca n 

rotate. It is used for radi o immunoas s ay, purificatio n o f 

antibodies and incubation o f agaro se beads. 

!l.. (J. Dogterom) 

1. For the radioimmunoas s ay, thr e e pla s ti c ra c k s we re mad e t o 

immerse extraction tube s in a waterbath ( e ach ra c k contain

ing 32 tubes) during evaporation o f s o l ve nt by a nitrogen 

stream. These racks had to be made according to a model of 

a nitrogen spreading device of glass . 

2. For the isolation of well defined brain nuclei, 6 steel 

punch pipes of different sizes were made. 

h. (K.C. Hodde) 

A transportable storage unit was devised for the very hygro

scopical critical point- or freeze-dried material, prepared for 
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scanning EM. The conditions to be met were: smallest possible 

air volume, to contain as little moist as possible - easy access 

to specimen for very quick (un)loading - visual control of 

state of dryness. 

The unit is a plexiglass tube, length 25 cm, diameter 4 cm, 

closed with dis cs and O-rings. One di sc is glued to a mid

horizontal partition which carries the specimen stubs. The 

remaining 1/4 spa ce is occupied by a metal gauze cylinder con

taining silica-gel. A tube mounted in the center allows a rod, 

fastened to the specimen carrier to go through, passing to 

the outside through a hole dril led in the disc on this side. 

A nut screwed on, presses both lids firmly shut. 

Carried out we re, in addition: 

- chassis and front panels for apparatus in the electronical 

workshop ; 

- common repair , modification and adaptation of various 

apparatus such as photographic equipment, centrifuges, micro

scopes, shakers , y -counter, etc. and routine maintenance and 

repair of mi c ro-scissors, micropipettes, etc. 
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Seminars given at the Institute in 1977 

February 9 - Dr. Da vid Hopkins (Dept. Neuroanatomy, Med. Faculty, 

Erasmus University, Rotterdam) :The development of motor control 

in the rhesus monkey. 

March 29 - Prof. J.R. Wolff (Dept. Neuroanatomy, Max-Planck 

Institute for Biophysical Chemistry, Göttingen): Quantitative 

studies on the distribution and development of synapses in the 

visual cortex of the rat. 

April 20 - Dr. J. Parnavelas (Dept. of Anatomy and Embryology, 

University College, London) Neurons and their synaptic organi-

zation in the visual cortex of the rat. 

May 17 - Dr. J.A. Gray (Dept. of Experimental Psychology, Univer

sity of Oxford): Electrophysiology and behavioral functions 

of the septo-hippocampal system. 

May 18 - Drs. J. de Groen (Dept. Clinical Neurophysiology, Aca

demie Hospital, Leiden): Periodieke slaapverschijnselen in de 

humane pathologie: casuïstiek en achtergronden. 

July 25 - Prof. K. Ruf (McGill University, Montreal, Canada) 

The physiology of puberty in the rat. 

August 26 - Dr. H.P. Rees (GainesviII, U.S.A.) : Autoradiographic 

studies . h 3 I WLt a H-ACTH
4

_
9 

ana og in the rat brain. 

September 1 - Prof. S.P.R. Rose (The Open University Milton 

Keynes, U.K.) 

and learning. 

Neurochemical correlation of ear ly experimence 

September 2 - Dr. H. Hillman (University of Surrey, Dept. of 

Human Biology and Health) The chemistry of epilepsy , studied 

in vivo and vitro. 

September 12 - Dr. H.H. Swanson (Dept . of Anatomy, University of 

Birmingham, England) 

Mongolian gerbils . 

The social control of fecundity in 

September 22 - Dr. M.R. Issidorides (Psychiatry Dept., Universi-

ty of Athens, and Neurology Dept., Mt. Sinai Medical School, 

New York): Protein-rich bodies of substantia nigra and locus 

coeruleus in Parkinsonian and in normal brains. 

September 28 - Prof. G.S. Dawes, F.R.S. (Nuffield Inst. for 

Medical Research, University of Oxford, England) : The develop

ment of breathing movements before birth. 

September 29 - Dr. Tj.B. van Wimersma Greidanus (Rudolf Magnus 

Institute, University of Utrecht): Neuropeptiden (ACTH, MSH, 

vasopressine) en gedrag. 

November 2 - Dr. T.D. KernelI (University of Amsterdam) 

duatie van zenuwcelactiviteit. 
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November 23 - Dr. P. McConnel1 (Dept. of Anatomy, university of 

Birmingham, England) 

development. 

The effects of starvation on cerebellar 

December 21 - H. Hermans (Head Voorlopige Dienst Wetenschaps-

voorlichting K.N.A.W.): Wetenschapsvoorlichting. 

PUBLICATIONS 

Baker, R.E. Lack of behavioral reversals in skin-grafted Lymno

dynastes. IRCS Med. Sci. 5, 436 (1977) 
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in press. 
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in press. 
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oorzaken en functies, P.R. Wiepkema & J.A.R.A.M. van Hooff 
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on aggressive behaviour in the test males (treated) and aggres
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secretie 1. Intermediair 32 (1977). 

Boer, K. and W.L. Bakhuis. De rol van de hersenen. De Syllabus 
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en extrahypothalame vasopressine en oxytocine bevattende banen 

in de rat. Ned. T. Genee s k., in press. 

Corner, M.A. Sleep and the beginnings of behavior in th e animal 

kingdom - studies of ultradian motility cycl e s in early lif e . 

progr. Neurobiol. 8 , 279-295 (1977). 

Corner, M.A. Towards an evolutionary interpr e tation of sle e p 

rhythms: a comparative study of early spontan eo us motility 

patterns. In: Sleep, 1976, W.P. Ko e lla & P. L e vin (ed s .), 

Karger, Basel, 197 7 , p. 23 3 -235. 

Corner, M.A. What sort of neural networks are respon s ible for 

early behavior patterns in vertebrates. Pro c . Int e rnat. Uni o n 

Physiol. Sci. (Paris) 12,626 (1977) Abstr. 

Corner, M.A. Spontaneous motor rhythms in early life - phenomeno

logical and neurophysiological considerations. In: Maturation 

of the Nervous System, M.A. Corner et a l. (eds.), Progr e ss in 

Brain Research, vol. 4 8 . Else v ier, Amsterdam, in pres s . 

Corner, M.A., R.E. Baker and W.A.M. Veltman. Re ceptive fields 

of cutaneous mechanoreceptive neurons in the frog, D. pictus, 
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HISTORY AND ORGANIZATION. OF THE INSTITUTE 

In 1957 the Division of Natural Sciences of the Royal Netherlands Academy 

of Arts and Sciences, reacting on an initiatieve of the Commission for Eco

logy, created an institute, to be established in the delta area of the 

south-west Netherlands, with the aim of studying the biological changes to 

be expected as results of the closing of th e various river-mouths and sea

arms in this area. 

When the Zuiderzee, in the centre of the · Netherlands was closed by a dam 

and converted into the fresh Ysselmeer in 1932, extensive biological research 

was carried out by a group of fishery biologists, members of botanical and 

zoological s6cieties and academic s taff, under the ~irection of Dr. H.C. Re

deke between 1920 and 1950. The results obt3i.ned dtJring this study, warranted 

the expectation that in the mo"re diversified delta area of the rivers Rhine, 

Meuse and Scheldt, even more results could be áchieved, especially 50 when 

one institute, located in the area was given the task to make a co-ordinated 

effort to study the problems from various angles. Af ter an exploratory phase, 

in which qualitatieve distribution of biota was to be studied from an ecolo-

gical point of view, research was initiated, 

causal background of the changes observed. 

in order to elucidate the 

The institute was erected under the name "Division Delta-Research of the 

Hydrobiological Institute", with the object to stress its affiliation to the 

Hydrobiological Institute at Nieuwersluis. As both institutes grew and matu

red the difference between the studies carried out in both of them gradually 

became apparent and in 1968 it was decided to change bath names into their 

present form. 

The institute is located at Yerseke on the Oosterschelde, the sea-arm to 

be semi-closed in the last stage of the s.c. "Delta-plan". 

The exploitation of the institute is financed by means of funds alloted 

to the Academy, by the Ministry of Education and Science. 

The institute had in 1977 a staff of personnel of 58 including 12 scien

tists (Tabie 1 a) and 2 members paid by the A.D.Z .. Additionally guestworkers, 

students and trainees took part in the programme of the Institute (Tabie 1 b). 
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PZateI: Dr. KareZ Frederik Vaas was bom on October 29 th 1911 at Arnhem and 
studied bioZogy at Leyden, where he passed in 1936 his finaZ examination in 
botany (Prof. Dr. L.G.M. Baas BeckingJ, zooZogy (Prof. Dr. C. van de KZaauw 
and Dr. H.P. WoZvekampJ and microbioZogy (Prof. Dr. A. KZuyver, Techn. Univ. 
DeZftJ. In 1938 he was awarded the degree of doctor of phyZosophy af ter de
fending his thesis on "Studies on BaciZZus megatherium de Bary". He worked 
for a short time at a high schooZ in Wassenaar, teaching bioZogy, and depart
ed to Buitenzorg (now BogorJ, Indonesia, to take up a post as a Fishery Con
suZtant in the Section of InZand Fisheries of the Department of AgriauZture. 
During WorZd War II he was in the Dutch CoZoniaZ Army and took part in the 
short actions on Java, was taken prisoner by the Japanese Army and went 
through various Prisoner of War Camps in Java, Siam and Birma, working on the 
Birma-Siam RaiZway. 

Af ter a one-year Zeave of recuperation in the NetherZands, during which 
period he visited a number of HydrobioZogicaZ Stations in his home country 
and abroad, he returned to Java, as the Head of the Laboratory of InZand 
Fisheries, Bogor, and Zater carrying out research work in an advisary posi
tion . In Java he has been engaged in research on Zakes, reservoirs, eradi
cation of noxious weeds, transport of Zife fish fry by air, the newZy immi
grated fish species TiZapia mossambica (Ikan mudjairJ and the production and 
consumption of naturaZ food in carp ponds, the Zatter work in cooperation 
with his wife, A. Vaas-van Oven . 

In 1958 he and his famiZy returned to the NetherZands where he assumed 
the responsibiZities of director of the newZy created Section for Research 
in the DeZtaic Area of the HydrobioZogicaZ Institute of the RoyaZ NetherZands 
Academy of Arts and Sciences, and since 1968 the DeZta Institute for Hydro
bioZogicaZ Research . He was director untiZ his retirement on November 1rst 
1976 but remained untiZ February 1r st 1977 attached as advisor to the in
stitute. 

On the photograph Dr. Vaas is wearing the decoration of officer in the or
der of Oranje-Nassau, handed over by the Mayor of ReimerswaaZ (YersekeJ on 
behave of H.M. Queen JuZiana. 
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Table 1 b 

Guest workers 

Drs. U.H. de Graaf (fish investigations), Ir. J.W. Rijstenbil (oxygen bud

gets), Drs. I.J. Weeber (biological classification), Drs. M.E. Siemelink (bio

modelling), R. Luyendijk (biological-assistant). 

Students 

M.J. Allan, J. Goedbloed, P. Valentijn, J. Koniuszek, P. Elenbaas, N. Tram

per, E. Daemen, H. Sips, G. Pellikaan, M. Langeveld, J. Stellingwerf, N. 

Joanknecht, L. Meuleman, H. v.d. Ster, H. Dorenbosch. 

Trainees 

L. v.d. Velde, A.M. v.d. Repe. 

INTRODUCTION 

E.K. Duursma 

The research carried out by the Delta Institute for Hydrobiological Re

search at Yerseke is directed to the study of aqua tic and semi-terrestrial 

systems in the south-west Netherlands Delta of the rivers Rhine, Meuse and 

Scheldt connected to the North Sea. The studies have been started in 1957 

with detailed surveys of flora and fauna and their reactions on the changes 

which occurred due to the closing of a number of sea-arms with dams (Fig. 1). 

These changes have created a number of water systems of different charac

ter at short distance of each other , which were bound to be in an ecologically 

unbalanced position for long periods. It is thus possib l e to carry out eco

system studies under a variety of environmental conditions. The last years 

and also in 1977 these studies have been focussed on the functioning of es

tuarine and lagoon systems in general and those of the S.W.-Netherlands in 

particular. The results are considered essential for the environmental agen

cies in c harge of the management policy of these waters. 

Thi s research was concentrated around a number of central themes on which 

the investigations were carried out by working groups (see also Table 1 a). 

The themes considered (i) the "Carboncycle in the Grevelingen", (ii) the 

"Structure and Dynamics of the Salt-marsh Ecosystem" and (iiil the "Structure 

and dynamics of instable aquatic ecosystems". The progress results of these 

three working groups are presented in this order under the project codes G, 

S and B, respectively. 

Additionally a number of separate subjects have been studied by individual 

scientists and assistents. Their results are presented at the end of this 

report under the project code A. 

Since the studies of the Delta Institute for Hydrobiological research are 

of a long-range character, the research planning is usually made for both the 
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working group projects and the more individually carried out projects for a 

period of five years. Reference is made to the workingplans 1977-1982 and 

1978-1983 of the institute. 

For general information,the ecological conditions for the area of the S.W.

Netherlands are presented previous to the progress results of the working 

groups. 

Anonymous 1976 - Werkplan 1977-1982, W.p.-02. Delta Institute for Hydrobio

logical Research, Yerseke, Neth., pp. 36. 

Anonymous 1977 - Werkplan 1978-1983, W.P.-03, Ibid. pp. 53. 

GENERAL ECOLOGICAL CONDITIONS IN 1977 

R. peelen 

Temperature 

The winter period of 1977 was characterized by elevated average temperatu

res: January 3.3
0 

C (normal 2.9
0 

Cl; February 5.0
0 

C (normal 3.00 Cl, March 

7 . 00 C (normal 5 . 20 C). The other months of the year were all subnormal while 

the spring and summer were cool, with during April-June _1.0
0 

C and July

September _0.7
0 

C lower average temperatures than normal. 

Solar radiation 

For Vlissingen the radiat~on quantities of 1977 were higher than the nor

mal values given for the station the Bilt except in August. However with re

gard to the passed year 1976 the radiation quantities in April and May, June, 

July and August were in general lower except for the first decade in June. 

This comparison applies in so far that 1976 was an exceptional year with fine 

weather (see Fig. 2). 

Rainfall 

In comparison with the normal rainfall in Vlissingen the following charac

teristics can be noted: January equal and February half as much ra in as nor

mal. Mareh, April, May and June slightly more rain than normal. July was 

dryer than normal. August was slightly wetter than normal and September was 

dry with less rainfall than one third below normal (Tabie 2). 

Windspeed 

The windspeed measurements in metersjsec are presented in Table 2. January 

was more quiet than average, February was nearly average and Mareh, April 

and May were more windy than average;June and August were again quieter than 

average and July and September equal to average. 

River discharges 

The water discharge of the rivers Rhine and Meuse varied this year slightly 

around the normal ave rage yearly value which is for the Rhine at Lobith 2200 

m3jsec (near the German border) and for the Meuse at Lith 330 m
3
jsec. No 

dayly measurements were available of the Scheldt, which river has an average 

yearly value of 95 m3jsec. Discharges with regard to the normal values are 
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given in Table 2. 

Only at the end of February there is some melting water in the rivers and 

the discharge reached three times normal values, followed by a period of nor

mal discharges in the Rhine. In the corresponding period the discharge of the 

Meuse was lower than normal from May tillOetober. A very low discharge of 
3 th 

1/14 x normal: 23 m /sec was measured on October 14 . Yet a similar discharge 

in that time of the year is not extremely rare. In dry years sometimes no wa

ter flows over the barrage at all for a period of some days. 

The managing of the locks in the Haringvliet is strongly related to the 

discharges of Rhine, Meuse and Scheldt and to the isohaline pattern in the 

mouth of the Rotterdamse Waterweg, in the mouth of the Haringvliet and in 

the mouth of the Western Scheldt. Allloeks in the Haringvliet were opened 

for a short time on 24
th 

and 21
th 

February, when discharges respectively of 

6268 and 6174 m
3
/sec at Lobith and 1009 and 1015 m

3
/sec at Lith, were measu

red. 

In order to stop salt intrusion in the Hollands Diep, fresh water was in

troduced into the Volkerak at an amount of 25 m
3
/sec. From February l

th 
on

wards it was raised to 50 m
3
/sec. This was done in order to study the fresh

ening when the "Philipsdam" and the Oysterdam in Krammer and Eastern Scheldt 

will be completed. This 50 m
3
/sec includes the discharges of the Dintel and 

the Steenbergse Vliet. Whether there will be a follow- up of this experiment 

with 100 m
3
/sec freshwater into the Volkerak is not yet decided. Calculations 

are being carried out in order to evaluate the eventual reaction of the Oos

terschelde system on a similar operation as regards the flora and fauna of 

this waterbody. 

Technical works by the Department of Roads and Waterways 

1. A part of the Scheldt-Rhine shipchannel connection near the Philipsdam 

was deepened with ~ m. The complete gully is now at the required depth for 

the waterway. 

2. Works on the buildingpit for a shipping loek near the Philipsdam is in 

progress. 

3. A buildingpit for the shipping loek in the Oysterdam will be started the 

coming year (South of the island of Tho len) . 

4. The possibility of a shipping loek in the Eastern Scheldt dam near the 

North Sea is being studied . 

5. New stone coverages have been placed on the compartmentsdam in the Krammer 

and Eastern Scheldt. Mine stones have been used. 

6. Eventual closure of the Spui is being considered . A disadvantage of such 

a dam will be a longer residence time of the water in the Hollands Diep

Haringvliet and thus the possibility of blooms of blue-green algae. Re

cent experiences however, do not point in that direction. 

7. In the Brouwersdam the refreshing loe k will be operational in May. This 

will be of influence on the biocoenosis of the Grevelingen . 
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At present the chlorinity of the Grevelingen varies from 12 . 42%0 in May 

t ill 14 , 05%0 in June. Usually the seawater outside the dam varies between 

17 and 18%0 Cl-. Intake of this North Sea water into the Grevelingen might 

give sa l t stratifications in addition to the present thermo-stratificat ion 

in spring , summer and autumn in the pits of Scharendijke and den Osse. These 

pits are respectively 52 and 38 m deep. Wi th large intakes of North Sea water 

it is possible that the zone of more sal i ne water will re ach in the Brou

wershaven se Gat of 20 m, and in the Grevelingen and Delta gully of respecti

vely 26 and 10 m' depth. 

Tab Ze 2. Temperature, rainfaZZ, windspeed and riverdischarge. 

Temperature ° C Rainfall mm 

measur. normal deviat . measur. normal 

January 3.3 2 . 9 + 0 . 4 60.9 61.9 

February 5 . 0 3 .0 + 2 . 0 68.9 44 . 8 

March 7.0 5 . 2 + 1.8 52.9 40 . 8 

April 7 . 2 8. 4 - 1.2 56.1 41.9 

May 11.8 12 . 1 - 0.3 49.7 44.1 

June 13 . 8 15.3 - 1.5 39 . 1 48.9 

July 16 . 8 17 . 2 - 0.4 38 . 8 69.4 

August 16 . 3 17.4 - 1.1 77 .2 66 . 1 

September 14.8 15.5 - 0.7 2 1.6 72 . 8 

October 13.0 11.5 + 1.5 70.2 38 . 8 

November 8.0 7. 3 + 0.7 139.5 75.2 

windspeed m/sec river discharge x normal 

measur. normal Rhine Meuse 

January 6 7 ~ x 2/3 x 

February 6 . 5 6 . 5 2 x 2 x 

March 4 3 . 5 ~ x ~ x 

April 4.5 3.5 1 x 2 x 

May 6 5 l+x ~-1 x 
-June 5 5 . 5 1 x ~- 1/3 x 
-Ju l y 6 6 1 x 1/3-1:I x 

August 2.5 3.5 1 x 1/3-1/5 x 

September 5 . 5 5.5 1 - ~ x 1/3-1/6 x 

October 6 5.5 ~ x 1/3-1/14x 

November 9 6 . 5 l-l~ x 1-2 x 

December 1 x 1- 2/3 x 

References 

Maandelijks overzicht der weersgesteldheid K.N.M . I., 74e jaargang . 
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Rijkswaterstaat afvoeren in m~/sec van Rijn en Maas 

Personal communications of Rijkswaterstaat (Department of Roads and Water

ways) . 

WORKING GROUP "CARBON CYCLE IN THE GREVELINGEN" 

INTRODUCTION P.H. Nienhuis 

The southwestern part of the Netherlands has been shaped by the North Sea 

and by three large rivers, Rhine, Meuse and Scheldt. In 1953 about 1800 peop

le were killed by an extreme storm flood, inundating more than half of the 

inhabited area. In order to avoid repetition of the flooding disaster, it 

was decided to close the main estuaries by high dikes. The Grevelingen was 

one of those estuaries, before 1971 in connection with the river Rhine and 

with the North Sea. In 1971 a dam closed the mouth of this estuary, excluding 

influences both from the rivers and from the sea: and the saline lake Greve-

lingen was created. 

In 1972 it was decided to set up an ecosystem study centred around the 

cycling of organic matter in the Grevelingen. The study of the carbon cycle 

was chosen since the structure and the functioning of an ecosystem is sup

ported by energy which is transmitted via carbon fluxes through the food 

chains. The working group consists of a team of 25 biologists, chemists and 

assistants. The group covers a number of aspects of the organic matter cycle, 
14 viz. the primary productivity measurements of phytoplankton by C, 

biomass estimations of phytoplankton, microphytobenthos and macrophytes. 

Within the broad scope of the secondary producers attention is paid to zoo

plankton biomass, and biomass and production of macrozoobenthos. Further, 

studies are performed on meiozoobenthos and benthic and pelagic fishes. In 

relation to the efforts on production level, up to now, only little attention 

is paid to deco~position and mineralisation processes. Fig. 3 shows a box 

model of the Grevelingen carbon cycle. The different projects of the working 

group have been numbered from G 1 to G 10. Project G 11 comprises our efforts 

to build an ecological model of the Grevelingen carbon cycle. 

Active members of the working group are T. Aldenberg, (Delta-service, Mi

nistry of Roads and Waterways, Middelburg; modelling), Mrs. L. Arkesteijn 

(Agricultural University, Wageningen; phytoplankton), C. Bakker (plankton), 

B.H.H. de Bree (phytobenthos), E.K. Duursma (water-sediment interactions), 

Miss U.H. de Graaf (fishes), R.H.D. Lambeck (macrozoobenthos), A.G.A. Merks 

(chemical processes), P.H. Nienhuis (phytobenthosi leader of the working 

group), A.B.J. Sepers (mineralisation), M.E. Siemelink (eelgrass model), B. 

Steinmetz (Ministry of Agriculture and Fisheries; fisheries), F. Vegter (pri

mary production phytoplankton), A.G. Vlasblom (mathematician), K. Willems 

(University Gent, Belgium; meiozoobenthos). 
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PARTICULATE AND DISSOLVED ORGANIC CARBON IN THE WATER COLUMN AND IN THE SED

IMENTS (G 1) 

A.G.A. Merks 

ATP may act as biomass indicator for living organisms in the watercolumn 

and in the bot tom. Chlorophyll is used to measure ohytoplankton standing 

stock. Preliminary data were gathered for the conversion factors between or

ganic carbon and ATP and organic carbon and chlorophyll-A . On account of the 

extremely large range of the data these convers ion factors will be studied 

in more detail in 1978. 

Chlorophyll-A measurements in the water column were performed in a few se

lected stations . In order to get some insight into the spatial distribution 

of phytoplankton biomass a Turner fluorometer was used on board the MS "Ma

ris Stella" for continuous regi stration of chlorophyll-A concentrations. The 

results show a non significant relation between the fluorometer data and the 

actual chlorophyll concentrations in the water mass . Scanning with 

only one fluorometer in Lake Grevelingen can be used to locate pigment con

centrations; it cannot be used to measure quantities of chlorophyll-A in an 

accurate way. 

Little progress was made in measuring dissolved organic carbon concentra

tions in water and sediment, owing t o the fact that the TOC-sin analyser, 

bought in 1976 , showed still serious failures. It was determined that the 

conservation of frozen water samp les showed extremely high DOC-values due 

to contamination of the screw cups of the botties used. 

INTERACTIONS ON THE WATER SEDIMENT INTERFACE (G 2) 

E.K. Duursma, P.J.v.Boven, P. de Koeyer, J. Nieuwenhuize & H.J. Sips. 

A start has been made on the invest igation of bioturbation by shrimps in 

a laboratory experiment and by the natural benthic fauna in the bot tom of 

the Grevelingen. In both cases grinded gravel is used as sediment tracer. 

The mixing of gravel with deeper sediment caused by bioturbation is deter

mined. 

The laboratory experiment with shrimps showed a penetration of gravel in

to the sand with a "diffusion" less than the molecular diffusion of chloride. 

This is valid for an experimental shrimp population per unit surface of less 

than is usual in our estuaries and lagoons. The pilot experiment in the Gre

velingen with gravel showed a stronger mixing of the top layer of the sedi

ment. More refined experiments are in course with coloured sand. 

THE ROLE OF PHYTOPLANKTON IN THE CARBON CYCLE (G 3) 

L. Arkesteijn, C. Bakker, C. Meijs, R. Peelen, F. Vegter, J.C.M. Rijk&P.R.M. 

de Visscher. 

Miss C. Meijs continued her work on the causes of the decline of the 

bioom of Sceletonema costatum , a dominant spring phytoplankter in Lake Gre-
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velingen. She studied the lysis of SceZetonema cells during the process of 

dying off in cultures. The toxic effects of lysigenous products were analy

sed in light and dark cultures and under low nitrate concentrations. The 

presence of lysigenous compounds hampers growth signi ficantly, but it is not 

likely that this process also operates in nature . The concentrations of Sce

Zetonema costatum in Lake Grevelingen during the spring bioom of 1976 was 
3 10 cells per mi at a maximum . This concentration is far too low to demon-

trate effects of autotoxins on the deterioration of thepopulation . Miss Meijs 

stopped her work in May 1977 . Her successor is Mrs L . Arkesteijn. 

The plankton environmental parameters of Lake Grevelingen in 1977 can be 

characterized as follows: chlorinity had values between 12.4 and 140
/00. 

Dissolved orthophosphate fluctuated between 0.21 and 0 . 58 mg P0
4
-P/l. Ni

trate reached its maximum value at the end of January viz . 0.25 mg N0
3
-N/l 

and dropped to non-detectable va lues in May and June . The highest ammonia 

value was measured in February, 0 . 25 mg NH
3
-N/l. Ammonia dropped to zero 

in June (one out of a series of weekly measurements) . Secchi-disc transpa

rency amounted to 7 m previous to the spring bioom , and 2-2 . 5 m during the 

blooms in spring and summer . 

Lake Grevelingen is a relatively shallow water basin (mean depth = 5.3 m). 

Thermic stratification , connected with anaerobic conditions occurs only tem

porarily in the deeper gullies . Peelen, who left the working group as an ac

tive member in 1977, measured the oxygen content in the 45 m deep gully near 

Scharendijke during the period 1971-1975 (Klomp & Peelen , 1976) . In 1975 

stratification was demonstrated (Fig. 4) during the period June to Septem

ber with oxygen saturation ·percentages below 5 in the water layer below 25 m. 

The r e sults of the quantitatieve phytoplankton investigations of Bakker 

deviated from those of 1976. The flagellates Cryptomonas spp. dominated the 

s p ring bioom with a standing stock of more than three times th at of 1976. 

Two peaks were observed in March and April , with 2000 and 4000 cells/ ml res-
3 pectively , and concomitant chlorophyll-A maximum values of 8 and 20 mg/m . 

The diatom SceZe t onema costatum, dominant in spring 1976, was almost com

pletely absent during March and April 1977. Phytoplankton peaks in summer 

were characterized by the diatoms Chaetoceros spr ., Rhi zosoZenia setigera, 

Dity Zum brightweZ Zi , Ni tzschia ser iata and Coscinodi scus centraZis. Espe

cially Chaetoceros debi Zi s and C. affinis appeared in larger numbers (100-

2000 cells/ ml) . 

References 

Klomp, R. & R. Peelen , 1976 . Natuurlijke en kunstmatige de stratificatie in 

de diepe gedeelten van het Grevelingenmeer. H
2
0 , ~: 106-112. 
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PRIMARY PRODUCTION MEASUREMENTS IN THE GREVELINGEN (G 3) 

F. Vegter & P.R.M. de Visscher. 

One of the principal questions o f the working group considers the organic 

carbon which is delivered to the basin by primary production. To answer this 

question we started in 1976 a p rogramme on particulate phytoplankton pro-

duction and exc r e tion measurements. 

The i n situ 14c method outlined by Steemann Nielsen (1 952) and modified 

by Fogg (1958)was used. Af ter an incubation period of 5 hours the samples 

(50 ml) were filtered by suction (180 mm Hg). The filters were placed imme

diately in a vial filled with scintillation solution . The filtrate together 

with the washwater of the filters was collected in a 100 ml bottle . An ali

guot of the filtrate (5 ml) was acidified (pH = 2) in a scintillation vial 

with HCl and air bubbled until all the 14C02 had disappeared. Instagel (10 

ml) was added. Al countings were performed in a scintillation counter Isocap 

Mark II of Nuclear Chicago . 

In 1976 the influence of the suction pressure on the excretion of labeled 

organic compounds by phytoplankton, mainly dominated by diatoms, was checked 

14 (94) 



Several incubated samples were filtered with different suction pressures be

tween 240 and 0 mm Hg. From 240 mm Hg to 100 mm no decrease in radioactivi

ty of the phytoplankton on the filter could be detected. At about 50 mm Hg 

a raise of radioactivity on the filter could be detected which was compen

sated by a decrease of radioactivity in the filtrate before it was air bubb

led. On account of the in situ productivity measurements in 1977 a repeated 

check of the filtercorrection will be necessary during a flagel late bioom. 

The relation bet ween particulate production during increasing incubation 

time and the amount of radioactivity in the filtrate was also studied during 

1976. It appeared from these experiments that the increase of radioactivity 

ofthe particulate production and the concomitant production of "dissolved 

organic compounds did not always run linear with time. Some curves of both 

parameters reached a certain level; these curves were S-shaped, which is 

in contrast with the results of Fogg et al . (1965). A time lag was observed 

between the curve of the particulate production and the curve of the filtra

te production, which is in agreement with the results of Saunders (1972). 

In 1977 particulate organic carbon product ion of the phytoplankton as mea

sured with the 14c-method, on board the MS "Jan Verwey" at the anchor sta-
-2 -1 

tion G 11, amounted to 84 g C.m " .yr This value is about half that of 

the previous year . This erroneous drop in particulate productivity must be 

ascribed to the strongly increased share of the flagellates (Cryptomonas 

spp.) in the phytoplankton stock. These vulnerable phytoplankton cells break 

down during the filtration process . Even at extremely reduced under-pressure 

it was observed that the photosynthetic products of the flagellates run 

through the filters. It is therefore obvious that nothwithstanding the con

siderable standing stock of flagellates in spring a peak in particulate pro

ductivity could not be observed. Combined extracellular production, inclu

ding the dissolved photosynthetic compounds ," and particulate production did 

show a maximum in spring. coinciding with a flagellate bioom. Total produc-
-2 

tivity (extracellular and particulate) amounted to 172 g C.m in 1977. 
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THE ROLE OF ZOOPLANKTON IN THE CARBON CYCLE (G 4) 

C. Bakker, M. van Ewijk-Rosier, W.J. Phaff &J.C.M. Rijk 

G 11, years ago chosen as a representative anchor station, is the most fre

quently used sampling station in Lake Grevelingen, where weekly measurements 

of phytoplankton biomass and productivity are performed. Since studies on the 

zooplankton biomass and the interactions between zooplankton and phytoplankton 

were added to the programme, it was found out, on the basis of a statistical 

analysis of a large number of samples, that the station G 11 is representative 

for the Grevelingen as a whoIe, with regard to holoplanktonic species, viz. 

rotifers. The distribution of meroplanktonic species, viz . polychaet larvae, 

however, is determined by the presence of shallow areas, and the channel in 

which G 11 is situated shows an errati c picture of these zooplankters. 

Bakker calculated standing stocks of copepods, polychaet larvae (Pygospio, 

poLydora, Harmothoë) and larvae of balanoids and gastropods. The results are 

fairly weIl comparable with those of 1976 . He paid some attention to the 

plankton assemblage in eelgrass fields and regularly found medusae of a Go

nionemus species, obviously restricted to that subsystem . 

PLate II. Synchaeta vorax, RousseLet; Length 250 ~m. 
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SPRING DEVELOPMENT OF ROTIFERS IN LAKE GREVELINGEN (G 4) 

C. Bakker, M. v. Ewijk-Rosier, W.J. Phaff & J.C.M. Rijk 

Rotifers of the genus Synchaeta represent an important component of the Gre

velingen zooplankton. In early spring S. vorax Rousselet is the dominating 

species, followed by S. triophtha Zma Lauterborn in May. Development of S. 

vorax blooms was studied in relation to prevailing environmental factors of 

temperature and available food. Cryptomonad flagellates must be the main phy

toplanktonic food for Synchaeta, because other algal species were very sca~ce 

during spring 1977. This conclusion on the basis of field data, is supported 

by results of pourriot (1965) who obtained dense Synchaeta cultures on Cryp

tomonads as single food. 

N/l S.vorax 

Cryptomonads 

103 N/ml 

Fig. 5. ReZation of Synchaeta vorax densities to Cryptomonas numbers during 

spring 1977 . 

Fig. 5 demonstrates a conspicuous synchronous increase and decrease of 

Synchaeta and Cryptomonas densities. The chronological sequence in the curves 

is indicated by arrows. The first S . vorax peak (I, 8/3 : 330 ind./l) was 

reached when Cryptomonas amounted to 2500 celis/ml. The second S . vorax peak , 

however, was lower (11, 18/4: 95 ind./l) at a nearly two times higher Cryp

tomonas level (4300 cells/ml). Some other narameters (tabie 3) may explain 

this situation, showing th at Cryptomonas densities ran narallel with the 

chlorophyll-A quantitites, but not with the primary product ion intensity 
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(data of Veqter and de Visscher): the lower ç~ptomonas peak demonstrated ap

proximately a two times higher activity than the higher C~ptomonas peak, 

temperature conditions being the same. Moreover, biomass data of zooplankton 

show that other forms than Synchaeta (Cirrined and Copepod nauplii, pOly

chaet larvae) increased during the second period, presumably at the cost of 

the same algal stock. 

Table 3. Environmental factors and zooplankton during the lst and 2nd S. vo

rax maximum in Lake Grevelingen (spring 1977) . 

period 

Water temperature °c 

Cryptomonads (N/ ml) 

Chlorophyll-A (~g/l) 

14 d . ( / 2 C-pro uct10n mg C m 

Synchaeta vorax (N/l) 

day) 

Synchaeta biomass(wet wt. mg/ l) 

biomass of o ther zooplankton (") 

N/l Synchaeta 

103 

3 5 7 9 

I(1/3+8/3) 

6+8 

690 + 2500 

3 . 8+8 . 2 

80 + 160 

160 + 330 

238 + 487 

71 + 61 

11 

II (4/4 + 18/4) 

7 + 8.5 

220 + 4300 

1.5+ 20.2 

45 + 75 

23 + 95 

43 + 180 

80 + 130 

Fig . 6. Relation of Synchaeta spp. densities to water temperature during 

spring 1977 . Solid lines : increase of rotifer densities; broken 

l · de I II l st d 2nd . . f S 1-nes : crease. > : an spnng max1-mum 0 • vorax; 

III : maximum of s. t riophtalma . Parallel C~ptomonas densities are: 

• : < 105/l; Ä : 105- 106/l; _ : > 106/l; * : > 109/l of 

~-algae . 

In Fig. 6, the relation between Synchaeta and temperature is demonstrated. 

As in 1976, positive influence of increasing temperature was only found in 

the range of 2_7
0 

C . S . vorax densities were siqnificantly (P < 0.01) cor-
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related with both temperature (r = 0 . 973) and Cryptomonas nurnbers (r = 0.947). 

When temperature rose above 10
0 

C S . vo~ax was succeeded by S. triophthalma , 

the latter species grazing definitely down the Cryptomonas algal stock, but 

presurnably feeding on ~-algae too during the last stage of its exponential 

increase (Fig. 5 , 111). 

positive correlations of rotifer development with temperature and food al

gae were earl ier established by Edmondson (1965) for fresh water rotifers in 

surnrner. Studies on population dynamics of Grevelingen Synchaeta blooms are 

being continued, using the methods of this author (Edmondson 1965, 1968). 
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PIGMENT CONCENTRATIONS IN BOTTOM SEDIMENTS OF LAKE GREVELINGEN (G 5) 

P.H. Nienhuis, B.H.H. de Bree & J.M. Verschullre 

Production and biomass of organic matter in the bot tom sediments of Lake 

Grevelingen are unknown. Therefore in 1976 a program was initiated in order 

to gather information on a nurnber of relevant parameters, viz . particulate 

organic carbon, dissolved organic carbon, pigments and interstitial nutrient 

. 14 f bh' d" . . concentratlons. C measurements 0 ent lC pro uCtlVlty are ln preparatlon. 

Pigment concentrations were determined in 1977 to provide an estimate of the 

standing stock of microalgae living on and in the sediments of Lake Greve

lingen . 

Sediment samples were taken at weekly interva-ls, at 4 sandy locali ties, 

with a perspex coring tube. Per locality 10 cores were taken and sliced in 

1 cm pieces . The slices were mixed per layer and analysed for functional 

chlorophyll-A and phaeopiqrnents both spectrophotometrically (Lorenzen, 1967) 

and fluorometrically (Strick l and & Parsons, 1968), as described by Merks 

(1976). Extraction of pigments was done by an MSK homogenizer. Routine pig

ment analyses were performed with a Turner Fluorometer. 

The top cm of the soil almost always contained the highest amount of pig

ments. Chlorophyll-A concentrations decreased sharply over the soil profile, 

but in most cases a small amount of chlorophyll-A was to be found down to 

a depth of 10 cm into the sediment. In reworked sediments irregular pigment 

profiles could be observed. 

Figs. 7 and 8 show the seasonal fluctuation of chlorophyll-A and phaeopig

ments in the top cm of the sediment at station Herkingen, a sandy site in an 

eelgrass field, at a depth of 2.5 m, and at station Archipel a more exposed 
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Fig . 7. Pigment concentrations in the bottom sediment (0- 1 cm) of Station 

Herkingen in lake Grevelingen in 19 77 . 
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sandy site without eelgrass growth, at a depth of 3 m. A clearcut seasonal 

trend could not be observed. Both stations sho'lled a significant bloom at the 

. / 2 end of April (332 and 404 mg chlorophyll-A m ). Herkingen showed a slight 

late summer peak, which was completely lacking at the Archipel. 

Chlorophyll-A data at Herkingen fluctuated between 30 and 322 mg/m
2

, with 

an average value of 105 mq/m
2

. Phaeopigments fluctuated between 0 and 130 

mg/m
2 

with an ave rage of 32 mg/m
2

. Chlorophyll-A data at Archipel fluctuated 

between 30 and 404 mg/m
2

, with an averaqe value of 91 mg/m
2

. Phaeopigments 
2 . 2 

fluctuated between 0-40 mg/m w~th an ave rage of 4 gim . 

At a depth of 7 m below water level chlorophyll-A concentrations were 
2 

strongly reduced. Chlorophyll-A fluctuated between 20 and 70 mg/m ; no sea-

sonal trends could be observed. The amount of phaeopigments was relatively 
2 

high in a 7 m deep bot tom sediment. It fluctuated between 0 and 65 mg/m 
2 

with an ave rage value of 16 mg/m . 

The problem whether the presented p igment data provide enough information 

on the standing stock of the benthic micro algae will be studied in the near 

future. The high concentrations of the phaeopigments offer the suggestion 

that sedimentation of phytonlankton might be involved. 
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CONSUMPTION OF EELGRASS IN LAKE GREVELINGEN DURING THE GROWING SEASON (G 6) 

P.H. Nienhuis & E.T. van Ierland. 

Product ion and ecology of Zo s tera marina L. were studied in 1968 and 1973-

1976, as well throuqh standing stock estimations, as through the determina

tion of biomass increases in permanent quadrats and the correlation of dis

tribution patterns with ecoloqical factors (Nienhuis & De Bree, 1977). 

The significance of eelgrass increased strongly af ter the change of the 

Grevelingen from an estuary to a saline lake. At present the Zostera sub

system covers in summer one fourth of the lake area, in clearl y restricted 

areas and it has an ave rage primary production in the subsy stem of roughly 

100 -2 -1 . h . 1 f . 250 -2-1 9 C.m .yr w~t max~mum va ues 0 approx~mately 9 C .m .yr 

It is frequently stated in literature (see Kikuchi and Peres, 197 3 , for 

a review) that only a very small part of the eelgrass oroduction is direct

ly consumed by animals. By far the largest part of the eelgrass product ion 

apparently enters the detritus food chains. There are hardly any data avai-
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lab le in literature to check this information . Therefore an attempt was made 

to quantify the consumntion of eelgrass in Lake Grevelingen during the gro

wing season of 1976 (Van Ierland , 1977). Total consumpt ion was estimated at 

400 ton dry weight , i . e. approximately 1.3 9 cim 2 , cal culated for t he 

entire lake Grevelingen ; 26% of this was consumed by birds a nd 74% by inver

tebrates (Table 4) . Fishes were ignored under the assumpt ion that their con

sumption was negligible . Estimation of bird consumption was based on data 

from the literature and on bird censuses by Staatsbosbeheer. More than half 

of the eelgrass consurnption by birds was caused by the Mute swan; this is a 

supposed to be a reliable estimate. The other half is mainl y caused by the 

Mallard, but this needs further evidence. Estimation for evertebrate s was 

based on field data and aquarium-experiments. Idotea cheZipes cons urned 90% 

of the total invertebrate's share , according t o a rather unre l iable esti ma

t ion. Total consumpt ion of eelgrass during t he growing season was approxima

tely 6% of the year production in Lake Grevel i ngen. 

TabZe 4. Consumption of eeZgrass during the growing season in 1976, expressed 

in ton(103kg) dry weight . 

Cygnus oZor 56 . 3 ton dw 14.1 % 

Branta bernicZa 1.6 0 . 4 " 
FuZica atra 3.3 0.8 " 

Birds Anas pZatyrhynchos 35 . 6 9 . 0 " 

Anas peneZope 3.4 0.9 " 

Anas acuta 2 . 9 0 . 7 " 

Anas cZupeta 0 . 05 0 . 0 " 

Inverte- Idotea cheZipes 264 . 7 66.3 " 

brates Littonna Zittorea 31.1 7 . 8 " 

Total consumption 398.95 ton dw 100 % 
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ECOLOGY AND PRODUCT ION OF EELGRASS IN THE GREVELINGEN (G 6) 

P.H. Nienhuis, B.H . H. de Bree & J . M. Verschuure 

Product ion and ecology of Zostera marina L. in the Grevelingen were studied 

in 1968 and in 1973-1976, as weil through the estimations of standing stock 

(Tabie 5), biomass increases in permanent quadrats, as through correlation of 

distribution patterns with ecological factors. 

TabZe 5. Standing crop and production data for Zostera marina in the Greve

Zingen estuary, before and af ter the cZosure. A = area of Zostera 

beds (cover more than 5%); B = percentage of the GreveZingen area 

covered by Zostera beds; C = range of standing crop in g/m2 ash-free 

dry weight in Zostera beds (1968 data partZy based on assumptions, 

1973 and 1975 data based on measurements); D = average standing crop in 

g/m2 ash-free dry weight in Zostera beds (1968 data partZy based on 

assumptions, 1973 and 1975 data based on measurements); E = average 

production in g C/m2 yr in Zostera beds; F = average production in 
I 2 . . G 1 • g Cim ~ ~n ent~re reve&~ngen . 

1968 1973 1975 

A (ha) 1200 1585 2764 

B (t) 8.5 14 . 7 25.6 

C 
2 

(g/m ) 33.3-75.0 4.0-278.8 4.5-287.0 

D 
2 

(g/m ) 54.2 129.9 98.3 
2 

50.4 120.8 91.4 E (g/m yr) 
2 

4.3 17.8 23.4 F (g/m yr) 

Af ter the closure of the estuary the intertidal eelgrass population extended 

downwards to deoths of 5 m, owing to the incre~sed transparency of the water. 

Light is a limiting factor in the vertical distribution of the eelgrass po

pulation in the lake, as can be concluded from irradiance reduction. 

Af ter the damming up of the estuary the area occupied and the density of 

the eelgrass beds increased strongly. Eelgrass annual overground production, 

based on doubled maximum standing crop values in July-August, was estimated 

at 50 9 c/m
2 

in 1968, 121 9 c/m
2 

in 1973 and 91 9 c/m
2 

in 1975 in the Zostera 

beds, which is 4 9 c/m
2 

in 1968, 18 9 c/m
2 

in 1973 and 23 9 c/m
2 

in 1975 for 

the entire Grevelingen area of 108 km
2

. The net product ion figures in the 

Zostera beds, were based on short term changes in biomass in permanent quad

rats duri·ng 1974 and 1975, both for the overground and the underground parts 

of the plants. 

As a subsystem of the Grevelingen ecosystem the Zostera population is of 

large significance. It is clearly limited , in space, it covers one fourth 

of the lake, where it has an average primary production of roughly more than 

100 9 c/m
2 

yr. Eelgrass-field annual net production averages 60-340 9 c/m
2 

yr 
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in various parts of the northern hemisphere and the Lake Grevelingen popu

lat ion fits well into this picture. It is t~e only significant population on 

the stretch of the continental coast of Europe from northern France to Den

mark. 
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THE ROLE OF MACROZOOBENTHO~ IN THE CARBON CYCLE (G 7) 

R.H.D. Lambeck, W. Rozinq &L. de Wolf. 

The 7 years sampling programme for macrozoobenthos production studies, star

ted by Wolff, right af ter the closure of the Grevelingen,was completed. In 

order to analyse the c hanges in macrozoobenthos diversity started in 1971 a 
2 

large number of 0.1 m grabsamples were taken. quantitative results will be-

come available in 1978 . P. Valentijn and J. Koniuszek joined this programme 

during a 9 month period. They studied the product ion of polychaetes and of 

macrozoobenthos in shallow water areas, respectively. 

ABUNDANCE, BIOrffiSS AND PRODUCTION OF POLYCHAETES ON THREE STATIONS IN THE SAL

INE LAKE GREVELINGEN (G 7) 

P. Valentijn 

According to Wolff and De Wolf (1977) the biomass of polychaetes in the Gre

velingen estuary, with the exception of Apenicola marina, was very low in 

comparison to t hat of the most important macrofaunal groun, the molluscs. 

While the relative proportions of the bottom fauna did not change very much 

af ter the closure and Ar enicoZa marina declined greatly in numbers, Wolff 

Rt aZ . (1976) decided that biomass and production of polychaetes could in com

parison, also be neglected in Lake Grevelingen . The aim of this study was to 

check this by determininq (1) the density and biomass of the different spe

cies, (2) the structure of the mos t abundant populations by analyzing length

frequency distributions and ( 3) the variations in these parameters during the 

study-period. 

At three stations 10 s ampl e s, consisting each of 2 circular cores of 32 cm 
2 

cross section, were taken by Scuba-divers at approximately six-week intervals 

from March to October 1977. From each core the top 5 cm was removed from the 

rest (total length ~ 20 cm), preserved in formalin and washed in the labora

tory through a 1 and 0.3 mm sieve combination. During the first sampling this 

procedure was used for the 5-20 cm bottomlayer. Since hardly any small po

lychaetes were present below 5 cm, from the second samoling-date on, this 

layer was washed aboard only through a 1 mm sieve. The residues were sorted, 

counted, dried during 3 to 5 days at 70
0 

C, weiqhed, incinerated at 570
0 

C 
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Table 6. Mean density, mean biomass (ash- f pee dPy weightJ and species composi tion at thpee stations in Lake Gpevelingen 

for 5 sampling dates in the pePiod Mapch- Septembep 1977 . Numbe ps in bpackets peppesent total numbeps 

exclusive Stpeptosyllis webstepi . 

Station Plaatje Archipe l 

medium sand , depth 0.70-1 m fine sand depth. ca. 3 m 

0-5 cm 5 - + 20 cm 0-5 cm 5 - + 20 cm 

- 2 
N/m 59,000 3090 44,500 1555 

(45 ,500 ) (13,150) 

- 2 
B g / m 4. 8 7.6 3 . 1 4.6 

Number of 17 20 
species 

Abundant Stpeptosyllis webstepi Capitella capita 
species 

Stpeptosyllis webstepi Capitella capita 

Pygospio elegans 

Capitella capita 

Scoloplos anmi gep 

Scoloplos anmigep I Capitella capita 

Hetepomastus fi - Scoloplos anmigep 
lifonmis 

Apenico la maPina I Pygospio e legans 

Anaitides maculata 

Scoloplos anmigep 

Hetepomastus fi 
lifonmis 

Apenicola mapina 

Vlije v an Bruinisse 

fine sand + mud depth 0- 4 m 

0-5 cm 5- + 20 cm 

1
13 ' 200 1585 

(13,200) 

4.5 6.6 

23 

Scoloplos anmigep Hetepomastus 
filifonmis 

Polydopa limicola Scoloplos anmigep 

Hetepomastus fi - Capite lla capita 
lifonmis 

Capitella capita Neoamphitpite 
figulus 

Nephthys 
hombergii 

(Arenicola maPina) 



for 2 hand weighed again to obtain ash-free dry weight. 

In Table 6 some preliminary results are summarized. The sample size pro

vides an adequate density and biomass estimate for the smaller species . Large 

polychaetes, notably Arenicola marina. Neoamphitrite figulus. Nephthys spe

cies and Harmothoë imbricata , occur in too low numbers, thus permitting 

only a rough estimate. 

Taking the length frequency of worms in order to establish any age struc

ture in their populations, produced poor results. A good exception gives 

only Scoloplos armiger by showing a 1977 year class, which growth rate could 

easily be determined. Concerning Pygospio elegans there are strong indica

tions that an a-sexual reproduction plays a significant role in the popula

tion in spring. 

Interpretation of the results permits in the best case a rough estimation 

of the net production of the most abundant species. In this case it may be 

speculated that the ratio between the production and the mean biomass might 

be high for the smaller worms in comparison to the relative l y slow growing, 

long living molluscs. 

A comparison in species composition before and af ter the damrning of the 

Grevelingen could be made with Wolff (1973) and Wolff and de Wolf (1977), 

presenting data before 1971. Remarkable is the actual appearance of the 

non-rare species Kefersteinia cirrata. Microphthalmus screlkowii. Platyne

reis dumerilii and Polydora limicola, being unrecorded in the former Greve

lingen estuary. Other species declined very much in numbers or disappeared 

e.g. Nereis diversicolor. Scolelepis squamata. Paraonis fulgens . and Pecti

naria koreni. 
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BIOMASS AND PRODUCT ION OF MACROZOOBENTHOS ON THE "SLIKKEN VAN FLAKKEE" (G 7) 

J.W.J. Koniuszek. 

The research into biomass and production of the macrozoobenthos in the sa

line Lake Grevelingen takes place a .o. by sampling four permanent stations. 

The shallow-water station "Plaatje" is surrounded by deep water, while 
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Tahle 7. Number and biomass of macrozoobenthos on the "Slikken van Flakkee " 

April 1977 (mean values of 47 samples) 

Sp ec ies year- e lass nUmber/m 
2 

mean weight biomass/m
2 

per indivi- in mg ash-
dual in mg free dry 
ash-free weight 
dry weight 

Cerastoderma edule 1972 0.8 257.6 206 .1 

1973 7.5 199 . 3 1494.8 

1974 21.7 109 .0 2365.3 

1975 70.8 39.2 2775.4 

1976 85 . 8 9.6 823 .7 

total 7665.3 

Angulus tenuis 197 1 1.7 38 . 9 66.1 

1972 1.7 29. 1 49.5 

1973 20 . 8 17.0 353 .6 

1974 74. 2 12 . 0 890 .4 

1975 65.0 6.3 409 . 5 

1976 30 . 8 1. 2 37 . 0 

total 1806.1 

Mya arenaria tota l 4.2 86 . 3 362 .4 

Scrobicularia plana 75 . 0 12 . 4 930.8 

Mytilus edulis 75 . 8 141. 4 10718 .1 

Macoma baUhica 1.6 79.5 127.2 

Mysella bidentata 4 . 2 0.1 0 .4 

Venerupis pullas t ra 0 . 8 31.4 25. 1 

Hydrobia ulvae 695 . 0 0 . 6 417.0 

Littorina littor ea -7 . 5 59 . 0 442 . 5 

Nassarius reticulatus 3.3 21.9 72.3 

Arenicola manna 40.0 108 . 7 4348.0 

Nephtys hombergii 26 . 7 45.3 1209 .5 

Anaitides maculata 27 . 5 1. 9 52 . 3 

Eteone longa 9 . 2 0 . 8 7.4 

Scoloplos armiger 802.5 0 . 6 481.5 

CapiteUa capitata 292 . 5 0 . 5 146.3 

Nereis succinea 5 . 0 2 . 5 12 . 5 

Magelona papillicornis 3 . 3 3 . 3 10.9 

Corophium spee . 1397.5 0.3 41 9 . 3 

Gcurrmarus spee . 5 .0 4 . 8 24.0 

Jassa falcata 2.5 0.8 2.0 

Bathyporeia spee. 15 . 0 0 . 4 6.0 

Idotea chelipes 60.8 1.4 85.1 
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Total biomass of Molluscs 

Polychaetes 

Crustaceans 

total amount of biomass 

22.57 g ash-free dry weight/m
2 

6.27 

0.54 

29.38 

most of the shallow-water areas (here defined as less than 1.5 m deep, in to

tal ca. 30% of the lake) are formed by depth-gradients from the landborder to 

de eper water. In order to investigate whether "Plaatje" is representative 

for these areas, a macrozoobenthos biomass and production research has been 

carried out on the "Slikken van Flakkee", the most extensive shallow water 

area of Lake Grevelingen. 

Besides the size, another advantage of the "Slikken van Flakkee" is that 

some production data from the estuarine period, when this area consisted of 

tidal flats, are available, which makes a certain comparison with the present 

stagnant situation possible. 

In order to obtain production data and production-biomass ratio's for the 

most important species, during the per iod Marc h-October 19 77 three permanent 

stations, situated on 0 .4 5 , 0.75 and 1. 05 m depth, wer e sampled at six week 

intervals. At every station 35 samples were taken each consisting of 3 cir

cular cores of 51 cm
2 

cross secti on and 25 cm deep. The samples were washed 

through a 1 rnrn sieve in the field, conserved by freezing and later on sorted 

in the laboratory. For a production estimate of the whole area, a biomass 

survey has been carried out along three transects at 150 mintervals, taking 

5 cores of 51 cm
2 

cross section for each sample. The results of this survey 

are shown in table 7 . 

The production will be calculated according to the method used by Wolff and 

de ·Wolf (1977), which is based on the method of Crisp (1 97 1 ) . During the sam-

pling at the stations a few species have been found that are not mentioned in 

table 7: the polychaetes PhoZoe minuta, PZathynereis dumeri Zii , He t er omas tus 

fiZiformis, CirratuZus cirratus , Kefersteinia cirrata, Eumidea sanguinea, 

the bivalve PetricoZa phoZadiformi s, the gastropod Retusa aZba ; the amphipod 

Microprotepus macuZatus , and the isopod Jaera aZbifrons . 

The polychaetes Pygospio eZegans and PoZydora spec. were abundant but owing 

to the freezing of the samples it was not possible to use these species for 

biomass and production calculations. 
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THE ROLE OF MEIOZOOBENTHOS IN THE CARBON CYCLE (G 8 ) 

K. Willems & A.J.J . Sande e 

Willems started his meiozoobenthos investigations in 1975. Up to now 25 

random stations were stud ied, spread over Lake Grevelingen, and ranging from 

Table B. Dis tribution of pr edominant harpacticoid species. I = percentage 

of stations wher e t he species was f ound; II = per centage of stations 

wher e the species belongs to the two pr edomi nant species 

I (%) II ( %) 

Canuella perplexa 96 64 

Canuella f urcigera 60 32 

Halectinosoma gothiceps 56 12 

Ameira parvula 48 4 

Tachi dius di scipes 44 12 

Longipedia minor 40 4 

Stenocari s minuta 16 12 

Paraleptastacus espinulatus 16 4 

Enhydrosoma cur ticauda 16 4 

Table 9 . Density and biomass of harpacticoids dur ing the period 29 March-

13 April 1976 in Lake Grevelingen ( n = number of samples ) 

Med. Sand (n 

Fine Sand (n 

Mud (n 

ave rage density/ m
2 

3 ) 36,700(min . 29,500 max. 45,000) 

10 ) 8 1, 200(min . 6,500 max. 399,000 ) 

6) 44, 20 0 (min. 16,500 max. 80,500) 

2 
avo biomass g/m 

0.058 

0.14 

0.13 

mud (grain size smaller than 75 ~m)to medium sand (grain size 250-500 ~m). 

Some results were published (Heip, Willems & Goossens, in press). Harpacti

coids and Nematodes stand for 95 % of the numbers of animals counted. 

Twenty three species of Harpacti coidea were found in the 0-4 cm sediment 

layer. The distribution of the dominant species is shown in table 8. 

In general, Harpacti coidea are r es tricted to the upper 2 c m of the sediment. 

Interstitial species like Stenocaris minuta and Paraleptas tacus espinulatus 

only occur in stations with a marked o xidized sediment upper layer. 

Densities of harpacticoids (Tabie 9 ) can be compared with those in the 

North Sea, but are smalle r than those vi z. in the Danish Waddensea and in the 

Bristol Channel. Dry weight was estimated for some quantitatively dominant 

species (Tabie 10). 
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Table 10. Average dry weight in ~g/.individual of harpacticaid species in 

Lake Grevelingen (n = number of samples); 

Canuella perplexa <; 4.9 (n 11) 

CS 3.9 (n 11) 

Canuella ·furcigera <; 5.1 (n 2) 

CS 4.8 (n 2 ) 

Tachidium discipes <; + CS 1.8 (n 10) 

Harpacticus flexus <; + CS 1.9 (n 2) 

Enhydrasama curticauda <; + CS 0.9 (n 4) 

Data on densities and biomass of Nematoda in the upper 4 cm of sediment 

are summarized in table 11. No differentiation between species was made for 

this purpose. 

Table 11 . Density and biamass of nematades in Lake Grevelingen (n = number of 

samples) . 

Med. Sand (n= 3) 

. / 2 a v e rage dens~ty m av.biomass g/m
2 

239 ,000(min. 92,500 max . 361,500 (n=3) 0.21 

Fine Sand(n=10) 1,114, BOO (min. 96,500 max.1 , 826,500) (n=5) 0.53 

Mud (n= 6) 77B,600(min . 13 3 ,000 max . 1,807,000) (n=6) 0.59 

R. Surkijn, a student of Willems, compared the meiofauna in the sea-arm 

Oosterschelde with that in Lake Grevelingen, a former sea-arm. His comparison 

showed (a) no significant differences in either density or biomass for nema

todes (0-4 cm sediment layer ) , and (b ) no s ignificant differences in either 

density or species richness for harpacticoids (0-2 cm sediment layer). Surkijn, 

1977) . 
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THE ROLE OF FISHES IN THE CARBON CYCLE; SMALL FISH SPECIES IN THE ECOSYSTEM 

OF LAKE GREVELINGEN (G 9) 

U.H. de Graaf & P. de Koeyer. 

Since fish-eating birds did increase in numbers af ter the Grevelingen es-

tuary was transformed into a lake, it was thought that small fish might 

play a role in the new lake-ecosystem. Therefore in 1977 research was focused 

on species composition, and on the estimation of numbers and biomass of small 

fish. The research has been re s tricted to shallow waters (0.70-1.50 m) only. 

Fishing was carried out with an otter trawl and successive hauls lasted about 

2~ minutes. The whole lake was sampled in two days, twice a month. By mea

suring trawling-distance numbers per standard square meter were calculated. 

The fishing efficiency of the ottertrawl has been estimated by using an 

enclosure and comparing the absolute number of fish in the enclosure with the 

number catched by the ottertrawl, just outside the enclosure. The absolute 

number of fishes in the enclosure has been calculated by the method of es

timating population si ze by successive approximation according to Healey 

(1971) . 

The most regularly catched species are: Gasterosteus aculeatus, Pomatos

chistus microps, Pomatoschistus minutus, Atherinidae, Zoarces viviparus and 

Gobius niger . The last two mentioned species did occur in very small numbers 

in the catches, usually less than 10 fishes during a two days fishing period. 

In the Zostera-fields more Zoarces viviparus were caught than elsewhere. Go

bius niger did appear in great numbers in catches from de eper water (> 2 m) . 

Atherina spec. is very irregularly represented and most frequently absent 

but, sometimes great. numbers are caught in one haul; Atherina obviously is a 

shoaling-fish. Zoarces viviparus, Gobius niger and Atherina spec. have been 

excluded from estimates on number and biomass. 

During the summer the numbers of P . microps and P . minutus together in

creased until August. At the end of July juvenile gobies appeared in the cat

ches in great numbers. The biomass of the gobies was highest in September 

and decreased starting from the end of September. In accordance with the re

sults reported by Healey (1971,1972), Hesthagen (1975) and Fonds (1971, 1973) 

low numbers of gobies are found in spring and again in autumn. P. minutus 

and probably also P . microps disappeared from the shallow waters into deeper 

water , when the water temperature dropped in October and November. 

Gasterosteus aculeatus was numerous in the catches throughout the sampling 

months . In summer however their numbers we re more evenly dispersed over the 

whole lake, while in autumn these fishes were almost exclusively found in 

the eelgrass beds. Their number and also their biomass was highest in June, 

while juvenile fishes appeared in the catches in the first half of July. From 

then on biomass was steadily decreasing. 

OWing to their abundance in summer it is concluded that small fish species 

might play a role in the ecosystem of the lake, however, because of migration 
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into deeper water in autumn, the research should be supported by investiga

tions in deeper water, in order to determine their precise role in the lake

ecosystem. 
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THE ROLE OF HETEROTROPHIC BACTERIA IN THE CARBON CYCLE (G 10) 

A.B.J. Sepers, M.P.G. Cappendijk 

Sepers reported his results in combination with the data obtained in the 

Haringvliet under project A 1. 

DEVELOPMENT OF AN ECOLOGICAL MODEL OR SUB-MODELS FOR THE GREVELINGEN ECO

SYSTEM; THE Zostera marina MODEL (G 11) 

M.E. Siemelink & J. Stellingwerf 

As a subsystem of the Grevelingen ecosystem the population of the macro 

phyte Zostera marina is of paramount importance (Nienhuis & De Bree, 1977). 

It was therefore decided to build a production model of this eelgrass sub-

system. 

A simple and practical model without predicting value is the product ion

model of Petersen (1913); he stated that the yearly Zostera production is 

about two times the maximum standing erop. If one wants to predict future 

states of the subsystem, the model has to reflect the dependance on the most 

relevant parameters. The advantage of su eh a model is that it presents more 

insight about the Zostera production. It is also possible to predict the ef

fect of actions of management, if these actions are correctly translated into 

parameters. A predicting model that meets the above mentioned needs was com

posed in Titus (1975) for the production of Myriophyllum spicatum, a fresh

water macrophyte. Our Zostera-model is derived from this model. 

In the Myriophyl lum spicatum-model it is assumed that the plant always stri

ves to a maximum leaf-area per square meter substratum. This theoretical ma

ximum is mainly determined by the amount of incident light available and by 
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self-shading effects. When the maximum l eaf-area is exceeded the plant will 

reduce his leaf-area by leaf-sloughing. Because the cöver-degree oftheplants 

is strongly variabie, it can be found at decreasing light-amounts in some 

places that the maximum leaf-area is exceeded, followed by sloughing , and at 

the same time that growth continues in places where that maximum has not yet 

been reached. This impedes the determination of the significant parameters of 

the model . 

Another problem is the finding of a good relation between input-facts and 

accuracy of output (simulation-result). Too much input-facts make the mode l 

intractible . Sensitivity-analysis (= variation of one parameter and comparing 

the different outputs) will give insight into the problem which parameters 

demand a high accuracy and which do not . 

Making use of estimations on relevant parameters , facts from the litterature 

and facts co l lected by the working-group , the model is filled in . The first 

simulation will be p.xecuted in the end of November 1977 at the computer of 

the Agricultural University of Wageningen . The simulation-results compared 

with field-measurements will give information about the accuracy of our model . 

Of course the model will become more accurate when the estimated parameters 

can be measured in the field. Our next year ' s prograrnrne concerns photosyn

thesis, respiration and leaf-sloughing experiments. 
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WORKING GROUP STRUCTURE AND DYNAMICS OF THE SALT-MARSH ECOSYSTEM 

INTRODUCTION W .·G. Beef tink 

The objective of this Working Group is to investiga t e structural and func

tional aspects of plant systems inthe salt-marsh ecosystem in order to under

stand the structure and functioning of the ecosystem as a whoie . 

Because it is technically impossible to describe the ecosystem totally, the 

group started from the hypothesis that the phanerogamic vegetation ranks a 

centra l place in the structure and functioning of the whole system . From this 

point of view different plant systems (phytocenoses, succession series , spe

cies populations, plant - animal and host - parasite relations) will be se-
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lected as key or indicator systems. 

Stress and disturbances, such as those initiated by the Delta Works are 

very useful in providing an insight in black-box problems. Other impacts for 

this study might be pollution effects , such as those of oil, biocides, and 

heavy metals, as well as different forms of human exploitation. 

The group is working on the research levels of vegetation dynamics, popu

lation dynamics and physiology of adaptation mechanisms for survival. The 

fields of activity are divided over the group members and integrated in com

bined research projects. External co-operationwithuniversity departments 

and institutes, national and abroad, will be intensified to arrange research 

projects of mutual interest. Some fields of co-operation which have been ope

ned up at present are: the Botanical Laboratory of the State University of 

utrecht for photosynthetic research in relation to production of halophytes, 

the Department of Biological Sciences of the Aston University in Birmingham 

for investigations on halophyte-soil fungi relations, and the Institute for 

Applied Physical Chemistry of the Nuclear Research Centre in Jülich (West 

Germany) for the storage of heavy metals in the salt-marsh ecosystem and its 

effects on ecophysiological mechanisms. 

As with the other working groups the research is carried out within a num

ber of projects. They are numbered with the code S. For a number of projects 

details are presented hereafter and amplified with the abstracts of the pu

blished articles or reports. 

VEGETATION DYNAMICS IN THE SALT-MARSH ,ECOSYSTEM (S 1) 

Prior to the study of vegetation dynamics it is useful to describe the flo

ristic composition and structure of salt-marsh communities and their environ

mental conditions. In a chapter of the first vo lume of Elsevier's series 

"Ecosystems of the World" a survey has been given of what is known about the 

European coastal salt-marsh communities excluded the Mediterranean ones. 

In order to test the objective value of the c lassical syntaxonomical treat

ment of relevées, a nummerical processing of European Spartina relevées has 

been executed. Comparison of both approaches were carried out by miss 'W.G. 

Kortekaas (Catholic University, Nijmegen) and showed striking similarities. 

It remains to be seen whether such a re sult also will hold for communities of 

a more complex structure than those rested. 

Human exploitation and management measures may have a severe impact on the 

structure and floristic composition of salt-marsh communities. An overall view 

of the forms of these human effects as well as the degree to which they have 

to be restricted from the viewpoint of nature conservation, has been given 

in a contribution to Wiley's vo lume "The Coastline". 

An analysis of soil characteristics of the salt-marshes has been carried 

out with data sets obtained from several long-term measurements. In estuaries 

as weIl as in the marsh itself soil gradients can be recognized, the former 
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being partly related to gradients in the estuarine water-body. 

Groundwater level and groundwate r · salinity of the salt marsh are highly in

fluenced by the tides and by rainfall . M.C. Daane especially found these ef

fects when the tidal influence is cut off or increased by barraging estuarine 

branches. 

Other relationships between the marsh and the adjacent water-body have been 

studied by the students E . H.R.R . Lammens (Catholic University, Nijmegen) and 

M. J. van Eeden (Agricultural University, Wageningen). They investigated the 

flow of particulate organic matter between these two systems and found a net 

transport from the water-body towards the marsh. 

W. de Munck and W. G. Beef tink continued their long-term investigations 

on about 400 permanent sample plots distributed over the whole estuarine area, 

in the same manner as in former years. 

Disturbances of varying origin causing die-back in Halimione por tulacoides 

and other salt-marsh dominants, induce unilinear succession series in which 

Suaeda maritima, Aster tripolium and Puccinellia maritima successively play a 

major role . This phenomenon had been communicated at the jubilee-symposium of 

Prof. Dr. V. Westhoff (Catholic University, Nijmegen) , and will be published 

in Vegetatio . 

This and other succes sion phenomena gave rise to the cons·truction of a hy

pothetical model on the structure and functioning of plant species in rela

ti on to d isturbances. This model was used in a paper presented at the First 

European Ecological Symposium in Norwich , G.B. 

B.P. Koutstaal continued his investigations on the development of lichen 

communities on the nature reserve "De Middelplaten". His results', together 

with their implications for management in this reserve, were embodied in a 

paper presented at De Levende Natuur.Another research project on vegetational 

changes as a consequence of barraging from the sea, has been carried out by 

miss M. Suy (State University , Utrecht). Using air-photograph techniques she 

found a relationship between the vege ta ti on patterns before and af ter barrage 

building. 

The research programme , carried out by M.C . Daane and W. de Munck, on the 

influence of cultural practices of man on the salt-marsh vegetation is con

tinued. The interim results were presented in a paper read at the Third Sym

posium of the International Working Group "Succession Research on Permane nt 

Plots", held in Bialowieza , Poland . Graz ing effects on salt-marsh vegetation 

by domestic animals have been studied by miss M. Suy. 

Prof. dr. H.W . Nürnberg and Dr. M. Stoeppl~r ( Inst~tute for Applied Physi

cal Chemistry, Jülich) engaged in a co-operated research programme for an 

overall survey of the degree of h eavy-metal contamination of the salt marshes 

in the Scheldt estuary compared with those bordering the Eastern Scheldt, the 

pathways these compounds take in the soil - plant - animal systems, and the 
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degree to which the ecosystem is damaged . A programme for sampling various 

soils and plant species in four salt-marsh areas has been developed. At Jü

lich 24 soil samples and 114 plant samples are analysed on heavy-metal con

centrations, at Yerseke the additional soil analyses have been made. 

Dr. J.C. Duinker (Marine Pollution Department, Netherlands' Institute for 

Sea Research, Texel) agreed to take part in a preliminary research on the 

content of persistent pesticides in halophytes, to check whether these may be 

a vector for abnormal behaviour in animals. 

GROUNDWATER LEVEL AND GROUNDWATER SALINITY IN SALT MARSHES AND BEACH PLAINS 

IN RELATION TO TIDES AND RAINFALL (S 1 ) 

M.C. Daane & W.G. Beef tink 

The influence of tides and rainfall on groundwater level and salinity of 

the groundwater have been measured in two salt marshes and three beach plains 

of the SW Netherlands. In case of the salt marshes and of one beach plain the 

tidal influence has been changed considerably during the period of measure

ment as a consequence of barraging of either the water-body in which the 

area is situated, or -more indirectly- another estuarine branch of the Rhine

Meuse system. 

In salt marshes intersected by many creeks the tidal influence upon ground

water fluctuations is evident up to a di stance of 100 m from the channels 

penetrating into the sandy underground of the marsh. In such case the tidal 

effect can penetrate via the channels hundreds of metres far into the marsh, 

and can thus even have an influence on the groundwater l eve l of adjacent pol

der areas by seepage underneath the sea dike . 

In be ach plains, however, creeks are usually very few or totally absent. 

Generally, sand deposits such as those occurring in beach plains, are more 

elevated with respect t o the tides than clayey and silty deposits such as 

salt marshes. Therefore tidal influence upon the groundwater in beach plains 

is limited to only 20 m distance from the open water in spi te of the much 

more sandy soil profile as compared with that of the salt marsh proper. Con

sequently, groundwater fluctuations in beach plains are much more related 

to rainfall than to tides. 

So , a raise of the high-water level c aused by barraging influences the 

groundwater level of a salt marsh more than that of a beach plain. For in

stance, the salt marsh of the Slikken van de Heen, where the flood-water has 

been raised to about 30 cm at an average in 1969, the groundwater level showed 

a raise of 15-50 cm. For the Kwade Hoek be ach plain, however, a preliminary 

processing of an eight year ' s data set did not reveal any significant effect 

of a tidal raise of the order of 25 cm in 1970 exceeding seasonal fluctua

tions caused by rainfall . 

Groundwater-salinity relations seem to be more complex as they may be in

fluenced by local rainwater lenses of varying size in the soil water, oozing 
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down in the soil profile and persisting owing to specific-gravity differences . 

In the beach plains also underground drainage of freshwater from dune ridge~ 

over the saline groundwater af ter wet periods has been encountered 

PATTERNS IN VEGETATION, FAUNA AND ENVIRONMENTAL FACTORS OF THE SALT-MARSH 

ECOSYSTEM (S 3) 

The data collected in 1974 for pattern analysis in the Bergen op Zoom salt

marsh by W.G. Beef tink , Mrs. C . H. Borghouts and P.H. Nienhuis and col l a

borators, have been put on punched cards and magnetic tape in 1975/76. This 

year J.M.W. Louppen (Catholic University, Nijmegen) started with the data 

processing for which he uses the canonical correlation method of W.T. Williams 

(Pattern Analysis in Agricultural Science , Elsevier, 1976). 

G.J . Buth and A. Groenendijk (State University, Utrecht) studied the influ

ence of the age of polder areas on the structure of vegetation and environ

mental factors of salt marshes. Nummerical analyses with the Biopat programme 

mapped out by Dr . P . Hogeweg (Department of Bioinformatica , State University, 

Utrecht) of soil and vegetational data of seven areas, gave the following pre

liminary results: The youngest embanked areas (from 196 1 onwards) differ lar

gely from the older ones in their floristic composition and structure, and 

these differences are mainly related to the degree of soil maturity. In the 

older areas (backwards to into the 15th century) structural differences do 

not seem to correlate with age, but with environmental dynamics induced by 

patterns in (soil) water-level fluctuations. Management as a variabie factor 

has been excluded as much as possible in the areas of investigation selected . 

POPULATION ECOLOGY OF HALOPHYTES (S 4 and S 5) 

For population-dynamic studies in halophytes the working group has started 

wi th Salicornia europaea agg. and Halimione portuZacoides , both obligate 

halophytes , but the first one mainly restricted to reduced substrates and 

the latte r to aerated soils. For SaZicornia a life-cyc le scheme has been or i

ginated to define the single research projects for quantifying the limiting 

factors in life hi story (Fig. 9) . The following investigations have been 

executed: 

The students mrs. M. J . Verhoef-Allan (Agricultural University, Wageningen) 

and P.F.M . Elenbaas (State University, Utrecht) studied seed populatioRs in 

some tidal and non-tidal salt marshes . For that purpose B.P. Koutstaal and 

J. Nieuwenhuize developed a method for separating SaZicornia seeds from other 

soil constituants. The students estimated the number and ratio of seeds of 

SaZicornia stricta and S . brachystachya in different salt-marsh zones , as 

weil as the degree of patchiness in the seed distribution. A fungus found 

on the seeds and preventing germination and establishment of seedlings could 

not yet be identified. 

On the same sample p l ots B.P. Koutstaal, P . F.M . Elenbaas and H. Schat (Free 
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University, Amsterdam) investigated germination and mortality in Salicornia . 

These aspects of life history have been compared with the influence of the 

tides, of salinity and soil-moisture contents, and with the density of Sa

Licornia and other salt-marsh species (For the Bergen op Zoom salt marsh) . 

W. de Munck started an investigation on plant-animal r e lationships, and 

found three grazing species: Hydrobia uLvae (Mollusca) , Lita cf . SaLicorniae. 

and CoLeophora saLicorniae (Lepidoptera) , each with a characteristic grazing 

pattern. Thrips funebris (Thysanoptera) found in the holes formed by grazing 

of the former species is new for the Dutch fauna. 

The study of HaLimione portuLacoides populations has been started by a pre

liminary investigation into the possibility of age determination on shoot 

development of the individual plants. This seems, to be the case in populations 

of up to about 10-15 years. Older plants - and sometimes even younger ones -

show more and more branches buried by sediments and rooted into the soil, 

interfering with or ev~n totally washing out these characters for age deter

mination. 

POPULATION EÇOLOGY OF SaLicornia europaea agg . IN A TIDAL SALT MARSH (S 4 and 

S 5) 

H. Schat 

In 1976 a s tudy of the population ecology of SaLicornia stricta G. F . W. Meyer 

and S. brachystachya G.F.W. Meyer had been carried o ut in the salt marsh 

south of Bergen op Zoom bordering the inner end of the Eastern Scheldt. Of 

both species natality, mortality and plant weights were estimat ed at sample 

plots established along gradients from the mud flat up to the upper part of 

the marsh . 

Data processing in 1977 gave the following results: Germination of both 

species is found between 110 and 280 cm above Dutch o rdnance level (N .A.P.) 

(Mean High Water (MHW) level is 199 c m above N. A.P.; mean tidal difference 

is 387 cm). The highest densities in germination of S . stricta seeds occur 

just below or at MHW level, and those of S. brachystachya at about 40 cm 

above MHW level (Table 12; Fig . 10) . Seedlings of S . brachystachya are very 

rare below the MHW leve l. The distribution patterns of seed seems to be by 

far the most important factor governing the patterns of seedling density. 

Except in the highest parts of the range , mortality is l ower in S. bra

chystachya than in S . stricta . Between 11 0 and about 150 cm above N. A. P. 

rnortality is determined by washing out of seedlings by the tides . Where plant 

debris produced by Spartina townsendii had been left by the tides (this year 

from about 170 cm N.A.P . upwards) many seedlings were shaded out immediately 

af ter germination. Between about 185 and 200 cm above N.A.P . intraspecific 

competition governs the mortality rate, as it is positively correlated with 

d e nsity in this part of the range. Between 190 en 225 cm above N.A . P. shading 

out by Aster tripoLium and PuccineLLia maritima can also be an important fac-
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TahZe 12 . Germination, mortaZity rates and mean dry weights of annuaZ SaZi-

cornia species in the saZt marsh near Bergen op Zoom . 

Leve l Gerrninati on Mortality Me an d ry weight of full-
(cm + (number/m2 ) % grown plants (mg/ind) 

N .A.P. ) S. stro S .brach . S . str . S . brach . S . str. S .brach . 
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Fig . 10 . Relation between seedling density in Salicornia species and the 
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tor. From 225 cm upwards water stress during neap tide periods is probably the 

master-factor for the increasing mortality rates. 

Dry weight measurements on full-grown plants show that both species show 

maximal growth at the lower edge of the marsh. On higher levels plant weights 

decrease untill a minimum is reached at about 195 cm above N.A.P., due to poor 

light conditions , intraspecific competition at high densities and/or to a 

high degree of waterlogging of the soil during ebb tides. Af ter this minimum 

values a secondary maximum in dry weights occurs at about 2 10 cm above N.A.P., 

owing to a decreased density of the populations, and bet ter light and drai

nage conditions. Above this level dry weights decrease definitively, proba

bly because of increasing water-stress conditions. SaZicornia stricta shows 

a relatively better growt~ in the lower part of the marsh, and S. brachysta

chya in the middle part. 

The study also includes the germination ecology of other salt-marsh spe

cies which will be reported next year. 

INVERTEBRATE HERBIVORY IN 5ALICORNIA EUROPAEA AGG. (5 4 and 5 5) 

W. de Munck & W.G . Beeftirik 

A preliminary investigation has been started in order to quantify the da

mage which invertebrate herbivory can ' cause to the production of biomass and 

to the propagules in SaZicornia eur opaea agg. 

In three tidal and three non-tidal salt marshes SaZicornia plants were sam

pled. In these samples grazing patterns wer"e found of Hydrobia uZvae (Mollus

ca) , Lita cf. saZicorniae E. Hering (Lepidoptera) and CoZeophora saZicorniae 

Wck. (Lepidoptera). Hydrobia grazing only occurs under tidal conditions. The 

number of grazed plants varied from 5-67 %, and differed largely between the 

marshareasinvestigated. There were no indications that grazing intensity 

differs between SaZicornia's growing on mud and in the marsh. Only the num

ber of grazed internodes seemed to be smaller in the latter. Moreover, the 

grazing pattern on the stem tended to be lower tb its base in the marsh than 

in the mud individuals. 

Lita cf. saZicorniaeoccurred more in non-tidal marshes (10-49% grazed plants) 

than in tidal ones (1-4 %). The number of grazed internodes did not differ 

significantly between the tidal and non-tidal marsh areas investigated, but 

there are large differences between the marshes of each group (up to three 

fold on an average) . It is not known whether this must be ascribed to dif

ferences in density of larvae per plant or to differences in grazing activity. 

The grazing pattern on the stem varied significantly over the marsh areas in

vestigated, but not when they are grouped in tidal and non-tidal areas. Con

trary to what had been found in Hydrobia the grazing pattern tended to be 

located lower in lower parts than in higher parts of the marsh. 

CoZeophora saZicorniae was found in two tidal marshes. lts grazing pattern 

was evidently separated in space and time from that of Hydrobia and Lita. 

The grazing activity of Lita was concentrated in June-July, and that of Co-
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Zeophora in August-October. Consequently, the internodes grazed by Li t a were 

situated lower in the stem than those grazed by CoZeophora. 

In the tidal marsh ne ar Wilhelminadorp also Thrips funebris Bagnall (Thy

sanoptera) was found, finding shelter in the holes formed by grazing of the 

former species. This Thr ips species is known from coastal plants in Germany 

and Great Britain, and is new for the Dutch fauna. 

The authors are greatly indebted to the Department of Entomology of the 

Plant Protection Service (P.D.), Wageningen, for the identifications and to 

Mr. W.P. Mantel (Research Institute for Plant Protection, Wageningen) for 

confirming the Thrips identification. 

ECOPHYSIOLOGY OF HALOPHYTES (S 6 and S 7) 

Research on the ecophysiological level will be pointed at the physiological 

adaptation mechanisms ot halophytes to the tides and related environmental 

factors. For that reason, preliminary experiments are carried out with the 

species selected for population studies on their reaction on different sali

nity, temperature and nutrient conditions. Besides that, an experimental de

sign has been made by J. van Soelen for testing the tidal influences proper. 

Miss A. W. Stienstra and J. van Soelen investigated the effects of different con

stant salinity and temperature conditions on the germination of SaZicornia 

seeds. They found some indications to a larger plasticity in a SaZicorni a 

s t ricta population compared with that of a S. brachys tachya population, oc

curring together in the same s alt marsh. 

J. van Soelen also examined the NaCl toleranc e of SaZi cornia brachys t achya. 

He found indications that either env ironmental cond~tions or the vitality 

of the experimental material, or both, have an influence upon the growth re

action expressed as stem l e ngth and dry shoot weight. 

A field experiment with N and P fertili zers, carried out by A.W. Stienstra 

in Sa Zicornia populations in a non-tidal s alt marsh showed that nitrogen de

ficiency can be e vident under such conditions. The rate to which this defi

ciency can be neutralized by fertilization, however, seems not only condi

tioned by the availability o f p hos phorus in the soil, but also to be density

dependent. 

Data obtained for study ing the relation between biomass and morphology of 

SaZicornia collected in 1976 at the Slikken van Flakkee salt marsh will be 

worked out by A.W. Stie nstra. A similar data set obtained in 1977 from two 

tidal and four non-tidal marshes to e stimate the relation between growth and 

ion balance of SaZicornia will be elaborated as weil. In order to obtain a simple 

method for estimating the seed mImber of Sa Zicornia plants, an investigation has 

been started by J.van Soelen and M.M.Markusse into the relation between seed 

production and the length of the spikes. Data processing will be finishednext 

year with the help of the Biomathematical Division of the Delta Institute. 

A.W. Stienstra studied the mineral composition of Ha Zimione por t uZacoides 

leaves in the Stroodorpepolder salt marsh. She found that salt a c cumulation 
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in the leaves is partly compensated by succulence. No distinct correlation 

was noticed between soil salinity and the mineral contents in the leaves. 

An experiment with Halimione portulaaoides in 1976 demonstrated that plants 

grown up from seeds showed a rather large variability in shoot growth and leaf 

morphology. To eliminate this and the possibility of similar physiologycal 

variabi lity, an experiment was set up to grow plants from cuttings. This me

thod was most succesful and most uniform with 0.5 n Hoagland solution, and 

appeared to be adequate for further experimental work. From this experience 

A.W. Stienstra and M.M. Markusse set up an experiment to test the growth res

ponse of Halimione to different constant salinity conditions. Optimal growth 

in roots, sterns and leaves as well as ion contents of the leaves differed 

with respect to salinity. Leaves sampled in the field showed evident diffe

rences in their ion contents with age. 

A GERMINATION EXPERIMENT WITH TWO ANNUAL Saliaornia sp. (S 6 and S 7) 

A.W. Stienstra & J. van Soelen. 

The purpose of this experiment was to investigate the response of Saliaornia 

striata typiaa ánd S. braahystaahya typiaa seeds to different salinity and 

temperature conditions. The experiment was carried out in March-April, 1976, 

with seeds collected in November, 1975 at the Slikken van de Heen salt marsh. 

The séeds were laid to ge'rminate in petri dishes kept in temperature-controled 

rooms. Every two days the NaCl solution was renewed. 

The maximum germination percentage was estimated (Fig. 11) as well as the 

germination rate expressed as the Harmonie Mean Germination Day (HMGD) (Tab

le 13) . In both Saliaornia species the germination rate increased when the 

temperature increased and the salinity decreased . At 10- 30
0 

C Saliaornia 

striata showed an increase of the g e rmination rate at low salinities (2-4 

0/00 Cl-). S . braahystaahya only showed an increase at 5
0 

C and 2
0

/00 Cl-.The 

optimal environmental conditions for a high germination rate of Saliaornia 

braahystaahya were 25
0 

C and 0
0

/00 Cl-.For S . striata these conditions were a 

variable temperature 25/15
0 

C and a salinity of 0
0

/00 Cl .Light stimulated 

the germination rate of both species. 

The percentage of germinated seeds of Saliaornia s t riata seemed greater in 

extreme situation (Fig. 11). This species had a higher percentage of germi

nated seeds than S . braahystaahya. In the latter species the germination per

centage also decreased at high temperatures and high salinities. 

It is concluded that Saliaornia striata and S . braahystaahya have a diffe

rent germination pattern. The germination rate in S . striata is lower at low 

tempe ratures and high salinities , but the percentage is higher than in S. 

braahystaahya . Probably, due to this higher plasticity Saliaornia striata 

seems more adapted to spatial variety in the environmental factors investi

gated . 
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TabZe 13. Harmonie Mean Germination Day (HMGD) of SaZieornia stricta typica 

and SaZicornia brachystachya typica seeds at different temperature 

(0 C) , saZinity (0/00 CZ- ) and Zight conditions. D = dark; L = Zight. 

Forrmûe HMGD = L x 
L xt i 

t. 
~ 

in which x = totaZ number of seeds; xt
i 

= 

number of seeds, germinated af ter t. days; 
~ 

t. = number of days , whieh are used to 
~ 

germinate . 

A. SaZicornia stricta typica 

Temp 
0 

C 5 10 15 20 25 30 25/15 25/15 

0/00 Cl L L L L L L D L 

0 10.3 11.1 4.6 2 . 8 3.8 3.0 3.5 2 . 1 

2 10 . 9 7.5 4 . 1 3.0 2.9 2 . 6 3.1 2 . 3 

4 11.0 10 . 4 4.3 3.4 3.1 2.9 3 . 7 2.2 

8 15.0 9 . 7 5.2 3 . 6 4 . 1 4 . 3 4.6 2.3 

12 17.7 14.6 6.3 5.0 6.0 4 . 6 6.3 2 . 7 

14 20.8 12.6 9.4 6.3 5.5 5.6 5.6 2.8 

B. SaZicornia brachystachya typica 

Temp 
0 

C 5 10 15 20 25 30 25/15 25/15 

0/00 Cl L L L L L L D L 

0 11.1 6.7 4 . 7 3 .9 3.2 3 . 9 4 . 4 3 . 5 

2 9 . 3 8 . 0 5.2 4 . 0 3 . 7 4 . 5 4 . 5 3 . 8 

4 10 . 2 8 . 2 7.1 5 . 0 4 . 1 3.9 4.5 3.4 

8 14 . 6 10.7 6.7 5 . 8 4 . 3 4.7 4.9 4.0 

12 16 . 1 12.0 8.6 7 .1 6.3 6.8 7 . 6 3.6 

14 14 .4 13.2 10.1 7.8 6 . 7 9.6 8 . 0 4.2 

A FIELD EXPERIMENT WITH FERTILIZATION OF SaZieornia europaea STANDS (S 6 and 

S 7) 

A.W. Stienstra 

The purpose of this experiment is to have a f i rst impression of how far 

nutrient deficiency can influence growth of SaZieornia, especially i 'n non

tidal salt-marsh habitats. 

The experiment was carried out in 1976 at two stations (Table 14 and 15) o f 

the Slikken van Flakkee salt marsh in which also population-dynamic inves

tigations were made . In station 11 (sample plot nr. 4) the SaZieornia plants 
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Table 14. Mean biomass production of Salicornia in g dry weight/m2 from f our 

samp le plots at two stationS in the Slikken van Flakkee salt marsh . 

TreatJnent Station I Station 11 

shoot root ratio total shoot root ratio total 

° 18.2 2.2 8.5 20.4 65.2 8 . 1 8 . 1 73 . 3 

N 61.6 6.7 9 . 2 68 . 3 124.0 20 . 9 6 . 0 144 . 9 

P 20 . 3 2.2 9.2 22 . 6 61.1 12.6 4.9 73.7 

N + P 21.4 8 . 3 2 . 6 29.7 107. 3 15 . 7 6 . 9 123.0 

Table 15. Mean N and P contents of Salicornia in mg/g dry weight from four 

sample plots at two stations in the Slikken van Flakkee salt marsh. 

Station I 

Treatment N P
2

0
5 

shoot root ratio shoot root ratio 

° 15. 8 7 . 9 2.0 6 . 0 2 .2 2.7 

N 14. 8 7 . 6 1. 9 4. 3 1.9 2 . 3 

P 13 . 5 6 . 7 2 .0 5.1 1. 9 2 .7 

N + P 14. 2 7.4 1.9 5 . 5 2 .4 2 .3 

Station 11 

Treatment N P20
5 

shoot root ratio shoot root ratio 

° 33 .1 6 . 5 5.1 6.8 1.7 4.0 

N 2 1. 8 6 . 9 3 . 2 5 . 1 1. 9 2 .6 

P 34.7 5 . 9 5.9 7.4 1.8 4.1 

N + P 18 . 8 6 . 9 2 . 7 5 . 8 2 . 1 2 .8 

grew larger and with a lower density than in station I (sample plot nr . 3) . 

At both stations four sample plots we re established, each with the following 
- 2 

nutrient treatments added in May: (1) control, (2) 18 . 1 9 N0
3

/m as Ca(N0
3
)2' 

2 
(3) 14.2 9 p

2
0

5
/ m as Ca(H

2
P0

4
)2 ' and (4) the gifts (2) and (3) combined. 

The single plots were 1 m
2 

in size. In October the biomass o f the total Sa

licornia vegetation in the plots was estimated, as weil as its N and P con

tents. In that period also some soil parameters were analysed. 

Soil analyses showed a slightly higher salinity in station 11 than in I. 

Soil moisture and total nitrogen contents were equal in October. It is there

fore c oncluded that the N fertilizer was totally consumed and washed out at 

that t i me. Addition of P was reflected in evidently higher P contents in the 

P-treated plots (estimated with the P- Al method). 
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Biomass production was higher in all plots of station II compared with 

that of station I, in spite of lower plant densities (Tabie 14). Addition 

of N resulted in a threefold increase at station I, and in a twofold increase 

at station II. Paddition did not give an evident higher total biomass pro

duction, and cornbined with N it seemed to suppress the N effect. Shoot/root 

ratios were generally higher at station I than at station II. There are in

dications that under limited growth conditions, such as at station I, root 

growth is mainly deterrnined by nitrogen. Shoot-growth promotion by N, how

ever, seems to be suppressed by P. 

The higher biomass at station II is related to higher N contents in the 

shoots and to a low tendency to lower N contents in the roots (Tabie 15). 

Shoot/root ratios in N as weil as in P contents were high in the con trol and 

P-fertilized plots, and low in the N-fertilized plots, mostly as a conse

quence of a relatively low N level in the shoots. 

It is concluded that SaZicornia can show evident nitrogen deficiency under 

non-tidal conditions. However, the extent to which this deficiency can be 

neutralized seems to be dependent on the availability of phosphorus in the 

soil, and on the density of the population. 

GROWTH AND MINERAL COMPOSITION OF HaZimione portuZacoides UNDER DIFFERENT 

SALINITY CONDITIONS (S 6 and S 7) 

A.W . Stienstra & M.M. Markusse 

An investigation has been started to test the growth response of HaZimione 

portu Zacoides to sali,ni ty. For that purpose a NaCl-tolerance experiment wi th 

Hoagland solution was carried out in the greenhouse,running from May to Oc

tober , with plants grown up from seed . Growth was measured as dry weights of 

leaves, sterns and roots, and mineral composition was estimated in the leaves, 

both at the end of the exper iment . For comparison the ion contents in the 

field leaf samples were take n from plants growi-ng on a creekbank levee in the 

Stroodorpepolder salt marsh. 

The nutrient culture experiment suggests optimal growth of roots at a con

centration of 0.1 n NaCl, of sterns between 0 .1 and 0.3 n NaCl, and of leaves 

atO.3nNaCl (Fig. 12), (0.1 n NaCl = 5.85
0

/00 NaCl = 3.55
0

/00 Cl ). Ion con-

tent analyses of the leaves show that the species accurnulates Na up to con

centrations of 0.3 n, and Cl up to 0.5 n NaCl. The K-, Ca-, and Mg-contents 

drop af ter the slightest addition of NaCl to minimal levels. Only K seems 

to re-increase towards the highest NaCl concentrations (Tabie 16A). 

The ion contents in the leaves sarnpled in the field change with their age 

(Tab i e 16B). At increasing age the Na and Cl contents increase. The K-content 

tends to decrease, and those of Ca and Mg to increase. Also the water content 

of the leaves increases with age, which means that salt accurnulation is at 

least partly compensated by succulence. Salinity of the soil moisture fluc-
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tuated between 0 . 3 and 0 . 6 n NaCl (average 0 . 5 NaCl) and 50 it ranged within 

the NaCl concentrations chosen in the experiment. This may be due t o (1 ) the 

age difference between the plants sampled in the fie l d and those used in the 

expe riment , (2) t h e difference in subs t rate , (3) the much larger salinity 

fluc tuations under field conditions , and (4) the generally much lower a ir hu

midity in the greenhouse with r e spec t to that in the field . 

Table 16 . Mineral contents (mg/g dry weightJ and water content (g/100 g wet 

weightJ in the leaves of Halimione por tulacoides . A. From plant s 

grown up in a 0 . 5 n Hoagland solution at diff erent NaCl concentr a-

tions . B. Co llected in the Stroodorpepolder salt marsh. a = young, 

not yet full - developed leaves; b = full - developed upper l eaves; 

c = gr een lower leaves ; d = yellow lower leaves . Date of sampling 

31 - 7- 1975 . 

A 

n NaCl Cl Na K Ca Mg water content 

0 . 0 2 1.6 26 6 4. 9 8 . 3 7 . 0 77 . 8 4 

0 .1 71. 8 7 1 28 . 8 1. 8 2 . 3 79 . 9 4 

0 . 2 79 . 3 86 24.4 1. 6 2 . 1 79 . 9 7 

0 . 3 89 . 5 90 24. 5 1. 5 1. 8 79 .61 

0 .4 93 .7 80 25 . 5 1. 9 2.0 79.4 3 

0 . 5 98 .1 90 26 . 3 1.6 1. 8 78 . 54 

0 . 6 8 9 . 7 90 30 .0 1. 8 1. 9 80 . 03 

B 

Cl Na K Ca Mg watercontent 

a 1i4.6 10 1 38 . 3 8 . 3 9 . 2 82 . 05 

b 14 3 . 3 129 34. 6 7 . 8 9 . 1 83 .68 

c 175 . 4 129 29 . 5 7 . 4 8 . 5 86.24 

d 215. 9 15 1 37 . 0 9 . 5 10 . 0 87.48 

GROWTH OF Salicornia brachystachya UNDER DIFFERENT 5ALINITY CONDITION5 (5 6/7) 

J . van Soelen 

An investigati on has been started to examine the NaCl tolerance of Salicor

nia brachys tachya , G.F.W . Meyer. Seedlings grown close to the permanent qua

drats (p . q.) nrs. 6 and 10 on the Slikken van Flakkee sand flat were culti

vated in the greenhouse with a 0. 5 n Hoagland nutrient solution supplemented 

with 0, 50, 150, 250, and 350 mMol NaCl per liter (100 mMol NaCl = 3 , 55
0

/00 

Cl ) . P.q . 10 is situated at the water edge of the area of investigation , and 

p . q. 6 is 350 m away in landward direction. The experiment was carri ed o ut 
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from June to October, 1977, and has been started with eight plants per treat

ment. 

The positive effect of salt on plant growth (Fig. 13), already known from 

Feekes (1936), seems to differ with the origin of the experimental plants. 

Plants grown close to p.q. 6 show optimal growth at 150 mMol NaCl, contrary 

to those collected from p.q. 10 where salinity concentrations did not diffe

rentiate stem lengths. This difference in response could be caused by the 

difference in soil salinity during germination and early growth in the field 

which was about twice in p.q. 10 compared with that in p.q. 6. Another cause 

could be the difference in vitality of the parent plants in both plots. Mor

tality of the plants under cultivation originated from p.q. 6 was higher 

than those originated from p.q. 10. 

Biomass, expressed as dry shoot weight per plant, at the end of the expe

riment, proved to be maximal at higher salinity concentrations (250-350 mMol 

NaCl) than the salt concentration for optimal stem length (Fig. 14, 15), 0-

wing to higher ramification rates at these salinities. However, plants grown 

without NaCl were also more branched, but these ramifications remain very 

short. The control plants appeared to be easily attacked by Coniothyrium sp. 

and Alternaria sp. 
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A BOTANICAL EVALUATION OF A POLDER COMPLEX IN THE SOUTH PART OF THE ISLE OF 

ZUID-BEVELAND (S-general) 

Agnes van de Vijver 

In order to obtain an insight into the flora and vegetation of the polders 

in the Delta Area , the students miss J.G. Roeleveld, C. van der Kraan, P. 

Dieleman, C.C . Redeker, J.C.H. Peeters, K.V. Sykora and mr s C.M . P . Sykora

Hendriks, J.W.M. Kuijpers , miss C.J. Smits and miss A. van de Vijver inves

tigated several parts of the island of Zuid-Beveland. This project , which 

took several years, is finished now by the Delta Institute, and has been de

puted for continuation to the Planological Department of the province of Zee

land. The last two studies, carried out by miss A. van de Vijver, and dealing 

with the botanical diversity of the "Zak van Zuid-Beveland" have now been 

achieved . A summary is given here of the first one, the second to be follo

wing next year. 

A botanical evaluation is given of 59 polders, varying from 4 to 391 ha 

with a total surface of about 6830 ha, situated as a joint complex in the 

south part of the isle of Zuid-Beveland. The date of embankment varies from 
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before 1250 to the beginning of the seventeenth century. 

For the botanical evaluation inventories were used made by Sykora-Hendriks 

&. Sykora (1973) of the polder dikes, and those of Smits (1974) and Van de Vi j 

ver (1977) of the polderland. These data have been processed with the eva l u 

ation method of Mennema (1973), which includes diversity (species richness), 

a floristic evaluation (including species rarity), a vegetational evaluat ion 

(comprising the degrees of vulnerability , rarity , and the degree to which 

the vegetation can be superseded) , as well as the average rarity of all par

ticipating species together. The surface units chosen for this method were 

the km-quadrat (90 in total) and the polders as embankment unit (59 in total) . 

The km-quadrats with the highest evaluation va l ues were found where saline 

conditions are present. Quadrats with wetlands and humid contact and stress 

zones were also estimated with a high botanical value , as well as those con

taining many hedges and brushwood cOmbined with an adjacent vegetation of tall 

herbs. Highly evaluated km-quadrats coincide to a high degree with highly 

evaluated polders. 

Soil profile, groundwater level and height above mean sea level were used 

as environmental parameters . However, there was no significant correlation 

between the diversity of these soil factors and the botanical evaluation. 

Also the expectation has not been confirmed that the quadrats with the highest 

soil diversity should coincide with those of the highest botanical evaluation. 

Most quadrats in the area of investigation we re estimated at the two lowest 

categories (I and 11) of the national classification of botanical evaluation . 

Only two quadrats could be classed into category 111. The categories IV and V 

were not represented. As from the national viewpoint about 70% of the qua

drats be long to the categories land 11, the polder complex in question is 

somewhat below the average situation in the Nether l ands. 

The quadrats of the polders under investigation also show relatively low 

botanical evaluation values compared with those of quadrats from other pol

der areas, such as the Vijfheerenlanden, IJsselmonde and the "Groene Hart 

van Holland" . These rather poor results may be real, but mayalso be caused 

by a more intense and more consequent application of the modern agricultural 

technics, such as the use of herbicides and heavy fertilization , in Zuid- Be

veland . The cause mayalso be that the botanical inventories of these polders 

are still relatively incomplete compared with the other areas. 
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WORKING GROUP STRUCTURE AND DYNAMICS OF I NSTABLE AQUATIC SYSTEMS 

INTRODUCTION S . Parma 

The research theme of the Delta Insti tute is the study of the impact of human 

interferences on aquatic and semi-terrestrial ecosystems in estuarine and 

brackish regions. Af ter an interference the ecosystem, having a distinct 

level of development , lowers its level of integration . Margalef (1968) con

nected these changes in system characteristics with the concept "maturity" . 

An ecosystem in the p i oneer stage of deve l opment has a low "maturity" and 

during the deve l opment of the system , when the interactions become more com

plicated , the "maturity " increases. 

This ecological succession can be described by means of structural and func

tional ecosystem parameters. Research of this kind is usually situated in 

more "mature" ecosystems. Comparatively little is known of the pioneer stage 

of aquatic ecosystems , i.e. the stages with a low "maturity". This might be 

due to the rapid succession in the early stages , especially when the ecosys

tem is developing under rather constar.t environmental conditions . However , 

when an ecosystem is subjected to the effect of abrupt and unpredictable in

terferences it will remain constantlyon a low "maturity" level . This makes 

it possible to study the structure and processes of the pioneer stages. 

Small inland waters now are constantly subjected to these abrupt and unpre

dictabie interferences . In our Delta region many ditches , small canals , creeks, 

cattie drinking pools , ponds, etc. , are found where the environmental condi

tions are very inconstant . Unpredictable changes in salinity, temperature , 

oxygen content, dischargeand water level , unexpected removal of shore vege ta

ti on and drainage of pesticides from agricul ture , frequently occur . 50 our 

research team is mainly concerned with the study of structure and dynamics 

of these small inconstant systems . 

The code B is used for the projects . Additional abstracts are presented in 

the section of published articles . 

VARIATION IN SPACE AND TIME OF SOME ABIOTI C FACTORS IN INLAND WATERS OF ZEE

LAND (B 1) 

The research programme in the "Adriaanpolder " ditch , measuring the diurnal 

vertical oxygen- , salinity-, chlorophy l l - and p l ankton gradients was termi

nated for the t i me being and the results were used for a publication . 
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J.J. Sinke and J.O. van de Zande followed daily fluctuations in salinity 

and weekly fluctuations in major ions and nutrients in a ditch and a cattle 

drinking pool both in the Kaarspolder, S.-Beveland. The results are not yet 

elaborated and will give information on the short term variations of some a

biotic factors. In the same localities Mr. W. Vermeulen (National Institute 

for Water Supply) took plankton samples. Also his data are in preparation. 

Like in 1976 L. de Wolf took water samples in spring, summer, autumn and 

winter at 700 localities i n the S.W.-part of the Netherlands, to determine 

salinity and water quality. 

J.W. Rijstenbil started an investigation of the oxygen budget of some 

brackish water ditches. He was assisted by Miss L. van de Velde, who inves

tigated the influence of wind velocity on the reaeration of a water mass. 

This project is executed in cooperation with the provinciale Waterstaat van 

Zeeland (N. Oskam). 

J.J. Sinke and J.O. van de Zande started a sampling programme of the physico

chemical characteristics of cattle drinking pools in the SW-part of the Neth

erlands. An investigation of the salinity, cations and ammonia of those 

pools on the island of W~lcheren and in the Yerseke Moer was completed and 

the results will be prepared for an internal report. 

P.F.M. Elenbaas (University of Utrecht) investigated the variation in space 

and time of some biotic and abiotic factors in some fresh- and brackish wa

ter ditches. These ditches we re also selected on differences in type of se

diment. 

In collaboration with Dr. M. Marchand (Centre of Oceanography, Brest, France) 

some samples of Palaemonetes varians from the island of S.-Beveland were 

analysed on pesticides. There proved to be significant differences in the 

concentrations of lindane and of DDT between different parts of the island, 

presumably connected with variations in agricultural use of these chemicals. 

CLASSIFICATION OF INCONSTANT BRACKISH WATER BIOTOPES BASED ON MACROFAUNAL 

SPECIES COMPOSITION (B 3 and B 4) 

N. Tramper (Agricultural University, Wageningen) completed his study of the 

faunal composition of cattle drinking pools. His results are now ready for 

a mathematical cluster analysis. 

I.J. Weeber started a similar investigation of ditches. Synchronouslyalso 

physico-chemical data of the sampling localities were collected. The data will 

be used in one or several cluster analyses in order to obtain an optimal ar

rangement of the biotopes, based on their similarity in species composition. 

R.H. Bogaards and J.W. Francke continued their investigation of the distri

bution of Neomysis integer in relation to salinity and morphometry of the 

locality. This year Zeeuws-Vlaanderen was sampled extensively. Moreover other 

macrofaunal components (esp. Hemiptera) were collected. The island of Schou

wen was sampled four times at appr. 140 localities on salinity and macro-

54 (134) 



fauna. The programme is finished now and the rèsults are in preparation . 

R. Luyendijk started an investigation to the distribution of waterbugs 

(Hemip tera) and waterbeetles (Coleoptera ) in relation to some environmental 

characters, especially salinity. He a lready identified the Hemiptera col

lected during the above mentioned trips in Zeeuws-Vlaanderen and on Schouwen

Duiveland. 

AUTECOLOGY AND POPULATION DYNAMICS OF SOME INVERTEBRATE SPECIES IN BRACKISH 

WATER HABITATS (B 5 and B 6). 

B.P.M. Krebs continued his work on brackish water chironomids. He identi-

fied the material collected by N. Tramper and I.J. Weeber. Some taxonomical 

data were summarized. Moreover he wrote a report on the population dynamics 

of Chironorrrus halophilus and Leptochironorrrus deribae in the "Adriaanpolder " 

ditch. 

J.A. Goedbloed (Free University, Amsterdam) investigated the salinity pre

ference during ovipositi on of Chironorrrus halophilus and C. salinarius and the 

substrate preference of the larvae of the same species. 

Mrs. M.J.M. Langeveld started observations to the influence of saline per

colation on the diversity of the benthic fauna in the "Westgeul" (Zeeuws

Vlaanderen) . 

R.H. Bogaards, J.W. Francke and mrs. C.H. Borghouts finished their inves

tigations of extreme habitats in Schouwen. The salinity of these habitats 

returned from their extreme values in autumn 1976 to more normal concentra-

tions and the recolonization proved to be a rapid process. The 'resulta are 

in preparation. 
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SALINITY AND WATER QUALITY OF THE INLAND WATERS IN THE SW-PART OF THE NETHER

LANDS (B 1) 

L. de Wolf 

During the period 1976/ 1977 water samples were collected at three months 

intervals at appr. 700 localities on the islands of Schouwen-Duiveland , Wal

cheren, N.- and S.-Beveland and in Zeeuws-Vlaanderen. The samples were in

vestigated on salinity , oxygen , pH and ammonium. Salinity was measured as 

conductivity and, because of the very good correlation, calculated as chlo

rinity. Ammonium was measured on an autoanalyser (Technicon AA2). Th e results 

are still being prepared but some general conclusions can be made: 

- the island of Schouwen-Duiveland is generally very brackish (average chlo

rinity 5.5-16.5
0

/00) . Only the dune area is fresh, while in the centre 

some S-mesohaline regions are present, 
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- the other islands (Walcheren, N,- and S,-Beveland) are mesohaline in gene

ral with some fresh and oligohaline regions situated along the dune coast 

and in the central , geologically older parts of S.-Beveland, 

- Zeeuws-Vlaanderen has a large freshwater area in the pleistocenic southern 

part , while the coastal plai~ is oligo- or mesohaline, 

- ammonium concentrations can be very high (over 10 mg / l N-NH
3 

in winter), 

illustrating the polluted character of the polder ditches, 

- oxygen can fluctuate considerably during the daylight period and its value 

as quality paramter is questionable . 

The salinity maps of the different regions are being corre late with dis

tribution of faunal and floral components. 

A DEEP MICROGRADIENT WATER SAMPLER (B 1) 

A.G.A. Merks 

The sampling of supernatant bot tom waters required an instrument able to 

sample at various short distances from the bottom floor. In particular for 

stagnant water sharp gradients of various components, like salinity, oxygen, 

phosphate, etc. might occur within distances of a few cm. 

A number of samplers exist for this purpose, like the Jenkins Surface Mud 

Sampler (Mortimer, 1942) and the Maitland Tube (Maitland , 1969), which both 

have some disadvantages of price and disturbance at the sampling spot, res

pectively . 

For this purpose a cheap and simple sampler has been constructed with help 

of L. de Wolf of the Institute, which is able to sample thirty 15-20 mi water 

volumes within a di stance o f 60 cm, vertically. lts construction is given on 

Plate 111. 

Sampling occurs af ter an accomodation period at the sampling site with the 

sampler fixed t o asolid obstacle. Dependant on the situation an accomoda

tion time until 2 hour s might be required (less in waters in which already 

a slight current is present) . 

An example of microgradients as observed in a ditch fi lled with some brack

ish water from bottom water seepage , is presented in figure 16. 

The sampler , called " Merks Sampler " is commercialized by ATS , Mariastraat 

42, The Hague, Netherlands 
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Plate 111. View on Merks Sam

pler with J.J.Sinke. 
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Fig. 16. Micro gradients of 0/00 chloride 

and saturation of oxygen in a ditch. 

Plate IV. Outdoor cage for culturing Chironomus salinarius and C. halophilus 
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DIURNAL FLUCTUATIONS IN SALINITY, OXYGEN AND CHLOROPHYLL IN A SHALLOW BRACKISH 

DITCH (B 1) 

S. Parma and C.H. Borghouts-siersteker 

In a series of observations we determined the extent of the diurnal varia-

tions in salinity, oxygen and chlorophyll in a diteh. The ditch (max . depth 

at the observation place 1,25 m) was free of macrophytes, polluted (maxima 
20 

of N-N0
2

: 0.6 mg/l, BOD 5 : 40 mg/ l) and brackish (variations in Cl-: 0.6 -

5.2
0
/00). Due to water discharge the waterlevel can fluctuate over a range 

of 60 cm. The results showed that in this shallow and small waterbody: 

- a salinity gradient can occur, having a permanent character and being sta

bilized against wind action. Disturbance of the gradient is possible through 

discharge of water, but a reestablishment of the gradient is a rapid process, 

- a salinity gradient is c l osely accompanied by an oxygen gradient, 

- the extension of both gradients is variabie in space and time, 

- the salinity gradient acts as a monimolimnion. Consequences of the presence 

of this monimolimnion may be: 

+ no participation of the sediment oxygen demand in the oxygen balance of 

the upper water layers and thus a less pronounced nightly minimum in the 

diurnal oxygen curve. 

+ rather high oxygen concentrations in the monimolimnion during periods with 

a high light penetrability, i.e. low chlorophyll content. 

The presence of the gradients influences both the mud-dwelling fauna as weil 

as the oxygen balance of the system. A study of these aspects is in progress. 

THE INFLUENCE OF SALINITY GRADIENTS ON THE OXYGEN BUDGET OF A BRACKISH DITCH 

(B 1) 

J.W. Rijstenbil 

Brackish ditches in SW-Netherlands sometimes show a salinity gradient. This 

might be accompanied by differences in oxygen budgets of the upper and lower 

watermasses, dependent on the ex tent of the influence of the sediment. 

Investigations on the oxygen budgets are in progress dealing with produc

tien and consumption of oxygen at different levels in the watercolumn; pro

duction and consumption by the sediments (Lucas & Thomas, 1970); diurnal 

pattern of dissolved oxygen (Lingeman et aL , 1975); exchange of oxygen at the 

air-water interface. In laboratory tests the influence of wind velocity on 

the reaeration constants was quantified (v.d. Velde, 1978). 

Observations on two localities in S.-Beveland showed that salinity gradients 

are caused mainly by drainwater, running over brackish water (10%0 Cl-) . Be

tween the two layers a rapid diffusion was noticed and the gradients disap

pear by exceeding an overall concentration of 80 /00 Cl- . In the summer, with 

only a small inflow of drainwater, the gradients were absent except during 

one observation period when we found chlorinities of 3.6%0 in the upper 

layer and 6.9%0 near the sediments. Table 17 demonstrates a situation of 
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absence and presence of a salinity gradient in the same ditch. 

Our preliminary results do not show evidence that the budgets are influen

ced by salinity gradients (Table 18). The sediment oxygen demand is conside

rable and even astrong salinity gradient does not prevent the influence of 

the sediment on the upper water layer . At night only astrong reaeration can 

prevent anoxic conditions over the whole of the water column. 

The situation may be complicated by a number of disturbances, like hori

zontal water movements, changes in water level and animal activities (ducks). 

Sometimes the 02-production was very irregular and not proportional to depth 

and sunshine. We have no explanation for the occasional occurrence of an in

crease in oxygen at the mud-water interface during the midnightly period. 

The oxygen budget studies will be continued in 1978 with a series of la

boratory tests, eliminating the disturbing factors in nature. 

Tab~e 17. Absence and presence of a sa~inity gradient in a ditch on S.-Beve

~and 

date July 12/1.3 August 23/24 

depth in cm 40 50 

temperature in oe 22 26 

Secchi value in cm 35 20 

salinity gradient absent present 

height of the upper water column ( I) 25 35 

he ight of the lower water column (Il) 15 15 

average chlorinity in I in 0/00 9.6 4.2 

ave rage chlorinity in Il in 0/00 9.6 5.9 

Tab~e 18 . Oxygen budgets of the upper (I) and ~ower (II) ~ayer in a ditch in 

S. -Beve~and in periods with and without sa~inity gradients (see 

a~so Tab~e 17). 
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2 
oxygen in mg/day m upper layer 

no gra- gra-
dient dient 

exchange with atmosphere +2848 

daily oxygen production (water) +5593 

daily oxygen de mand (water) -3690 

change of dissolved oxygen conc. 56 

sediment oxygen production 

sediment oxygen demand 

deficiency (needed from layer I) 

excess in layer I (overproduction)-4807 

rest(= probably loss by horizontal 
transport) 

+ 3802 

+14859 

- 3836 

+ 3862 

-10963 

lower layer 

no gra- gra 
dient dient 

+3684 

-1857 

52 

0 

-7272 

+5393 

+ 586 

+ 491 

-1518 

+ 941 

+ 307 

-3553 

+5168 

-5798 



References 

Lingeman, R., Flik, B. & Ringelberg, J., 1976. Stability of the oxygen stra

tification in an eutrophic lake. Verh. Int. Verein . Lirnnol. 19: 1193-1201. 

Lucas, A. & Thomas, N., 1970 . Sediment oxygen demand in Lake Eries Central 

Basin. Hypoproject ~: 45-51. 

Velde, L. van de, 1978 . Pla nkton en zuurstofhuishouding in brak slootwater. 

Students Reports, Delta Institute , in preparation . 

OBSERVATIONS ON THE VARIATION IN SPACE AND TIME OF SOME BIOTIC AND ABIOTIC 

FACTORS IN FRESHWATER AND BRACKISH WATER DITCHES 

P.F.M. Elenbaas (B 1) 

In fivelocations, v iz. one ditch with a sandy bottom, one ditch with a 

clay bottom, two ditches with peaty bottoms and one cattle pool, we deter

mined a nurnber of abiotic and biotic parameters along horizontal and verti

cal sections. The samples along the vertical section were taken with the 

"Merks" sampler (Merks, this report). The sampling stations in horizontal di

rection were l ocated in the middle of the ditch, between macrophytes, along 

edges, etc. all within a distance of 10 meters. We determined nitrogen- and 

phosphorus compounds, ch l or i de , oxygen, temperature and pH in water samples 

and nutrient content in bottom samples. Plankton counts we re made only from 

surface- and from bot tom water and we re accompanied by chlorophyll measure

ments. This sampling prograrnrne was repeated at regular time intervals. 

The prograrnrne , still in progress, must give an answer to the following 

questions: i s a di tch chemically homogeneous and if not, along which sections 

do gradients exist; is there a seasonal periodicity at the different places 

and do these periodicities take place synchronously; is there a quantitative 

and qualitative influence of the type of s ubstrate on the chemical composi 

tion of the water; what is the relationship between planktonic and chemical 

periodicity at the different places . 

Preliminary results show a considerable increase in orthophosphate over 

very short vertical intervals (10 cm) in ditches with a dense vegetation of 

filamentous algae. Also over horizontal sections large differences in nu

trient contents were observed . 

IMPACT OF CHANGES IN QUALITY AND QUANTITY OF SEEPAGE WATER ON THE MACROFAUNAL 

DlVERSITY OF THE "WESTGEUL " (ZEEUWS VLAANDEREN (B 2) 

Mrs. M.J.M. Langeveld 

The "Westgeul ", a cut-off side-arm of the Western-Scheldt, was originally 

influenced by saline seepage water. Since the salt-marshes situated in the 

tidal area just before the "Westgeul" are reclaimed, a change in seepage 

regime and quality can be expected. This might have consequences for the di

versity of the fauna in the "Westgeul" . 

A research prograrnrne was planned in order to answer the following questions: 
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what changes in quantity and quality of the seepage do occur; what is the ef

fect in space and time of this seepage on the chemistry of the "Westgeul"; 

what is the effect in space and time on the diversity of the macrofauna. 

Since July we took monthly quantitative bottom samples with a Birge-Ekman 

grab on several places in a north-south transect. Moreover we determined 

chlorinity and oxygen, ammonia-, iron- and chlorophyll content from the free 

water zone . In October we established a number of permanent sampling plots 

in the semi-terrestrial zone of the creek . These plots will be phytosocio

logically investigated during the next decade. A series of ground water pipes 

was established in order to follow the chlorinity of the subsoil. 

The study is still in progress, but some preliminary results can be pre

sented, viz: the chlorinity of the creek is generally 12-13
0

/00; ammonia con

tent shows a north-south gradient from 0 . 3 till 0.06 mg/l; iron shows a north

south gradient from 3.7 till 0.7 mg/l; based on a similarity index, we noticed 

a distinct difference in the faunal composition of the northern and southern 

part of the creek. 

The investigatior is financially supported by Dow Chemical B.V., Terneuzen. 

CLASSIFICATION OF INLAND WATERS (ESP. DITCHES) IN SW-NETHERLANDS BASED ON 

THEIR MACROFAUNAL SPECIES COMPOSITION (B 3) 

I.J. Weeber 

Forty localities, situated in Zeeuws-Vlaanderen and on the islands of S.

Beveland and Schouwen-Duiveland were sampled twice (March and July) in order 

to study the quantitative macrofaunal species composition. From a small num

ber of species semi-quantitative data are available. 

The larger part of the localities are ditches and small canals, but also 

some larger waterbodies are involved. The choice of the biotopes was defined 

by a large range in environmental factors, especially salinity. 

In total we found about 250 taxa, mainly aquatic insects and their larvae. 

Oligochaetes were not taken into consideration . The results are in prepara-

tion. 

The data will be used in one or several cluster analyses in order to ob

tain an optimal arrangement of the biotopes, based on their similarity in 

species composition. BIOPAT computerprogrammes will be applied (Dr. P. Ho

geweg, Utrecht). 

Besides the biological investigation, we carried out a bimonthly physico-
2+ 2+ + + 

chemical sampling programme, viz. O
2

, temperature, pH, Ca ,Mg ,Na, K , 

Cl , P-P0
4 

and N-NH
3

. Only once the dissolved organic carbon content (DOe) 

of the water and the particulate organic carbon content (POC) of thesub

strate were determined . Moreover we noted data about: structure of the se-

diment, quantity of emerged and submerged macrophytes, depth of the ditch, 

loading with herbicides and extent of isolation. 

By means of BIOPAT-computer programmes we will try to correlate these en-
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Vironmental factors with the "biological types". 

RECOLONIZATION AFTER HYPERSALINITY IN SOME BIOTOPES ON SCHOUWEN-DUIVELAND(B 4) 

Catharina H. Borghouts, R.H. Bogaards & J .W. Francke 

Due to a prolonged dry period in summer 1976 the salinity increased tre

mendously in various small waterbodies. To study the effects of these hyper

saline conditions and the following decrease in salinity on the biocoenosis, 

we started a sampling programme in a number of localities. 

From July 1976 up to December 1977 we studied the changes in some chemical 

parameters, e.g. chlorinity (see Fig. 17) and their effects on the macrofau

na at 11 stations on the island of Schouwen-Duiveland. The investigated wa

ters are of two main types, viz. ditc hes belonging to the drainage polder

system and isolated waterbodies with varying intensity of seepage, called 

"inlagen". 

At our ditch stations the s alinities in 19 76 were only slightly higher than 

in 1977; significant c hanges in the macrofauna composition were not observed. 

In most of the isolated water bodies the influence of the increased salini-

ties proved to be mo re quantitativ e than qualitative. 

Only the Suzanna Inlaag, where the chlorinity had increased to 160%0 in 

1976, the macrofauna t o tally disappeared. About 9 weeks af ter this maximum, 

when the chlorinity had dropped to about 23
0

/ 00, the first animals reappeared, 

viz. larvae o f Do lic hopodids , Chironomus salinarius and Ceratopogonids. How

ever, at the end of 197 7 th~ species richnes s was still lowe r compared to 

the period preceding the extremely high salinities. 

A number of species can resist extreme salinities. Corophi um spec. and 

Ido tea chelipes we re found alive at chlorinitie s of 800 / 00. Palaemonetes va

rians, Chironomus salinarius (larvae)and Ochtebius marinus were present at a 

chlorinity of 50
0

/ 00 and Abra tenuis still at 40%0. 

THE AUTECOLOGY AND LIFE HISTORY OF Chir onomus halophi lus KIEFF AND Chironomus 

salinarius (KIEFF) (DIPTERA, CHIRONOMIDAE) (B 5) 

Angélique van der Sc hraaf & Corinne van Velzen 

Chironomus salinarius and C. halophilus we re both successfully cultured in 

captivity for some generations. We experimented with indoor cages (150 x 40 

x 15 cm) placed in rooms of constant temperature (200 C light-dark cycle of 

15 - 9, 2300 lux and a relative humidity of 55%) and with outdoor cages (2 x 

2 x 2 m) placed in the open air (Plate IV). 

In the indoor cages the fecundity (% egglaying females) of C. halophilus 

was higher (13 %) than that of C. salinarius (4 %). The natality (% vital eggs 

per eggmass) was about equal (8 0 and 90%) and the f e rtility (% eggmasses with 

vital eggs) proved to be the largest in C. salinarius (8 0 and 50%). The fer

tility decreased in the next generation. 

In the outdoor cages the fecundity of C. salinarius proved to be the lar-
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Fig . 17 . FZuctuati ons i n chZorinity at three stations on the isZand of Schou

wen- DuiveZand 

ge st (34 resp. 11 %) while also the natality and fertility were much lower in 

C. haZophiZus (9.5 and 1%) than in C. saZi narius (100% and 99%). 

In outdoor cultures of C. saZinarius the emergence of the adult and the 

oviposition were correlated with the highest measured temperature during day

time. These corre lations were absent in outdoor cultures of C. haZophiZus. 

The difference s between the highest measured temperature during daytime and 

lowes t measur e d temperature during nighttime showed astrong correlation with 

oviposition and adult emergence of both species. In C. haZophiZus two taxo

nomical types can be distinguished showing differences in egg masses, larval 

morphometry, colour of the adults and larval developmental rate. 

In cultures of both species we experimented with different sediments and 

chlorinities. The composition of the sediment (sand-silt mixtures) had no 

effect on the larval developmental rate, but an effect on the adult size was 

present. There are slight indications for an effect of the chlorinity on lar

val developmental rate. 
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ASPECTS OF THE AUTECOLOGY OF Chironomus halophilus KIEFF. AND Chironomus sa

linarius KIEFF. (DIPTERA, CHIRONOMIDAE) (B 5)_ 

J.A . Goedbloed 

Autecologicql data of Chironomus halophilus and C. salinarius frequently oc

curring in non-constant brackish waters, are required for a better understan

ding of their role in this type of ecosystem. Two aspects were studied , viz. 

A. the preference of ovipositing females for differences in: 

contrast - entirely white trays/trays with dark bottom and white 

sides, 

water quality - water of t he sampling s ite/di luted sea water of the same 

salinity, 

salinity - ten different salinities from 0 to 15 . 75
0

/00 Cl with 

intervals of 1.75
0

/00. 

B. the migration and sediment preference of the larvae, i. e .: 

Investigation on migration of C. salinarius in the fi e ld: during a 24 

hours period 500 liters water we re sieved every 2 or 3 hours through a 

plankton net (mesh width 33 ~m). 

Sediment preference: sand/mud 

Table 19 . Numerical results of some experiments on the prefer enee of aduUs 

(A) and larvae (B) of Chironomus halophilus and C. salinarius. 

A. 1. dark trays white trays 

C. halophilus 22 2 

2 . water sampling site diluted sea water 

C. halophilus 28 19 

C. salinarius 27 24 

3. 
o -

( /00 Cl ) 2.75 3 . 50 5 .2 5 7.00 8.75 10. 50 12 . 25 14.90 

C. halophilus 23 34 25 26 22 11 5 2 2 

C. salinarius 9 15 22 16 17 12 17 8 8 

15.75 

3 

11 

4. 0 larvae/m
2 

15,000 larvae/m
2 

B. 2. 

C. sa li nari us 29 61 

(the nurnbers represent the amount of deposited egg-masses) 

C. halophilus 

C. salinarius 

sand 

74 

80 

(the nurnbers represent the amounts of larvae) 

mud 

88 

116 

The results are not yet elaborated by means of statistics. For numerical 

results see Table 19. Some preliminary results can be discussed here. 
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A. Ovipositing females: 

1. C. haZophiZus has astrong preference for trays with a dark bottom and 

white sides. This type of tray was used in all furthgr experiments, 

2. A preference for water of the sampling site was not demontrabie. So it 

seems that chemical factors in this water, other than salinity, do not 

influence the oviposition preference of both spec ies, 

3. Both species have a certain preference for chlorinities lower than 

12.250
/00. C. haZophiZus prefers ch lorinities of 0-7

0
/00, C. saZinarius 

from 1.75-10.50
0

/00. This difference in preference of both species could 

be related to the observation that eggs of C. haZophiZus deposited in 

chlorinities higher than 10.5
0

/00 do not develop. 

4. C. saZinarius has a certain preference for trays already inhabited by 

larvae. 

5. There is evidence that the females are not depositing their egg masses 

randomly throughout the experimental cage. There seems to be influence 

of light and of the presence of vertical components ( like poles and 

walls) . 

B. About the larvae: 

1. At least in C . .. saZinarius no migration whatsoever could be observed, 

not even of the very mobile first instar larvae. 

2 . In both species there seems to be a certain preference for mud. 

OBSERVATIONS ON A LARVAL CHIRONOMID POPULATION IN A BRACKISH DITCH (B 6) 

B.P.M. Krebs 

During the period April 1973-March 1975 we made biological and chemical ob

servations in a brackish di tch (width appr. 11 m, max. depth 1.60 m) in the 

polder "Adriaan", N. Beveland. 

The chlorinity of the surface water varied between 0 . 6 and 7.0
0

/00 and sho

wed a distinct seasonal periodicity (maximum in summer) . The chlorinity of 

the top most 5 cm of the submerged mud in the deepest parts varied between 

6 and 10
0

/00, so the ditch was permanently stratified. 

During the observation period we sampled larvae in regular time intervals 

and reared them till the adult stage. The following species , nearly obliga

tory restricted to the shallow edges of the ditch, were identified: Chirono

mus saZinarius Kieff. , C. haZophiZus Kieff., C. annuZarius Meig., C. pZumosus 

L., C. niger Scharf, Leptochironomus deribae Freeman, Glyptotendipes barbipes 

Staeg., Procladius choreus Meig. and Psectrotanypus varius Fabr .. 

The finding of L. deribae is a valueable addition to the geographical dis

tribution of the species. From the Chironomus species ·and L. deribae we col

lected taxonomical data. 

Amongthese species the larvae of C. haZophiZus and of L. deribae were es

pecially abundant. The population dynamics of these species were followed by 

means of Birge-Ekman samples, sieved over 0.3 mm mesh width. Fig. 18 shows 
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Fig . 18 . Seasonal var iation in densi t y of 3r d and 4th i nstar pupae(A) and lar

vae (B) of c. halophilus in t he "Adri aanpolder" ditch 

the seaso nal periodic ity of the third and fourth instar larvae and the pupae 

o f C. halophi l us . A striking phenomenon is the large difference in larval 

density between 1974 and 1975 (3400 and 200 m
2 

respectively) . The number of 

generations was two in 1973 and presumably three in 1974. The larval density 

(3rd and 4th ins tar) o f L. deribae reached a maximum of 1600 per m
2 

in Decem

b e r 19 7 3 . During periods o f increased "rainfall (autumn 1974 and spring 1975) 

we observed a quic k se ttiement of the species C. annularius. The larval den

sities rose till 25 00 per m
2 

POPULATION STRUCTURE AND LIFE-CYCLE OF Neomysi s i nteger (Leach) IN TWO TYPES 

OF INLAND WATERS (B 8 ) 

Catharina H. Borghouts 

During 2~ year the population structure and life cycle of Neomysis integer 

(Crustac ea, My sidac ea) were studied in two types of inland water, viz . a 

large brackish-wate r lake (Lake Veere, 1800 ha, 8-12
0

/ 00 Cl-) and a small 

water body (Den Inkel, 4 . 4 ha, 8
0

/ 00 Cl ) . 

The animals were collected monthly using hand-operated nets. Length was 

measured af ter preservation to the nearest mm o Based on the degree of deve

lopment five catagories were distinguished , viz . juveniles, immature females, 

mature females, breeding females and males. Moreover from some extra samples 

the brood~size was determined. 

The differences between the populations in Lake Veere and Den Inken concer

ned mainly the length of the animals and the proportion of juveniles. The 

maximum length of Neomysis i nteger from Lake Veere was 19 mm and from Den 

Inkel 13 mmo The life-cycle of both populations does "not seem to difter very 
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much. The Qver-wintering generations breed in April and May and produce the 

spring-generations. This spring generations grow and mature and start bree

ding in June-July. Breeding is continued in Lake Veere up to September and 

in Den Inkel up to August. The animals born in autumn grow up and overwinter. 

Although in winter mature females were present in both populations, no bree

ding females we re found. It seems that in winter there is no breeding of any 

importance. 

There proved to be a relationship between brood-size and body length. Be

cause of differences in body length of the females in the two populations, 

also the brood-size differed considerably. 

THE "KREEK BIJ WESTKAPELLE" (B 9) 

R.H. Bogaards, J.W. Francke & S. Parma 

Within the scope of a description of the in land waterbodies in S.W. part 

of the Netherlands we made morphometrical, physico-chemical and biological 

observations in the "Kreek bij Westkapelle". The creek (= kreek) was formed 

in October 1944 by a bombardment of the Royal Air Force, causing a hudge gap 

in the sea-wall. Almost the entire island of Walcheren was flooded. Through 

tidal currents and dredging a funne l-shaped channel was formed behind the 

gap. Af ter closing the dike one year later, the creek was left intact. 

The maximum depth is 16,65 m, the volume 1,5 x 10
6 

m3 and the surface area 

33 ,9 ha. Roads and weirs divide the creek into three parts. The retention 

time of the water in the main creek is approximately one year. 

Monthly figures of surface water chl orinity, analysed in the period 1957-

1961 show a decrease from 10.0
0

/00 to 7.75
0
/00.In the period 1961-1977, how

ever, r he chlorinity was rather constant, ranging from 6.75-7.75
0
/00. 
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Fig. 19 . Temperature-, salinity- and oxygen stratification in the "Kreek bij 
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Data from a vertical section in the deepest depression of the creek s how the 

presence of both a thermocline and a halocl ine (Fig. 19) . The halocline is 

not permanentl y present and may be attributed to seepage (Fig . 20). 
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Fig . 20 . I sohalines in t he "Kreek bij Westkapelle" during the period Septem

ber , 1973- December , 19 74 . 

Nutrient contents (P and N) are high, presumably caused by the discharge of 

the mechanically cleaned effluent of a sewage plant. Phytoplancton biomass 

in summer may be considerable in view of the maximal chlorophyll concentra

tions of 160 mg / m
3

. 

An extensive qualitative survey in 1977 of the littoral, benthonic and nec

tonic macro-organisms shows a typical brackish water fauna. This fauna is 

restricted to the permanently oxygenated shallower areas . 

Comparing our data with older records, available from the litterature (e.g . 

Bakker, 1950; van Benthem Jutting, 1946) and our Institute, we noticed the 

disappearance of marine species, like Myti~us edu~is L. andMya arenaria L. 
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MEROMIXIS IN THE NETHERLANDS (B 9 ) 

R.H . Bogaards, J.W . Francke & S . Parma 

Coastal meromictic lakes are known from e.g. Northern Europe (Hol ten, 1965, 

Lindholm, 1975 , Str~m, 1962 ) , but were never found in the Netherlands. The 

Ritthem creek system (near Vlissingen, island of Wal cheren) was formed in 

1944 through erosion of the sea af t e r bombar dments of the dike by the Royal 

Air Force . When the dik e was repaired the creek was managed as a nature re

serve. The morphometry of the c reek i s rather complicated with several sepa

rate depressions of maximally 8 m depth. The tota l area is 14 . 4 ha and the 

t ota l content 0 . 3 x 10
6 

m
3 

In some of the depressions we me asured chlorinity , temperature, oxyge n and 

sul fide . There proved to be a very disti nct sa l inity s t ratification with an 

ext ens i ve anoxic water mass below 2-3 m. In this anoxic part we found the 

excepti o na l ly high s u lfide concentrations of 620 mg/l . The stratification was 

very s t a b ie throughout the season and in wi n t er even an inverse temperature 

grad i ent was present (see Fig. 21) . 
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Fig . 21 . Stratif ication of chlorinity , temperature, oxygen and sulfide in the 

creek sys tem ne ar Ritthem (is land of Walcher en) 

A similar phenomenon was found in a creek ne ar Veere (island of Walcheren) 

with a corresponding history (bombardment i n 1944 , e rosion and restoration). 

Area and volume are not yet calculated but we sounded a maximum depth of 

15 m. Figu re 22 shows a stabie salinity strati f i cation with high sulfide con

c e ntrations in the anoxi c part of the c reek (over 300 mg/l) and a ha l ocline 

between 1 and 2 m. 

Obv iously o l d seawater , perhap s mixe d with seepage wat~r, is trapped in 

the l ower leve l of these two creeks, creating a permanent stratification. We 

have here the first example of true meromixis in the Netherlands . 
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Fig. 22. Stratification of chlorinity, temperature, oxygen and sulfide in the 

creek system near Veere (island of Walcheren). 

We have planned a physico-chemical and biological investigation of this 

type of ecosystem. 
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MISCELLANEOUS RESEARCH (A-PROJECTS AND ADDITIONAL INFORMATION) 

MEASUREMENT OF DENSITY AND ACTIVITY OF HETEROTROPHIC MICROBIAL POPULATIONS (Al) 

A.B.J. Sepers, M.P.G. Cappendijk & F.W. Melissen 

In studying ecosystems dealing wi th nutrient cycles or energy flow, i t is 

necessary to assess the role of the microbial population. This can be achie

ved by the determination of the density and the activity of the microbial 

population. As a part of the research into the aerobic degradation of amino

acids, a comparison has been made between ATP-levels, oxygen consumption ra

tes and the maximum uptake rate, V
max

' as determined by the technique des

cribed by Hobbie & Crawford (1969) . 

For ATP analysis 50 mi of water was filtered through mernbrane filters with 
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a pore size of 0.2 and 3 .0 ~m. ATP was extracted by boiling in TRIS-buffer 

for 5 minutes. The ATP content of the extract was measured by the luciferin

luciferase reaction. Initially it was assumed that the difference in ATP con-

tent between the residues on the 0 . 2 and 0.3 ~m filter would be a parameter 

of bacterial biomass . Frequently no difference in ATP levels in both extracts 

could be demonstrated, which is probably due to adhesion of bacteria to par

ticulate matter. Moreover filtration of laboratory cultures through 3.0 ~m 

mernbrane filters and subsequent determination of the ATP level of the residues 

showed that a remarkably high percentage (circa 70%) of the bacteria was re

tained by the 3 . 0 ~m filter . In the measurements discussed below, 3 .0 ~m mem

brane filters were used. Thus, the measured ATP levels represent the biomass 

of 70% of the bacteria in addition to the biomass of phytoplankton, smal

ler zooplankton and fungi. 

Oxygen uptake rates were determined by measurement of the concentration of 

dissolved oxygen in glass stoppered bottIes irnrnediately af ter sampling and 

af ter incubation during 24 hours at the in situ temperature (in triplicate). 

Dissolved oxygen was measured by theWinkler titration method. Maximum uptake 

rates (V
max

) were determined according to the method described by Hobbie & 

Crawford (1969) , using a mixture of amino-acids as the substrate (obtained 

by acid hydrolysis of algal protein; The radiochemical Centre Amersham CFB 

25). In figure 23 and 24 the values of the ATP-level, oxygen uptake rate and 

V
max 

for a one year period are summarized for the Haringvliet and Lake Greve

lingen,respectively. The Haringvliet is a fresh water body with high nutrient 

levels; Lake Grevelingen is a saltwater lake with a mesotrophic character. 

As could be expected the Vmax-values of the Haringvliet are higher than the 

Vrnax-values of Lake Grevelingen over nearly the whole period. Oxygen con

sumption rates differed only in summer and ATP levels in spring and sumrner. 

The parameters of the Haringvliet show comparable trends, especially during 

the surnrner period when the highest activities were found. This may be inter

preted as an indication for the correlation between these parameters. In Lake 

Grevelingen the values of the measured parameters fluctuate l ess, probably 

due to the more constant environment and lower nutrient levels. For this en-

vironment a correlation between these parameters cannot be established. 

From the oxygen measurements carbon mineralisation rates can be calculated 

assuming a conversion factor of 0 .31 (Vollenweider, 1969). These calculated 

carbon mineralisation rates have been compared with the mineralisation rates 

expressed by the Vmax-value. Only 1.7-6.3% of the mineralisation rate cal

culated from the oxygen uptake ra te is represented by the Vmax-value. 

In our experiments respiration has been measured, not only of bacteria but 

of .phytoplankton and zooplankton too. Vmax-values indicate the maximum uptake 

rate which depends on the density of the microbial population, capable of 

utilizing the offered substrate. The actual uptake rate is a fraction of the 

Vmax-value and is dete rmined by the substrate concentration in situ. Assuming 
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that a high percentage of the oxygen uptake, as measured by our procedure, is 

bacterial, then the conclusion is justified that the applied mixture of amino 

acids is not the appropriate model substrate for the measurement of total car

bon mineralisation. Supposing that the same conclusion holds for single or

ganic substrates, a better reflection of the carbon mineralisation rate is 

obtained by the use of a more complicated mixture of organic compounds (in

cluding sugars, amine aCids, organic acids etc.) as the substrate. 
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AUTOMATIC RECORDING OF BACTERIAL DENSITIES BY LIGHT ABSORPTION (A 1) 

F.W. Melissen 

The control of the bacterial densities in continuous and batch cultures 

can be carried out by measuring the light absorption of the suspension in a 

colorimeter. A programme-unit was constructed in order to automatise this 

analysis and thus to obtain optimum control over the cultures . 

The working procedure consist of four steps: i) the i ntroduction of the 

liquid into the colorimeter, ii) the printing of the light absorption extinc

tion, iii) the reset of the colorimeter and i v)' the printing of the zero 

(reset)value of the colorimeter. 

The programme-unit contains three time-clocks with the following settings: 

Kl circling time 2 hours, K2 circling time 1 hour and K3 circling time ~ hour. 

Each time-clock can be switched on separate ly through the switches S2, S3 and 

s4. The clocks are regulated by switches S5-S16, and their functioning is in

dicated with a control lamp (sea fig. 25). The materials used are: Sl-S16 

On/off switches 220v - 3A, L
1
-L

16
: Neon lamps 220V , Kl: Cycle timer AZW 11 -

2 Fanal. K
2

: Cycle timer AZW 11 - 3 Fanal, K
3

: Cycle timer AZW 11 - 4 Fanal, 

Z: Fuse 250v - 3A. 

The procedure is as follows (Fig. 26): i) Valve 1 opens and the peristaltic 

pump 1 starts to pump the liquid (sample) into the colorimeter cuvett. ii) 

valve 1 closes and the peristaltic pump 2 stops. The recorder connected with 

the colorimeter, starts to print the colorimeter values. iii) Recorder stops, 

valve 2 opens and the peristaltic pump 2 starts to pump distilled water into 

the colorimeters cuvett. The colorimeter gives the zero value. iv) Valve 2 

closes and the peristaltic pump 2 stops; the recorder starts to print the co

lorimeter reset va lues . 

The programme-unit i s equally suitable for other types of automatic recor-
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ding o f liquid densities measured by light absorption. 
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Fig . 25 . Programme- unit f or automatic light absorption measurements 
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BIOTURBATION EXPERIMENT WITH BROWN SHRIMP (Crangon crangon) (A 16 see also G2) 

P. de Koeyer, P.J. van Boven & E.K. Duursma 

pilot experiments have been set up with brown shrimps in order to determine 

their influence on the mixing of the top sediment layers in which they nor

mally dig themselves in. Five healthy shrimps of a size of 5 cm were placed 

in trays of 17.8 x 11.5 cm containing 6 cm of sand, covered with 2 mm of 

equal seized gravel and 10 cm of sea water. The shrimps were left without 

nutrition in order to avoid excessive agitation upon feeding. Incidental dead 

animals were replaced by healthy ones. At intervals of one week a complete 

tray with shrimps and sediment was deep frozen . From each tray four cores 

we re taken and the gravel concentration determined in 2~ mm sections. 

The mixing of the gravel with the sand was considered as an apparent dif

fusion of gravel into the bottom by bioturbation. Thus the percentage of the 

gravel could be plotted and calculated according to the model of diffussion 

with an instantaneous source used by Duursma and Hoede (1967). The apparent 
-7 2 -7 

diffusion coefficient, so determined was 0.54 x 10 cm Isec (~0.05 x 10 

cm
2
/sec) whioh is a hundred times lower than the coefficient of molecular 

diffusion of chloride in interstitial water of marine sand (Duursma and Bosch, 

1970) . 

The number of five shrimps used in the experiment, which is equivalent to 
2 

240 per m is relatively high as compared with the estimated maximum concen-

tration of 0- 2/m
2 

in the Grevelingen and 111m
2 

in the Oosterschelde. 
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THE PREPARATION OF COLOURED SAND TRACERS (A 16) 

J. Nieuwenhuize & H.J. J. Sips 

In order to obtain a c lear insight into rate and nature of bioturbation in 

Lake Grevelingen and the Oosterschelde, two hundred kilograms of sediment 

were coloured with a fluorescent paint. The staining-process used by Wilkens 

(1969), was choosen as a starting-point in the development of our method. 

The sediment, collected from the trial-areas, consists almost completely 

of quartz sand, with an average grain-size of 250 ~m, and a maximum grain

size of 600 ~m. Fluor-Fire-Red paint from Visprox, Haarlem was applied. 

From several experimental trials it was concluded that the best tainting 

procedure for this sand was: i) 50 kg sand is washed with 5% HF and tapwater. 

The wet sand is subsequently mixed with 1 kg of paint, 2 1 of water and 120 
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ml of ethyl-alcohol. A too low amount of water keeps the sand too dry for ho

mogeneous mixing while a too large water content separates the paint from 

the sand. The alcohol serves as temporary solubulizer of the pa int thus im

proving homogeneous tainting. It additionally brlghtens the colour. The mi

xing process is carried out for 2 hours in an ordinary concrete-mixer. 

For the fixation of the paint on the sand grains a careful drying procedure 

is required at 50
0 

C. Higher temperatures should not be used in order to a

void loss of colour (Wilkens, 1969). The drying procedure can take place on 

plates in temperature-controlled stoves. Af ter drying, slight grinding is 

required to break up the formed aggregates of sand . . 

As presented in Fig. 27 the grain-size composition of sand has slightly 

changed owing to the tainting process, however, negligably so, as far this 

will influence its applicability for bioturbation experiments. 

Two methods have been tested for the determination of tainted sand concen-

trations in mixtures with original sand: i) visual counting under the micros

cope and ii) extraction of the paint in aceton and subsequently the deter

mination of its colour in a colorimeter. There seems to be a reasonhle agree

ment between these two methods (Fig. 28). The second method is, however, less 

reliable than the first one when tainted sand grains become eroded. 
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A NON-VALID VISUAL METHOD TO DETERMINE ORGANIC MATTER IN SOILS 

J.M. van Liere & J. Nieuwenhuize 

For project S 3 a great number of dried soil samples from salt-marshes had 

to be analysed for organic matter (976 samples). From these 108 have been 

analysed using the wet oxidation method (Hofstee and Fien, 197 1). The rest 

was to be classified by its colour on the content of organic matter. The co

l our scale of Munsell (Anonymous , 1954)has been applied and tested with the 

same 108 samples for which the organic matter content was determined. 

As demonstrated in Fig . 29, the soil-colour scale of 9 groups is not rela

ted to the % humus of the soil sample s used, thus the visual method can not 

be used as a reliable index for our soil organic matter samples. 
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ARTICLES SUBMITTED FOR PUBLICATION OR IN PRESS 
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Nienhuis, P.H. Dynamics of benthic algal vegetation and environment in D~~ch 
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(6-163) . 

Ni e nhui s , P.H. An ecosystem study in Lake Grevelingen, a former estuary in 
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parium (Roth) Harv. (Chlorophyceae: Cladophorales) under natural and expe

rimental conditions. Proc. 8th Internat. Seaweed Symp., Bangor, 1974. 

(6-137). 
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Rijstenbil, J.W. De zuurstofhuishouding van brakke sloten. (De invloed van een 

zoutgradiënt op de zuurstofbalans). Rep. Delta Inst. 1978-2. 
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Vlasblom, A.G., J.H.B.W. Elgershuizen. Survival and oxygen consumption of 

Praunus f1exuosus and Neomysis integer and embryonic development of the 

latter species in different temperature and chlorinity combinations . Neth. 

J. Sea Res. (t.-167). 

Vlasblom, A.G., K.F. Vaas & W. Rozing. The osmotic concentration of the blood 

plasma of plaice (PLeur onectes pLatessaJ from three habitats of different 

salinity. Neth. J. Sea Res. (t.-161). 

PUBLISHED ARTICLES AND REPORTS IN 1977 

(t.-139 = publication number of the Delta Institute). 

WORKING GROUP "CARBON CYCLE IN THE GREVELINGEN" 

Ierland, E.T. van, 1977. Quantification of seegrass consumption in Lake Gre

velingen during the growing season (In Dutch). Stud . Rep. Delta Inst., 

1977-2, pp.43. An attempt was made to quantify the consumption of Eelgrass 
(Zostera marina L.) in Lake Grevelingen during the growing season. The total 
consumption was estimated at about 4 x 105 kg dry weight. i.e. approximately 
1.3 g C/m2 from which 26 % was consumed by birds and 74% by invertebrates. 
Fishes were ignored under the assumption that their consumption was negligi
bie. The estimation of the consumption by birds was based on data from the 
literature and on bird censuses by Staatsbosbeheer. More than half of the 
eelgrass consumption by birds was caused by the Mute swan. The other half may 
be caused by the Mallard, but this needs further evidence. Estimation for 
invertebrates was based on field data and aquarium-experiments. ldotea cheLipes 
consumed probably 90% of the total invertebrate's share. The total consumption 
of eelgrass during the growing season was only approximately 6% of the year 
production in Lake Grevelingen. This is in goo~ agreement with literature 
data. Thus the largest part of the eelgrass enters the detritus foodchains. 

Mulder, H.G., 1977 . Some critics on the Rand-model (In Dutch ) . Rep. Delta 

Inst., 1977-1, pp. 4 . Some critics are presented on the applied boundary 
conditions rather than on the applicability of the H-theorema. Care is needed 
with small biological systems for which the conditions might not be sufficient 
to describe the system thermodynamically. 

The Rand-mode l is essentially a " classica i" linear equilibrium model, only 
different in the way of giving solutions. These solutions have no practical 
value , thus management decisions cannot be based on this model. 

Nienhuis, P. H. ,1 977. Three thousand hectares of eelgrass in Lake Grevelingen: the 

Wadden Sea in the beginning of this century ( In Dutch). Zeeuws Nieuws over natuur, 

landschap, mili e u 3(3) : 6-11. Af ter the closure of Lake Grevelingen in 
1971 an eelgrass (Zostera marina) population has developed which covers now 
about 3000 ha of the lake area. The population is comparable with the eel
grass beds in the Wadden Sea (N.Netherlands) in the beginning of this century. 
In 1932 a "wasting disease" destroyed the Wadden Sea stands and they never 
recovered since then. 

Nienhuis, P.H., 197 7 . Changes in the primary productivity in the Grevelingen 

af ter the closure in 197 1 (In Dutch). Vakbi. Biol. ~(57): 271-274. (t.-159). 
The pool of particulate organic matt.er in the Grevelingen estuary was fed 
from various sources. The amount of organic carbon from the North Sea, ente
ring the estuary as detritus equalled the in situ primary production. Af ter 
the closure of the estuary the import of organic matter from the North Sea 
was completely cut off. Overall yearly production of the phytoplankton was 
not notably influenced by the closure, notwithstanding the large changes in 
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environmental conditions. The significance of the phytobenthos production 
increased considerably. 

Nienhuis, P.H. & B.H.H. de Bree, 1977. Production and ecology of Eelgrass 

(Zostera marina L.) in the Grevelingen estuary, the Netherlands, before and 

af ter the closure. Hydrobiologia 52: 55-66 . (~-146) . Production and ecology 
of Zostera marina L. were studied in-1968 and in 1973-1975, both through stan
ding stock estimations, biomass increases in permanent quadrats, and correla
tion of distribution patterns with ecological factors. Af ter the closure of 
the estuary the intertidal eelgrass population extended downwards to 5 m below 
lake level, probably owing to the increased transparency of the water, the 
area occupied , and the density of the eelgrass beds increased strongly. Eel
grass annual overground production, based on doubled maximum standing crop 
values in July-August, was estimated at 50 g C/m2 in 1968, 121 g C/m2 in 1973 
and 91 g C/m2 in 1975 in Zos tera beds, and 4 g c/m2 in 1968, 18 g c/m2 in 
1973 and 23 g C/ m2 in 1975 for the entire Grevelingen area. A minimum estimate 
of net production in Zostera beds at a depth of 0.50-0.75 m, hased on short 
t erm changes in biomass in 2 permanent quadrats in 1974 and 1975, was 40.5 
g C/m2 yr for overground parts and 12 . 7 g c/m2 yr for underground parts. 

Vegter, F., 1977. The closure of the Grevelingen estuary: its influence on 

phytoplankton primary production and nutrient content . Hydrobiologia ~: 

67-71. (~-147) . The Grevelingen was cut off from the sea in May 1971, and 
changed into stagnant Lake Grevelingen. Af ter the closure nitrate concentra
tions decreased to ex~remely low values ( less than 2 ~gat N03-N/ l). Ammonia 
concentrations varied between 10-30 ~gat NH3-N/l, comparable with the si
tuation before the closure. Phosphate concentrations fluctuated between 1-2 
~gat P04-P / l in the estuarine phase, and increased to 10 ~gat af ter the clo
sure , presumably caused by decomposition of biological material and release 
of phosphates from the bottom. Phytoplankton primary production was not mar
kedly affected by the damming up, and amounted to 175 g c/m2 in 1971. 

Wo lff, W.J., 1977 . A benthic foodbudget for the Grevelingen estuary, the Neth

er l ands , and a consideration of the mechanisms causing high benthic secon-

dary product ion in es tuaries. In: "Ecology of Marine Benthos" , ed . by Bruce 

c. Coull, pp . 267-280 . Univer s ity of Sou th Carolina Press. (~-132). An 
annual food budget for the zoobenthos of a tidal estuary of 140 km2 in The 
Netherlands is constructed. Although this budget is partly based on several 
questionable assumptions, the following observations seem reliable. Primary 
product ion in situ and import of organic detritus from the coastal sea appear 
to be the most important food sources. Detritus imported from salt marshes 
or other terrestrial systems is relatively unimportant. 

Thi s type of food budget, which also has been found in the Dutch Wadden 
Sea, is very different from the benthic food budgets of American estuaries 
where the benthos depend primarily on salt marsh or mangrove detritus and 
primary production in situ . 

The mec hanisms causing high benthic secondary product ion in estuaries are 
reviewed and categorized into three types (1) those in which the supply of 
dissolved nutrients from various sources causes high primary production: (2) 
those with supply of particulate organic matter from various sources to es
tuarine waters; and (3) those in which the shallow nature of the estuary 
causes rapid sinking of particulate organic matter, as weil as rapid trans
port of particulate organic matter by turbulent diffusion. 

Wolff, W.J., A.J.J. Sandee & L. de Wolf, 1977. The development of a benthic 

ecosystem. Hydrobiologia 52: 107-115. (~-150) . The development of a benthic 
ecosys tem on a sandy botto; at 3 m depth in the saline Lake Grevelingen, The 
Netherlands, is described. The d e velopment started af ter the closure of the 
former Grevelingen estuary and was followed for 4~ years. Ecosystem attri
butes studied were biomass, secondary production, production/biomass ratio, 
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type of food chains, species diversity, pattern diversity, size of organisms, 
type of life-cycles, and r- and K-selection. The results are discussed in re
lation to E.P. Odum's (1969) theory of ecosystem development. 

Wolff, W.J. & L. de Wolf, 1977. Biomass and Production of Zoobenthos in the 

Grevelingen Estuary, the Netherlands. Estuarine and Coastal Marine Science 

5: 1-24. (~-139) . The Grevelingen estuary has an area of 140 km
2 

with 4 
kmT of salt marshes and 55 km2 of tidal flats. The tidal range is 259 cm, 
salinity about 15.00 /00 Cl-. Biomass and annual production of the five quan
titatively most important benthic animais, viz. Littorina Zittorea, Hydrobia 
ulvae, Cardium eduZe, Macoma baZthica and ArenicoZa marina were determined at 
six stations. Combined with an assessment of the benthic biomass in the whole 
estuary, this enabled us to make an estimate of the total product ion of these 
species. Data on the production of MytiZus eduZis were derived from fisheries 
statistics. The total benthic secondary production for the whole estuary is 
estimated at 50.3-57.4 g ash-free dry weight m- 2 year-1 , expressed as somatic 
growth. The place of the zoobenthos in the estuarine foodweb is discussed. 

WORKING GROUP "STRUCTURE AND DYNAMICS OF THE SALT-MARSH ECOSYSTEM" 

Beef tink, W.G., 1977. The coastal marshes of Western and Northern Europe: an 

ecological and phytosociological approach. In, "Wet Coastal Ecosystems", 

V.J. Chapman (Ed.). Amsterdam, Elsevier, 109-155. Within the scope of David 
W. Goodall's series "Ecosystems of the World" an overall view has been given 
of the biota of the West- and North-European salt marshes including the At
lantic coasts of the Iberian Peninsula. Af ter defining the concept of salt 
marsh six types of salt-marsh formations have been characterized: estuarine, 
Wadden , lagoonal, beach plain, bog and polderland type. 

The abiotic component of the ecosystem is mainly characterized by (1) tex
ture and structure of the soil profile, (2) water régime and salinity, and 
(3) the processes governing the nutritional state. In the first aspect both 
sedimentation and erosion are involved as well as reworking of eroded mate
rials in new salt-marsh formations. Sedimentation of allochthonous, mainly 
mineral materials occurs as well as deposition of mostly autochthonous plant 
debris. The water régime is contrasted by tidal and non-tidal (temporarily 
stagnant) conditions . Salinity is governed by flooding, rainfall and evapo
transpiration. Brackish water submergence , known from benthic organisms in 
the transition zone be~ween the North Sea and the inner Baltic, is also found 
in salt-marsh plants under estuarine conditions . 

The nutritional state is only partly and very incidentally known. Mud flats 
and low marshes have g e nerally no nutrient deficiencies, but their extreme 
environment (anaerobic, saline) demands special adaptations from the plants. 
High marshes show more differentiation owing to lower flood frequencies and 
local accumulation of plant debris washed onto the marsh. Different forms of 
phytogenic interrelationships in the fields of symbiosis, epiphytism and para
sitism have been discussed , and a list of some host-parasite relationships 
found in the S.W. Neth e rlands and derived from literature is given. 

The body of the publication is formed by a description of the European salt
marsh communities, especially their floristic ecology,composition and distri
bution . Subsequently, the following communities have been dealt with in this 
manner: Zostera-, annual SaZicornia-, Spartina-, and Scirpus maritimus communi
ties of the lower salt marsh, communities of the upper salt marsh, cattle tracks,en
closed areas, etc., therophytic communities in the storm-flood zone, and com
munities growing on plant debris washed ashore. Floristic characterization 
is illustrated by synthetic tables of relevés from the S.W. Netherlands and 
the Swedish west coast. Zonation and dynamic trends in vegetation are dis
cussed with data from the literature and from long-standing investigations 
carried out on sample plots in the S.W. Netherlands. 

Studies on the ecology of salt-marsh algae are relatively few in comparison 
with those of phanerogams. The reason is th at algal ecologists usually shrink 
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from the high methodological thresholds. Af ter a period of pioneering algal 
investigations in Great Britain, especially Dutch ecologists paid attent ion 
to this part of the salt-marsh ecosystem. 

European studies on the ecology of animals living in the salt marsh have 
been discussed briefly, considering five categories of animals: mammals, 
birds, arthropods, molluscs, and a number of meiofaunal groups, such as ne
matods, flatworms and protozoans. Vertebrate grazing seems to be limited by 
the tides. It is a very complex process, in which selectivity and intensity 
of grazing, treading and manuring share. The degree of consumption and the 
overall influence of grazing o n halophytes is specified qualitatively for 
the S.W.-Netherlands. 

In Europe the ecosystem approach in its proper sense is sti ll in its in
fancy compared with North America. Only some aspects have been investigated 
incidentally, such as food relations between animals of the soil environment, 
product ion of phanerogamic vegetation, and distribution and turnover of or
ganic matter and minerals. 

Beef tink , W. G. ,1977. Sal t-marshes In, "The Coastline", R. S. K. Barned (Ed. ). London, 

Wiley, 93-12 1. This paper is a part of R. S. K. Barnes ' multi-authored book The 
Coastline, a contribution to its ecology and physiography in relation to 
land-use and management and the pressures to which it is subject. Af ter de
fining the concept of salt marsh, its different types found at the European 
coasts and its geomorphology, some information is given on structural (zo
nation, dynamic relationships) and functional (trophic structure, material 
cyc l es , energy flow) aspects, as well as on environmental master-factors 
governing the salt-m~rsh feature. 

The types of pressure on the salt marsh are classified into agriculture, 
open-cast mining, land reclamation and improvement for agricultural pur
poses, large-scale impoundment of coastal waters, pollution, recreation, 
industry and urban sett lement , and education and field studies. These to
pics are dealt with separate l y. The most common agricultural use is gra
zing, but also hay-making and gathering plants and animals for food occur . 
Open-cast mining varies from cutting and removal of turf and sods, to win
ning of clay , leaving the marsh in great disorder for a long time. Measures 
for reclaiming involve different techniques for trapping silt and clay, u
sing brushwood and earthern groynes and Spartina plantations. Soil maturing 
is promoted by drainage and embankment. Recently, the latter grew in si ze 
to large-scale impoundments damming estuaries , bays and sea-arms, and ha
ving a much wider impact on the coastal habitat than the former agricultural 
and civil-technical improvements. Still more elusive is pollution, as its 
source may be even remote and its effect is of ten stealthy. This threat is 
mostly caused by a complex array of litter , man-made detritus and chemical 
substances. From these the effects of urban sewage, agricultural wastes and 
fertilizer outwash have been dealt with, as weil as those of oil-spillage, 
heavy metals, radioactive waste and thermal pollution. Attention is paid 
on the influence of old forms of industry, the modern harbour works and the 
present industrial and power plants. Finally, the influence of different 
forms of recreation and education including field studies are enumerated. 

From the conservationist 's point of view utilization of the coastal salt
marsh ecosystem is only acceptable as far as it has no harmful effect . From 
this starting point the salt-marsh still allows many human activities con
sidered in the fields of education and scientific need, recreation and eco
nomie uses. 

In order to obtain an ecological basis to manage ment some methods have 
been described of gaining knowledge on pattern and process in vegetation 
and environment. Management purposes, however, are closely related to the 
policy pursued with respect to specific areas. For nature conservation the 
choice of that policy will depend on: (1) the need for conservation of spe
cies and communities, (2) the ecological possibilities of the area, and (3) 
the possibilities of managing the area. For that purposes criteria for an 
evaluation of the salt-marsh are drawn up, viz. extent , diversity, rarity, 
naturalness and replacement. The urgent need has been stressed of erecting 
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adequate data banks for vegetation, animals and habitat. 
Finally, some management measures have been dealt with for conservation 

of salt-marsh biota against external and internal harmful influences. pol
lution and introduction of species are considered as having the most impor
tant external human effects. The measures marked out for regulating internal 
iftfluences are grazing, cropping and spraying, turf cutting and excavating, 
drainage, and no interterence at all. The general design has to be that the 
salt-marsh should be managed in such a manner ' as to leave its standing bio
mass on a relatively low level, and its stability on a high level. 

Beef tink, W.G., M.e. Daane, J.M. van Liere & J. Nieuwenhuize, 1977. Analysis 

of estuarine soil gradients in salt marshes of the Southwestern Netherlands 

with special reference to the Scheldt estuary. Hydrobiologia~: 93-106. 

( ~-149). Macro- and microgradients in salt-marsh soils of the Scheldt 
estuary have been studied. The soil parameters used are clay, carbonate, or
ganic matter, pH, nitrogen, potassium and phosphate. The hypothesis that 
estuarine soil gradients can be reflections of similar aqua tic gradients 
is affirmed for two gradients. Soil gradients of upstream increasing orga
nic matter and phosphate contents have been found,relating significantly 
to corresponding aquatic gradients caused by river pollution. In the same 
direction gradients of decreasing nitrogen and potassium contents occur. A 
macrogradient in carbonate content was not found. Some microgradients in 
clay and carbonate contents are described, and relevant mutual relationships 
between the soil parameters are characterized. 

Koutstaal, B.P. & J. Nieuwenhuize, 1977. Quantitative determination of the 

seed of Sa~icoPnia specie s in soil. Report Delta Institute 1977-3. pp. 16. 
In 1975 investiga.tions had been started on the population biology of Sa

~icoPnia brachys tachya , G.F.W. Meyer, and S . s t r icta, G.F.W . Meyer. For the 
study of the seed populations a method was developed to isolate the seeds 
o f these species from s oil samples. A prerequisite was that the method should 
separate all s eeds from the soil particles, and that af ter the treatment 
the seeds should be in a liv ing and undamaged condition. For that purpose 
s o il samples, 5 x 5 cm large and 1-1 . 5 cm deep, were taken in two marshes, 
one under tidal and the other under non-tidal conditions. 

The following method gave the best results: the samples are placed on a 
0.42 mm sieve (39. 5 me sh) and the seeds are washed out with running water. 
If there are many pieces o f algae, roots or other plant debris, the sample 
is first filtered with a 2 mm siev e (10-mesh). The residu consisting of 
seeds together with some organic material is transmitted on a filter paper, 
16 cm diametre, fitted in a Büchner funnel. Af ter vacuum filtration the 
seeds are counte d by means of a stereomicroscope. Parallel lines sketched 
on the filter papers fac ilitate counting considerably. Organic materials 
c an absorb up to 2-5 % of the seeds available and samples very rich in roots 
up to about 20%. 

The most important seed characteristics of S . brachys t achya are that the 
seed dimensions are mostly less than those of S . s t r icta. The seeds of S . 
brachystachya are also more or less rounded at the side of the hilum because 
the radicle is as long as or shorter than the cotyledons, and the seed coat 
is thickly hirsute and greyish green to brown in colour. For S. stricta the 
seed dimensions are mostly more than those of the other species. lts seeds 
are more or less acute at the side of the hilum because the radicle is mostly 
longer than the c o tyledons, and the seed coat is less thickly hirsute, dark 
brown in colour. 

Lammens, E.H.R.R. & M.J. van Eeden, 1977. Flow of particulate organic mat

ter between a salt marsh and an estuary in the southwestern Netherlands. 

Stud. Rep. Delta Inst. DI-1977, pp. 41. A study has been made to deter
mine the contribution of a salt marsh in the eastern part of the Eastern 
Scheldt te the nutrient status of this estuary. This marsh is intersected 
by two large creek systems . From the larger one an estimate has been made 

ç the net transport by the tides of total suspended organic matter, the 
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primary production of the catchment area and the decomposition rate of its 
dominant plant species. Also the amount of detached plant debris washed ashore 
onto the marshes upper marg in and in the direct surroundings has been esti

mated. 2 
The minimal production above ground was calculated at 620 g dry weight/m 

for 1975 . From that amount 90% seems to be decomposed on the marsh itself, and 
10% washed ashore by the tides. The transport pattern of particulate organic 
matter through the cree~ shows a net import of 57-66 tons over the whole year 
(300-340 g dry weight/m ). This means that not all estuarine salt marshes con
tribute to the productivity of their adjacent water bodies, as is suggested 
by Odum (1971) (Odum, E.P., 197 1. Fundamentals of ecology (third ed.). Saun
ders, Philadelphia , pp. 574) . 

Stienstra, A.W., 197 7 . Mine ral composition of Halimione portulacoides (L.) 

Aellen leaves. Hydrobiologia 52: 89 - 9 1. (6-140) . Mineral composition of 
Halimione portulacoides (L.) Aellen leaves was studied . The leaves accumu
late salt, which is partly compensated by succulence. The ratio K/ Na is less 
than 1. No distinct correlation between salt content in the soil and the mi
neral content at different stations could be found . 

Suy, M., 1977 . Vegetational changes in a salt marsh as a consequence of bar

raging from the sea and of grazing by cattie and goats. Stud. Rep. Delta 

Inst. D4-1977, pp . 136. The area of investigation, Het Groene Strand near 
Oostvoorne , is situated in the northern part of the island of Voorne-Putten, 
just opposite the "Maasvlakte", the most western part of the Rijnmond indus
trial area. Until 1966 it was a tidal salt marsh partly enclosed by two cur
ved dune ridges and surrounded by sea-water of about 10-150 /00 Cl-. In spring 
1966 , however , the area was cut off from the sea by barraging the Brielse 
Gat in which the salt marsh is situated . The present investigation deals with 
the vegetationa l changes influenced by ( 1) the separation from the sea, and 
(2) the management measures introduced af ter barraging. 

For studying the first aspect maps have been drawn of the vegetation pat
terns in 1954 , 1961, 1967 and 1972 using aerial photo-interpretation and 
permanent sample-plot analyses. These maps show that before 1966 the salt 
marsh silted up remarkably, and had a clearly zoned vegetation pattern com
posed of few s pecies . Af ter barraging this vegetation died back,Spartina t own
sendi i a lready within one year ,and was succeeded by communities o f halo-nitro
philous spec ies. These communiti es occurred in a similar pattern as their 
precursors. Af ter that, few glyco-nitrophilous species emerged generally sur
viving longer than the halo-nitrophilous ones. These species assemblages, 
too, show a similar distributional pattern as the original salt-marsh vege
tation did. Hippophae rhamnoides or iginally only present on the dune ridges, 
expanded considerably. 

From the manage ment measures suitable for the salt marsh grazing is by far 
the mos t important one. Comparing grazed and ungrazed parts of the marsh in 
transects cross ing grassland-shrub and grazed-ungrazed boundaries~ it çould 
be established that the vegetation i s influenced in the following ways: 
(1) grazing by cattie does increase the number of plant specie s and the he
terogeneity of the grassland compared by non-grazing. Especially s pecies 
characteristic of the alliance Agropyro- Rumicion crispi and communities of 
cattie tracks settled during grazing . Reed vegetation is preferred by cattie 
more than the other plant spec i es available, and consequently it has been sub
dued af ter 1966 more than under ungrazed conditions. The expansion of Hip
pophae rhamnoides has hardly been retarded by cattie grazing. 
(2) Grazing by goats was too short (3 years) to make any conclusions about 
its influence on the Hippophae e xpansion, although goats prefer this species 
more than cattie . Goats also showed more preference to Sambucus nigra, Epi
lobium hirsutum, Cirsium arvense and Urtica dioica than cattie. Therefore, 
goat grazing seems to be useful for suppressing heavy growth of tall herbs 
and prickly weeds . It is concluded that in such areas grazing is very suita
bie for regulating and differentiating the vegetation of salt marsh and low 
dunes af ter barraging the area from tidal influence. 
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WORKING GROUP "STRUCTURE AND DYNAMICS OF INSTABLE AQUATIC ECOSYSTEMS" 

Parma, S. & B.P.M. Krebs, 1977. The distribution of chironomid larvae in re

lation to chloride concentration in a brackish water reg ion of the Nether

lands. Hydrobiologia~: 117-126 (~-151). Drainage ditches are a familiar 
and common habitat in the Netherlands. Until recently however they have been 
the focus of few ecological studies. Extensiv e studies on Walcheren, a brack
ish water region of The Netherlands, have shown that chironomid larvae form 
a major component of the animal communities in the mud. The spatial distri
bution of some of these species can be correlated with the chloride concen
tration of the water. Biometric data are included for the species Chironoinus 
salinarius. C. halophilus and C. plumosus . 

Schraaf, A. van der & C . van Velzen, 19 77 . The autecology and the life his

tory of Chironomus halophilus and Chironomus salinarius - Diptera, Chirono

midae. Stud. Rep. Delta Inst. D3- 1977 , pp. 107. Chironomus salinarius 
Kieff. and Chironomus haZophiZus Kieff. were successfully cultured in cap
tivity for some generations. We experimented with indoor cages (150x40x15 cm) 
placed in rooms of constant temperature (200 C; L:D - 15:9, 2300 lux; rel. hu
midi ty 55%) and outdoor cages (2x2x2 m) placed outside the laboratory . In 
the indoor cages the fecundity (% egglaying females) of C. haZophiZus was 
higher (13 %) than that of C. saZinarius (4%). The natality (% vital eggs 
per eggmass) was about equal (80 and 90%) and the fertility (% eggmasses 
with vital eggs) proved to be the largest in C. saZinarius (80 and 50%). The 
fertility decreased in the next generation. 

In the outdoor cages the fecundity of C. salinarius proved to be the lar
gest (34 resp. 11 %) while a lso the natality and fertility was much lower 
than in C. haZophiZus (0 . 5 and 1%) than in C. saZinarius ( 100% and 99%). 
In outdoor cultures of C. saZinarius the emergence of the adults and the 
oviposition were correlated with the highe st measured temperature during 
daytime. These correlations were absent in outdoor cultures of C. halophilus. 
The difference between the highes t measured temperature during daytime and 
lowest measured temperature during nighttime showed astrong correlation 
with oviposition and adult emergence of both species. 

In C. halophilus two types can be distinguished showing differences in egg 
masses, larval morphometry , co l our of the adults and larval developmental 
rate. In the cultures we experimented with different sediments and chloridi
ties. The composition of the sediment (sand-silt mixtures) had no effect on 
the larval developmental rate, but an effec t on the adult size was present. 
There are slight indications for an effect of the chloridity on larval de
velopmental rate. 

Freshly captured fourth instar larvae of C. sa linarius were c ultured to 
adults in chloridities from 0-15.20

/00. No optimum value could be found. 
Fourth instar larvae of C. salinarius proved to have a slight preference 
for 70 /00 Cl-. There are weak indications for a certain salinity preference 
of ovipositing female s . A preference of the larvae for the highest present 
oxygen content cannot be exc luded. A preference of the larvae for a special 
type of silt-sand mixture could not be proved. Some data about the life his
tory of both species are summarized . 

MISCELLANEOUS 

Bakker, C., Comparative plankton investigations in a brackish lake (L. Vee

re) and a brackish tidal estuary (Westerschelde) in the SW Netherlands. 

Hydrobiol. Bull. ~(1): 18-1 9. As the data, presented infuis lecture, 
have been published elsewhere (see references), only a summary is given here. 

A comparison was made between the plankton assemblages of the meso- and 
polyhaline ranges of Lake Veere and the Westerschelde estuary. Species com
position, densities and seasonal distributions of the predominant planktonic 
organisms of the investigated brackish water ecosystems were quite diffe-
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rent, depending on several other environmental factors than salinity. 

Bakker, C., W.J. Phaff, M. v. Ewijk-Rosier & N. de Pauw, 1977. Copepod bio

mass in an estuarine and a stagnant brackish environment of the S.W. Neth

erlands. Hydrobiologia 52: 3-13. (~-141). In the mesohaline zone of the 
Westerschelde estuary Eurytemora affinis is the dominant copepod, demonstra
ting large biomass values nearly throughout the year. In the meso-polyhaline 
Lake Veere Acartia tonsa is abundant, mainly during summer. In spring a small 
population of Eurytemora americana is found. 

The tidal estuary harboured far denser copepod populations throughout the 
year than the stagnant brackish lake water. The average yearly copepodid + 
adult biomass in the Westerschelde estuary was approx. 850 mg/m3 (wet weight), 
in Lake Veere approx. 130 mg/m3 . 

Temporarily low oxygen values did not influence negatively the copepod po
pulations in the Westerschelde estuary. 

The seasonal distribution of the dominant copepods in both areas is explai
ned in the light of recent litterature data. 

perennial Eurytemora affinis abundance in the Westerschelde estuary must 
be mainly caused by large concentrations of nannodetritus particles, bacteria 
included, throughout the year. Acartia tonsa in Lake Veere has to thrive 
mainly on nannophytoplankton. 

Boaden, P.J.S., 1976. Soft meiofauna of a sand from the Delta region of the 

Rhine, Me).lse and Scheldt. Neth. J. Sea Res. 10: 461-471. (~-13 6). A brief 
survey of sands in the Rhine Delta Area was undertaken in September 1967 
and revealed a fairly diverse meiofauna. A list of the distribution of the 
Cnidaria, larger 'Tubellaria, Gastrotricha and Annelida is given and details 
of the sampling localities presented. The probable effect of changes in se
diment and salinity on this fauna is discussed. 

Boissevain, E.C. & S. Parma, 1977. How can the Eastern Scheldt be saved? 

(In Dutch). Natuur en Milieu, 77/4, pp. 12-15. Recèntly the government 
decided to close the Eastern Scheldt by means of a perforated dam . In this 
way they tried to co-ordinate the claims for safety against superf l oods 
and for nature conservation. A survey is given of new threats of the bio
logical value like intensive recreation, power plants, skin diving, reduc
tion of the tidal movement and heightening of the dikes. 

Braber, L. & C.H. Borghouts, 1977. Distribution and ecology of Anthozoa in 

the estuarine region of the rivers Rhine, Meuse and Scheldt. Hydrobiologia 

52 : 15-21. (~-142). Data on the eco logy and distribution in the estuarine 
reg i on of the rivers Rhine, Meuse and Scheldt .are given for the species of 
Anthozoa. These data have been correlated with several environmental varia
bles, but especially salinity. 

Duce, R.A. & E.K. Duursma, 1977. Inputs of organic matter to the ocean . Mar. 

Chem. 5: 319-339 . The first objective of this introductory paper is to 
summarize our present understanding of the quantities of total organic car
bon produced in the ocean by photosynthesis and non-biotic photochemical 
reactions , and the amount 'entering the ocean from rivers, the atmosphere, 
and the sediments. In this overview it will become apparent that our know
ledge of the primary mechanisms and processes involved with the input of 
organic matter to the ocean via rivers, the atmosphere, sediments, and in 
situ photochemical reactions is fragmentary and of ten completely lacking. 
This becomes critical when we attempt to estimate the input of certain natu
rally occurring organic compounds and some synthetic organic compounds, since 
their primary input to the sea is generally via the atmosphere, rivers, and 
dumping. Thus the second objective of this paper is to emphasize our need 
to understand the mechanisms involved in these other input processes and the 
necessity of developing field programs and mathematical models to evaluate 
the input of specific organic compounds via these pathways. Polychlorinated 
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biphenyls are used as examples of how necessary it is to understand these 
other input routes in order to evaluate the cycling of pollutant substances 
in the ocean. 

Duursma, E.K., 1977. Effect of hydrostatic pressure on the diffusion of chlo

ride in marine sediment. An in situ experiment. Deep-Sea Research 24: 

1161-1166. An in si tu diffusion experiment was carried out between the 
depths of 170 and 970 m, with a laboratory exper iment as control, using 
Na 36Cl as radioactive tracer. Plastic tubes containing Mediterranean sedi
ment of 38.9 + 0.8% moisture content of 10 cm length we re used with 1/2 cm 
seawater with- 36Cl as instantaneous source. The diffusion coeff i cients de
termined showed no pressure effect within the sample standard deviation of 
0.7 x 10-6 cm2sec- 1 for a mean d~ffus~on coefficient of 7.7 x 10-6cm2sec-l. 

Hofstra, J.J. & A.W . Stienstra, 1977. Growth and photosynthesis of closely 

related C3 and C4 grasses, as influenced by light intensity and water sup

ply. Acta Bot. Neerl . 26(1): 63-72. Growth of Indonesian C4 and C3 grasses 
was compared in field experiments in Indonesia and in growth chamber experi
ments in the Netherlands. Two C4 species Axonopus compressus (Swartz) Beauv. 
and Setaria plicata (Lamk . ) T. Cooke, were used and one C3 species, Oplis
menus compositus (L.) Beauv. 

Both the field and the growth chamber experiments showed no large diffe
rencps i ·n relative growth rate between the C3 and the C4 grasses, grown at 
high light intensities , neither with a high , nor with a low water supply. 

Net photosynthesis of the C) species was lower than that of the C4 species 
at all growth and experimental conditions. Whenever this resulted in a lower 
unit leaf rate of the C3 species , this disadvantage was overcome by forma
tion of a large r leaf area . 

At very l o w light intensiti e s, the C4 species Axonopus had a lower rela
tive growth rate than the C3 species Oplismenus . This may explain the ab
sence of this C4 grass in the deep shade . 

The absence of the C3 species in open areas cannot be explained by a lower 
relative growth rate of this species at high light intensities. Other fac
tors as a low shoot/ root ratio, a high soluble sugar content and a high ini
tial growth rate may give C4 grasses a high competitive value over C3 grasses 
in open and dryareas. Some of these factors may depend indirectly upon the 
C4 mechanism of photosynthesis . 

Kortekaas, W.M., E . v an der Maarel & W.G. Beef tink, 1976. A numerical clas-

sification of European Spar tina communities. Vegetatio 33: 51-60 . (6-140), 
The classical syntaxonomical treatment of the European Spartina communities 
as published in the serie s prodrome of the European plant communities, is 
compared with the results of a numerical treatment, based on largely the 
same set of relevés. 576 relevés, selected from the total salt marsh data 
set were subjected to agglomerative clustering with relocation with the 
similarity ratio as similarity me asure. The resulting numerical system was 
compared with the syntaxonomical hierarchy . The correlation between both 
systems is close. The numeri cal units are slightly more heterogeneous because 
no purification occurred, which implies relevés to be ie ft out of conside
ration. One new syntaxon, Spar tinetum townsendii aster et osum tripolii , could 
be suggested from thp results of the numerical treatment. Perspectives for 
the development of a numerical s yntaxonomy are stressed. 

Koulman, J.G. & W.J. Wolff, 1977. The Mollusca of the estuarine reg ion of the 

rivers Rhine, Meuse and Scheldt in relation to the hydrography of the area. 

V. The Cardiidae . Basteria 41: 21-32 . (6-154). Based on literature data 
and personal investigations it is concluded that Cerast oderma edule (L.) and 
C. glaucum (Poiret) are closely related, but distinct species. The haploid 
chromosome number of both species is 19. The distribution and ecology of the 
two species in the estuarine area of the rivers Rhine, Meuse and Scheldt 
are described in relation to environmenta l factors. C. edule lives nearly 
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exclusively in tidal enNironments, C. glaucum in areas with stagnant water. 
This in accordance with the hypotheses that C. edule cannot live in stagnant 
water, owing to a detrimental substance liberated by the living animals them
selves, and that C. glaucum does not tolerate wave-action or a long period 
of emersion. 

It is concluded that C. edule shows a correlation between mean rib number 
and mean salinity, whereas C. glaucum does not. Therefore Eisma's (1965) 
method for determining the salinity of fossil seas is modified. 

Lambeck, R.H.D., 1977. Economical aspects of the management of wild geese 

(In Dutch). Econ. Statist. Ber. , 62 (No. 3115) : 737-741. This paper is a 
summary of a part of an unpublishedM.Sc. thesis from 1973. Destroyment of 
natural habitats for certain purposes has so far been considered to be a 
diseconomy of the economical production . Thus, in contrary to cases where 
farmland, houses etc., are involved, no compensation has been paid. While 
nature area ' s are nowadays scarce too, this habit is not in accordance to 
the economie theory. However , determining the value of nature area ' s is very 
difficult. Many essential biological data are still lacking. Geese have a 
very strong relationship with man . Relatively spoken they are rather appro
priate for an economical analysis. A survey of habitat preferences is given . 

Based on the energetics of geese calculations on the required arnount of 
food have been made. The carrying capacity of meadows in wintertime has been 
determined at '2000 Whitefronted Goose-days/hectare. Based on two assumptions 
of the influence of hurnan disturbances on the use of a feeding area, a gra
phical relation between carrying capacity in goose-days/ha and the surface 
of the whole feeding area could be presented. This all gives us the oppor
tunity to compensate quantitively for the loss of habitat . 

In Europe hard l y any research has been carried out on hunting statistics 
and the expendi tures of hunting and bird-watchers. To give an idea about 
the value of wild geese some American data (restricted to hunting) are given. 
Although the total hunting pressure in Europe and Northern Ameri c a is more 
or less the same, the organization of and limits to hunting are quite dif
ferent however. 

A survey of Dutch data on costs of management and creation of new habitats 
is presented. Also the relations with agricultural interests are discussed . 

In conclusion , for a cost-benefit analysis it is more or less possible to 
calculate the costs. As regards to the benefits of wild geese more research 
is necessary . 

Lambeck, R .H .D ., 1977. The occurrence of Brent goose Branta be~1icla L. sub

species in the Dutch Waddensea area during spring 1976. (In Dutch). Limosa 

50(3/4), 92 - 97. Nearly all Brent geese Branta berni c la visiting The Neth
erlands in the winter season be long to the nominate subspecies B.b. bernicla . 
Hitherto it had been assumed that the pale-breasted Brent, B.b. hrota , was 
only a rare guest in this country. During a field study in the 1975/76 sea
son on population ecology of B.b . bernicla in the Dutch Waddensea area, one 
or more hrot a ' s were seen regularly in the flocks. From 20 March on sightings 
were systematically recorded , till the end of May 21 hrota's were seen . All 
birds were in adult plumage; presumably most are of sub-adult status. It 
seems likely that many different individuals were i~volved in view of the 
spread of places and date s in the observations. It can be concluded that pro
bably several tens of Branta b . hrota visited The Nether l ands that season . 
possibly this is the rule every year. 

One hrota ( 2 May 1976, saltings Linthorst-Homanpolder, province of Gro
ningen) wore a yellow neck-collar. This individual had been ringed in the 
summer of 1975 on Bathurst Island, arctic Canada , and was also recorded in 
England (Lindisfarne) and one time (8 Apri l, 1976) on the Dutch Island of 
Schiermonnikoog by A.K.M . St. Joseph. So not all hrota ' s are necessarily 
from the Spitsbergen popu l ation . 

There were two records of the Black Brant, B.b. nigricans. One on the Lau
werpold~r saltings , province of Groningen (5 and 7 Mareh) and the second 
one on the Island of Texel (30 April and 11 May). These constitute the third 
and fourth sightings of this subspecies in The Netherlands. The possibility 
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that these birds are escapes can, however, not been excluded. 

Nieuwenhuize, J . , 1977 . Determination of N0
3

-N in plant extracts with the 

Technicon Autoanalyzer . Rep . Delta Int., 1977-2; pp. 12 . The method, described 
by Strickland and Parsons ( 1960) , for nitrate determination in water was tested 
for plant extracts using the Technicon Autoanalyzer. Dried plant material (800 C) 
was extracted with distilled water (0 . 5 gr with 50 mi H20), which gave a 
brown-yellow coloured liquid . This liquid was introduced in the Technicon 
Autoanalyzer. The essential point was to use proper blanks of t he reagent 
N-1-naphtyl-ethyleen diamine dihydrochloride. Calibration was carried out 
with the extracts containing additions of KN03. An accuracy of 2% could be 
obtained for the range of 0 .1-1 . 0 mg N03-N/ l . (Strickland , J . D.H. & T . R. Par
sons, 1968 . A Practical Handbook of Seawater analyses. Ottawa. Fisheries Re
search Board of Canada. Bulletin 167 . , 71-76). 

Nijsen , H. & P . de Koeijer, 1977 . The first record of Trachinotus ovatus 

(Linnaeus, 1758) in the coastal waters of the Netherlands (Pisces, perci

formes , Carangidae) . Bull. Zool . Museum Univ. Amsterdam, 6(7): 49-52 . A 
live specimen of Trachinotus ovatus (Linnaeus, 1758) is reported for the 
first time from the coastal waters of the Netherlands. 

Sepers , A. B.J., 1977 . The utilizat ion of dissolved organic compounds in aqua-

tic environments. Hydrobiologia ~: 39-54. (6-145). The uptake of dissolved 
organic matter by bacteria, phytoplankton and invertebrates is discussed re
ferring to the literature . In natural waters the uptake of dissolved organic 
compounds appears to be primarily a bacterial process. 

Stienstra , A.W., 1977 . Photosynthetic activity and growth of some c - 3 - C-4 

plants at different light intensity. Report: Research during the period 

1-7-1 97 1 till 1-7-1 973 , Treub Laboratorium Bogor . WOTRO grant: W 86-14. , 

pp. 34. The photosynthetic capacity was measured of three plants : Setaria 
barbata (c-4 plant) , Axonopus compr essus (C-4 plant) and Oplismenus composi
tus (C- 3 plant) . These measurements were done af ter they we re grown up under 
semi-r.atural circumstances at di fferent light intens i ties . More over the growth, 
the morphological development, the chl o rophyll content and the stomata per 
unit leaf area were measured. From these experiments can be concluded: Both 
C-4 plants show a higher photosynthetic capacity at all light intensities 
than the C-3 plant. The three spec i es show the same alteration in reaction 
of the photosynthetic system at differen t light intensities. Field observa
tions show, that c - 4 plants need for their growth a high light intensity and 
a high temperature . Under semi-natural circumstances Oplismenus can grow in 
full sun light while Setaria and Axonopus can grow in the shade. In the shade 
Setaria and Axonopus are less productive than Oplismenus not withstanding 
their high photosynthetic capac ity. Under these experimental conditions the 
chlorophyll content and the morphology development do not show any correla-
ti on with the C- 3 - C-4 photosynthet i c system . 

Vaas, K. F., Delta Institute for Hydrobiological Research , Yerseke , Progress 

Report 1976. Institutes of the Royal Netherlands Academy of Arts and Scien

ces Progress Report 1976 . pp . 166-178. (6-1 56) . A survey is presented on 
the progress of t he research carried out in the institute. 

Vader, W. , 1977 . Habitat and distribution of Perforatella rubiginosa (Gastro

poda, Pulmonata) in the freshwater tidal reg ion of the Scheldt Estuary , 

Belgium. Hydrobiologia 52 : 2- 28 . (6-143). The amphibious l and- mol lusc, Per
f oratella rubiginosa, is a-common, wide-spread and c haracteristic inhabitant 
of the freshwater tidal reg ion of the river Scheldt and its tributaries in 
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NW Belgium. The species occupies a rather narrow zone in the uppermost inter
tidal area, which is characterized by large amounts of tidal drift covering 
the bottom, and usually by a luxuriant vegetation of tall, nitrophilous herbs, 
of ten with Urtica dioica dominant. Other characteristic molluscs of this zone 
are Carychium minimum, OxyZoma pfeifferi, o. sarsi, Deroceras Zaeve, Vitrea 
crystaZZina and Zonitoides nitidus , locally also Nesovitrea hammonis. 

Vlasblom, A.G., S.J. Graafsma & T.A. Verhoeven, 1977. Survival, osmoregula

tory ability and respiration of Idotea cheZipes (Crustacea, Isopoda) from 

Lake Veere in different salinities and temperatures. Hydrobiologia~: 33-

38. (6-144). 1. An ecological and physiological study of I. cheZipes from 
Lake Veere, The Netherlands, was made. 

2. Both osmoregulatory capacity and survival decrease with 
increasing temperature as well as with decreasing salinity. 

3. Respiration experiments suggest that the need of energy by 
osmoregulatory activity may be supPlied at the cost of other physiological 
processes, at any ra te at temperatures of 100 C and higher. 

4. It may be expected that, if temperatures higher than 150 C 
and salinities lower than 8 0 /00 coincide, the population of I . cheZipes will 
be affected negatively. 

Vijver, A. van de, 1977. The vegetation of some polders in the isle of Zuid-

Beveland. Stud. Rep. Delta Inst. 05-1977, pp. 79. In this report the bo
tanical diversity is estimated in a complex of polders occurring in the isle 
of Zuid-Beve land. For that purpose botanical inventories and phytosociolo
gical records (relevés) have been made during two successive growing seasons 
(1972 and 1973): Within the area of investigation the following landschape 
component s have been distinguished: arable land, field and road verges, bed 
and sides of ditches, grasslands, orchards, railways , creeks and ponds. It 
was impossible to c lassify the relevés simply according to the Braun-Blan
quet system of phytosociology. Therefore, the species have first been clas
sified into sociological groups on the level of alliance or order based on 
the present-day knowledge of phytosoc iology . in the Netherlands embodied in 
Westhoff and Den Held ( 1969). For each landscape component the presence of 
these sociological groups has been estimated. 

Comparing these data it appeared that also on this basis the landschape 
components do not differ largely in their vegetational composition. Obvious
l y , modern agricultural and civil-technical practices interfere too much, 
levelling vegetational variety even in an old complex of polderland. As could 
be expect ed most species and the highest presence of the sociological group, 
characteristic of the Chenopodietea has been found in the relevés made in 
arable land. Fields with legume s were richer in those species than fields 
with cereals. The species characteristic for the Arrhenatherion eZatioris , 
the Molinio- Arrhenatheretea and the Agropyr.o- Rumicion crispi were most re
presented in the relevés made on ditch-sides. No floristic difference could 
be found between the vegetation exposed North and that exposed South. Among 
the landscape components ditch-sides were most rich in species. Verges of 
arable fields appeared to be in a transitional situation between the vege
tation of those fields and that of ditch sides. With the exception of a high 
presence of species characteristic for the Lolio- Plantaginion road verges 
resembled ditch-sides. Grassland relevés stood out by a large number of 
species cllaracteristic of the Agropyro- Rumicion crispi. Saline grasslands 
showed many Glauco- Puccinellietea species. Floristic differences in grass
lands were not related to their height with respect to ordnance level. Or
chards showed especially species characteristic of the Lolio- Plantaginion 
and to lesser extent, that of the Chenopodietea . Railways were very variable 
in species composition because of the varied origin of the soil brought in 
from e lsewhere and used for their construction. Creeks and ponds had many 
species of the Phragmitea occurring with a high presence, and in d i tch-beds 
the species group characteristic of the Agropyro- Rumicion crispi , was well
developed, besides that of the Phragmitea species. (Westhoff , V. & A.J. den 
Held, 1969 . Plantengemeenschappen in Nederland, Thieme, Zutphen, pp. 324). 
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Wolff, W.J., 1976 . Distribution of Pantopoda in the estuarine area in the 

Southwestern part of the Netherlands. Neth. J. Sea Res., ~: 472-478. 

(~-152). The distribution of the pycnogonids Nymphon rubrum, AcheZia echi
nata, PhoxichiZidium femoratum , AnopZodactyZus petioZatus, A. pygmaeus, Pycno
gonum ZittoraZe , and CaZZipaZZene brevirostris in the estuarine area of the 
rivers Rhine, Meuse and Scheldt is described. Some observations on their 
salinity tolerance and the occurrence of food species are recorded. 
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HISTORY AND FUNCTION OF THE INSTITUTE 

The Centraalbureau voor Schimmelcultures was founded in 1904 by the "As

sociation Internationale des Botanistes ". Dr. Johanna Westerdijk at Amster

dam was appointed as the first director in 1907 . Af ter the dissolution of 

the AIB, the Bureau was supported by various Netherlands scientific insti

tutions 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 192 2 at the Laboratory of Microbiology, Te c hnical Universi

ty, Delft . 

Af t er 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 bui l 

ding in Baarn (Oosterstraat 1). Since 1968 , the CBS has been an institute 

of the Royal Netherlands Academy of Arts and Sciences. 

The Centraalbureau voor Schimmelcultures maintains a collection of living 

fungi, yeasts and actinomycetes. In 1977 the total nurnber of strains main

tained was 23 . 800, including 4.000 yeasts. By supp l ying cultures , identifi

cations and advice to workers in diverse f ields of scientific and applied 

mycology, a service is rende red to all those interested in these organisms. 

Scientific research is carried out mainly in taxonomy of fungi. In the divi

sion of human and animal mycology , problems pertaining to this field are 

studied . Investigations into the chemistry of fungal metabolites are carried 

out in the biochemical department. 

Facilities are available tostudents and guest workers who want to study a 

mycological subject . Each year courses are given on general and on human and 

animal mycology. 

SCIENTIFIC STAFF (as from December l st 1977) . 

Dr. J.A . von Arx, director (general mycology, Ascomycetes, Melanconiales) 

Dr. G.A. de Vries (hurnan and animal mycology , Actinomycetes) 

Miss Dr . M.A .A. Schipper (Mucorales) 

Mrs. Drs. E.J . Hermanide s-Nijhof (Fusar ium, Aureobasidiurn) 

Mrs. Drs. A.J. van der Plaats-Niterink (Oomycetes) 

Dr. H.A. van der Aa (Sphaeropsidales) 

Dr. G.W. van Eijk (biochemistry) 

Dr. W. Gams (Verticilliurn, Acremonium and allied genera, Mortierelia) 

Dr. R.A. Samson (Paecilomyces, Penicillium and related genera) 

Dr. G. S . de Hoog (Dematiaceae) 

Drs. J.A.J.M. Stalpers (Basidiomycetes) 

Drs. A.C.M. Weijman (biochemistry, physiology) 

Miss C.A.N. van Oorschot , M. Phil. (Chrysosporiurn and allied genera) 

Mrs. Drs . G. de Bruin- Brink (documentation) 
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Yeast Division. 

Drs. L. Rodrigues de Miranda (Basidiomycetous yeasts) 

Miss Drs. M. Th. Smith (Ascomycetous yeasts) 

D. Yarrow (Saccharomyces and r~lated genera) 

INTRODUCTION 

The second International Mycological Congress, held in Tampa (Florida, 

U.S.A.) from 27th August to 3rd September 1977, offered a unique opportuni

ty to meet foreign colleagues and to become familiar with the newest trends 

in mycology. Twelve staff members and a guest worker visited the congress 

with partly private financial support. Four invited papers were presented 

in organized symposia and there were also invitations to staff members to 

participate in four round table discussions. Four staff members presented 

seven posters in their special fields of study partially in co-operation with 

North American and British colleagues. These contributions to the congress 

required much preparation ; the results of own scientific research were most

ly presented and aften illustrated by instructive microphotographs (many 

taken with the scanning electron microscope) . 

Two staff members joined a post-congress workshop in Kananaskis (Alberta, 

Canada) which dealt with the relationships between perfect and imperfect 

states in' fungi. Two papers were gi ven in the · course of this workshop and 

there was active participation in all discussions. 

1. DIVISION OF FUNGUS TAXONOMY 

Dr. H. A. van der Aa 

The study of type specimens of Phy~~osticta is being continued. Collec

tions were obtained from herbaria in Berlin (260 specimens), Stockholm (214 

specimens), La Plata (75 specimens), Utrecht (65 specimens), Verona (30 spe

cimens) and Siena (6 specimens). An increasing number of species have been 

excluded, most of which are newly established synonyms of well-known Phoma 

species, while others will have to be reclassifie d in Asterome ~~a, Phomopsis, 

Coniothyrium etc. 

New data on the genus Phy~~osticta s.str. have also been collected, of ten 

in combination with observations on the spermatial and ascigerous states. 

On the holotype specimen of Phy ~~os ticta anonae P. Henn. (B ) the conidial 

state proved to be accompanied by well-de veloped ascomata of the so far un

described Guignardia state. Dr. R. Schneider, Berlin, sent in a new isolate 

of Phy ~~osticta capita~ensis P. Henn. which produced the previously unknown 

ascigerous state. A new species of Phy ~~osticta was isolated from leaves of 

Macadamia i ntegr i f olia collected by w. Nicolai on plantations in Guatemala. 

The species had rather large stromata, medium-sized conidia and was accom

panied by a Leptodothiore~~a spermatial state, which was found both on the 
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plant and in pure culture. A strain of another Guignardia species from Ca

mellia japoniea leaves was obtained from H.J. Boesewinkel, Plant Health Diag

nostic Station, Auckland. The fungus was identified as Guignardia eamelliae 

(Cooke) Butler and proved to be the ascigerous state of Phyllostieta thea

eearum van der Aa. 

Single conidial isolates were made of Phaeoramularia dissiliens (Duby) 

Deighton, causing typical leaf spots on Vitip vinifera in Iraq. The colonies 

grew extremely slowly under various conditions, but af ter about 2 months at 

25
0

C under UV light a macroconidial and an Asteromélla spermatial state 

were formed. A perfect state has not been observed but these experiments pro

ved that Phaeoramularia is closely related to Cladosporium and Cereospora, 

which also have Asteromella spermatial states and be long to MyeosphaerelZa 

life cyc les. 

In August and September diseased leaves of Nymphaea alba were collected on 

the lake s near Kortenhoef. The leaves showed numerous lesions with necrosis. 

A CoZZetotriehum species without setae was regularly isolated, but the di

sease se ems to be caused by a combination of fa c tors . The fungus had been 

described under several names in Gloeosporium and Ovulariella of which the 

type specimens were studied. 

Dr. J.A. von Arx 

The study of mycelial yeasts was continued, partly in co-operation with 

Drs. A.C.M. Weijman. The cultural and microscopical characters of all the 

available strains of Dipodaseus and Geotriehum species were compared. The 

strain CBS 625.75, sent in for identification by Prof. J.S.F. Barker (Sydney, 

Australia) , proved to represent an undescribed spe cies of the genus Dipodas

eus with spreading colonies, dichotomously branched hyphae and asci contai

ning 1 to 20 ascospores. In its cultural characters this fungus is close to 

Endomyces geotrichum , but this species differs b y a slightly larger growth 

rate of the colonies, consistently l-spored, spherical asci and larger, or

namented ascos pores. Consequently this species and some other Endomyees spe

cies with Geotriehum conidial states , have been transferred to the genus Di

podascus . A number of species recent l y described as Geotriehum and Tricho

spo ron proved to represent conidia l cultures of some Dipodas cus and Hypho

pichia species. A fungus isolated fro m gills of Armillaria mellea , which had 

hitherto been wrongly identified as Endomyees deeipiens , proved to be a dif

ferent species and was described as Geotr iehum armilZariae . A key was prepa

red for the delimitation of all accepted species of the genus Dipodascus and 

the Geotr iehum conidial states. 

In another study a number of strains of Gymnoascaceae were examined. Some 

recently described genera of this family proved to be incorrectly or insuf

ficiently characterized. The genera Petalosporus , Disartieulatus and Plun

ke ttomyees are regarded as synonyms of Araehniotus and GymnaseeZla , Gymnoas -
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aoides, . Maaronodus, Tripedotriahum and Unainoaarpus are reclassified as sy

nonyms of Gymnoasaus . The type species of the genus KuehnieZZa proved to be 

identical with Araahnotheaa aZbicans. The genus name RoZZandina is conside-

red to be a "nomen confusum", its type specimen containing two different or

ganisms: unknown structures and the ascomycete Nannizzia fu Zva , with its 

Miarosporum conidial state. In a paper, which will be published in Persoonia, 

all the accepted genera of the Gymnoascaceae are briefly reviewed. 

In co-operation with Prof. E. Müller (Zürich), the families of Ascomycetes 

were arranged in a system in which the respective conididl states are consi

dered. Certain additional taxa, which may represent intermediates between 

the Sphaeriales and the Dothideales, were studied. All bitunicate Ascomyce

tes were classified in the latter order. Much time was devoted to classify

ing the genera of the Dothideales in more natura I families, which can be 

partly delimited by different conidial states. 

Dr. W. Gams 

The greater part of 1977 was given to the preparation of texts on the ta

xonomy and ecology of selected soil fungi which will be published i~ a com

pendium of soil fungi by K.H. Domsch, W. Gams and H. Anderson. Some lengthy 

monographs were written of important human and plant pathogens, including 

species of Arthroderma, Trichophyton , Coccidioides , Emmonsia , VerticiZZium, 

ScZerotinia, Botrytis, ScZerotium, Thanatephorus and Phymatotrichopsis . In the 

course of this work SEM photographs were prepared to illustrate the treated 

Chaetomium species. 

Studies on phialidic hyphomycetes included the comparison of some PhiaZo

phora strains sent by Th. Nilsson, Uppsala, with known species and the re

cognition of at least two distinct new species . Following a demonstration by 

S. Zweibel at the 2nd International Mycological Congress at Tampa, the CBS 

strains of Ph. verrucosa were reexamined and all found to be long to Ph . ame

riaana (Nannf.) Hughes, except for CBS 138.67, which is a proper Ph . verru

cosa Medlar. Thus human-pathogenic strains occur in both these taxa which 

had generally been regarded as synonymous in the last decades. A considerable 

number of strains, obtained from Dr. G.J.Samuels, Auckland, New Zealand, in

cluding Nectria species with Acremonium conidial states and NiessZia species 

with MonociZZium conidial states, were studied. For a demonstration at the 

2nd International Mycological Congress at Tampa, SEM photographs were prepa

red with the assistance of Miss M. Nieuwstad, illustrating various mechanisms 

of conidial chain formation and phialides with solitary conidia. It could be 

shown that the connectives in Penicillium and Torulomyces are not compa.rable 

with the truncate conidial connections in Acremonium and Fusarium. 

A key to the recognized species of MortierelZa has been submitted for pu

blication in Persoonia. Since it was noted that the species published by Lin

nemann in 1936 had never been validly published (no Latin diagnoses), three 

4 (178) 



species were validated, while for some others younger names had to be adopted. 

W. Verkerke (Cand. biol., University Amsterdam) 

Under the supervision of Dr . W. Gams a fungal inventarization was made for 

the "Drie Organische Stofbedrijven", farms at Nagele in the Norht-East Polder. 

From each farm composite samples were twice taken in the wheat plots (pre

vious crop potato), which were regarded as most representative of the whole 

management, and analysed by means of the soil-washing technique. On the basis 

of over 1000 isolates, it was concluded that the "Wisselweide" (with 2 years 

of grass ley in the rotation and with addition of stable manure) showed the 

greatest number of species (55) . the "Klaverland" (mainly green manure) the 

least (42) and the "Kunstmestakker" (artificial fertilizers but no organic 

matter added) was intermediate. The same tendency in species diversity was 

consistently observed. Although the species found give little indication of 

the antiphytopathogenic potentialities in these soils, the presence of some 

species with known antifungal activities seems to parallel the above trend. 

Amongst some interesting species isolated, Anixiopsis stercoraria with the 

conidial state , Chrysosporium keratinophilum , was studied in detail in col

laboration with Dr. R.A. Samson. 

Drs. E.J. Hermanides-Nijhof 

An article on Aureobasidium and allied genera was finished (Studies in My

cology No. 15). Five generic names, including KabatielZa are listed as syno

nyms of Aureobasidium : 14 species and one variety are recognised . Some mor

phologically similar species, represented by on l y one or a few herbarium col

lections, were treated as different species distinguished by minor morpholo

gical characters and host specifity. More study is needed to elaborate the 

possible synonymy of some of these taxa. 

Strains of the genus Kabatina proved to be Hormonema-like in culture. The 

conidia arise in basipetal sequence from inconspicuous butts and are broadly 

ellipsoidal to reniform. On the natural substrate, however, acervuli develop 

which are composed of a dark basal stroma from which densely packed, erect, 

short-celled conidiophores arise. The apical, occasionally intercalary coni

diogenous cells form conidia from their percurrently elongating apices. Since 

the genus Hormonema was explicitly described to cover only cultural states, 

the phenetically dissimilar genus Kabatina was retained to accommodate the 

stromatic states of the fungi concerned . More fungi will probably be found 

to produce a Hormonema state in culture (Luttrell, E.S., Mycologia~: 530-

536 , 1940; Sutton, B.C. & Funk, A., Can . J. Bot. ~: 521-526 , 1975). 

A reorganisation of the collection strains of the genus Fusarium was star

ted. Several strains maintained under incorrect names were reidentified. The 

strains of the Gibbosum and the Martiella sections were reorganised. In Gib-
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bosum -four species (F . equiseti , F. compactum, F. acuminatum and F. Zongipes) 

and in Martiella five species (F . soZani, F. coeruZeum, F. javanicum, F. eu

marti i and F. caucasicum) were recognised . 

Dr. G.S. de Hoog 

The first months of 1977 were devoted to the preparation of a manuscript 

on the black yeasts. For this study, undertaken in co-operation with Dr. P. 

Hogeweg (Utrecht), Dr. H.L.C. Meuzelaar (Amsterdam) and Drs. A.C.M. Weijman 

(Baarn), the results of a numerical taxonomical classification were compared 

with those of chemical "finger-printing" by means of pyrolysis-mass spectro

metry of a sample of the organisms concerned. The chemical information was 

supplemented by qualitative data gained by gas-liquid chromatographical ana

lysis. The principal traits of both independent sets of characters appeared 

to show similar tendencies. On the basis of this knowledge, 9 genera were 

distinguished, two of which were new and two validated. The genera contained 

a total of 37 species or form-species, and five varieties. Eleven new species 

were described, two of which were validated, and 20 new combinations and a 

new name were proposed. 

In co-operation with Dr. G. Morgan-Jones (Auburn, Alabama), a new monotypic 

genus of black yeast-like fungi was described from Cronartium galls. It forms 

hyaline conidia on large denticles which are either scattered or in small 

groups on undifferentiated, partly rough-walled hyphae or on short hyphal 

protrusions. 

A theoretical experiment was conducted by commencing with a classification 

as a taxonomic hypothesis, formulating its criteria of goodness, and testing 

it by means of a confrontation with the data. Since grouping of a particular 

set of data is dependent on (a) our criteria for the segregation of groups 

and (b) the kind of system we aim to construct, (a) and (b) being entirely 

anthropogenic, one is free to choose any system as long as the underlying 

reasoning is consistent, i.e. as long as the classification does not conflict 

with the pre-established criteria and aims. As an example , two systems of the 

Ascomycetes, constructed by Dr. J.A. von Arx (Baarn) and Dr. D. Malloch (To

ronto, Canada), were compared. These systems appeared to be differently orien

ted; one being based mainly on similarity, the other mainly on phylogenetical 

suppositions. 

For a study of CZadobotryum-like fungi growing on toadstools and moulds, 

cultures were grown on shredded agarics in plain agar . The genus CZadobotryum 

was found to be heterogeneous and was restricted to species with monoblastic 

retrogressive conidiogenous cells. Mucrosporium was redescribed for the poly

blastic species CZadobotryum dendroides . The name Sympodiophora was replaced 

by the earlier synonym Pseudohansfordia and seven new combinations were pro

posed. In this genus the conidiogenous loci may each form one conidium or a 

basipetal chain or head as is also found in CZadobotryum ; the fertile cells 
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are. however, polyblastic. The generic name HeZmint~ophora Bon. was reintro

duced for Eurasina bondarzewiae (= CZadobotryum Zeptosporum) . New species of 

DenticuZaria and Sporothrix were described and a new genus was erected to ac

commodate GZoeosporium aecidiophiZum . 

C.A.N. van Oorschot, M. Phil. 

The genus Chrysosporium is defined as having arthroconidia and aleurioconi

dia which are terminal, intercalary or lateral, occasionally formed in chains 

and which have broad, basal attachments. The available strains of C. pannorum 

(= Geomyces pannorum (Link) Sigler & Carmichael) are found to be rather hete

rogeneous in their colony characters and branching patterns. An interesting 

strain has been isolated from a soil sample from Columbia which appears to be 

intermediate between C. merdarium and C. pannorum because the arthroconidia 

measure 4.5 - 6 .0 x 3 . 0 - 4.5 ~m as in C. merdarium, but the fertile hyphae 

show C. pannorum-type branching. Some new strains , most of which were kindly 

sent in by Dr. J.W. Carmichael, possibly belong to new taxa. Quite a number 

of strains described under the name Chrysosporium, produce blastoconidia and 

for those with ampulliform swellings the name MyceZiophthora Cost. is availa

bie. Chrysosporium Zuteum , C. thermophilum and C. fergusii have been reclas

sified in MyceZiophthora in a paper which is in print in persoonia 9. Several 

species , such as C. asperatum , C. parvum (Emmonsia par vum ) , C. parvum var. 

crescens (E . crescens) , C. serratus (conidial state of Ctenomyces serratus) 

and C. dermatitidis (conidial state of Ajellomyces dermatitidis J may be clo

sely related to MyceZiophthora . Other species appear to be unrelated to the 

Chrysosporium-complex and have to be excluded. 

Type studies of all species described in Chrysosporium and related genera 

were initiated. For several species , such as C. asperatum , older epithets are 

available. Due to a lack of authentic material and insufficient descriptions 

and illustrations, the position of a number of species remains uncertain. 

The type strain of the xerophylic C. fastidium has been found to produce 

smooth, brown bodies up to 45 ~m in diameter. The strain is being cultured 

under various conditions in an attempt to ascertain whether these are actual

ly poorly developed ascomata. Mating tests have 50 far proved unsuccessful. 

The species is compared to Bettsia alvei , a xerophylic fungus found on pollen 

in bee combs. The ascomata of Bettsia alvei resembie the bodies produced by 

C. fastidium. lts conidial state, C. farinace ola , has double-walled arthro

conidia, which are of ten in chains, as weil as thick-walled aleurioconidia 

and arthroconidia similar to those of C. fastidium . 

Strains maintained in the CBS collection as Briosia cubispora and Briosia 

microspora have been studied with the light micro scope and the SEM to clarify 

their mode of conidiogenesis and their taxonomic positions. The two strains 

of Briosia cubispora were of ten seen to have infertile portions between the 

arthroconidi~ as weil as central septal wall excrescences, as previously 
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shown by Cole (Can. J. Bot. 53: 2983-3001, 1975) in another strain. The avai

lable strain of Briosia microspora did not show the infertile portions or 

clear excrescences and the primary wall tore at the septum, subsequently re

tracting slightly away from the swollen terminal part of the conidium. 

Drs. A.J. van der Plaats-Niterink 

The study of the genus Pythium was continued. In the group of species with 

filamentous sporangia, a number of isolates produced catenulate hyphal swel

lings but no oogonia. Matings with P. catenuZatum were unsuccessful; this 

species is characterized by a rather high optimum temperature (30-35
0

C); be

low 25
0

C it shows a radiate growth pattern on potato-carrot agar, while a ro

sette pattern appears between 25 and 35
0

C. This phenomenon was also observed 

in some of the seven studied isolates of P. middZetonii . P. middZetonii Spar

row (1960) is based on P. proZiferatum de Bary (1860) non Schenk (1859). These 

isolates agreed well with de Bary's slides of the type culture preserved in 

the British Museum of Natural History in London. The main difference was the 

more conspicuously aplerotic oospores in the type slides, though in the li

ving cultures the oospores are always free from the oogonial wall. P. muZti

sporum, P. ostracodes and P. oedochiZum were studied for the group with pro

liferating sporangia. 

In co-operation with Ir. I. Blok, Wageningen, research was done on Pythium 

species on lettuce (Lactuca sativa) and their pathogenicity. Two species were 

found to be important: P. tracheiphiZum and a new Pythium species with cha

racteristically ornamented oogonia. 

A possibly heterothallic species with spherical sporangia, sent by Dr. O. 

Vaartaja (Canada), turned out to be identical with four previously studied 

isolates. Four of these produced some oogonia in single culture, while the 

presence of the fifth iso late was found to stimulate their production in com

bination with any of the other isolates. 

In co-operation with Mrs. E. Ilieva (Bulgaria) the results of matings be

tween various isolates of Phytophthora nicotianae and P. capsici were studied. 

Although crossings between Al and A2 strains of these different species pro

duced oogonia, the oogonia were of the P. niootianae type in interspecific 

matings, and of the P. capsici type in intraspecific matings of the latter 

species. Interspecific matings took longer for oogonium production. While P. 

capsici has the optimum temperature for oogonium formation at 15
0

C, interspe

cific oogonia were best formed at 20
o

C . 

Experiments with three sterile Phytophthora isolates from England resulted 

in the production of oogonia in crossings with P. drechsZeri . The oogonia ob

tained did not resemble those of P. drechsZeri but were more similar to those 

of P. verrucosa. 

8 (182) 



Dr. R.A. Samson 

The taxonomic studies on the genus Penicillium were continued. Species of 

the P . citr inum series were reinvestigated and compared with other taxa pro

ducing a penicillus with a terminal whorl of metulae and flask-shaped phiali

des. SClerotium-producing species such as P. raistrickii , P . soppii and P. 

pedemontanum were also investigated. A detailed study was carried out of the 

available strains of the human-pathogenic species, P. marneffei. The type 

strain of this species is morphologically identical with P . citrinum and the 

synonymy of these two species is proposed. 

The compilation of the Aspergillus species described since 1965 was comple

ted. Eighty-six species were listed and their taxonomic status was critically 

examined. About 30 taxa are accepted, whereas the remaining names are rejec

t Qd or considered to be doubtful. A manuscript was prepared with the results 

of this compilation. 

Together with Dr. M.R. Tansey (Indiana University, Bloomington, USA) keys 

to the thermophilic and thermotolerant fungi were prepared. These keys form 

part of a guide to -species of fungi which can grow and sporulate at 45
0

C. The 

lists with 55 species and the keys were presented as a hand-out to accompany 

the poster session at the Second International Mycological Congress a .t Tampa 

(USA) . 

The investigations on the entomogenous fungi, collected by Dr. H.C. Evans 

in South America, were continued. Numerous specimens from Ecuador and the Ama

zon region were examined and identified. The material contained many Cordy

ceps species which did not fit any known species. Ascospore isolations of se

veral Cordyceps species grew successful l y in pure culture. Sporodiniella 

umbellata Boedijn, a mucoraceous entomogenous species, was rediscovered to

gether with its zygosporic state. This species was originally described from 

insect remains in Indonesia and appeared to be rather common on Membracidae 

on cocoa farms in Ecuador. A manuscript with a neotype designation and a re

description of the species was prepared and submitted. 

In co-operation with Dr. G.L. Be nny (University of Florida, Gainesville, 

USA) a scanning electron microscopy study of sporangiole development in the 

genera Radiomyces and Hesse ltinella was conducted. A detailed SEM study of 

the spore development in Cunninghamella supported the light microscopic and 

transmission e l ectron microscopic observations that this structure is a mo-

nosporous sporangiole . 

Some new and simplified preparation techniques for preparing fungal speci-

mens for scanning e lectron rnicroscopy were tested in co-operation with Dr. J. 

A. Stalpers and Mr. W. Verkerke. From the experiments it was concluded that 

fungal specimens were well fixed in either 6 % glutaraldehyde (minimum 5 h) or 

1% Os04 (minimum 2 h). Rapid chemical dehydration using 2-methoxy-ethanol pro

ved to be very useful and time-saving. 

9 (183) 



Dr. C. Eckardt 

During the tenure of a NATO-Fellowship awarded by the German Academic Ex

change Service (DAAD), several studies of species of Penicillium and Bysso

chlamys were carried out together with Dr. R.A. Samson. 

The reinvestigation of Penicillium species used in cheese fermentation was 

co~eted. Penicillium caseicola is regarded as a synonym of P. camemberti on 

the basis of its morphological characters . The green colour of the colony of 

P. camemberti, regarded as the main difference between the species by Raper 

and Thom (A Manual of the Penicillia, 1949), proved to be unstable on media 

with a high saccharose-concentration. 

A study of the Penicillium janthinellum series was initiated. The colony 

characters and morphology of many strains from the CBS collection were compa

red on Czapek and malt extract agars at 25
0

C . Several strains did not show 

the typical divaricate branching pattern of conidiophores in the P. janthinel

lum series, but were similar to members of the P. citrinum series. This led 

to arevision and a compilation of the P. citPinum series. Special attention 

was paid to the differentation of the species, P. citrinum and P . steckii. 

Biochemical as weil as morphological studies were made. Using the Bacterial 

Spectrum Test (af ter Raper and Thom, 1949), the production of antibiotics was 

observed in 14 out of 20 strains. Further tests were made to identify the an

tibiotic substances by thin layer chromatography. In addition to citrinin in 

strains of both species penicillic acid, its precursor orse llinic acid and 

citreoviridin were also identified . 

The development of ascomatal initials and asci of Byssochlamys fulva, B. 

nivea and B. verpucosa was investigated by means of scanning electron micros

copy. The ascomata of B. verpucosa developed from a single coiled initial. B, 

fulva and B. nivea usually showed two initials twisting around each other. 

The further development of croziers and asci was similar for all three spe

cies. The ascomata were rarely covered by a thin layer of interwoven hyphae. 

E.S. Hoekstra (Cand. Biol., State University, Utrecht) 

Under supervision of Dr. R . A. Samson a taxonomic study of the Cordyceps and 

Torpubiella specimens, collected by Dr. H.C. Evans in Ghana, was carried out. 

The Cordyceps material contained eleven species. C. australis appeared to be 

very common on the ant Palthothyreus tarsatus , while C. unilateralis was regu

larly found on formicine ants. Other Cordyceps species from Ghana are C. dip

tePigena , C. lutea , C. nutans , C. polyarthra , C. uleana , C. tuberculata and 

C. pubPipunctata. In the last species the Hirsutella conidial state was found 

on the same stroma. Two other Cordyceps species could not be identified as 

known species and they are ~roposed as new species. The Torpubiella specimens 

contained about 15 forms. T. arachnophila proved to be common on Arachnidae. 

On Coccidae eight separate forms could be distinguished but the identification 
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of each form proved difficult because the taxonomy of the genus Torrubiella 

is still unclear. On Formicidae four Torrubiella species were recognized, two 

of which were identical with T. carnata and T. liberiana and two probably re-

present undescribed taxa. 

A. AI-Musallam, M. Sc. (Kuwait University, Kuwait) 

Under supervision of Dr. R.A. Samson, a revision of the species of the As

pergillus niger, A. ochraceus and A. flavus groups was started and the CBS 

strains of the species were re-examined and compared with recent isolates. 

These species are of economical importance in view of their potential biome

dical hazards in contaminated food and their industrial use for the produc

tion of, for example, organic acids and enzymes. The identification of the 

species proved to be difficult due to the existence of strains with intergra

ding characters. Characters such as colour, growth rate and sclerotium forma

tion are var iabIe and we expect that an extensive comparative study of nume

rous strains should reveal the s ignificance of these characters. A biblio

graphic study of the original descriptions was done to determine the systema

tic position of old and doubtful species . 

Dr. M.A.A. Schipper 

A paper was prepared as the final part of a monograph of the genus Mucor, 

following the foregoing Studies in Mycology 4, 10 and 12 on "Mucor hiemalis and 

related species", "Mucor mucedo , M. flavus and its re lated species"and "Mucor 

circinelloides , M. racemosus and related species" , respectively. It includes 

a genus delimitation, a general key to cultured species, descriptions and dra

wings of 22 species and 2 varieties not yet dealt with in the former parts of 

the study , including the ne w taxa Mucor amphibiorum , M. variosporus and M. 

zychae var. linnemanniae . The r esults of extensive mating experiments are dis

.cussed. 

In addition, a monograph was prepared of the genus Rhizomucor with the three 

thermophilic species R. pusillus , R. miehei and R. tauricus . The genus Rhizo

mucor in the family Mucoraceae contains thermophilic species with poorly deve

loped stolons and rhizoids and dark coloured sporangia which lack apophyses. 

The zygosporic stage is of the usual Mucor type: zygospores covered with blunt 

projections borne in the aerial mycelium between equal suspensors formed oppo

site to one another. The genus differs from Mucor by a maximum temperature for 

growth at or above SOOC and a minimum at or above 20
o

C , and by theoccurrence 

of stolons and rhizoids. The material and methods employed were the same as 

those used in the study of the genus Mucor . Rhizomucor has been a cause of 

much confusion. Lucet & Costantin (C. r. hebd. Séanc. Acad. Sci., Paris 129: 

1033,1899) erected the section, Rhizomucor in the genus Muco r to include Mucor 

species with rhizoids. However , Rhizomucor was soon treated as a genus name. 
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Vuillemin (Les champignons parasites et les mycoses de l'homme, p. 41, 1931) 

accepted the genus Rhizomucor and gave a description of the taxon with argu

ments for synonymy of Mucor pusillus Lindt (Arch. expo Path. Pharmak. 21: 272, 

1886), Rhizomucor septatus (Bezold) Lucet & Costantin (Archs Parasit. 4: 362, 

1901) = Mucor septatus Bezold in Siebenmann (Schimmelmycosen des menschlichen 

Ohres, p. 97, 1889) and Rhizomucor parasiticuB Lucet & Costantin (1899). 

Subsequently the genus was rejected by most students of the family Mucora

ceae. Hesseltine & Ellis (Mucorales - in: The Fungi, 4B: 187-217, 1973), how

ever, re-established the genus, expanding the description with the additional 

characteristics of thermophily, dark coloured sporangia without apophyses and 

zygospores of the usual Mucor type . 

Drs. J.A. Stalpers 

A manuscript with keys for the identification of wood inhabiting Aphyllo

phorales in pure culture has been completed and will appear as Studies in My

cology 16. About 550 species classified in 15 different families appear in the 

keys which are generally dichotomous, being subdivided into diagnostic and 

descriptive sections. Àt the end of a description there appears a species code 

consisting of 96 characters or circumscribed parts of characters , including 

microscopic, macroscopic, physiological, ecological and gene t ic features. 

This code, which serves as a synoptic key, is suited to transferred onto edge

punchcd cards. 

There are seven main keys based on the distribution of the clamp connec

tions, the presence of laccase and some special structures such as skeletal 

hyphae and binding hyphae. The following groups are distinguished: 

A. Clamps absent from the main hyphae of the advancing zone, with narrower 

and clamped branches. In other parts of the colony some wide hyphae with 

clampless septa may be present. 

B. Clamps present at all primary septa . Laccase present. Branched and/or un

branched skeletal hyphae and/or cuticular cells and/or interlocking hyphae 

present. 

C. Clamps present at all primary septa. Laccase absent. Branched and/or un

branched skeletal hyphae and/or cu~icular cells and/or interlocking hyphae 

present. 

D. Clamps present at all primary septa. Laccase present. Skeletal hyphae, cu

ticular cells and interlocking hyphae absent. 

E. Clamps present at all primary septa. Laccase absent. Skeletal hyphae, cuti

cular cells and interlocking hyphae absent. 

F. Multiple clamps present. 

G. Not all primary septa with clamps. These may be completely lacking or ab-
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sent from some septa, but not as described under A. 

The systematic position of some species, which are similar in culture but 

classified in different genera or families in the taxonomie literature, is 

discussed. Hapalopilus rutilans , H. croceus, Tyromyces amarus, T. f i ssilis, 

Poria salmonicolor and P. mutans are closely related and should not be placed 

in three different genera. Globifomes graveclens, Haploporus cytisinus and 

Trame tes robiniophila are closer to Ganoderma than several other species pla

eed in the Ganodermataceae. The separation of Laricifomes officinalis from 

Fomitopsis and of Buglossoporus pulvirtus from Piptoporus is supported by cul

tural characters. Peniophora gigantea seems to be closer to Meruliopsis than 

to Phanerochaete . 

2. DIVISION OF BIOCHEMISTRY AND PHYSIOLOGY 

Dr. G.W. van Eijk 

The crystalline substance present in cultures of Heterobasidion annosum (= 

Fomes annosus ) CBS 169 . 28 and 567 . 67 (CBS Progress Report 1976) was also de

tected in the strain CBS 141. 25. Recently Dr. D. Donnelly and co-workers at 

Dublin (Tetrahedron Letters, 651 , 1977) detected a new toxic metabolite, fo

mannoxin, in addition to the fomannosin in H. annosum . In co- operation with 

Dr. Donnelly investigations are being carried out to ascertain whether a 

structural or biochemical relationship between the above crystals and these 

two compounds does exist. It was found that strain CBS 834 . 72 , which does not 

form crystalline material in the medium, only produces minute amounts of the 

other 2 metabolites. CBS 141.25 produces large amounts of fomannosin and 

small amounts of fomannoxin. Evidence has been obtained from thin-layer chro

matographic analysis (TLC) that both CBS 169.28 and CBS 567.67 form fomanno

sin . These results may indicate some biochemical relationship between the 

crysta lline compound and fomannosin. Data obtained from physico-chemical ex

periments suggest that structural relationships are ·absent. 

Using TLC and UV-visible spectrometry, 23 strains of Penicillium citrinum 

and P . steckii (see Dr. C. Eckardt in this report) were screened for the pro

duction of secondary metabolites. Several strains produced citrinin. Surpri

singly the yellow-coloured substance was identified as citreoviridin in 3 

strains of P. citrinum . The presence of citreoviridin in cultures of P . ci

trinum has not yet been reported. The compound is also produced by P . pedo

montanum CBS 343.52, CBS 378.65, CBS 408.65, CBS 409.65, CBS 265 .65 and CBS 

108 .66 and by P . myczinskii CBS 220 . 28 , CBS 263 . 29 and CBS 253.31. Citreovi

ridin could not be detected in cultures of P . myczinskii CBS 348.61. 

Two strains of Hendersonula toruloidea isolated from man form yellow crys

talline material on malt agar. Two main pigments, A and B, were isolated in 

a pure state from cultures of these strains. The UV-visible spectra of both 

compounds were identical indicating the same chromophoric system. Further 
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study (MS, IR and NMR) revealed that B is identical with 2,7-dimethoxy-6-ethyl 

-5-hydroxy-1,4-naphthoquinone (C14H140S)' a sub stance already known as metabo

lite from H. toru Zoidea . A molecular formula C16H1607 was determined for A by 

exact mass measurements. An extra CO absorption at 1742 cm-
1 

in the IR indica

ted the presence of an este r group in the molecule. Careful examina ti on of 

the NMR spectrum of A in comparison with that of B, enabled us to elucidate 

the final structure. The compound A was identified as 2,7-dimethoxy-5-hydroxy-

6-(1-methyloxycarbonylethyl)-1,4-naphthoquinone. Since the molecule has an 

asymmetrie Catom, it was interesting to investigate whether or not the pig

ment showed optic al activity . A spe cific rotation lal ~~9= -46.0
0 

(c 0.3 in 

CHCI
3

) was measured. 

A Phoma species, recently identified as Phoma rubefaciens Togliani by G.H. 

Boerema, produces a red pigme nt which was identified as cynodontin. It was 

the first Phoma species that we found to produce cynodontin in our study of 

pigment formation by Phoma s pecie s. 

A paper concerning the u sefulnes s of metabolite analyses in relation to fun

gal taxonomy was presente d at a s ymposium on chemotaxonomy during the 2
nd 

In

ternational Mycologi c al Co ngre ss. 

Dr s . A.C.M. Weijman 

The study of the taxo nomi e application of fungal carbohydrate constitution 

was continued and exte nded t o 377 strains. A paper was prepared on carbohy

dra te composition and taxonomy of the genus Dipodascus . The carbohydrates re

leased during acid hydro l y sis o f intact cells were studied by gas-liquid chro

matographic analysis . In addition, cells were c haracterized by pyrolysis gas

liquid chromatography a nd p y r o l y sis mass spectrometry in co-operation with Dr. 

H.L.C. Meuzelaar o f the FOM-In s titute of Atomie and Molecular Physics (Amster

dam). The data obtained s upport the classification of Dipodascus uninucZeatus 

in a separate g e nus , Dipodascopsis , as propose d by Batra (in press) . 

Some biochemical aspects were contributed to a taxonomie study by Dr. G.S. 

de Hoog dealing with black yeast-like fungi (Stud. Mycol . 15 : 1-140, 1977) . 

Convincing evidence was obtained s upporting the exclusion of Cryptococcus 

nigr icans from Cryptococcus and its accommodation in the genus Phaeococcus. 

The presence of xylose indic ates the bas idiomyc etous nature of Cryptococcus, 

whe reas the absence o f thi s compone nt and the presence of galactose points to 

the ascomycetous affinity of Phaeococcus . 

A paper concerning the carbo hydrate composition and taxonomy of the genera 

Geotr ichum and Trichosporon is in preparation. In our opinion, Geotrichum has 

to be restricted to galactomannan-containing species of ascomycetous affinity, 

whereas Trichospor on is suitable for the accommodation of xylose-containing 

basidiomycetous fungi. 

Another application of the intact cell approach is a contribution to the 

elucidation of taxonomie affinities of the Endogonaceae to other major fungal 
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groups. Due to the absence of distinct morphologic features (e.g. zygospores, 

oogonia, antheridia) some chlamydosporic genera, such as Glomus, can be inclu

ded in the Zygomycetes or in the Oomycetes (Pirozynski and Malloch, Biosystems 

6 : 153-164, 1975). Since Zygomycetes and Oomycetes differ greatly in cell wall 

composition (chitinous versus non-chitinous walIs) , the demonstration of chi

tin can indicate the proper classification of a given strain. All representa

tives of Endogone , Glomus and Glaziella generously supplied by Dr. J.W. Trappe, 

were highly chitinous. These findings were confirmed by pyrolysis mass spec

trometry experiments. This study will be extended when material of other ge

nera of the Endogonaceae becomes available. 

A useful improvement was achieved with the introduction of blood serum 

flasks to the growing, harvesting, washing, lyophilizing and storing of fun

gal cultures. The time-consuming and laborious transfer of material in diffe

rent pieces of glassware is avoided and all manipulations are executed in a 

single flask. 

3. DIVISION OF MEDICAL MYCOLOGY 

Dr. G.A . de Vries 

For the study of keratinophilic fungi and actinomycetes 60 soil samples 

were collected in S. and E. Flevoland. By means of the hair bait method the 

following keratinolytic species were isolated; a new species of Anixiopsis 

which will be described in the near future, Al'thl'oderma quadl'ifidum, A. unci

natum, Chl'ysospol'ium kel'atinophilum, Ctenomyces sel'l'atus , Gymnoascus l'eessii, 

Tl'ichophyton tel'l'estl'e and a Tl'ichophyton of which the species name is not yet 

known. The thermophilic / the rmotole rant flora of these soil samples were also 

investigated. They contained great numbers of actinomycetes, among which many 

strains of The rmoactinomyces . Aspel'gillus fumigatus ~as the most common ther

motolerant fungus. The other fungi were Thermomyces lanuginosus , Malbl'anchea 

pulchella var. sulful'ea and Mucol' species. From soi l sample s collected near 

some hot springs in Iceland, only Aspel'gillus fumigatus was isolated. 

For the study of the conidial states of Petl'iella and Pet1'iellidium , s ome 

new strains were investigated and added to the collection of experimenta l 

strains. 

Drs. G.C.J . Muts concluded his investigations on sugar and fatty acid pat

terns and the stereoisomeric form of diaminopimelic acid of the cell walls of 

actinomycetes from the CBS collection. The results were used as arguments for 

a reclassification of some species. A manuscript entitlèd "Biochemical analy

sis of Nocal'dia galtie1'i (Goret & Joubert, 1951) comb.nov. and some other ac

tinomycetes" was submitted to the International Journalof Systematic Bacte

riology. 

Liver, lungs and kidneys of some mice, Sylvaemus sylvaticus , Micl'otus arva

lis andMus musculus, killed in a mouse trap at Baarn, were macroscopically 
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examined in order to see if they contained sphe~ules of Emmonsia. This proved 

not to be the case. Cultures made of the viscera of SyZvaemus sy Zvaticus re

mained sterile. 

Dr. S~ren Andersen at Odense, Denmark, sent 3 strains of fungi for the stu

dy of the pathogenie mycoflora of diseased dolphin skin. One of them was 

identified as an unusual UZocZadium close to U. radicinum and U. Zanuginosum . 

A subculture was sent to Prof. E.G. Simmons at Amherst, Mass., USA, for fur-

ther study. It was suspected" by Dr. Andersen to be the causative agent of 

tinea-like skin lesions in Phocaena phocaena . The etiologie significanee of 

the other strains, Mucor hiemaZis f. corticoZa and Phoma gZomerata , was re

garded as very doubtful . 

In collaboration with Dr. Samson comparative cultural experiments were car

ried out using 2 PeniciZZium steckii strains and 1 P . marneffei strain as 

test organisms. P . marneffei appeared to differ from P. steckii by the pro

duction of a solube red pigment, as weil as by its ability to grow in a yeast

like form at 37
0

C on enriched media. 

4. DIVISION OF YEASTS (LABORATORY OF MICROBIOLOGY, TECHNICAL UNIVERSITY, 

DELFT) 

Drs. L. Rodrigues de Miranda 

In the beginning of 1977 a strain of Candida Zusitaniae was received from 

Israel, isolated from citrus-peel juice. As this substrate was 50 different 

from the substrates from which Candida Zusitaniae is usually isolated (warm

blooded animais) , the possibility was considered that a strain of the opposi

te sex had been isolated. Mixing of the type strain with the freshly isolated 

strain on Difco malt agar , resulted in the conjugation of the cells and the 

formation of ascospores. The spores , 2-4 per ascus, were oblong with obtuse 

ends; one end being wider than the other . The asci ruptured on maturation, 

liberating the ascospores which tended to agglutinate. The perfect state of 

Candida Zusitaniae fits weil in the genus KZuyveromyces and will be described 

as KZuyveromyces Zusitaniae . All available strains of Candida Zusitaniae ma

ted with either the strain from citrus-peel juice or the type strain of Can

dida Zusitaniae. 

The assimilation patterns of allstrains of the genus Cryptococcus in the 

collection were determined. The two varieties of Cryptococcus aZbidus var. 

aZbidus and var. diffZuens, will be placed together. The criteria usedto sepa

rate these var ie ties were differences in the assimilation of lactose (absent 

in diffZuens) , D-galactose, a-methyl-D-glucoside and melezitose. Five strains 

of the variety aZbidus either do not assimilate lactose or assimilate it very 

weakly. The assimilation of galactose, a-methyl glucoside and melezitose is 

variabie in both varieties. All species of the genus Cryptococcus were suppo

sed to be imperfect states of hemibasidiomycetous fungi. 
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Some doubts had arisen concerning the species Cryptococcus lactativorus. 

Electronmicroscopic pictures were therefore made of ultra thin sections of the 

cell wall which proved to have an ascomycetous structure. Mating experiments 

were started and cells with evagination and many conjugating cells were obser

ved on Yeast-malt agar and Difco-malt agar. To date no ascospores have been 

observed. The assimilation of D-gluconic acid is being tested and will proba

bly replace the assimilation of inositol as the delimiting criterion for the 

genus Cryptococcus . 

Drs. M. Th. Smith 

The revision of the genera HanseniaspoY'a and KloeiJkera has been completed. 

Eighty-two cultures of HanseniaspoY'a and KloeckeY'a , representing twenty-nine 

species, were examined for their morphological and physiological characteris

tics. In co-operation with Dr. S.A. Meyer at the American Type Culture Collec

tion, the DNA base composition of sixty-seven cultures was determined and DNA 

reassociation experiments were undertaken to evaluate the status of the diffe

rent HanseniaspoY'a and Kloeckera species and, further, to establish the rela

tionship between the perfect HanseniaspoY'a species and their imperfect Kloeck

eY'a states. 

As a re sult of this study, six distinct groups can be recognized: 

a. The H. guillieY'mondii group comprising 10 sporulating cultures and one non

sporulating strain, the type strain of K. apis . The group is characterized 

by assimilation of 2-keto-gluconate and growth at 37
o

C . Sucrose, maltose 

and glycerol are not assimilated; sucrose is not ferment e d. Sporulating 

cultures produce (1-)4 hat-shaped ascospores per ascus. The ave rage GC con

tent of the group is 33 . 4 %. 

b . The H. occidentalis group with 4 sporulating and - 8 non-sporulating cultures 

(including the type of K. javanica) . The group is characterized by assimi

lation of sucrose and glycerol and fermentation of sucrose . Maltose and 2-

keto-gluconate are not assimilated; no growth occurs at 37
o

C. Sporulating 

strains produce 1-2 ascospores per ascus which are smooth and round with an 

equatoria l ledge. The average GC content of the group is 35 .5 %. 

c . The H. osmophila group with one sporulating (the type strain of H. osmophi

la ) and 7 non-sporulating culture s (including the type of K. cOY'ticis ). The 

group is characterized by assimilation of maltose. Glycerol and 2-keto-glu-

conate are not assimilated; assimilation of sucrose is variabl e. Growth at 

34
0

C is negative. The sporulating culture produces 1-2 round and warty as

cospores per ascus. The ave rage GC content of the group is 40.3 %. 

d. The H. uvarum group with 27 sporulating and 5 non-sporulating cultures (in

cluding the type of K. apiculata ). The group is characterized by assimila

tion of 2-keto-gluconate. Sucrose, maltose and glycerol are not assimila-
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ted; sucrose is not fermented. No growth occurs at 37
o

C. Sporulating cultu 

res produce 1-2 , round, warty and/or smooth ascosporesper ascus, with an 

equatorial or sub-equatorial l edge. The average GC con~ent of the group is 

34 . 0%. 

e. The H. va l byensi s group with 5 sporulat ing and 5 non-sporul ati ng c u ltures 

(including the type of K. japonica ) . Sucrose, maltose , glycerol and 2-keto

gluconate are not assimilated . Sucrose is not fermented . No growth occurs 

at 37
o

C . Sporulating cultures produce 1-4, mostly 1-2 , hat- shaped ascospo

res per ascus . The ave rage GC content of the group is 29.9%. 

f. The H. vineae group with 6 sporulating and 3 non-sporulating cultures (in

c l uding the type of K. africana ). The group is characterized by assimi l a

tion of mal tose. Glycerol and 2-keto-g luconate are not assimilate d; assi

milation of sucrose is variabie. Growth at 37
0

C is positive . The sporu l a

ting cultures produce 1-2 round and war t y ascospores per ascus. The avera

ge GC content of the group is 40 . 2%. 

Detailed data of this study will be published in a joint publicat ion in An-

tonie van Leeuwenhoek. 

A taxonomie study of the genus Brettanomyces and its perfect counterpart, 

Dekkera , has been initiated. Morphological and physiologica l charac t eristics 

and DNA base compositio n of various strains present in the CBS yeast collec

t ion have been examine d. 

D. Yarrow 

The DNA base compositions of s ome strains of Saccharomyces and Zygosaccharo

myces were determined. Two value s reported by Yarrow and Nakase (Antonie van 

Leeuwenhoek 41 : 81-88, 197 5) could not be confirmed, viz. those of Z. bailii 

CBS 680 and Z. mrakii CBS 42 18. 

Saccharomyces dai rensis 

CBS 6904 

S. t ransvaalensis 

CBS 2186 

CBS 2248 

Zygosaccharomyces 

CBS 680 

CBS 685 

CBS 749 

CBS 1085 

CBS 1096 

CBS 1097 
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bailii 

84 . 5 + 0.1 

83.3 + 0.07 

83.4 + 0.13 

86.7 + 0.05 

87. 3 + 0.14 

87 . 0 + 0.23 

87.2 + 0 . 22 

87. 2 + 0.18 

87.2 + 0.12 

mole % GC 

37 . 1 % 

34.1 % 

34.4 % 

42.4 % 

43 . 9 % 

43 . 2 % 

43.7 % 

43.7 % 

43.7 % 



Z. me U is 

CBS 736 

Z. bispor'US 

CBS 1082 

Z. r ouxii 

CBS 678 

Z. ci dri 

CBS 4575 

Z. mraki i 

CBS 4218 

85.7 + 0.17 

87.3 + 0.17 

85.9 + 0.17 

86.5 + 0.09 

85.9 + 0.05 

40 % 

43.9 % 

40.5 % 

41.9 % 

40.5 % 

The differences between the species Zygosaccharomyces rouxii , Z. bai Zii and 

Z. bi spor'Us are not all clear . Van der Walt (in the Yeasts, 1970) separated 

Z. r ouxii from the other two specie s by its ability to u s e maltose but repor

ted th at this property could be acquired by strains that had been identified 

with the other species. From this it appears that the use of maltose is not a 

suitable characteristic to separate the se species. Van der Walt also recogni

zed l two varieties by their ability to grow on 60 % (w/ v) glucose, Z. bi spor'Us 

var. meZZis and Z. baiZii var. osmophiZus. The %GC of the DNA of strains of 

these two varieties falls within the range of Z. rouxii (40-41 %) and is lower 

than the range for Z.baiZii var . baiZii (42 . 4-43.9%) and Z. bispor'Us var. 

bisporus (43.7-44.1%). Moreover the type and most strains of Z. baiZii var. 

baiZii do grow on 60% gluco se, though usually somewhat more slowly than the 

strains of the variety osmophiZus . Z. baiZii has been reported to be highly 

r e sistant to preservatives such as benzoic and sorbic acids . There appears to 

be a corre lation between DNA base c ompositions, high resistance to sorbic acid 

and cell size which allows recognition of three taxa, Z. rouxii (syn. Z. bai 

Zii var. osmophiZus and Z. bispor'Us var. meZZis ) , Z. bispor'Us and Z. baiZii. 

This will be investigated further. 

Attempts were also made t o trace Barker's original strain of Z . barkeri, 

the type species of the genus Zygosaccharomyces . There were two possible can

didates : a strain deposite d by Beij e rinck with the CBS and another deposited 

by Harden with the NCYC. Unfortunately there was insufficient information 

available to establish with certainty that either of these is Barker's strain, 

therefore a neotype will have to be chosen. From the description this species 

could be equally weIl identifie d with Z. rouxii or Z. baiZii . However, Barker 

also reported that af ter prolonged cultivation on malt agar, the fermentation 

of malt extract became more vigorous. This observation possibly indicates that 

this strain was adapting to maltose, a phenomenon observed in Z. rouxii but 
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not in Z. baiZii. Therefore the strain of·Z. rouxii CBS 732 will be proposed 

as neotype of Z. barkeri. 
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INTRODUCI' ION 

The central theme of the research carried out at the Laboratory is the ori

gin of patterns of cellular differentiation. This theme is being approached 

on three different levels of biolo(lical organisation: the morphogenetic, the 

cellular, and the molecular level. This report is therefore organised on the 

basis of these three levels of approach, represented by sections 1-111. 

In reading the report two things should be borne in mind: (1) there is 

always overlap between levels of organisation; (2) research areas are classed 

under a given level on the basis of the fundamental problems that are primar

ily being studied, not on the basis of the methods used; therefore, research 

placed under a particular level willoften be found to use methods belonging 

in part to other levels. 

I. MORPHOGENETIC LEVEL 

This section describes research in which the main approach is aimed at the 

morphogenesis of the organism .as a whole or of certain of its parts, even 

though much of the research is on eggs, blastomeres and specific cell types. 

A. EMBRYOGENESIS IN AMPHIBIANS: ORIGIN AND ESTABLISHMENT OF EMBRYONIC AXES; 

ORIGIN OF PRIMORDIAL GERM CELLS 

The two major foci of interest in this subsection are: (1) the analysis of 

regional differences in the fertilised egg and the cleavage and gastrula 

stages, in connection with the establishment of the future dorso-ventral and 

antero-posterior axes of the embryo and with pattern formation in the meso

derm; (2) the origin of primordial germ cells in anurans and urodeles as an 

expression of the pattern of differentiation in the early embryo. 

i. The origin of bilateral symmetry in the egg 

In the period between oviposition and .first cleavage, pigment shifts in the 

superficial cytoplasm of the fertilised amphibian egg lead to the formation 

of the grey crescent and the consequent external symmetrisation of the egg. 

Internally, in the eggs of certain anurans a central region of "clear cyto

plasm" is present shortly af ter fertilisation (see previous reports). Prior 

to first cleavage this cytoplasm is progressively displaced towards the 

future dorsal side of the egg (and is then cal led the "dorsal cytoplasm"). 

This is a constant phenomenon and is the first internal morphological sign of 

bilaterality. It may be related to the final bilaterality of the gastrula, 

which is foreshadowedby the establishment of dorso-ventral polarity in the 

endodermal yolk mass of the blastula (see introduction to sect. iii below). 

1. Cinematographic observation of an "activation wave" on the surface of 

the fertilised egg rXenopus laevis} (K.Hara, P.Tydeman) 

Eggs were fertilised using a new method of local artificial insemination 
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(see sect.IV.1 below). The eggs were filmed simultaneously from above and 

from the side. Although the exact moment of sperm entry cannot be determined, 

at 5-8 min af ter the addition of sperm the first visible reaction appears on 

the films in the form of a light zo<ne moving as a wave away from the sperm 

ent rance point. This wave is cal led the "activation wave" (AW). 

The AW travels to the opposite side of the egg at a speed of ca. 0.5mm/min, 

which is ten times faster than the subsequently occurring "post-fertilisation 

waves" (PFWs) and "surface contraction waves" (SClvs) (see previous reports 

and sect. VI, refs. 7 , 8 ). Af ter the passage of the AW the pigment cap of the 

egg contracts ("activation contraction") , the egg rotates under gravity, and 

the cap relaxes again before the PFWs occur. The AW most probably reflects 

the propagation of cortical granule breakdown. 

2. The correlation between surface phenomena and internal cytoplasmic dia

plaeements in the fertiUsed (monospermie) egg (Xenópus laevis) (G.A. 

Ubbels, K.Hara, P.Tydeman) 

The superficial p igment shifts involved in qrey crescent formation and the 

concomitant internal cytoplasmic displacements are not necessarily causally 

related (see previous report, sect. I.A.i.2 and this report, ref.27). However, 

recent cytological observations corre lated in time with separately made cine

matographic observations show that the occurrence of the two "post-fertilis

ation waves" (PFlvs, s ee ref. 7) coincides temporally with changes in the 

orientation of fibrillar structures in the segregated cytoplasm (ref.29). 

Thus the two PFWs may in some way be connected with the internal cytoplasmic 

displacements. This is supported by the observation that eggs activated arti

ficiall y by tap water or salt solutions reveal neither PFWs nor an eccentric 

displacement of the segregated c y toplasm. That a grey crescent is formed in 

such eggs suggests that the PFWs are not essential for external symmetris-

ation. 

A study has recently been started combining cinematographic analysis with 

cytological and cytochemical analysis of eggs from the same batch developing 

synchronously. 

3. Pigment displacements in polyspermically fertilised eggs (Xenopus laevia) 

(K.Rzehak, G.A.Ubbels) 

It has been found that the superficial pigment displacements differ between 

monospermic and polyspermic anuran eggs. Whereas Herlant and Brachet (1910-

1912) found that in Rana temporaria eggs fertilised by more than one sperm 

can be externally distinguished only during first or second cleavage, in 

Xenopus polyspermy can be recognised as soon as the darkly pigmented points 

of sperm entrance become visible, i.e. shortly af ter the initial "activation 

contraction" of the animal pigment cap (see previous report, sect. I.A.i.2 

and this report, ref. 27 ). A further local concentration of pigment then takes 
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place around each sperm entrance point. Since areas where the pigment accumu

lates are very of ten seen to be thrown into folds, we suggest that pigment 

concentration is connected with local contraction of the cortex. As the areas 

in which the pigment accumulates increase in size, the surface from which the 

pigment is shifted away becomes almost as light as the surface of the vegetal 

hemisphere. 

In dispermically fertilised eggs the grey crescent is always formed 

opposite a point half-way the shortest di stance between the two points of 

sperm entrance. In eggs containinq more than two sperms the surface between 

the areas of pigment accumulation is usually so poor in pigment that the pos

ition of the grey crescent cannot be established with certainty. 

4. The possible factors involved in cytoplasmic movements in the fertilised 

egg (Xenopus laevis) (G.A.Ubbels, K.Rzehak) 

This work was started in 19 75 (see report for 1975 , sect. I.C.1) and par

tially continued in 1976 (see previous report, sect. I.A.i. 3) . lts aim is to 

test the hypothesis that in the anuran egg the entrance of the sperm evokes 

and/or activates a kinetic system that is responsible for the dorsal displace

ment of the "clear cytoplasm" (CC), and to study the kinetic system itself 

more closely. 

In dispermically fertilised eggs, where the mitotic spindIes tend to lie 

parallel to each other, the CC is always displaced to o ne side and comes to 

occupy a position opposite a point half-way the shortest di stance between the 

two sperm entrance points, i.e. in the region where the grey crescent is 

formed in such eggs (see 3 above). Preliminary observations suggest that in 

trispermic eggs, where the long axes of the mitotic spindIes of ten form a 

triangle, the CC is also displaced to one side and comes to lie opposite a 

point between two of the three sperm entrance points. In strongly polyspermic 

eggs (8-15 sperms), in which multipolar -spindles are of ten found, the CC re

mains centrally located. 

The chemical nature of the fibrillar structures present in the CC (see 

previous report, sect. I.A.i.4a), which are conceivably involved in its 

dorsal displacement, is being characterised further by means of fluorescent 

antibody techniques. 

5. Electron microscopy of the "dorsal cytoplasm" in the fertilised egg 

(Xenopus laevis) (G.A.Ubbels, A.R.J.Bleumink) 

This work is a continuation of that described in the previous reoort (sect. 

I.A.i.4b). At that time no fibrillar components could be demonstrated in the 

dorsal cytoplasm at 60 min post-fertilisation with the ultrastructural tech

niques used. The search for them is being continued at the same and earlier 

stages, using an improved preservation method which enhances contrast of sub

cellular structures. 
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The dorsal cytoplasm contains many cytoplasmic vesicles. I~hether their 

presence is related with the formation of the asters and/or the mitotic appar

atus is being inves tigated at 70 min post-fertilisation . 

6. The morphogenetic significance of the "dol'saZ cytopZasm" rXenopus Zaevis} 

(J .11. Cleine) 

This work is a continuation of that by R.T.M.Hengst described in the pre

vious report (sect.I.A.i.S). lts purpose is to test whether the mitochondria 

and cytoplasmic vesicles present in abundance in the "dorsal cytoplasm" (see 

previous report, sect .I.A . i.4b) may have a morphogenetic function in the es

tablishment of the dorso-ventral axis of the egg and embryo. 

To this end pellets consisting of mitochondria and cytoplasmic vesicles 

(0. 2-1.0 , um in diameter) are obtained by fractional centrifugation of eggs 

and blastulae ranging from just af ter fertilisation to stage 7 (N.& F.). This 

material is then injected ventrally into uncleaved eggs at 30-60 min post

-fertilisation. Only prel iminary results have been cbtained so faro 

ii. The state of dorso-ventral polarisation in early cleavage stages 

This work is a continuati on of that described in the report for 1975 (sect. 

I.A.l; see also previ o u s report, sect.I.A.ii.la). lts aim is to ascertain 

whether there are morphogenetic differences between dorsal and ventralb l asto

meres , either in the a nimal or in the vegetative portion of the embryo, or in 

both. Such differences could be the expression of the internal bilaterality 

of the uncleaved egg (see i above) and could play a role in the establishment 

of the later dorso-ventral polarity of the endodermal yolk mass with respect 

to mesoderm induction (see introduction to sect.iii below) . 

1. Dissociation and l'e- association of bZastomel'es of eal'Zy embl'yos rXenopus 

Zaevis} (H.Takasaki, K.Hara) 

Fertilised egqs were dejellied and p laced in 1/15 11 phosphate buffer sol

ut ion (pH 7.8) with the vitelline membrane intact. Cleavage proceeded at the 

norrnal rate but the blastomeres lost their normal contacts . When the vitel

line membrane was subsequently removed the embryo fell apart into single 

blastomeres. \~en the vitelline membrane was left intact and the embryos were 

returned to norrnal lIoltfreter solution before the 64-cell stage, they devel

oped into normal larvae. In contrast, blastomeres isolated af ter vitelline 

membrane removal at the 32-cell stage or earlier and re-associated in norrnal 

Holtfreter developed poorly due to early arrest of cleavaQe. 

In order to obtain better develoDment of blastomere recombinates, animal 

blastomeres isolated by the above method were re-associated with veqetative 

blastomeres isolated surgically, or vice vel'sa. Such recombinates formed ab

normal embryos of various kinds. The results are being analysed in Japan. 
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iii. Mesoderm induction; regional differentiation of mesoderm; neural 

induction 

In the amphibians the mesoderm arises from the totipotent animal ("ectoder

mal " ) moiety of the blas tula a s a r e sult of an inductive action emanating 

from the vegetati ve yolk mass (the future endoderm). The inductive capacity 

is strongest in the dorsal portion of the yolk mass and markedly declines in 

its lateral and ventral portions . Thi s dorso-ventral polarisation of the pre

sumptive endoderm accounts for the g reater width of the induced mesodermal 

marginal zone on the dorsal side in the late blastula, and probably also for 

the regional pattern of mesodermal differentiation in later stages. 

1. The extens ion of mesoderm induction i nto t he ect odermal cap of the 

blastula and ear ly gas trula (Ambystoma mexicanumJ (E.C. Boterenbrood) 

This work is a continuation of that described in the r ,eport for 1974 (sect. 

I.B.4). At that time e xperiments were performed to analyse the extent of 

mesodermisation of the animal moiety of the embry o at successive stages of 

mesoderm induc tion b y the vegetative yolk mass. To enhance the differen

tiation of the mesoderm the dors al halves of two isolated animal caps were 

fused together with their animal-vegetative axes in line, and cultured for 

8-10 day s. Embryo s were used of stages 7 to 10 (Hara & Boterenbrood, see 

ref. 6 ) . 

The e xp lants hav e now been analy sed qualitatively. They show considerable 

differentiation of dorsal mesodermal str uctures. Apart from mesoderm, pharyn

geal endoderm is also formed; it is abundant in explants of later stages but 

scarc e or absent in explants of s tage 7. In normal development the most veg

etative part of the presumptive notochordal area in the marginal zone ac

quires differentiation tendencies for pharyngeal endoderm. This 'endoder

misation" i s a s sumed to be the ultimate step in the process of meso- endoderm 

induction ("vegetalisation", Nieuwkoop & Ubbels, 1972 ). The above results 

sugges t that it takes p lace already shortly af ter stage 7. 

The quantitative analy sis of mesoderm differentiation in these explants is 

in progress. 

2 . The possible relation between t he regional pattern of mesoderm di fferen

tiation and regional quantitative differences in mesoderm-i nducing ca

pacity in t he endoderm (Ambystoma mexicanum, Tr i t urus alpestrisJ (E.C. 

Boterenbrood, J.Narraway ) 

This work is based on experiments carried out last year with T.W.Suryono 

(see previous report, sect. I.A.iii. 2 , third par.). The problem studied was 

whether purely quantitative differences in mesoderm induction can lead to 

regional differences in mesoderm differentiation. In last y ear's experiments 

the effective period of mesoderm induction was varied by making recombinates 

of the dorsal part of the vegetative yolk mass with ectoderm of successively 
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older gastrula stages, making use of the fact that the mesodermal cornpetence 

of the ectoderm is known to disappear towards the middle of the gastrulation 

period. 

The analysis of the recornbinates has now shown that ventral mesodermal 

structures appear af ter a short effective period of induction, while longer 

periods of induction result in the additional formation of mesoderm which is 

increasingly more dorsal in character. This suggests that in normal develop

ment the dorso-ventral regionality of mesodermal differentiation may indeed 

be due to regional quantitative differences in mesoderm-inducing capacity in 

the endoderm. 

Because in the Ambystoma material used the frequency of ventral mesodermal 

structures was too low to allow very clear conclusions, the experiments were 

repeated with material of Triturus alpestris, which is known to give better 

differentiation of ventral mesodermal structures under experimentalconditions. 

These recornbinates are being analysed. 

3. The effects of inhibitors of RNA and protein synthesis on neuralinduction 

in vivo (Ambystoma mexicanum) (r1. Sala) 

Neural induction in amphibians is assumed to occur in phases, during which 

the inductive factors are first formed in the archenteron roof and then re

leased stepwise to the overlying competent ectoderm. In this studyactinomycin 

D and puromycin were injected, first into the blastocoel and later into the 

gastrocoel, at various times during the induction process (stages 10, 10~, 

10\ and 13~ H.). The gross morphological effects were recorded photographi

cally and the ernbryos were fixed at regular intervals. They are being studied 

histochernically in Italy. 

ivo The origin of the primordial gerrn cells 

Research carried out in this Laboratory since 1973 (see previous report, 

sect. I.A.iv) has shown that the origin of the primordial germ cells (PGCs) in 

anuran and urodelan amphibians is fundamentally different. In the urodeles 

the PGCs do not arise from special cells in the endoderm but from common toti

potent cells of the animal ("ectodermal") moiety of the blastula; they are a 

normal constituent of the mesoderm that is induced by the presumptive endo

derrn (see introduction to sect . iii above). An uninterrupted "germ line" such 

as is taken to exist in anurans is not found here. This finding has led to a 

renewed interest in the problem of germ cellorigin. One aspect of this prob

lem is whether the so-called germinal cytoplasm found in amphibian PGCs plays 

a role as a germ cell determinant. 

1. Time and mode of determination of primordial germ cells in urodeles 

(Ambystoma mexicanum) (P.D.Nieuwkoop; A.Sutasurya, Bandung) 

Last year three series of experiments were carried out in which thepresump-
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tive or definitive, ventral or lateral mesoderm of gastrulae and neurulae was 

explanted alone or combined with ventral endoderm as potential inductor (see 

previous report, sect. I.A.iv.l). A preliminary analysis of the experimental 

material in Bandung has now shown the following: 

(1) The formation o f PGCs as part of the induction of the entire mesoderm 

by the vegetative yolk mass is a p recocious event that (at least in Ambystoma) 

is independent of later local inductive influences from the ventro-caudal en

doderm. (2) In contrast, blood cell formation in the ventral mesoderm seems to 

be due to alocal inductive effect of the ventro-caudal endoderm during late 

gastrulation and early neurulation. (3) Ventro-caudal endoderm does not seem 

t o be able to neutralise the inhibitory effect o f the notochordal anlage on 

PGC formation, which is thought in normal development to be responsible for 

the restriction of PGC formation to the ventral marginal zone . 

2. Formation of pr imordial germ eells in xenoplastie reeombi nat es 0: anuran 

and urodelan mat erial (P.Michael) 

To throw more light on the strongly divergent modes of origin of the PGCs 

in anurans and urodeles, experiments have been started in which animal, ecto

dermal caps of anuran blastulae are recombined with veqetative yolk masses of 

urodelan blastulae, and vice versa . According to our present hypothesis the 

former type of recombinate is expected to be sterile, while the latter will 

contain both anuran and urodelan PGCs. l1aterial of s everal different anuran 

and urodelan species is being tested t o find the mos t viabie combinations. 

3. Book on pr i mordial germ eells in t he Chordates (P.D.nieuwkoop , A.Sutasuryéll 

This year our main scientific activity has been the writing of a monograph 

on PGCs in the Chordates at the request of Cambridge University Press. This 

considers both embryoloqical and phyloqenetic aspects o f the subject.. The 

manuscript is completed. 

4. The e f fec t of UV-irradiation on t he germ eell lineage (Xenopus laevi s) 

(K.E.Dixon) 

UV-irradiation of the vegetative hemisphere of anuran eggs or early embryos 

causes serious disruption to the germ cell lineage (see Züst and Dixon, 1977). 

We have addressed the question whether this disruption is due to specific 

effects on the germinal cytop lasm in the egg (the putative germ cell determi

nant) or to more general ef f ects on embry ogenesis . 

4a. Cinematoqraphic observations on cleavage and gastrulation in irradiated 

embryos (with K.Hara and P.Tydeman) 

We envisage the possibility that UV-irradiation pri~arily disrupts morpho

genetic processes of cleavage and gastrulation, and th at this disruption only 

secondarily leads to sterility. Uncleaved eggs were irradiated from the veg-
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etative side. Each eqg was placed next . to an unirradiated control egg and the 

pairs were filmed from above and below from first cleavage till the end of 

gastrulation. Durinq the per iod of synchronous cleavane the vegetativeblasto

meres of irradiated embryos showed disturbances in cleavage furrow formation. 

The start of gastrulation was delayed and gastrulation was of ten temporarily 

blocked by extrusion of the yo lk plug or by expulsion of the already invagi

nated endodermal mass. 

The temporal cleavage pattern of the animal blastomeres was not affected 

during the period of synchronou s cleavage. However , during the subsequent 

period of asynchronous cleavage the cleavage cycles were lenqthened as com

pared with the control embryos. 

Whether these morphogenetic disturbances are related to ultimate sterility 

i s still unknown . 

4b. Other studi es on the uv effect 

Eggs were irradiated in such a way that the reg ion of the cytoplasm contain

ing the putative germinal determinant was shielded from uv. The qerm cell 

lineage of the resulting embryos will be compared with that of embryos devel

oped from eggs irradiated in the usual way . 

The effects of UV on cleavage could be mimicked by injections of a Ca++ 

buffer. The resulting embryos will be examined to see whether this treatment 

also causes disruption to the qerm cell lineage. 

These studies are being continued in Australia. 

11. CELL-BIOLOGICAL LEVEL 

Thi s section describes research in which the main approach is aimed at the 

cellular aspects of development (cell ultrastructure, cell interactions, cell 

behaviour, etc.), even though most of the research has distinct morphogenetic 

implications. 

A. EPITHELIAL-t1ESENCHYMAL INTERACTIONS IN tlAHl'1ALIAN ORGANOGENESIS 

The pattern in which a branching epithelium develops, such as that of the 

salivary gland, lunq or kidney, is characteristic for each organ and can be 

described in terms of points of branchinq and growth of the epithelium. It 

has long been known from orqan culture experiments that the investing mesen

chyme is essential for both qrowth and morphogenesis of these epithelia. Re

combinates of epithelium and mesenchyme are being used to investiqate branch

ing morphogenesis in vitro . 

1. TransfiZter tissue interaction i n Zung morphogenesis (Mus muscuZus) (K.A. 

Lawson, W.A.M.van Maurik, J.G.Bluemink) 

Intimate cell contacts between mesenchyme and epithelium and discontinuities 

in the basallamina are present at the distal ends of the outqrowing lung pri-
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mordium, i.e. in the region where new buds, and thus branch points, are be

ing formed (see previous report, ref.l). The possibility that such contacts 

are necessary for branching morphoqenesis is being examined by means of trans

filter cultures, using Nuclepore filters (see previous report, sect.II.A.l). 

la. Fine structure of transfilter cultures 

Epithelium responding transfilter to mesenchyme forms basal as well as lat

eral clefts. The clefts are lined with Alcian Blue-staining material (acid 

glycosaminoglycans) and frequently con ta in fibrillar (collagen) material. At 

the periphery of the clefts cytoplasmic processes traversing the filter from 

the mesenchyme can sometimes be found in intimate association with the epi

thelium where the basallamina is discontinuous. Much fragmented cytoplasm is 

found in the clefts; such debris is never found in transfilter cultures where 

whole mesenchyme cells crawl through the pores (0. 3/um pore diameter). It is 

hoped to identify the oriqin of this material with an immunological technique. 

lb. Correlation of epithelial response and cytoplasmic penetration of the 

filter pores 

Epithelial response to mesenchyme transfilter is quantitatively reduced 

with decreasing pore diameter below 0. 8 pm. Epithelium regularly forms clefts 

on 0.2 and 0.4 pro filters but only very occasionally on 0.1 pm filters. Epi

thelium is not maintained transfilter on 0.05 pm pore filters, although intact 

organ rudiments develop normallyon these filters. Counts (in transverse sec

tions) of the percentage pore openinqs containing cytoplasmic processes indi

cate th at fewer of the mesenchymal processes penetratinq the underside of the 

filter emerge at the upper side when this is covered with epithelium. Counts 

on the upper side of 0.2 and 0.1 pm filters are too low for reliability. Pre

liminary results from scanning electron microscopy show that (in the absence 

of epithelium on top of the filter) ca. 5% of the upper surface of 0.1 pm 

filters is covered by cytoplasmic extensions from mesenchyme cultured on the 

underside, as against ca. 12% when 0.2 pm filters are used. A method is being 

developed to examine the situation under epithelium on 0.2 and 0.1 pm filters, 

where complete penetration is expected to be very sparse or very localised. 

2. Specificity of mesenchyme requirement for branching morphogenesis (!tus 

mus cu Zus , Rattus norvegicus) (K.A.Lawson, J.G.Stroop-Wijchman) 

If the mechanism of branching morphogenesis is basically the same in differ

ent organs, a degree of interchangeability among mesenchymes of different 

organs could be expected. Althouqh it was long held that there is a highjegree 

of specificity in mesenchyme requirement for salivary, lung and kidney devel

opment, we have shown earlier th at lung mesenchyme is able to support salivary 

epithelial development (Lawson, 1974) and that salivary mesenchyme can support 

lung epithelial development (see previous reports). Recombinates of both rat 
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and mouse material have now shown that both submandibular and lung mesenchyme 

are able to support growth and branching of the ureteric budo However, no 

conditions have been found in which metanephric mesenchyme supports morpho

genesis of salivary or lung epithelium. 

As described in the previous report (sect .II. A.2), the ability of lung epi

thelium to develop in salivary mesenchyme has been exploited to investigate 

which tissue component controls the branching pattern of the e p ithelium. This 

experiment has been refined and repeated and the conclusion th at the mesen

chyme controls the timing and position of new branch points has been 

confirmed. 

B. REGIONAL DIFFERENCES IN THE PLASHA MEMBRANE OF THE AMPHIBIAN EGG 

Experimental evidence suggests that the distribution of cytoplasmic com

ponents in uncleaved, fertilised eggs of different anima 1 groupq may depend 

on the cortex, i.e . the plasma membrane and its associated structures (Dolla~ 

der, 1961, Pasteels, 1964, Arnold and Williams-Arnold, 1974). Accepting the 

idea that a cortical pattern of information can be set up and maintained for 

some time in the form of an anisotropic organisation of the plasma membrane, 

it would be of interest to know whether regional differences in plasma mem

brane composition exist. 

1. FY'eeze- fractw'e electY'on micY'oscory of t he plasma membY'ane of the feY'ti 

lised err (Xenorus laevis) (J.G.Bluemink, L.G.J.Tertoolen) 

la. The particle pattern of the plasma membrane as related to animal-vegetat

ive polarity 

The aim of this study was to compare the animal and vegetative hemispheres 

of the fertilised , uncleaved XenoDus eqg. Freeze-fracture electron microscopy 

of the plasma membrane shows that intramembranousparticles (IMPs) range in 

size from ca . 50 to 200 ~, and that more IMPs are attached to the E-face than 

to the P-face (see also report for 1975, sect.V.2a and previous report, ref.2) . 

IMp-free regions (diameter ca . 0.1 pm) on the tips of surface protrusions 

(E-face) are irreqularly distributed and occupy ca. 8 . 5% and 2% of the total 

area in the animal and vegetative half, respectively. The overall IMP den

sities (E-face) of the animal (1934 ~ 262 IMPs /pm
2

) and the vegetative hemi-
2 

sphere (187 2 + 229 IMPs/pm ) do not differ significantly (P>O.l). The rela-

tive densities of IMPs of 16 different size classes were compared in seven 

animal and seven vegetative halves, counting ca. 10,000 IMPs in each hemi

sphere. For IMP sizes of~ 81 ~ a significant difference (P<0.0005) was found, 

more small IMPs being present in the animal half. 

The complementary P-faces have many small p its (the "negatives" of the IMPs 
2 

on the E-face) but only a small n11mber of IMPs (ca. 100 IMPs/pm ). A compari-

son of P-faces obtained from the animal and the vegetative hemisphere showed 
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no difference in IIW density. 

The results have been submitted for publication (see ref.17). The animal

-vegetative anisotropy observed in the Xenopus egg may represent a phase-spe

cific topographical pattern of surface components (cf. McMahon and West, 1977i 

which is under homeostatic control. Whether or not plasma membrane anisotropy 

is r e lated to the distribution of cytoplasmic components is open to further 

investigation. 

lb. Evidence for particle-associated filaments 

In freeze-fracture electron micrographs of the plasma membrane the IMPs are 

not simple globules. Filament-like extensions give a spiny appearance to the 

profiles of many IMPs. Occasionally longer filaments (IMPFs) are seen to ex

tend from an IMP or, more rarely, to run from one IMP to another. They are ca. 

20 R thick. This finding has been submitted for publication (see ref.16). 

In the amphibian egg the plasma membrane is intimately associated with an 

intricate cortical filament network. The apposition of a microfilamentous 

network to the plasma membrane could provide the rigidity needed to withstand 

stress forces during morphogenesis and to maintain cell surface topography. 

Putative linkages between intrinsic membrane proteins and elements of thecyto

skeleton have been suggested in the literature. The IHPFs might represent the 

thin elements of the anastomosing cortical network, drawn out from the cyto

plasm during freeze-fracturing. Alternatively, they may be embedded in the 

hydrophobic core of the lipid bilayer. Whatever their nature, they are prob

ably instrumental in creating long-range stability in the plane of the mem

brane. 

C. MORPHOGENESIS AND PATTERN FORMATION IN CELLULAR SLIME MOULDS 

The cellular slime mould Dictyostelium discoideum (Dd) has been chosen as a 

model system for identifying general rules for cell behaviour underlying 

morphogenesis and pattern formation. We are concerned with understanding the 

later (post-aggregation) development of this organism: development of the 

multicellular slug leads to the formation of a fruiting body containing apro

portionate pattern of two cell types (stalk cells and spores). 

1. Identification of rules controlling cell movem~nt and cell contact 

(Dictyostelium discoideum) (A.J.Durston, C.Weinberger, S.Matsukuma, F.C. 

Vork) 

Last year we developed a vital staining method (using neutral red) which 

enabled us to visualise movements of individual cells in later Dd structures 

(see previous report, sect.II.C.2a). This method, in conjunction with time

-lapse filming, has permitted detailed observations of cell movement and cell 

contact during later Dd development (see ref.18). 

All later stages show periodic waves of cell movement (period 3-10 min, 
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velocity about 50 ~/min). These resemble waves seen during the aggregation 

stage of Dd development. This suggests that two cell competences that control 

cell movement during aggregation (chemotaxis and signal relaying, both in re

sponse to 3',5', cyclic AMP) persis t throughout later development (see pre

vious report, introduction to sect .II.C. 2). We are investigating this point 

further. The waves show specific geometries determined by developmental stage. 

They are important for all later morphogenetic movements and patternformation. 

The Dd tip is a pacemaker for wave initiation throughout development. This 

accounts, in part , for its properties as an organiser. 

Cells in all later stages are connected head-to-tail in files. This suggests 

that the so-called contact sites A, which connect cells end-to-end in the ag

gregation stage , also connect l ater cells. Cell files are oriented along the 

slug's long axis and account for certain polar properties of later stages. 

Under certain conditions, neutral red is a specific stain for the prestalk 

cell (see 2b below) . Slugs therefore of ten show an axial pattern of neutral 

red staining. We detected two interesting features with respect to this pat

tern. (1) Stained cells continually move backward from the anterior prestalk 

zone and accumulate in the rear end of the slug. We suspect, as did Bonner 

(1951), that this process leads to the formation of the (stained) rearguard 

zone of the slug . (2 ) Unstained (prespore) tissue is of ten paralysed. The 

details of paralysis suggest that this occurs due to a response to a super

threshold concentration (or other parameter) of a sub stance which is present 

as an axial gradient in the slug. Prespore ce ll paralysis plays a vital role 

in certain morphogenetic movements (e.g., rounding-up prior to fruiting body 

formation) . It i s also important in pattern formation. When the anterior pre

stalk zone is removed from a slug, the remaining ~osterior portion regulates 

and makes a new prestalk zone (and a new tip). During this process, stained 

(prestalk) celIs, which were initially scattered throughout the unstained 

tissue, sort out and aggregate to form the prestalk zone. During sorting-out, 

prespore tissue is paralysed and the prestalk cells move periodically, as in 

aggregation. We are investigating the mechanism of prespore cell paralysis. 

2. Identification of ruZes controZZing ceZZ differentiation (DictyosteZium 

discoideum) (A.J.Durston, F .C.Vork) 

2a . Immunofluorescence studies (with S.K.Brahma, Lab. of Anat. and EmbryoI., 

State Univ. of Utrecht, and P.Poot) 

We acquired an immunofluorescent staining technique which reliably dis

tinguishes prestalk from prespore celIs. A rabbit antiserum is prepared 

against freeze-dried Dictyos teZium mucoroides spores Isimi larly as by Takeu

chi,. 1963). This binds to appropriate l y fixed prespore cells of Dd but not to 

prestalk celIs. The prespore cells are then stained with FITC-goat anti~abbit 

IgG. We are now employing this stain to investigate the control of cell dif

ferentiation. 
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2b. Ultrastructural studies (with J.G.Bluemink and W.A.M.van Maurik) 

In continuation of the study mentioned in section II.C.3 of the previous 

report, we have found that the neutral red-staining organelle is anautophagic 

vacuole which is virtually cell type-specific for prestalk cells in old mi

grating slugs. 

3. The roZe of the eeZl eyeZe in Zater deveZopment (DietyosteZium diseoideum) 

(A.J.Durston, D.O'Day, F.C.Vork) 

Recent evidence shows that Dd cells c ontinue to divide during later develop

ment (Zada-Hames and Ashworth, 1977). We have started experiments todetermine 

if the cell cycle is related to differentiation in Dd. Our preliminaryresults 

suggest that it is. 

4. The reZationship of pattern :ormation to axial oradients (Dietyos teZium 

di seoideum) (A.J.Durston, F.C.Vo rk) 

Last year we showed that tip format ion in the sluq is regulated by twoaxial 

gradients: a stable activating gradient and a labile inhibito ry gradient (see 

previous report, sect.II.C.1 and ref. 6 ). We have investiqated therelationship 

between these qradients and the pattern of differentiation in the sluq. Our 

findings sugqest that the stable (activating) gradient relates to the pattern 

of differentiation; specifically,that it reflects the axial gradient in con

centra ti on of prestalk cells in the slug. The re s ults have been submitted for 

publication (see ref.4). 

III.MOLECULAR-BIOLOGICAL LEVEL 

This section describes research in which the main aprroaeh is aimed at the 

broadly molecular aspects of development: macromolecular assemblies, regulat

ory molecules and ions, their inte rac tions, and the atte ndant biophysical 

phenomena. 

A. REGULATION OF THE CELL C~CLE: ROLE IN DEVELOPMENT AND DIFFERENTIATION 

In this collaborative project the attention is being focussed primarily on 

the plasma membrane-cytoplasmic interactions which possibly play a role in 

the regulation of the cell cycle and thereby in the initiation of cellular 

differentiation. Murine neuroblastoma cells in vitro are being used as a 

model system for neuron al differentiation, which involves neurite formation. 

1. PZasma membrane- ey t orZasmie interaet ions during the ee ZZ eyeZe and di ffer

entiation of neurcb Zas t oma eeUsin '!it:.ro (cZones NeuY'0-2A and N1 E-11 5) 

(S.W.de Laat, P.T.van der Saaq, J.G.Bluemink, W.H.Moolenaar, S.A.Nelemans, 

H.P.M.Vijverberg, A.Feijen, M.M.Guarda, J.Struijk, L.G.T.Tertoolen, W.M. 

Vonk) 
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la. The role of membrane notential and ion metabolism in the regulation of the 

cell cycle and 'differentiation 

This work is a continuation of that described in the previous report (sect. 

III.A.la). The measurements of the membrane potential and the intracellular 

K+ activity in synchronised sparse cultures of Neuro-2A cells have been com

pleted. The results described previously were confirmed. A start has been 

made with tracer-flux experiments, using 86 Rb as an indicator for K+ transport. 

The main attention is now being focussed on the alterations in electricalmem

brane properties and Na/K metabolism induced by cell-to-cel l contacts. 

lb. The role of the microviscosity of the plasma membrane in the regulation 

of differentiation 

This research isbeing carried out in collaboration with Dr.M.Shinitzky 

(Weizman Institute of Science , Rehovot, Israel). 

The microviscosi ty :;. is a measure of the fluidi ty of the membrane lipid 

matrix. It is determined by measuring the rotational mobility of a lipidprob~ 

1,6 diphenyl-l,3,5 hexatriene, using fluorescence polarisation methods. Neur~ 

-2A cells were induced to differentiate by addina lmM dibutyryl cAMP + 200pgr 

isobutyl-l-methylxanthine/ml to the culture medium and ~ was measured at reg

ular time intervals. It decreases during the first eight hours of differen

tiation, to reach a stable level about 25% below that observed during the 

growth phase. The decrease in rl is apparent before gross morphological alter

ations can be observed . Treatment of the cells with lioid vesicles consisting 

of the saturated phospholipid dipalmitoyl phosphatidylcholine (DPPC) leads to 

a reversible increase in ~ , while lipid vesicles prepared from the unsatu

rated phospholipid dioleoyl phosphatidylcholine (DOPC) has the reverse effect. 

Incubation of the cells with DPPC vesicles during the induction of differen

tiation inhibits the formation of neurites completely but reversibly. DOPC 

vesicles have no significant effect on neurite formation. It may be concluded 

that an increase in membrane fluidity is a prerequisite for morphological 

differentiation. 

, 
lc. Lateral mobility of plasma membrane components during the cell cycle and 

differentiation 

This research was carried out by S.W .de Laat at Cornell University (Ithaca, 

N.Y., U.S.A.), in collaboration with Dr.E.L.EIson and Dr.J.Schlessinger (from 

the National Cancer Insti tute, Bethesda, 11d.). 

Membrane molecules can in principle show three types of motion: rotational, 

transversal and lateral. quantitative measurement of the nature and rate of 

molecular movements will provide an indication of possible changes in the 

dynamic properties of the plasma membrane and a means to analyse the molecu

lar mechanisms underlying s uch changes. The lateral mobility of membrane mol

ecules can be studied by the technique of fluorescence ohotobleachingrecovery 
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(FPR). The fluorescence intensity of a small area of fluorescently label led 

membrane, defined by a focussed laser beam (~rJ 2 pm), is recorded. Fluoro

phores within this area are irreversibly photobleached by a short pulse of 

intense laser light. Transport rates and the natur~ of the transport process 

(diffusion, flow etc.) of unbleached fluorophores into the bleached region 

from the surroundinn cell surface can be derived from the recovery of fluor

escence measured in the bleached region with attenuated laser excitation. 

Using FPR, the lateral ,mobilities of membrane lipids, qlycolipids and pro

teins were determined durinq the cell cycle and differentiation of Neuro-2A 

cells. As probe molecules we used the lipid analogue 3,3'-dioctadecylindo

carbocyanine iodide (dil), the fluorescein-labelled qanqlioside Glil, and 

rhodamine-labelled rabbit antibodies against murine El-4 cells. For cell 

cycle studies the Neuro-2A cells were synchronised by mitotic shake-off. 

The two lipid probes (dil and Glil) show a qualitatively similar modulation 

during the cell cycle. The diffusion coefficient is minimal in mitosis, in

creases rapidly two to three-fold during the G
1
-phase, remains constant 

during the S-phase, and decreases again shortly before mitosis. Membrane pro

teins show a different behaviour. Like membrane lipids they exhibit a minimal 

diffusion coefficient during mitos is, which increases about three-fold during 

G
1

. In contrast to the lipid probes, however, the protein probe shows a qrad

ual decrease in mobility during the S-phase and a return to the original mi

totic value at the S-G
2 

transition. 

The modulation of the lateral mobilities of dil and GMl during the cell 

cycle is correlated with the changes in rotational mobility of a lipid probe 

(DPH) as measured by fluorescence polarisation (see report for 1975, sect.V.~, 

report for 1976, sect.III.A.lb, and this report, ref.l0). This suggests that 

both the rotational and lateral mobilities of membrane lipids are subject to 

the same constraint: the fluidity of the membrane lipid matrix. Shortly af ter 

mitosis possibly an excess insertion of phospholipids into the plasmamembrane 

takes place, leading to an increase in membrane fluidity, an increase in the 

lateral mobility of membrane lipids and proteins, and a decrease in the den

sity of intramembranous particles (IMPs), as seen in freeze-fracture electron 

microscopy (see previous rep ort, sect.III.A.ld (ii». In the same period the 

membrane potential undergoes a depolarisation associated with a decrease in 

the intracellular K+ activity (see previous reports). The qradual decrease in 

the lateral mobility of proteins during S-phase is associated with an in

crease in the IMP density, a hyperpolarisation of the membrane potential, and 

an increase in the intracellular K+ activity (see previous reports). It seems 

plausible that a relative increase in the amount of membrane proteins or the 

insertion of specific membrane proteins causes modulations of the lipid-pro

tein and protein-protein interactions, which in their turn may be responsible 

for the observed changes in membrane properties during S-phase. 
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~Iorpholoqical differentiation of Neuro-2A cells was induced by adding 1mM 

dibutyryl cAMP + 200pgr isobutyl-1-methylxanthinejml to the culture medium. 

The lateral mobility of all three probes was measured 24 hr af ter the induc

tion of differentiation. In the region of the perikaryon the diffusion co

efficients of dil, "Ml and membrane p rotein are hardly affected by theprocess 

of neurite formation. However, neurites s how an increased mobility for all 

probes used (rv2x). We have found earlier that the microviscosity of the 

plasma membrane decreases upon differentiation (see report for 1975, sect . V. 

1c; submitted for p ubli cation). Taking this finding together with the results 

obtained by FPR, it can be concluded that outgrowing neurites acquire differ

ent dynami e membrane properties during differentiation. Evidently a topo

graphical heterogeneity is established in the plasma membrane. 

ld. Freeze-fracture electron microscopy of the plasma membrane· 

The study initiated last year (see previous report, sect.III.A.1d (ii» is 

being continued. A method has been developed to obtain quantitative data on 

the size distribution and topographical distribution of intramembranous par

ticles (IMPs). Usinq a Wang 2200 B-II minicomp uter system equipped with a 

digitiser, digital plotter, and dual floppy disc memory, the sizes and rela

tive coordinates of the IMPs are recorded from electron micrographs (magn. 
2 

x 252 ,800, area 0.5pm ). From these data a frequency distribution of IMP 

classes based on their diameter is calculated. The minima I difference between 

the classes is 10 ~ diameter. For any ranqe of H1P classes the recorded topo

graphical distribution can be compared with a computer-generated random dis

tribution. To this end the recorded area is s ubdivided into square subunits, 

each having a length of three times the maximum HU' diameter or a multiple 

thereof. The recorded distribution of IMPs per subunit is' compared with the 

random distribution, using the Kolmorogov-Smirnov test. Significant differ

ences between the recorded and the generated distribution for various sizes 

of subunits reveal different rates of IMP clustering or aggregation. This 

method is at present being used for a detailed analysis of the ultrastructural 

changes in the plasma membrane during the cell cycle of Neuro-2A celis. 

1e. Environmental pH as a growth regulator 

It has been known for a long time that the saturation density of both nor

mal and transformed cells in vitro clearly depends on the pH of the medium. 

Furthermore, at high cell densities a metabolic acidification of the medium 

can generally be observed. This has led to the concept that the environmental 

pH is implicated in the control of qrowth, the cell membrane probably acting 

as a mediator. More recently it has been f ound that some neuroblastoma cell 

lines differentiate at low pH. 

We have started an investigation of the role of environmental pH in the 

control of growth in Neuro- 2A cells. Reversible chanqes in growth rate,as a 
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re sult of changes in external pH , appear to be accompanied by changes in mem

brane fluidity, membrane structure, cAMP and ion metabolism, and desoxyglucose 

transport. Lowering the external pH from 8.0 to 6.5 leads to a reversible in

crease in the cell doubling time from 8 to more than 30 hr. This increase in 

cell cycle duration is associated with (1) a decrease in the microviscosity 

as measured by fluorescence polarisation of the lipid probe DPH, (2) a de

crease in the density of intramembranous particles as observed in freeze-etch 

electron micrographs, (3) an increase in cAMP content of the cell, and (~) a 

depolarisation of the membrane potential. Similar characteristics can be ob

served at high cell densities, when metabolic acidification of the medium 

takes place and growth is inhibited. It seems as if a low external ~H induces 

a G
1
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O 

membrane state. In proliferating cells all of the effects of low pH 

mentioned are reversed . In high-density cultures, where cell division no 

longer takes place and the external pH is low, rai s inq the pH to 7.6 will 

largely overcome the growth inhibition. 

lf. The role of plasma membrane compClsition in the regulation 0:" the cell 

cycle and differentiation 

A start has been made with the iso lation of plasma membranes for further 

biochemical analysis. As a first step the assays for a number of enzymes 

specific ior different membrane fractions have been worked out. The following 

markers are used for the plasma membrane: 5'-nucleotidase , Na/ K-ATPase, alka

line phosphatase, adenylate cyclase, and radioactive iodination of plasma 

membrane proteins. Microsomal markers are qlucose-6-p hosp hatase and NADPH

-cytochrome-C-reductase. Cytochrome-C- ox idase and acid phosphatase are u s eè 

as markers for mitochondrial and lysosomal membranes, respectively. Two 

methods for plasma membrane iso lation are beinCj compared: the nitrogen cavi-
++ 

tation method according to Wallach and the Zn -method according to Warren. 

The former method yields s mall membrane vesicles, the latter l arge membrane 

sheets; both types of membrane can be purified b y di fferential and density 

centrifugation. 

IV. OTHER RESEARCH PROJECTS 

1. A new method of local artificial insemination rXenopus laevis} (K.Hara, 

P.Tydeman, C.W.A.Gorlee) 

The methods for artificial insemination of amphibian eggs in use so far do 

not allow control of the p lace whe re the sperm enters the egg. For detailed 

studies on the establis hment of bilateral symmetry in the egg (see section I. 

A.i above) such control is an absolute requirement. To this end a simple but 

reliable method for local artificial insemination was develop ed. The unferti

lised egg, stripped from the female and with its jelly layer intact, is 

placed in "dry" condition against a sperm localiser made of p lastic plate, 
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which contains a sperm reservoir . In this way fertilisation occurs within a 

restricted area. The method has been submitted for publication. 

2. ReseaY'ch caY'Y'ied out in t he amphi bian .facility (R. Verhoe,,:-de ':'remery) 

2a. The regulation of reproduction and spawninq (Dis coploss us pictus , Rana 

l essonae , Rana pipiens , Bombina oY'ientalis ) 

The research described in section IV.2b of the previous report is being con

tinued. 

As regards Rana pi pi ens , it was found that mammalian gonadotropins are inef

fective for the induction of s p awnino ; we are f indinq out whether a species

-specific gonadotrooin i s commercially available. Attention has been paid to 

various environmental conditions for the hibernation of this s~ecies (day

-length, water and air temne rature, aeration). 

2b. Permanent markinq of adult amphibians (Xenopus laevis, Ambystoma mexicanwti 

The test s of the method of freeze-brandinq in Xenopus (see previous report, 

sect .IV. 2c) have been extended and the marks are now conspicuous and persist 

for more than a year . Chan0es in the marks are documented photographically. 

The method doe s not work for axolotls . We are trying to tag these by inserting 

tiny plas tic strips into the tail musculature. 

2c . Abnormalitie s o f egg maturation (Xenopus laevi s) 

We are inve s tigating whether occasional periods of bad ego quality could be 

due to faulty egg maturation. In some cases cytological abnormalities ofmatu

ration have been found. 

2d . l1utants and tumours 

At the request of a British colleague we have checked our axolotl colonyfor 

the presence of nuclear size nutant s; all hi sto l ogical tests were negative. 

Several amphibian tumours found at post-mortem examinations were sent to 

the National Museum of Natural History, Washington, O.C. for identification; 

two axolotl granulomas and a hematopoietic neoplasm of Xenopus were incorpor

ated into the Museum's Registry of Tumours in Lower Animals. 

V. MISCELLANEOUS 

1. Dr.A.Sutasurya used the Library faci lities for a period of ten weeks while 

writinq a book with Prof.Nieuwkoop (see sect.I.A.iv.3) . 

2. Prof.R.Chandebois used the Library facilities for a period of two weeks. 
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INTRODUCTION 

D. van der Mei 

The Institute was founded in 1957 as a result of a concerted effort of the 

Division of Natural Sciences of the Royal Netherlands Academy of Arts and 

Sciences and the Ministry of Science and Education to strengthen the posi

tion of ecological research in The Netherlands. This effort resulted in the 

establish~nt of three Institutes: two involved in aquatic ecology, namely 

the "Hydrobiological Institute" and tre "Division Delta-Research of the Hy

drobiological Institute" and one - "The Institute for Ecological Investiga

tion" - concentrating on problems of a terrestrial ecological character. 

The "Hydrobiological Institute" filled a gap that existed in biological and 

chemical research of the abundantly present fresh-water systems in The Ne

therlands. Due to the separate development of the two institutes for hydro

biological research their names were changed in 1968 in: "Limnological In

sti tute" and "Delta Insti tu te for Hydrobiological Research", respecti vely. 

The Institute has two departments, one in Nieuwersluis, the original site 

of the Institute, and one in Oosterzee (Friesland) (see Fig. 1). 

The Institute is financed by the Ministry of Science and Education by means 

of funds allotted to the Academy of Arts and Sciences. It has nowadays a 

staff of 12 scientists. Additionally research fellows, guest workers, stu

dents and trainees take part in the research programme. The Institute has 

close ties with several Universities, especially those of Utrecht, Amsterdam 

and the Agricultural University at Wageningen. 

The Research Programme 

Hydrobiological research in fresh-water systems was in its earliest phase 

of development when the Institute started its work. The research in the 

first years had therefore a mainly inventory character. In the late sixties 

this was followed by a phase in which several processes in the fresh-water 

ecosystem under study were described more thoroughly. 

In Nieuwersluis these two phases have now resulted in a major research 

effort in lake Vechten, aiming at a complete analysis of the ecosystem in 

this lake. At Oosterzee the investigations concentrate on algological pro

blems and on foodchain and production studies. 

The "Ecosystem study of lake Ve chten" involves three working groups: 

"primary and Secondary Production" , "Ecophysiology of Water Plants" and 

"Mineralization of Organic Matter". The"Tjeukemeer Research" is carried out 

by the working groups "Algology" and "Foodchain and Production Studies" 

(see Table 1). 

The Institute works along programmes for periods of five years, which are 

set up in consultation with a commission instalied by the Academy of Arts 

and Sciences. 
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The Institute organizes courses and training programmes for students from 

the Universities. Training and research facilities are also offered to 

scientists fr om abroad. Apart from the main projects carried out by the 

working groups, a number of separate subjects are studied in close co-ope

ration with departments and organizations that are involved in the manage

ment of fresh-water systems in The Netherlands. 

NORTH SEA 

o N"uweralul. 

Fig . 1 Mctp of study areas of the LirrrnoZogicaZ Institute - Tjeukemeer 

research, FriesZand and Zake Vechten resear ch, Utrecht . 
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Tjeukemeer 

research 

Lake Vechten 

research 

~ 

.Working group 

Algology 

Dr.J .R.Moed 
Dr.H.de Haan 
H.L.Hoogveld 
H.A.Kramer 
Th.de Boer 
J.Voerman 

Working group 

Foodchain and production studies 

Drs.J.Vijverberg 
D.M.Beattie M.Sc. 
Drs.W.L.T. van Densen 
P.J.Mac Gillavry 
Th.H.Frank 
A.G. Frank-Landman ---

r---
Working group 

Primary and secondary production 

Dr.R.D.Gulati 
Drs.W.A.de Kloet 
G.Postema 
K.Siewertsen 

Working group 

Ecophysiology of water plants 

Drs.P.H.Best 
Dr.C.L.M.Steenbergen 
Dr.H.J.Gons 
H.J .Korthals 
M.J.B.Bär-Gilissen 
J.H.A.Dassen 

Working group 

Mineralization of organic matter 

Dr.Th.E.Cappenberg 
Drs.H. Verdouw 
Drs.M.A.C.I.Blaauboer-Wiercx 
E.M.J.Dekkers 
M.D.M . Trommel 
R.van Keulen 
J.Kaper 
~ 

Table 1. Research scheme of the Limnological Institute. 
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TJEUKEMEER RESEARCH 

\\1QRKING GROUP "ALGOLOGY" 
J.R.Moed, H.de Haan, H.L. poogveld , H.A.Kramer, Th.de Boer & J.Voerman 

Introduction 

A study of the food-chain in Tjeukemeer within the framework of the In

ternational Biological Programme, also including the determinations of 

amounts of nutrients and numbers of algae was started about 1967 and fi

nished in 1971. 

In 1976 the working-group Algology was formed, in which the programmes 

of chemical and algological analysis and research on humic substances and 

on the ecology of diatoms were combined. The ultimate aim of the working

group is to explain the nature, magnitude and periodicity of algal popu

lations in Tjeukemeer. 

Comparison of several Friesian lakes with respect to their algal popu

lations has shown Tjeukemeer to be representative for these peaty lakes. 

Tjeukemeer is about 20 km2 in area with an average depth of about 1.5 m. 

It is part of the Friesian reservoir system, which in wet seasons collects 

water, rich in nutrients and humus, fr om the surrounding polders. In dry 

and warm seasons quite different water from IJsselmeer is allowed to enter, 

to maintain a particular level of groundwater. 

It is difficult to determine the amounts of water (and nutrients) trans

ported towards Tjeukemeer. Specific methods are needed to measure the a

mounts of nutrients released from the bottom of Tjeukemeer (including mi

neralization) in the presence of algal populations. Consequently, the ac

tual investigations are not aimed at the explanation of the magnitude of 

algal populations in relation to the amounts of nutrients, but at the na

ture and periodicity of these populations in respect to a.o. physical

chemical factors in Tjeukemeer. 

Therefore, chemical analytical methods are developed which will give 

more insight into the influence of the physical-chemical form of the nu

trients (like Fe and P) on their availability for algae. In this respect 

one might think of inorganic ionic, inorganic and/or mixed colloidal, and 

complexed (chelated) forms of the nutrients. 

The main reason for this study was the expectation that interactions be

tween the abundantly present dissolved humic material in Tjeukemeer and 

nutrients occur. 

To obtain the relevant compounds . gel-filtration and ultra-filtration are 

applied, whereas the availability for algae will be tested in chemostats. 

It has appeared that certain species of algae are annually dominant, 

whereas others are only incidentally dominant. Therefore, it is necessary 

to observe regularly the wax and wane of algal populations in Tjeukemeer. 

To represent the course of the algal populations both in numbers and bio-
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mass, determination of cel l numbers and l ength of threads are performed. 

Particular attention is paid to the ecology of diatoms; nowadays the ef

fects of depletion of nutrients and conditions of the bottom of Tjeukemeer 

on the shape and viability of diatoms are investigated. From such studies 

more knowledge may be gained about the mechanisms involved in the adapta

tion of algae to the changing conditions of Tjeukemeer. Diatoma eZongatum 

was chosen as a study organism. This alga is one of the dominant diatoms 

in the Tjeukemeer. Besides its ability to grow both in the "free water" 

and attached to plants it shows a pronounced variability in cell-length in 

nature. 

Unpublished results 

Determination of chZorophyZZ- a 

In co-operation with Dr. G. Hallegraeff (Limnological Lab. Univ. Amster

dam) the acidification procedure to correct for phaeopigment in the deter 

mination of ch lorophyll-a was improved. Acidification to pH= 2.6-2.8 ap

pears to give reliable results. Relevant required amounts of acid are de

pendent on the nature of the solvent and its watercontent. 

Determination of nitrate 

It was found that nitrate using suspensions of zinc (powder) at alkaline 

pH is converted quantitatively to nitrite. Interfering substances present 

in Tjeukemeer and polderwater can be removed by passage through an A1
2

0
3 

column. The obtained values of nitrite agreed closely with those determi

ned af ter the Devarda's method us ing Ness ler's reagent. 

UZtra-fiZtration experiments 

Starting with filtered (0.2Nm) summer Tjeuke meer- and polderwater and 

applying ultra-filtration it was found that : 

(a) most of the so- ca lled dissolved P was present in inorgani c colloidal 

practicles (70%) 

(b) this also held for Fe (> 90%) 

(c) in the relatively humus rich polderwater Fe was present (30%) in 

fractions, having astrong complexing capacity for Cu 

Research on fuZvic acids 

A study of the possible interactions between fulvic acids , amino acids and 
carbohydrates from Tj eukemeer , based on gel filtration at pH 7 . 0 

Sephadex G-25 gel filtration and dialysis at pH 3 . 0 and 7 . 0 of fulvi c 

acids from Tjeukemeer indi cat ed that more than half of the carbohydrates 

and amine a c ids, are probably not associated with the large molecular 

weight fulvic a c ids (r1.w. ~ SOOO) with which they were e luted fr om Sephadex 

at pH 7 . 0 . If they are assoc iated, this can only be by weak, acid-labile 

bonds (i.e. hydrogen bonds). I on exchange experiments , using Dowex 2-X8, 

Dowex 5OW-X8 and SP-Sephadex C-25 , conf irmed these results . 
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Curie point pyrolysis mass-spectrometry of the dissolved organic matter 
from Tjeukemeer . 

In co-operation with Drs. G. Halma (Agricultural University, 

Wageningen ) Curie point pyrolysis mass-spectrometry of the dissolved 

organic matter of Tjeukemeer was performed. The patterns obtained showed 

predominant peaks related to polysaccharides and amino sugars . Lower peaks 

were typical for proteinaceous material a nd phenol s. These resu l ts resem

ble those of the pyrolysls of soil fulvic acids. 

AZgo Zogy 

The survey of algae present in Tjeukemeer (1977) has shown that in Fe

bruari and March numbers of the diatoms MeZos i r a spp , AsterioneZZa f ormos a, 

unicellular centric and Diatoma eZongatum strongly increased . In April 
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numbers of D.eZongatum increased as weIl. Furthermore in October-November 

a slight development of mainly MeZosira spp. and Diatoma eZongatum could 

be observed (Fig. 2a-b) . 
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From March on populations of the blue-green algae Aphanizomenon flos 

aqua, Lyngbia sp., Oscillatoria limnetica, o. redekei and .O. agardhii 

started to develop. Af ter the end of May numbers of the blue-green algae 

decreased except for O. agardhii which remained at a high level until the 

end of July (Fig. 3a-b). 

As main green algae Scenedesmus spp., with maximal numbers in October, 

and Planctonema lauterbornii with a considerable development from the 

end of August till November were registrated (see Fig. 3c) . This consi

derable bIoom of Planctonema can be considered as exceptional, since du

ring the last 10 years only one time earlier, notably in 1970, a bIoom 

of this alga has been observed. 

Laboratory studies 

Evidence was obtained that Si-depletion is (co-) operative in the for

mation of curved cells of Diatoma elongatum. Analogous forms have been 

observed in nature. It is likely that during dark incubation of cells of 

D.elongatum degradation of chlorophyll-a occurs , which is revealed by 

the appearance of green spots during thin-Iayer chromatography of pigment 

extracts and by changes in the absorption spectrum of intact celIs. 

Articles in press 

Seasonal variations of fulvic acids , amino acids, and sugars in Tjeuke
meer, The Netherlands. 
H.de Haan & Th.de Boer. Arch. Hydrobiol. 

The concentrations of dissolved amino acids in the humus-rich, eutro

phic lake, Tjeukemeer, was recordered monthly during two years. The 

average content of dissolved amino acids is 2 . 9 mg 1-
1 

which is about 

6% of the total dissolved organic matter . Maximum amounts (13 % of total 

dissolved organic matter) were observed just af ter diatom, green and 

blue-green algal blooms. The dissolved amino acids were fractionated by 

Sephadex gel filtration into three fractions differing in molecular size. 

The distribution of the amino acids over these three fractions was al-

most constant throughout the investigation. Most of the dissolved amino 

acids were in relatively high molecular weight fractions (M.W. 5000) . 

Only 15% were free amine acids and/or simple peptides. 

In summer, the pattern of variation for dissolved sugars was similar 

to the pattern observed for amino acids. However, the orcinol-sulfuric 

acid method used for determina tion of sugars did not give reliable mea

surements in the absolute sense - apparently owing to interference by 

undefined low molecular weight allochthonous substances - and 50 the 

investigation of dissolved sugars must be regarded as preliminary. 
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WORJ<ING GROUP "FOODCHAIN AND PRODUCTION STUDIES IN TJEUKEMEER" 
J.Vijverberg, D.M.Beattie, W.L.T. van Densen , P.J.Mac Gillavry, Th.H.Frank 
& A.G.Frank-Landman 

Introduction 

In this working group the interre lation between the fish populations 

and their food organisms are studied (see Fig. 4). 

perch 
pike.perch 

Fig . 4 FieZd of research cavered by the warking graup "Faadchain and 

production in Tjeukemeer" (]974 - 1981). 
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Population structure, population density, fe cundity, mortality, growth, 

standing crop biomass and production are estimated for both the fish-and 

the most important fish-food species. The latter includes zooplankton 

(copepods and cladocerans) and macrofauna elements as chironomids, gam

marids and the opossum shrimp Neomy sis integer. Much work is direc ted to 

the ecology of fish-feeding under natural -as weIl as under e xperimental 

conditions in the aquarium. The results of these studies will be used in 

a simulation model to enable a description of this sub-system and to get 

more insight in its dynamics. 

The work is carried out in phase s. At the mome nt the interrelationship 

between 0+ fish and the ir food-organisms i s investigated. The 0+ fish 

are a prominent part of the sub-system in study, s ince the production of 

this year class is relatively high in relation to that of the older year 

classes. Generally 0+ fish production represents 50-90% of the total pro

duction of a fish species. 

Results 

The programme carried out during 1977 was very similar to that of the 

previous year. The 0+ fish and its food and feeding was intensively stu

died (see student reports: Sijbesma 1977, Vogel 1977, Beyderwellen 1978, 

de Graaf 1978 and Lammens 19 78 ) . 

The recruitment of all species, except for the smelt and the ruffe, was 

poor resulting in an overall-dominance of smelt in the open-water. Be

cause of the good survival of smelt in June and July this species could 

build up a large stock with low mortality during the rest of the growing 

season. In this way the other 0+ fish spec ies were indirectly protected 

against heavy predation b y pike-per ch. The poor survival of smelt during 

the comparable period in 1976 had led to a heavy predation-mortality on 

all o~,er species and had resulted in a dramatic decrease of numbers and 

a very poor year-class 1976. Both years gave extreme examples of depensa

tory mortality. 

Growth of the planktivorous bream and roach was poor because of low 

temperature during the growing season. Perch and ruffe grew very weIl on 

Neomysis i nt eger, which food s pecies was very abundant this year. The 

good growth of smelt was in accordance with the high abundance of Daphnia 

hyaZina, while the preferred Leptodora kindtii was Ie ss important as a 

food source than during the warm summer of 1976. The retarded growth of 

0+ pike-perch at the beginning of the growing season made it impossible 

for this species to become piscivorous and forced it to feed on Neomysis 

integer at the end of the season although large numbers of prey-fish 

(smelt) were present. At the end of 1976 pike-perch was also forced to 

feed on Neomysis integer. At that time this was not due to retarded 

growth but to the very low density of prey fish in the lake. 

Total 0+ fish production during 1977 was comparable to that of 1976 and 
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amounts to 150-200 kg ha-
1

. In contrast to 1976 , when all species had a 

comparable contribution to the total 0+ production, the production of 

1977 was dominated by smelt. 

To estimate the daily ration of 0+ fish mean stomach-contents and 

gastric evacuation rates were determined for 24 hour periods . From obser

vations on the feeding periodicity of smelt and bream they appeared to be 

typically day-time p lanktivores. Simultaneously performed observations on 

the evacuation rate in the field gave a negative bias. Further observa

tions on the gastric evacuation rate for smelt, perch and pike-perch will 

be done in the laboratory under conditions of constant feeding. 

In 1977 also the population structure, growth, fecundity , food and fee

ding periodicity of the ruffe in Tjeukemeer was studied (see student re

ports: Klein Breteler 1978 and Schouten 1978). This intensively predated 

benthophagic fish has a life-span of only 3 years and is already mature 

af ter the first year of life. The frequency distribution of the size of 

the eggs suggests that the younger females have a lower percentage of 

ripe eggs than the older ones. 

During routine sampling of the older fish it appeared that in 1977 the 

bream population showed considerable increase by the recruitment of the 

very strong year-class 1975, which together with the year-class 1970 

dominates the population. 

The stock of pike-perch in the lake has an extremely homogeneous compo

sition and is completely dominated by the strong year-class 1975, which 

is not followed by a recruitment of any size since then. 

published articles 

A comparison of the population ecology of AseZZus aquaticus (L) and 
AseZZus meridianus Rac. in the reed beds of the Tjeukemeer. 
Chambers, M.R. Hydrobiologia~; 147-154. 

The population ecology of AseZZus aquaticus and AseZZus meridianus was 

studied in a Tjeukemeer reed bed from March to October. The densities of 

the two species are similar at the beginning and end of the reproductive 

season, although A. meridianus is up to 3 times more abundant inbetween. 

In both species egg production is positively correlated to body length 

and summer brood sizes arê smaller than in the spring. A. meridianus be

gins to reproduce at smaller sizes than A. aquaticus and is also more 

fecund for overlapping si ze classes. Over the season as a whole both 

species have the same reproductive output. The life cycles of the two 

species are very similar with three main periods of reproduction and the 

populations being replaced twice during the year. Despite the differences 

between the species no factors are found which gives one species an 

obvious competitive advantage against the other. 
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The population ecology of Gammarus tigPinus (Sexton) in the reed beds of 
the Tjeukemeer. 
Chambers, M.R. Hydrobiologia 2l; 155-164. 

The population ecology of Gammarus tigPinus (Sexton) was studied in the 

Tjeukemeer during 1969 and 1970. G. tigPinus reaches very high densities 
2 

up to 24 ,000/m in parts of the study area. In 1970, the summer densities 

were 2-2~ times greater than in 1969 . Individuals do not grow to su eh 

large sizes in the summer as at other times of the year. Females begin to 

carry eggs in March or April and reproduction ceases in November. Large 

females have larger broods than smaller animals and the average size of 

the brood varies with the time of year. The egg incubation period and 

growth rate are dependent upon temperature. At summer temperatures females 

became sexually mature af ter about four weeks and the egg incubation pe

riod is about 10 days. The entire population is turned over about three 

times during the year. A combination of rapid growth rate , early onset of 

sexual maturity and high fecundity are probably responsible for the rapid 

spread of G. tigrinus throughout much of the Nether l ands. 

The return of marked roach (Rutilus rutilus L.) to spawning grounds in 
Tjeukemeer, The Netherlands. 
Go l dspink, C.R. J.Fish Biol. 11; 599-603 . 

A reciprocal transplant of marked roach between two spatially separated 

(3.3 km) spawning grounds is described. The recapture rates on the 'home 

grounds ' were higher than those obtained e lsewhere in the lake, which 

suggests that the roach exhibit a degree of fidelity to specific spawning 

grounds. 

Population structure , life histories and abundance of copepods in Tj euke
meer. 
Vijverberg, J. Freshwat. Biol . 2; 579-597 . 

The copepod zooplankton of Tjeukemeer was sampled at weekly intervals 

for 3 years (1969 - 1971) and ten species were recorded . Five species 

contributed more than 99% of all individuals collected. Acanthocyclops 

robustus is the most abundant species (66 %) , followed by Mesocyclops 

leuckarti (13 %), Cyclops vicinus (11 %) , Eurytemora affinis (9%) and 

Diacyclops bicuspidatus (1%) . 

The ecology of the A. robustus population in Tjeukemeer differs from 

other A. robustus populations in that it dominates the open~ater zone. 

This is an additional argument for a taxonomie revision of the A. vernalis

robustus complex. 

Seasonal periodicity in abundance of each species was very similar in 

3 successive years. 

All cyclopoid species went in to d iapause . A. robustus and M. leuckarti 

during winter, D. bicuspidatus and C. vicinus during summer. Most spe

cies diapause in a particular copepodite stage . 
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The seasonal variation in the population structure, the fecundity and the 

sex ratio are described. Both population structure and sex ratio were in

fluenced by diapause and size-dependent mortality. The fecundity was more 

influenced by the water temperature and the age structure of the female 

population than by food situation or size of the females. 

Articles in preparation or in press 

Life cycle and changes in carbohydrates, proteins and lipids of 
PentapediZum uncinatum Goet . (Diptera, Chironomidae) 
Beattie, O.M. Freshwat. Biol. ~; 109-113. 

The chemical composition and total individual biomass is described for 

the different larval instars, as well for the pupae and adults. During the 

winter-diapause absolute weight and chemical composition remains the same. 

When larval growth is resumed the greatest percentage increases are in fat 

and sugar content. 

Chironomid populations in the Tjeukemeer. 
Beattie, O.M. Thesis Univ. Leiden Pp. 150. 
Beattie , O.M. Verh.int. Verein theor. angew. Limno l. 20 

Chironomid larvae usually form an important link in the food chain be

tween phytoplankton and fish. The virtual absence of these larvae in the 

open-water of the Friesian l a ke ecosystems is an unusual feature and forms 

the subject of this thesis. 

Population dynamics and biomas s production of Neomysis integer (Leach) in 
the Bergumermeer. 
Beattie, O.M. & H.N.Kruif. Verh. int. Verein theor. angew. Limno l. ~ 

The aim of this work was twofold. Firstly to develop an appropriate 

sampling method and sampling programme on bases of which the population 

dynamics of this species could be studied . Second l y to describe changes 

in the population structure, population densities and standing crop bio

mass, in order to estimate potential biomass production. 

The effect of temperature on the development-and growth-rate of micro
crustaceans from Tjeukemeer, the Netherlands. 
Part I Cladocera. Part 11 Copepoda. 
Vijverberg, J. (in prep.) 

The effect of temperature on growth-rate and egg deve lopment time of the 

common c ladoceran and copepod species from Tjeukemeer are descr ibed. 

Belehrádek 's temperature functions have been fitted to the deve l opment 

times of eggs , combined naupliar instars and combined copepodite instars, 

as wel l as to the l ongevity of the adult copepods . 

Distribution patterns of zooplankton in Tjeukemeer and its consequences 
for the accuracy of the population density estimates . 
Nie, H.W., de & J. Vijverberg (in prep . ) 
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As part of a study on the population dynamics and production of Copepoda 

and Cladocera in Tjeukemeer the accuracy of the absolute population densi

ty estimates were calculated and discussed. 

LAKE VECHTEN RESEARCH 

Introduction 

Lake Vechten, situated near Bunnik (see Fig. 1), was excavated during 

1938-1939' to obtain sand for road building. It is isolated from other water 

bodies and can be characterized as a seepage lake. So it is free from exter

nal polluting influences, a factor which contributes the most to the suita

bility of the lake as an object of limnological studies, particularly for a 

fundamental ecosystem approach . Besides this the area of the lake (4.7 ha), 

its depth (maximum 10-12 m; average 6 m) and the consequent summer strati

fication and the physico-chemical and biochemical changes accompanying Lhis 

are important factors contributing to the choice of this lake for long term 

research. In addition to this Vechten can be characterized as s lightly eu

trophic, has a weIl developed littoral region and an intensive anaerobic 

milieu in the bottom deposits. 

Earlier studies of lake Vechten clearly indicated the complexities invol

ved in interpreting the results. This was mainly due to the overlapping na

ture of the problems. Evidently none of the processes involving the three 

main properties of ecosystems , i. e . energy flow between producers and consu

mers, mineralization and nutrient recycling, and population self regulation, 

can proceed in isolation. In v iew of this there was astrong and unanimous 

desirability of both co-ordinated and integrated approach to limnologica l 

problems in lake Vechten . In this regard a three pronged attack for solution 

of problems was planned and during 19 76 and 1977 three working groups were 

established. These groups concentrate on carbon a nd nitrogen recycling and 

aspects of the energy flow . 

Scheme 1 
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They are uni ted in a project group cal led "Ecosystem study of lake Vechten". 

Scheme 1 represents their main activities , of which further details are 

given below . 

WORKING GROUP "PRlMARY AND SECONDARY PRODUCTION" 
R.D.Gulati, W.A.de Kl oet , G.Poste ma & K.Siewertsen 

Introduction 

The production studies on lake Vechten are aimed at understanding the 

processes re lating to: firstly , the photosynthetic fixation of sun energy 

in the limnetic region of the lake , i . e. , the primary production of 

phytoplankton ; and secondly , the energy flow from the first to second tro

phic level, i . e . transformation of the primary production by the herbivore 

zooplankton community . 

In 1977 , the seasonal and vertical changes in the chlorophyll and total 

pigments of phytoplankton and the in situ primary production rates of the 

two major fractions (seston size fraction below 33 pm and 33-105 pm, fi l

ter mesh size , the so-called nanoplankton and netplankton) were simulta

neously measured . The grazing and assimi lation rates of the crustacean 

zooplankton were studied, employing the 14c labe lled nanoplankton as tra

cer food. The data on temporal , and spatial distribution of the dominant 

Crustaceans were ana l ysed further to examine the interactions among the 

species populations, e .g., the species niche dimensions , breadth and 

over l ap. 

A.Roestenberg-Sinnige (guest worker , State University, Utrecht) carr i ed 
out a study enti tled : The role of Eudiaptomus graciZis in the secondary 
production in lake Vechten during the winter period. 

Results and comments 

Primary production 
- 3 

The chlorophyl l concentrations (7-10 mg m ) in the surface waters were 

relatively high dur ing the winte r and ear l y spring . Th e nanoplankton 

(ChZoreZZa sp .,Stephanodiscus astraeaJ contributed a l most exc lus ively to 

the phytoplankton . The late spring and the summer decrease of nanoplankton 

in the surface layers was accompanied by a s ignificant increase of net

plankton . The depth distribution of ch l orophyll during late summer shows a 
- 3 

marked he terogeneity , that i s , accumu l ation (up to 50 mg m ) of sestonic 

particles, belonging to both the fractions , in the hypolimnion. This was 

partic ularly significant in the vicinity of and above the anaerobic zone . 

ChZoreZZa sp. , MaZZomonas caudata and Lyngbya sp . contributed mainly to 

the increased concentrations of chlorophyll. 

The primary production rates varied between 60 and 375 mg C 
-2 -1 

m d ,wi th 
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the surnrner mean of 222 mg. The rates are the lowest since 1969 when the 

production studies were first started. The causes for this sharp decrease 

in the production rates are not known since the chlorophyll and seston 

concentrations do not seem to have declined, nor are there any indications 

of decreased light penetration and increased nutrient limitation. Never

theless, a sharp decrease in the gross photosynthetic efficiency this 

year (0.07 %) in contrast to that in the preceding years (0.1-0.3%) may be 

due to changes in the algal composition. Secondly, increased excretion 

rates of the recently synthesized organic material may be the possible 

cause. However, comparative data in this re gard are lacking. The excretion 

studies during 1977 have revealed that of the total photosynthetic fixa

tion, from 15-60% of the carbon was excreted as extra-cellular products 

(see under Working group "Mineralization of organic matter" - C-fixation 

and excretion) 

ZoopZankton grazing 

During the surnrner, the mean concentrations of crustacean filterfeeders, 
-2 -2 

0.9 gCm ,and their food (seston< 33 /Um), 2 .1 gCm were similar to 

those in 1976. This was also true for the ingestion and assimilation rates 

which were, respectively, 0 .41 and 0.22 gCm - 2 d-
1

. The fluctuations in 

the rates are illustrated in fig. 5. Though the grazing pressure of zoo

plankton in water strata below 3 . 6 m. was about 33 % higher than in the 

strata above, the differences between the two zones were less remarkable 

than in 1976 (see Gulati, Verh.int.Verein theor.angew.Limnol., ~; 

950-956) . 

1 .. 0...--r--r---+--r--,....-....,...-.,..---r--r--,-....,...-.--...., 

0. Lake Vechten 

0.8 Zooplankton ..,Ingestion 

0.7 

0.6 

'"; 0.5 

~ E 0.4 

0.1 

o N 0 
'76 

eAssimilation 

J F MAM J 
1977 

J ASO 

Fig. 5 The daiZy ingestion and assimiZation rates of zoopZankton in Zake 

Vechten during 1977. 
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Table 2. A comparison of the summer means of the data relating to the gra

zing and assimilation activities of the fi lterfeeder s community 

of zooplankton during the periods 1972, ' 73 and ' 74 (A) and 1975, 

' 76 and ' 77 (B ) . 

A B B/A 

1. Seston 9 C m 
-2 

2.84 2 . 15 0.76 

2 . Filterfeeders 
- 1 

0 . 64 0 . 92 1.43 9 C m 

3 . Ratio 1 2 0.22 0.43 1.95 

4. Grazing % d- 1 
15 . 60 23 . 50 1. 50 

5. Assimilation % d- 1 
5.60 12 . 80 2 . 28 

6. Consumption 
- 2 -1 

gCm d 0.44 0.48 1.10 

7 . Assimilation gCm 
-2 d- 1 

0 . 15 0 . 25 1. 70 

8. Assimil. efficiency, % 3 4 51 1. 50 

9 . Specific consumption (daily ration) % 70.3 52 0.74 

10. Specific assimil. , % (ratio 7 : 2) 22.8 27 . 7 1. 21 

The recurrent phenomenon of sharp increase in the zooplankton grazing in 

late spring/early summer (Gulati 1978) appears to be related to time- lag 

reaction in the growth of Daphnia and Bosmina popu l ations as a consequen

ce of increase in their food supply in late winter and early spring . 

A comparison of the summer data of the six years, 1972 - ' 77, indicates 

that the data of 1972 - ' 74 are remarkably different from those of 1975 -

' 77 (Tab ie 2) . In summary , the 25% decrease in the seston mean concentra

tion during 1975 - ' 77 i s i nversely related to the 43 % increase in that of 

the filterfeeders concentration. Consequently, the grazing and assimi l a

tion (% d-
1

) increased significantly so that the grazing pressure became 

more significant than during 1972 - ' 74 . It is interesting that despite 

the decreased food supp l y , the zoop l ankton consumption and ass i mi l ation 

rates rose , particular l y the l atter which increased by 74%. This could 

have on l y been achieved by more efficient uti l ization of the food as is 

ref l ected in the higher assimilation efficiencies in the latter period . An 

improvement in the qua l ity of fuod , either through changes in the algal 

composition or through an increase in the bacterial component of col onized 

detri t us, mi ght contribute significant l y to the changed situation . 

Furthermore, sin ce t he mean phytoplankton primary production of 222 mg C 

m-
2 

d -
1 

in 1977 formed on l y 55% of the zoop l ankton dai l y consumption rate , 

their food dema nd mus t be partial l y met by the a l ternate sources of food 

i .e . detritus and bacteri a . The l inear regressi on between ch l orophyll and 

sestoni c carbon indicates that the mean detrital carbon in seston increases 

from 28% in the surface water to 67 % in the deeper l ayers. Al so , the bacte

rial stud i es (see u nder Working group "Mi neral izat ion of organic matter " -

Course o f bacter i al numbers) in open water started duri ng 1977 indicate 
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that the bacteria are encountered in significant numbers, 10 to 40 x 

10
12 

m-
2 

from late July - October. The role of these alternate sources of 

food in zooplankton grazing will be investigated in the coming years. 

The contribution of filter feeders to the community grazing was examined 

further. Daphnia spp., Eudiaptomus graei Us and Bosmina longiros tris, as 

in 1976, were the dominant filterfeeders. All the major filterfeeders, 

except Bosmina sp., filtered the nanoplankton more efficiently than they 

filtered the netplankton. The assimilation efficiences on netplankton were 

much lower than on nanoplankton. 

The feeding rates of zooplankton at dusk are generally higher than du

ring dawn and day. The results of several experiments reveal that the mean 

rates during the three periods were, respectively, 26.2, 16.3 and 20 .6 mg 
- 2 -1 

C m hr An analysis of the data of 1976 reveals that nearly 78% of the 

consumption at dusk takes place in the water strata above 3.6 m; the res

pective figures for dawn and day are 65 and 48%. However, this is mainly 

related to the diurnal as cent and des cent of zooplankton rather than to 

any diurnal changes in the specific grazing rates. 

The diurnal data on zooplankton show significant differences in the to

tal biomass (on area basis) at different periods. The biomass at n ight is 

invariably the highest and that during the day the lowest. This needs fur

ther investigation as to if the efficiency of zooplankton capture using 

the present Friedinger sampler is optimal. 

Strueture of f ilterfeeders eommunity 

The data on temporal and spatial and diurnal distribution of the domi

nant crustaceans were further analysed. The probability of co-occurrence 

of different populations, their niche breadths (Bi)' niche dimension (0), 

niche overlap (a) and community niche breadth (B*) and relative niche 

breadths (B . /B
x

) were calculated. Some remarks are here made. 
1-

The Ceriodaphnia population has the lowest niche breadth, the popula-

tion being specialized in the deeper hypolimnetic water. Eudiaptomus , 

Daphnia and Diaphanosoma are all generalists since they occupy broader 

niche breadth and are encountered throughout the entire water column. 

Bosmina occupies an intermediate position between the two extreme catego-

ries. 

The community niche seems to be strongly influenced by the populations 

of Ceriodaphnia sp and Bosmina sp. In other words, despite the three gene

ralists, the community has a tendency to stratify with increasing depth, 

primarly due to increase in the number of the individuels of all popula

tions with depth. The fact that most of the data pertain to day-time col

lections has certainly biased the results to an extent. 

The probality of co-occurrence of different populations, i.e. niche 

overlap (a) was also calculated. The interaction among the pairs of gene-
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ralists (those with larger niche breadths) is strong and that of a genera

list with a specialist weak. For example, a values of Eudiaptomus against 

Daphnia and Diaphanosoma are 0.84 and 0.81, respectively, but against Bos

mina and Ceriodaphnia, the a values are 0.62 and 0.37. Nevertheless, com

petitive exclusion of generalist by specialist would be prevented by the 

higher density of the former. It remains to be examined as to if the com

petitive existence is through habitat selection or through resource allo-

cation. 

EvaZuation of biomass parameters 

The simultaneous determination of phytoplankton (seston) and zooplankton 

biomass using carbon, nitrogen, calories and biochemical composition (pro-

tein, carbohydrates and fats) as parameters indicates, in general, a good 

correlation among the different parameters. The results when seen in the 

light of recommended convers ion factors in the literature differ signifi

cantly in same cases. 

The phytoplankton and zooplankton biomass values expressed as carbon 

derived from the COD data, are about 8 and 5.6 % higher than when calcula

ted from the proteins, carbohydrates and fats using the standard conver

sion tables. The found ratios between organic matter and carbon data of 

phyto-and zooplankton are, respectively, 1.86 and 1. 82 rather than the 

usual 2 cited in literature. 

The mean percentages of protein, carbohydrate and fat were: phytoplank

ton, 48; 33 and 19%; and zooplankton, 65; 16 and 19%. The protein: N ratios 

were 5 and 4.94, indicating presence of significant amounts of non

proteinous nitrogen in plankton. The biochemical composition changed sea

sonally. The changes were related to temperature. The zooplankton proteins 

had a positive relation with temperature; on the contrary, phytoplankton 

protein leve l decreased in summer and the carbohydrate proportion in

creased. The fat content of zooplankton also increased in winter. 

The measured heat of combustion values (calories mg-
1 

org.d.w.l wer e sig

nificantly different in plankton: zooplankton, 5.78; and phytoplankton, 

4.53. 

The calorific values calculated from biochemica 1 data were respectively 
-1 

6.02 and 5.84 Cal mg org.d.w. for phyto-and zooplankton. The conversion 
-1 

fa c tor for carbon to energy units was found to be 10.95 Cal mg C both 

for phytoplankton and zooplankton in contrast with the factor 10 usually 

employed. The data are being analysed to find the most suitable criterion 

for biomass, particularly with regard to the energy flow studies. 

Published articles 

Influence of temperature on animal life with special reference to foad 
uptake and metabolism of zooplankton. 
Gulati, R.D. In: Proc.World Conf. "Towards a plan of actions for mankind"; 
vol. 3: Biological balance and thermal madifications; ed. by M.Marois. 
Pp.205-218. 
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The paper describes the physiological and ecological effects of elevated 

temperature on freshwater zooplankton. Both, from the literature cited and 

the author's own studies it appears that the filtering, food consumption 

and assimilation rates of Daphnia spp.significantly increases if the water 

temperature is raised. The assimilation: biomass ratios (%) of the mixed 

natural populations of filter feeders increased significantly when the 

temperatures rose from 4-10 to 10-20oC ; the ratios at the two temperature 

ranges in the lakes investigated were: Vechten, from 13.9 to 32.7% ; and 

Tjeukemeer, 28.1 to 41.8%. The effects of increased temperature were also 

recorded in the case of respiration rates, egg development time and growth 

and production rates. 

In conclusion the alterations in the temperature regimes of lakes due to 

the thermal affluents from the power stations are considered to result in 

drastic modifications in the energyflow patterns in the food chain. 

Articles in press 

The ecology of common planktonic crustacea of the freshwaters in the 
Netherlands. 
Gulati, R.D. Hydrobiologia ~(2) ; 101-112. (1978). 

The paper discusses the freshwater crustacea of the Netherlands, speci

ally the common planktonic forms, with notes on their distinguishing 

features, habits, habitats and modes of food capture. The filter feeders 

belonging to both cladocera and copepoda are discussed with comments on 

their densities, distribution in depth, feeding and assimilation rates. 

Important among the limnetic filter feeders are Daphnia cucuZZata, 

D.hyaZina, Bosmina Zongirostris, B.coregoni, Diaphanosoma brachyuPUm, 

Ceriodaphnia puZcheZZa, Chydopus sphaericus and Eudiaptomus graciZis . 

D.magna and D. puZex are encountered invariably in ditches and ponds rich 

in detritus, bacteria and dissolved organic matter. The oxygen content of 

such waters is usually relatively very low. 

A study of food relations of the herbivore crustacea in two limnologi

cally different lakes revealed remarkable differences. Average food levels 

in lake Vechten - a deep stratified lake - in the summer periods of 1972 

to 1976 varied between 0.4 and 0.6 9 C m- 3 ; corresponding figures for lake 

Tjeukemeer were almost an order of the magnitude higher. In lake Vechten 

almost hundred percent of the daily primary production of phytoplankton 
-2 -1 

during summer (0 . 3 - 0 . 5 gem d ) is consumed by herbivores; in Tjeu-
- 2 -1 

kemeer only 30 to 50% of algal primary production (ca 3 gem d ) is 

grazed down by the primary consumers . 

In summary , the zooplankton production rates in summer of 0.06 to 0.075 
-2 -1 

and 0.090 - 0.150 gem d in lakes Vechten and Tjeukemeer, respective-

ly, constitute 15 to 20 percent and 3 to 5 percent of the daily primary 

production rates in the two lakes. 

20 (242) 



Vertical changes in the filtering, feeding and assimilation rates of 
dominant zooplankters in a stratified lake. 
Gulati, R.D. Verh.int.Verein theor.angew.Limnol., 20 ; 950-956. 

The paper deals mainly with a study of vertical and seasona l changes in 

the feeding rates of the dominant crustacean filter feeders carried out in 

Lake Vechten during 1976. The contribution of the different water strata 

and of the filter feeders, particularly in the period May - September, to 

herbivores' total ingestion and assimilation was examined in detail. The 

grazing pressure of zooplankton was significantly higher in the deeper wa

ters during day-time throughout the summer period. In comparison with the 

mean grazing intensity of 24% d-
1 

during the study period, that in strata 
-1 

below 5.4 m up to the anoxic layers reached 100% d in early August. 

About 70% of the annual grazing occurred in the summer months. Together 

with the spring period it consisted of 90% of the community grazing. 

The mean filtering and feeding rates of Eudiaptomus gracilis were the 

highest of all the filter feeding crustaceans. Nevertheless, the Daphnia 

spp., because of their much higher densities particularly at the interme

diate depths contributed the most to the community consumption and assimi

lation rates (37% each), followed by Eudiaptomus sp. and Bosmina longiros

tris , rr"aphanosoma brachyurW'n and Ceriodaphnia pulchella played a relati

vely insignificant role in the community's food intake. 

Study of the phosphorus loading and retention in IJsselmeer. 
Kloet, W.A.,de. Verh.int.Verein theor.angew.Limnol. ~. 

The investigation concerns the retention of phosphate in the IJsselmeer, 

with particular reference to the role of Ketelmeer as "P sink". The lake 

receives water from river IJssel - a Rhine tributory - which is the main 

source of phosphate to IJsselmeer via Ketelmeer. In 1969 the IJsselmeer 

received about 4 9 Tot-P.m
2 

about 75% of this was retained in the lake. 

A comparison of the decrease in the concentrations of P0
4
-P and Part-P 

shows that approximately 20 to 40% of the incoming phosphate is retained 

in the Ketelmeer. Decrease of P0
4
-P may be due to 1) physico-chemical pro

cesses and 2) to biological fixation. Further, it appears that sedimenta

tion of Part-P plays a major role in the decrease of phosphate concentra-

tions in this area. 

WORKING GROUP "ECOPHYSIOLOGY OF WATER PLANTS" 
P.H.Best, C.L.M.Steenbergen, H.J.Gons, H.J.Korthals, M.D.M.Trommel, 
M.J.B.Bär-Gilissen & J.H.A.Dassen 

Introduction 

The aim of this group is to study ecophysiological aspects of three dif

ferent groups of primary producers, notably aquatic macrophytes, with ma

crophytes associated periphytic algae and phytoplankton. Special attention 

is paid to the influence of the abiotic factors light, temperature and 
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nutrients on colonization , growth and development of these organisms. 

Additional information to data obtained from field observations is gained 

under laboratory conditions by means of experiments in batch and continu-

ous cultures . 

Finally this working group studie s the photosynthetic fixation of sun 

energy of macrophytes and periphyton and the role of these two groups of 

organism in the carbon and nitroge n cycles of the lake. 

Photosynthetic carbon fixation in situ 

Of the littoral reg ion in Lake Vechten the zone of the submerged macro

phytes is most important. Here the following thre e macrophytic species 

predominate; EZodea canadensi s, Ceratophy ZZum demersum and NYriophy ZZum 

verticiZZatum. In order to quantify the role of these species and its pe

riphyton in the carbon cyc l e of the lake, primary production was measured 

in si t u using the 14c method , from June 1977 on. It was observed that the 

carbon fixation rate , on dry weight basis, of EZodea and CeratophyZ Zum de

creased at the end of June. In Ce ratophy ZZum it remained almost constant 

from June till late October. In the case of EZodea the carbon fixation 

rate increased from the beginning of August and reached a maximumvalue 

late in October. The carbon fixation rate of NYriophy ZZum showed the same 

tendency as that of EZodea . In June and July the carbon fixation rate of 

EZodea and CeratophyZZum was similar. From the beginning of August the 

fixation rate of EZodea and NYriophy ZZum was much higher than of Cerato

phyZZum. Excretion was always lower than 1% of the fixation . 

From these data , combined with data on cell counts of periphyton , it may 

be conc luded that maximum fixation of the macrophytes occurs in May - June, 

as generally is the case in temperate l akes. In that period the photosyn

thetic tissues of the plants are well developed , the plants are growing 

fast and their surfaces are not yet densely occupied with periphyton. As 

the periphyton biomass increases greatly during summer and autumn almost 

all carbon fixed in the autumn must be attributed to the periphytic algae. 

In 1978 the studies on primary production and the role of macrophytes 

and periphyton in the carbon cyc le will be continued. 

Laboratory studies on carbon fixa ti on of macrophytes 

In the laboratory several aspects of photosynthesis in Cerat ophyZZum de

mersum were studied. The carbon fixation and excretion of plant units, 

consisting of an apex and six whor l s of leaves, in dormant, quiescent and 

fully grown state was compared by means of the 14c method . Fixation was 

highest in fully grown plants and decreased in the process of ageing. 

Light and dark respiration of quiescent plant units was measured also. 

Light respiration was much higher than dark respiration , which indicated 

an efficient refixation of respired carbon dioxide. Excretion of the used 

plant units was always very low, but increased in the process of ageing . 
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PLATE I. Incubator for in situ measurements of primary 

production of macrophytes and periphyton. 

PLATE II. Turbidostat jOl' cuZturing diatoms. 



The presence of photorespiration in aquatic plants and the potentialof 

reduced net photosynthetic carbon productivity under conditions which fa

vour high rates of this process led to the question whether the C
4 

photo

synthetic system occurs in any aquatic plant. 

To determine whether CeratophyZZum has a C) or a C
4 

photosynthetic cycle 

analysis of the first products in photosynthesis was started by means of 

thin layer chromatography. C) as weIl as C
4 

products were detected. 

A method was developed to determine the gaseous composition of the gas 

lacunae. of water plants. 

Nitrogen uptake of macrophytes 

In order to investigate the role of the dominant ma cr ophy tic species in 

the nitrogen cycle of the lake some preliminary experiments were carried 

out. The effects of nitrogen on growth and morphology of CeratophyZZum 

were studied. In long term experiments, nitrogen added as ammonium-N was 

lethal in high concentrations (45-105 mg 1-
1
). Nitrate-N in similar con

centrations, however, did not affect growth. Ammoniurn-N was absorbed fas

ter from the medium than nitrate as the plants are probably arnmoniurn

adapted. The N-contents of all N-treated plants were higher than that of 

untreated plants. Plants treated with ammonium contained relatively more 

free amino acids than controls or plants treated with nitrate. These expe

riments will be continued. Moreover short term experiments will be carried 

out to investigate the uptake kinetics and turnover rates of nitrogen, 

using 15N techniques. Methodological studies for qualitative and quantita

tive analysis of amino acids are in progress. 

Periphyton studies 

In 1977 a regular investigation was started on the Lake Vechten perLphy
I 

ton, with emphasis on the role of the periphytic algae. 

Most attention was directed towards the periphyton associated with the 

predominating submerged macrophytes (i.e. CeratophyZZum, EZodea and 

MYriophyZ ZumJ , as most of the littoral zone is densely overgrown with 

these plants during the greater part of the year. Periphyton was sampled 

fortnightly by collecting tips, having a length of about 75 cm, of the 

macrophytes. This was done by SCUBA diving. The plant parts and their pe

riphyton were separated using a Vibromixer (Chemap A.G., Zürich). In this 

way the more loosely associated algae can be easily removed quantitatively. 

Later in the year this method proved to be inadequate which was due to the 

formation of carbonate encrustations on the macrophytes. The macrophyte 

and all the associated periphyton could be separated effectively, however, 

by vibration in medium kept at pH 5 with pH-stat control. 

With this method the algae were not damaged and mixing of plant and algal 

material did not occur. 

The numbers of periphytic algae we re determined using an inverte d coun-
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ting microscope. Their pigment composition was studied using paper chroma

tography. The composition of the alg al species did not differ significant

ly between the different macrophytes. However, much more periphytic algae, 

per macrophyte biomass, were counted in the Ceratophyllum and MYriophyllum 

samples than in the samples of Elodea. In general there was a substantial 

amount of metaphyton present, i.e. algae which mayalso be abundant in the 

phytoplankton. Thus, in early spring , the green algae Chlorella and Saene

desmus predominated in both the phytoplankton and periphyton; these algae 

and representatives of the planktonic diatoms (e.g. Asterionella and Ste

phanodisaus ) and flagellates could also occur later in the year in great 

numbers in the periphyton. IDuring May and June filamentous, mostly green, 

algae (e.g. 5pirogyra, Mougeotia) predominated. In turn, epiphytic micro

algae could be observed on the filamentous algae. From June up to the end 

of the macrophytic growing season pennate diatoms predominated, in parti

cular representatives of the genera Nitzsahia, Naviaula, Amphipleura, Epi

therrria and Fragilaria (see Fig. 6). 
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Fig. 6 Seasonal periodiaity of the most important groups of periphytia 

algae on Ceratophyllum tips , on the basis of total aeZl aounts; 

(1) chZoroaoacaZ green aZgae, (2) pennate diatoms , (3) fZageZZa

tes , (4) fiZamentous green aZgae , (5) bZue-green aZgae . 

The species composition of the periphyton was completely different from 

that of the epilimnetic phytoplankton, where ChZoreZZa, Ceratium and fla

gellates predominated during that time. That the pennate diatoms were also 

in quantitative respect by far the most important group in the periphyton 

was substantiated by the results of the paper chromatographic analysis of 
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the pigment composition. 

The periphytic biomass may be very large in Lake Vechten. In September 

the periphyton dry weight, which consisted for the greater part of de tri

tus and algae, appeared to be two to three times higher than that of the 

plant shoot (Ceratophy ZZum or NYriophyllumJfrom which it was collected. 

The ash-free dry weight of the periphyton could be as much as two times 

higher than that of the relative macrophyte tip. Whether the periphyton 

as a whole is important in the primary production in Lake Vechten will de

pend on the photosynthetic capacity of the algal biomass relative to the 

bacterial breakdown of the detritus. In 1978 this will he investigated by 

rneans of incubations of plant shoots and their associated periphyton, si

multaneous measurements of carbon fixation and oxygen production in the 

light, and oxygen uptake in the dark. 

Phytoplankton studies 
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Fig. 7 Isopleths for the oxygen concentration and f or t he relative 

phycoery thrin content, the accessory photosynthetic pigment 

of bZue green aZgae measured as absorbance at 570 nm in in

tact cells colZected on gZass f iber filte rs us ing an Uni cam 

SP 1800 spectrophotometer . 

Regarding the study of phytoplankton spe cial attention was paid to the 

vertical distribution o f blue - gr een algae . This year the blue-green algal 

population cons isted mainly of Lyngbya Zimnetica and Merismopedia sp. : 

furthe rmor e speci e s of Pseudoanabaena, Cylindrospermum, Anabaena and 
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DsaiZZatoria were present. The maximum population density was found during 

summer in the anaerobic hypolimnion (see Fig. 7). These algae occur to

gether with photosynthetic bacteria as was determined by means of paper 

chromatography of the photosynthetic pigments in the samples. In samples 

which contained the highest concentrations of accessory photosynthetic 

pigments of blue-green algae also high concentrations of bacteriochloro-

phyll were found. 

Several species of blue-green algae were isolated from the hypolimnion 

and from the mud. These algae will be studied in continuous cultures under 

aerobic and anaerobic conditions. Furthermore the role of these algae in 

the carbon and nitrogen cycle and their relationships with the photosyn

thetic bacteria will be studied. 

Published articles 

Seasonal changes in mineral and organic components of CeratophyZZum de
mersum and EZodea aanadensis. 
Best, Elly P.R. Aquat.Bot.,l; 337~348. 

Seasonal changes of some organic and mineral components of the two domi

nant macrophytes in a sandpit were investigated. Both species - Cerato

phyZZum demersum L. and EZodea aanadensis Michx. - occur in two distinct 

forms: the normal vegetative form in summer and the dormant form in winter. 

Samples were regularly obtained by means of SCUBA diving. Chemical analy

ses showed that carbon, nitrogen, protein and starch fluctuated with sea

son. Preceeding vegetative growth and during this growth in spring, a high 

percentage of the nitrogen is available in the form of protein, pointing 

to a high rate of enzyme synthesis. Starch is accumulated in winter and 

metabolized during growth in spring. The ATP content is higher in summer 

than in autumn and winter. The content of total carbohydrate is variabie 

with a minimum in summer. The calcium and manganese contents are dependent 

on season, but iron and magnesium are not. 

A preliminary study of the internal gas composition of Lemna gibba L. 
Best, Elly P.R., A.R.Pietersen, R.Soekarjo & L.de Lange 
Acta Bot.Neerl. ~(2); 109-113. 

The internal atmosphere of gibbous as weIl as flat modifications of 

Lemna gibba G3 was determined by gas chromatography af ter cultivation in 

vitro under conditions of continuous light. A similar analysis was done on 

a gibbous strain of L. gibba collected in the field. The gaseous constitu

ents of the air chambers ~ere found to be N2 02 and CO 2 . The CO2 concen

tration was approx. 1% in gibbous forms of strain G3 as weIl as the field 

strain and approx.3% in flat forms of strain G3. The 02 concentrations 

tended to be slightly higher in the gibbous forms than in the flat. The 

CO
2 

to 02 ratio of the flat modification was much higher than in the gib

bous forms. The remaining part of the internal atmosphere consisted of 
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nitrogen. Methane and ethylene could not be detected. 

Articles in preparation or in press 

Primary productivity in the submerged aquatic macrophyte CeratophyZZum 
demersum. 
Best, Elly P.H. & John T.Meulemans. 
Verh.int.Verein theor.angew.Limnol. 20 

Primary productivity,respiration and excretion in Ce ratophyZZum demersum 

were studied to investigate the role of this species in the carbon cycle 

of Lake Vechten. 

Under experimental conditions , the effects of incubation during diffe

rent periods in the light - combined with different pre-or postincubations 

- on photosynthesis were studied using the 14C method. In the experiments 

apices were used from a preconditioned culture . These apices are photosyn

thetically the most active parts of the plants. Photosynthesis was highest 

during 2 - 4 hours af ter transfer to experimental conditions , 14c fixation 
-1 -1 -1 -1 

amounting to 0.002% mg dry weight hr (0.44 mg C 9 hr ). Excretion 

f 'd 1 t' of
14

C0
2 

'd o non gaseous organ~c compoun 5 was very ow , excre ~on cons~ e-
14 

rable. No correction was used for respiration as the C assay is consi-

dered to be a method to measure approximate net photosynthesis in macro

phytes, when short incubation periods are used. The data were low compared 

to those in the literature, probably caused by the late dormant state of 

the plant material. A seasonal effect in the rate of photosynthesis was 

detectable. The experiments will be followed by in situ measurements. 

WORKING GROUP "MINERALIZATION OF ORGANIC MATTER" 
Th.E.Cappenberg, H.Verdouw, M.A.C.I.Blaauboer-Wiercx, E.Jongejan, 
E.M.J.Dekkers, M.D.M.Trommel, R.van Keu l en & J.Kaper 

General introduction 

This group investigates the dynamics of the carbon and nitrogen cycle in 

the open-water and in the sediments. Particular interest is given to aero

bic and anaerobic mineralization processes of organic carbon (C) and ni

trogen (N) fixed during the primary production. Ecological relationships 

between micro-organisms, which can be inferred from field observations, 

are tested in the laboratory by means of continuous cultivation techniques 

and studies of the kinetics of processes using labelled compounds. 

Aerobic mineralization 

Introduction 

As part of the study on aerobic mineralization special attention is 

given to the relationship between extracellular products of phytoplankton 

and number and activity of heterotrophic bacteria. This year information 

was obtained by simultaneous measurements of photosynthetic carbon fixa

tion, excretion of photosynthetic products, bacterial cell counts and of 
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chlorophyll ~ (as an index of phytoplankton b i omass) at various depths in 

the lake. 

C- fixation and excretion 

Both the total carbon fixation (sum of carbon fixation and carbon excre 

tion) ,as measured by the 14c -method , and the concentration of ch l orophyll 

~ showed two main maxima in 1977 (see Fig. 8) . 

mg .e.m· . hr' TOTAL e ·FIXATION 
75 

50 
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mg.e .m· . hr· ExeRETION 

30 
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Fig . 8 Rate of total carbon fixation and carbon excretion of phytoplank

ton measured in situ and numbers of bacteria; the drawn, broken 

and dotted lines represent respectively the va lues for the water 

colums 0- 8. 5 m, 0- 5 mand 5- 8 . 5 m depth . 

One occurring in Mareh, when diatoms and Chlorella sp. were the dominant 

phytoplankton species. A percentage e xtracellular release (p.e . r . ) of 

10 - 15% of the total fixed carbon was observed during this period (Fig.8) . 

Concomitantly with the growth of zooplankton (in May, cf.Fig. 5) the bio

mass of phytoplankton decreases , which may explain the simultaneously 

occurring decrease of the carbon fixation rate. 

The highest maximum in C-fixation was demonstrated in August and September. 

In the beginning of this period a high phytop l ankton biomass, consisting 

mainly of Lyngbya limnetica, Mallomonas caudata and Chlorella sp . , and a 

high productivity in the metalimnion at a depth of 6 - 8 m was observed 

(cf. Fig. 11). 
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In spite of the reduced radiation at this depth (1 - 2% of the surface 

light intensity) 65% of the total carbon fixation took place in this layer. 

Furthermore excretion of assimilated carbon is notably high in this s tratum 

and amounted to 40 - 60% . From the second half of August MaZZomonas was 

distributed over the whole water column in l ower numbers. The b luegreen 

algae remained at a dep th of 7 - 8 m until the end of September , though 

p.e.r. fe Il to a low leve l (10 - 15%). At the same time numbers of Cera

tium hirundineZZa and diatoms increased, which caused a high C-fixation 

rate predominantely in the epilimnion. The p.e.r . was low at the onset of 

the Ceratium bIoom , but increased in September to about 40% (see Fig. 8) . 

During October the biomass of phytoplankton and the rate of C-fixation 

decreased gradually, in contrast to the p.e . r. which remained relatively 

high (30 %). In the first week of November the over turn took p lace and in 

the last two months of the year amounts of C-fixation were very low. 

In conclus i on the p . e.r . appeared to be independent of depth; there was 

no increase in p.e.r . when C-fixation was inhibited by the high light in

tensities near the surface . No significant corre l ation was found between 

photosynthetic C-fixation and respe c tively ch lorophyll a concentration , 

the amount of dissolved inorganic phosphorus and total light energy. 

Therefore total carbon fixation seems to be determined by the species com 

position of the phytoplankton community. 

Course of bacteriaZ nurrbers 

In April the number of bacteria increased concomitantly with the de

crease of diatom numbers. A second maximum in bacterial counts was demon -

strated in August and September (see Fig. 8) , when both C-fixation and ex

cretion rates were very high. The highest bacterial numbers were observed 

at a depth where the amount of p.e.r. was relatively high i. e . during Au 

gust in the metalimnion. Later (during September) the same corre lation 

(relatively high amounts of p . e . r. coinciding with high numbers of bacte

ria) was found in the epilimnion. In October the bacterial numbers de

creased simultaneously with the biomass and productivity of phytoplankton. 

Af ter the overturn (mid November) a great number of bacteria (about 5 .5 x 
9 -1 

10 1 ) was present throughout the whole water column. 

The following working hypothesis can be made on the basis of these re 

sults. During spring the detritus resulting from the spring-bIoom will be 

the main energy and carbon source for the growth of the heterotrophic bac

teria . Evidence is obtained that in summer the extrace llular products of 

phytopl ankton form an important s ubstrate for bacterial growth . To test 

this hypothesis these events will be investigated in more detail during 

1978. Also attempts wi ll be made to analyse the excreted carbon compounds 

on their chemical structure. 
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Culture studies 

In addition to the in situ work excretion of carbon compounds was studied 

in chemostat cultures under light-and phosphorus (P)-limited conditions. 

The organism used was Chlorella sp. isolated from Lake Vechten and present 

throughout the year. At all growth rates the content of dissolved organic 

carbon (DOC) in filtrates obtained from light-limited cultures was 4% on 

the basis of dry weight . The DOC content of filtrates obtained from P

limited cultures amounted to 8% on a dry weight basis. Increased light in

tensities during P-limited growth had no effect on the level of excretion. 

At present the effe cts of temperature and nitrogen (N)-limitation in this 

respect are studied, as weIl as N- and P-content, and mole cular weight 

distribution of the excreted C-compounds. An inverse relationship between 

yield on phosphorus and growth rate was found in P-limited cultures i.e. 

at l ow growth rates (belowJ-l 0.01 hr-
1
) the yield appeared to be 5-fold 

of the yield at near maximum growth rates (~ = 0.033 hr-
1
). Some experi

ments will be done on the effect of temperature on this relationship. 

Anaerobic mineralization 

Introduction 

Part of the carbon fixed during photosynthesis will settle and will reach 

the bottom of the lake. There the carbon compounds will be broken down 

partly by a number of d ifferent microbial processes, i.e. the anaerobic mi

neralization. 

This mineralization p l ays an important role in the carbon cycle of the 

l ake and cons ists of the formation of acids followed by the formation of 

gases . The first process i.e. the convers i on of compounds as e.g. cellulose 

and chitin into mainly fatty acids and hydrogen gas i s accomplished by a 

h eterogeneous group of bacteria. The fatty acids are used by an unique 

group of bacteria, the methane producing bacteria. They produce CH
4 

and CO
2

. 

Sti ll another group of bacteria convertslower fatty acids and a l cohols to 

CO
2 

and H
2

. These two gases are used by H
2 

/ CO
2

- fermenting methanogeni c 

bacteria, i . e . the phenomenon of interspe c i es hydrogen transfer (see Fig.9). 

compie. orgenic mett.r. 
c.rbohydr.t ••. prot.ln •. 1--------1 
lIpid. 

Fig . 9 Schematic representation of the anaerobic mineralization in the 

sediments of Lake Vechten . 
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Breakdown kinetics 

This year the method for analysing the pool sizes of acetic acid in sedi

ments was improved, using gas chromatography. In the mud core accurate 
-1 -1 

values between 0.3 + 0.05 mg land 1.5 + 0.05 mg I could be obtained. 

The rate of dissimilation of acetate was measured by the disappearance of 

14C-Iabelled acetate from mud samples using a gas chromatography-gas pro-
-1 -1 

portional counting system. The higher turnover of acetate (0.07 mg I hr 
-1 -1 

versus 0.04 mg I hr ) found deeper in the mud is in agreement wi th ear-

lier observations in that at that depth maximum numbers of acetate-fermen

ting methanogenic bacteria were found. 

The breakdown of acetate to CH
4 

and CO
2 

was followed by experiments with 

uniformly and non-uniformly 14C-Iabelled acetic acid. The following conclu

sions concerning this breakdown, based on the distribution of the radioac

tivity, can be drawn: the splitting of one mole of acetate into one mole 

of CH
4 

and one mole of CO
2 

is more important in the lower layers. On the 

other hand in the upper layers of the mud the oxidation of one mole of ace

tate into two moles of CO
2 

is more important. In addition, the label dis-

. 14 d 14 . I ' th d h' th d tributLon between CH
4 

an CO
2 

Ln re atLon to e ept Ln e mu core 

was studied. From the results it was clear that oxidation of the methyl 

carbon of acetate to CO
2 

is more important in the upper layers. By radio 

gas chromatography we found that incubation with CH
4 

of mud samples or of 

pure cultures of Desulfovibrio desulfuricans does not result in formation 

of CO
2

. Therefore, it seems like ly that part of the carbon of acetate is 

converted to CO
2 

by anaerobic sulfur-reducing organisms, since by oxidation 

of FeS free sulfur is available in the upper layers of the mud in Lake 

Ve chten. 

Since the turnover rate constants, pool sizes and breakdown pathways of 

acetate are depth dependent, generalizations regarding the turnover and 

breakdown of acetate in mud of Lake Vechten are rather difficult. We found 

that about 70% of the methane produced, is derived from acetic acid. There 

is now evidence that the importance of acetic acid, the precursor of metha

nogenesis, is depth dependent. 

Methodological work was done on the determination of non-volatile lower 

fatty acids, as lactate in sediments. Presently the method is based on the 

conversion of the acid into the benzyl esters via lipophilic tetra-n-butyl

ammonium salts. The benzyl esters are detected and determined by gas-liquid 

chromatography and the labelled benzyl esters are assayed by radio gas chro

matography. From the kinetic studies on the breakdown of lactate in mud 

samples this process cou ld not be described according to the simple model 

of formation of only acetate and subsequent formation of CH
4 

and CO
2

. The 

conclusions based on calculations employing first-order kinetic equations 
14 

and on experiments with uniformly anà non-uniformly C-Iabelled lactate 

showed that lactate is broken down into propionic, butyric, acetic acid and 
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CO
2 

simultaneously; with different turnover rate constant values. This is 

not only a kinetically complex system, but moreover the kinetic parameters 

are dep th dependent in the mud. A further study to unravel this complex 

system is necessary. 

EcoZogicaZ reZationships 

Data on the ecological relation,ships between bacterial species involved 

in the anaerobic mineralization were obtained from mixed con tinuous culture 

studies. The influence of the H
2
-producing , sulfate-limited DesuZfovibrio 

desuZfuricans on the fermentation of limiting amounts of H
2 

by Methanobac 

terium formicicum was investigated. The metabolic coupling found, is an 

interspecies hydrogen transfer of e l ectrons in the form of molecular hydro

gen from DesuZfovibrio to the H
2
-utlizing terminal electron acceptor Me

thanobacterium. As lactate is always present in the mud of Lake Vechten, 

but sulfate is depleted during summer stratification by the activity of 

sulfate reducers, a seasonal variation in the products formed by DesuZfovi 

brio can be expected, i.e. in summer more H
2 

and in winter more acetate. 

Field observations have shown that the maximal abundance of sulfate reducers 

in the mud is in the 0 - 2 cm l ayer, and that of H
2 

/ CO
2
-fermenting metha-

nogenics is in the 2 3 cm layer. These latter bacteria may thus serve as 

an hydrogen sink and provide favourable growth conditions for the sulfate 

reducers. However, the chemostat studies are model systems and may not re

present the in situ activities of the bacteria. A more natural approach, 

i.e. use of auto-radiographical and anti-body fluorescent techniques, is 

desirable. 

Studies on the first stage in anaerobic mineralization - acid formation 

involved the isolation,using the Hungate roll-tube technique,of various 

strains of bacteria, which are able to ferment cellulose or algal cell 

walls (ChZoreZZa sp.). The major end products from these isolates, mainly 

CZostridia, were acetic, lactic, butyric, propionic and capronic acid, and 

the gases H
2 

and CO
2

. Preliminary experiments concerning the cellulolytic 
14 14 

activity in mud by the use of u- C- cellulose and U- C-algal cell walls 

showed that breakdown of these organic compounds is probably the rate

limiting step in anaerobic mineralization. Field observations on the number 

of cellulose-splitting anaerobic bacteria in the mud of Lake Vechten indi

cated a maximal abundance of about 5.10
6 

ml-
1 

of wet mud at a depth of 

7 cm. Further investigations on breakdown of these organic material and the 

importance in carbon cycling will be carried out. 

Nitrogen cycle 

Introduction 

This year studies on the nitrogen cycle in Lake Vechten were continued. 

The main purpose of this study is to follow the course of nitrogen' minera-' 
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lization in organic material together with that of carbon. In 1977 the 

changes in the amount of different nitrogen compounds (or groups of com

pounds) in the eastern part of lake Vechten were determined. At the deepest 

point of the eastern depression samples were taken from surface to bottom 

and the following determinations were carried out: ammonia (NH
3

-N), nitrate 

(N0
3
-N), nitrite (N0 2-N), dissolved organic nitrogen (DON) and particulate 

organic nitrogen (PON). Taking in account the volumes of the different wa

ter layers, the total amounts of the N-species at different depths were 

calculated. 

Resu l ts 

In Fig. 10 the changes during 1977 of the amounts of different N-com

pounds are depicted for the whole water column (0 - 10.5 m) and for the 

epilimnion (0 - 6 m), which contains about 80% of the total volume. Clearly 

nitrogen disappears completely from the epilimnion during spring and summer, 

but is recovered in the hypolimnion as ammonia and particulate nitrogen. 
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Fig. 10 Changes in the amount of different nitrogen compounds du:ring 1977 . 
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No definite conclusions can be drawn as to where the ammonia has been 

formed: during the sedimentation or af ter reaching the bottom . Decrease of 

PON-concentrations close to the bottom (below 8.4 m) suggests a very active 

mineralization during sedimentation. Nitrogen is supplied to the epilimnion 

as ammonia when stratification is destroyed, followed by nitrification to 

, d ' , h 15 " k b h 1 nk n~trate. Tracer stu ~es w~t N concern~ng n~trogen upta e y p ytop a -

ton and macrophytes, recycling of ammonia by zooplankton , turnover rates of 

the hypolimnetic- and sediment ammonia fractions, and of nitrification are 

in progress. 

The downward flow of particulate organic matter was studied using sedi

ment traps, which were suspended at three depths to entrap sedimenting or

ganic matter. The traps were replaced with time intervals of 1 to 4 weeks. 

Total nitrogen and dissolved nitrogen fra c tions were determined in the 

traps. Particulate material was collected by filtration, dried at 105
0 

C 

and analysed for carbon and nitrogen content. 

11ineralization in the traps can be considerable , especially when the 

traps had been in the lake for extended periods of time: up to 30% of the 

nitrogen was present as ammonia in some cases. 

From ~arch till December the following ranges in sedementation rates at 
-2 -1 

different depths were found: 1.4 - 18.9 ug N cm day at 9.7 m, 3.0 - 7.6 

at 7.8 mand 1.6 - 6.0 at 4.7 m. Highest sedimentation rates occurred just 

before the overturn (end of October), lowest values were found in December. 

Differences between traps at the various depths were most pronounced du

ring stratification , the lower traps receiving more sedimenting material 

than the upper ones. During circulation periods of the lake the differences 

were relatively small. The well-known funnel effect in lakes, resembling 

Lake Vechten, makes cal cu l ations of total amounts of material reaching the 

bottom deposits difficult, so comparisons with the flow of nitrogen as in

dicated in Fig. 10 are not yet possible. No significant differences in C/N 

relations could be detected in traps from different depths of the lake. 

Further studies on the flow of particulate organic material to the bottom 

deposits are being carried out. 

Articles in press 

Microenvironments for sulfate reduction and methane production in freshwa
ter sediments. 
Cappenberg, Th.E. & E.Jongejan. In: Biogeochemistry of defined microenvi
ronments in aquatic and terrestrial systems. Proceedings 3rd int.Symp.Envi
ronm.Biogeochem.; ed. by W.Krumbein, 3 vls Pp. 129-138. (1978) 

Summarising the ecological relationships between sulfate-reducing and 

methane-producing bacteria in freshwater sediments, we find a depth depen

dence of several parameters. The abundance of the sulfate reducers is 

highest in the upper layers of the mud and is limited by the sulfate con

centration. The products of these bacteria, hydrogen sulfide and acetate, 
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govern the abundance of acetate-fermenting methanogenic bacteria, which are 

found de eper in the mud. On the one hand acetate is an important substrate 

for methanogenic bacteria, on the other hand high concentrations of sulfide 

inhibit the production of methane. Sulfide is partly or completely precipi

tated depending on the concentrations of ferrous ions. Also the redox po

tential is an additional factor in this respect. Emphasis is laid on the 

kinetic aspects of these processes in sediments. Turnover rate constants 

(k-values) are given of important intermediates and the breakdown of these 

products towards CO
2 

and CH
4 

is followed. An accurate method is developed, 

using radio gas chromatography, to analyse these processes and the comple

xity of the mud system is stressed. 

Anaerobic breakdown processes of organic matter in freshwater sediments. 
Cappenberg, Th.E., E.Jongejan & J.Kaper. In: Proceedings int.microb.ecol. 
Symp.; ed. by J.A.R.Miles and M.W.Loutit. Berlin etc., Springer Verlag. 
"Proceedings in Life Sciences". 

The kinetics of anaerobic breakdown of organic matter in the sediments 

into methane and carbon dioxide was investigated. Rates of dissimilation of 

important intermediate metabolites, i.e., acetate and lactate, we re measu

red by the disappearance from mud-samples of 14C-labelled substrates using 

a gas chromatography-gas proportional counting system. The turnover rate 

constants (k-values) were calculated and rates of disappearance given by 

the product of the turnover rate and its pool size. The breakdown of inter

mediates to methane and carbon dioxide were followed by experiments with 

uniformly and non-uniformly 14C-labelled substrates in which the labelled 

compounds are not broken down fully; the conclusions drawn are based on the 

distribution of the radioactiv ity. 

Finally, mixed continuous cultures were used as a tool to study the com

plex ecological interrelations between important bacterial species involved 

in the anaerobic mineralization, i.e., Desul f ovibrio desulfuriaans and Me

thanobaaterium f ormiaiaum. The findings found, gave evidence to an inter

species hydrogen transfer. 

Ammonia determination based on indophenol formation with sodium salicylate. 
Verdouw, H., C.J.A. van Echteld & E.M.J.Dekkers. Water Res . 12. 

An ammonia determination based on formation of a substituted indophenol 

with sodium salicylate as phenolic reagent has been developed and compared 

with other methods. Sensitivity and reproducibility are comparable with re

sults obtained in a method wher e phenol was used, while a number of the 

disadvantages inherent to the use of phenol are avoided. The salicylate 

method is specific for NH
3

-N and interferences are generally absent in 

samples from natural fresh waters. The method can be easily applied for 

seawater analysis. 
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Seasonal periodicity of phytoplankton 

M.A.C.I.Blaauboer-Wiercx & M.D.M.Trommel 

This year the dominant species were counted in composite samples collec

ted at 7 different depths in order to get information about their vertical 

distribution. 

It was found that in winter, spring and early summer the algae were even

ly distributed, whereas during the summer stratification certain species 

occurred at definite depths. 

The spring-bioom reached its maximum in March. Dominant species at that 

time were ChZoreZZa sp., Scenedesmus sp. (both belonging to the Division of 

the Chlorophyta), the diatarns Stephanodiscus astraea, AsterioneZZa f ormosa 

and Centr oneZZa reicheUii and to a les ser extent Tetraedron rrrinimum (Chlo

rophyta). In April the cell numbers of ChZoreZZa sp. and the cell numbers 

of the diatoms decreased. From the diatoms only S. astraea remained present 

in lew numbers during the summer. During their disappearance high numbers 

of diatoms were found at greater depths, which was probably caused by rapid 

settling of the celis. 

In early summer (April till June) GemeZZicystis sp., Oocystis sp .and CZos

ceriopsis sp., three species belonging to the Chlorophyta, and small fla

gellated algae together with Rhodomonas rrrinuta (Pyrrhophyta) and Dinobryon 

divergens (Chrysophyta) predominated. 

During July and August high number s of MaZZomonas caudata (Chrysophyta) 

were found at a depth of 5 to 7 me ters. At the same time Lyngbya Zimnetica 

(Cyanophyta) occurred in the layer just below M. caudata (see Fig. 11). 
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Fig. 11 Occurrence of phytopZankton species in the deeper water Zayers of 

Vechten in summer 1977 . 
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In September the alga Merismopedia sp. (Cyanophyta) became apparent at a 

depth of 7 m (Fig. 11). Also in September the definite layer consisting of 

M. aaudata cells disappeared, the cells becoming distributed over the whole 

water column. The Cyanophyta remained present till the end of September. 

In early autumn the diatoms, which were abundant in the spring, again 

appeared, predominantly in the epilimnion, together with Ceratium hirundi

neZZa (Pyrrhophyta) and Botryoaoaaus braunii (Chlorophyta). The latter spe-

cies has not been found for 5 years. 

Finally, af ter the overturn in November, Rhodomonas minuta, Cryptomonas 

sp. (Cryptophyta), MaZZomonas akrokomos and ChZoreZZa sp . were present. 

These algae can be regarded as winter species and they dominated, along 

with certain diatoms, the phytoplankton during December. 

MISCELLANEOUS 

PROJECT BERGUMERMEER 
H.de Nie, J.B.W.Wanders & J. S.Swart 

Introduction 

Research has been carried out on the Bergumermeer since 1975. The Bergu-

mermeer is the most northerly of the Frisian Lakes and supplies the water 

for direct cooling of a 640 MW steam electric power station. Because of the 

need for basic research on the effects of artificial heating of the ecosys

tem of a eutrofic lake , the influence of thermal discharges on the plankton 

community is being investigated. This research is financially supported by 

the Ministerie van Volksgezondheid & Milieuhygiëne (Ministry of Public 

Health and the Environment) . 

Results 

In 1977 the mean difference in temperature between inlet and outlet water 

was 5.3
0 

C. The temperature in the out l et harbour exceeded 20
0 

C for 19 

weeks, the same as in the hot summer of 1976. Near the inlet the temperatu

re hardly exceeded 20
0 

C in 1977, while in 1976 this occured for a period 

of 6 weeks. Other temperature data and hydrological details are given in 

the Progress Report 1976. 

Quantitative and qualitative differences in the phytoplankton community 

structure of the heated and non-heated arae were only temporary and of a 

local nature. They seemed to be caused more by the hydrological situation 

(see Progress Report 1976) than by heat disposal by the power station. 

Passage of lake water through the power station has a considerab l e in

stantaneous influence on the physiology of the phytoplankton community as 

could be concluded from oxygen production and consumption experiments . 

Heating (4 - 7
0 

C) of the lake water generally resulted in an increase of 

the oxygen production (photosynthesis) and oxygen consumption (respiration). 

However, the increase in photosynthesis of outle t water was about 10% lower 
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and the increase in respiration was about 30% higher than could be expected 

on account of temperature increase alone . When outlet water was cooled down 

to the temperature of the inlet water immediately af ter passage through the 

power station the apparent loss of photosynthetic activity was still noti

cable for some hours. Af ter 1 day recovery of photosynthesis and respira

tion was almost complete . 

The growing and flowering season of a field of Fringed Waterlily (N,ym

phoides peltata (Gmel.) Kuntze) near the outlet of the power station, star

ted about 2 weeks earlier and ended about 4 weeks later than that of a 

field near the inlet . The leaves of plants near the outlet were considera

bly larger (1.5 - 4.0 times) than the leaves from plants near the inlet. 

The decrease in vitality of cladocerans af ter passage through the power 

station was quantified. There was an increase in mortality during the first 

3.5 hours af ter passage. Whereas the mortality in water from the inlet was 

1.7 to 2.5%, the mortality in heated water af ter passage was 4.5 to 4.9% . 

The influences of heating and of passage were determined seperately. The 

mortality of all species was most strongly influenced by passage . 

In the heated water near the outlet zooplankton densities in the surface 

layer were lower than those near the inlet and other sampling points in the 

lake . This has been caused by vertical migration due to heating . 

Work on a computer simulation model to evaluate the influence of tempera

ture and heat disposal on the population dynamics of the most common clado

ceran and copepod species has been started . 

PLEOMORPHISM OF SCENE DES MUS QUADRICAUDA 
C . L . M. Steenbergen, M.J.B . Bär-Gilissen & H.J.Korthals 

Introduction 

One aspect of the morphological variability of spiny Scenedesmus species 

is their capacity to form unicellular as well as coenobial stages (see 

Fig. 12) . 

Fig . 12 A,B,C and D respectively 

2,4 and 8 celled coenobia 

and uniceUs of s. qua

dricauda (Camera lucida 

drC1J,Jings). 

This phenomenon has been found in natural environments and in cultures. The 

unicells are oval and possess usually two spines at each pole . Coenobia 

consist of 2 , 4 or 8 elongated cells, which adhere to one another and are 

arranged in a plane, in such a way that their individual axes run parallel. 

The two outmost ce l ls of a coenobium bear one spi ne at each pole . 
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The ecological significance of this pleomorphism is as yet unknown, al

though one may suppose that the ability of an organism to change its form 

in certain environmental conditions favours the potential for survival. 

Results 

In 1977 the study on the morphological variability of S . quadricauda was 

continued.Evidence was obtained that, besides nutrition , light has a dis

tinct effect on the morphology . A relatively long photoperiod supports the 

production of unicells, whereas a relatively short photoperiod favours for

mation of coenobia. This light effect was further studied to ascertain 

whether this phenomenon can be explained on the basis of total light energy 

received or whether it is controlled by daylength. The evidence to postula

te a genuine photoperiodic control of the morphology of our S . quadricauda 

strain is still inconclusive. At present the relationship between light 

intensity and morphology is investigated using continuous cultures . It is 

expected that these experiments will be finished in 197 8 . 

Published 

Nuclear divisions and cytokinesis during uni ce ll and coenobia formation in 
synchronized cultures of Scenedesmus quadricauda (Turp.) Breb . (Chlorophyceae) . 
Steenbergen , C . L . M. & M.J.B.Bär-Gilissen. Acta Bot.Neerl.,~(2); 177-182 . 

Mitotic activity, cytokinesis and arrangement of daughter cells within 

the paren tal wall are studied in synchronized cultures of Scenedesmus qua

dricauda, which yield either unicells or coenobia . Irrespective of the for

mation of either unicells or coenobia, no essential differences occur in 

the nuclear patterns and the positions of the cleavage planes . Only the 

stages of daughter cell arrangement differ significantly in these two cy

cles. Daughter unicells are arranged within the parental wall more or less 

radially, whereas daughter coenobia become arranged with their axis paral

lel to the axis of the mother ce llo 

In press 

Pleomorphism of Scenedesmus quadricauda (Turp.)Bréb. (Chlorophyceae) in 
synchronized cultures . 
Steenbergen, C.L.M. Mitt.lnternat.Verein.Limnol. 21. 

Cells of a pleomorphic Scenedesmus quadricauda strain are synchronized by 

24 hour light-dark cycles (LD: 14, 10 regime) . Synchronized cu l tures are 

diluted daily with fresh nutrient medium to the original ce l l density of 

ca. 0.4 x 10
6 

cells per ml o Using different temperatures and different me

dia morphologically stable synchronized culture systems are established 

which yie l d either coenobia or unicells. In synchronized cultures grown at 

a temperature of 30
0 

C and with a medium containing 1800 . 5 mg per litre 

total inorganic salts only 4-celled coenobia are formed. When grown at a 

temperature of 20
0 

C with a medium contai ning 130.5 mg per litre total in

organic salts partially synchronized cultures develop which consist of 
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2-celled, 4-celled and 8-celled coenobia. Attempts to change the latter 

coenobia-yielding system into a unicell-yielding system by increasing the 

concentration of P from 1.14 up to 127 .4 mg per litre and by increasing the 

concentrations of both P (up to 127.4 mg per litre) and N (from 11.7 up to 

105.4 mg per litre) failed. 

A completely synchronized morphologically stable unicell-yielding culture 

system is achieved at a t emperature of 20
0 

C with high nutrient leve ls 

(i. e. 1800.5 mg per litre). This system becomes partly coenobial when sub

jected to short daylengths (e.g. LD: 3 , 21 reg ime). Upon restoration of the 

original light-à a rk cycles (LD: 14, 10 regime) the coenobia disappear and 

the unicell-yielding system i s re-established. 

PARTICIPATION IN LAKE MAARSSEVEEN RESEARCH 

Studies of the littoral zone 

P.H.Bes t and H.L.Gons participated together with the Limnological and the 

Zoological laboratory of the University of Amsterdam, with the Botanical 

Department of the Free University (Amsterdam) and with the National Insti

tute for Nature Management (RIN) in a project that was started in 1977. The 

aim of this project is to investiga t e several aspects of the littoral zone 

to come t o a better understanding of relationships between different orga

nisms, plants as well as animals . 

An survey of the submerged macrophytes and macro-algae was made. The re

sults were used to make a vegetation map of the lake. Dominant species 

were: Elodea nuttallii, E. canadensis, Chara vulgaris , Zannichellia palus 

tris , Potamogeton perfoliatus and P. lucens . Frequently Elodea, Zannichel

lia and P. perfoliatus we re sampled by means of SCUBA diving to study the 

periphyton of these species. 

In 197 8 more attention will be paid to changes in biomass of macrophytes 

and periphyton . 

Methodological studies 

Phy top lank ton 

W.A. de Kloet and B.Flik (Limnological Laboratory, University of Amster-
14 

dam) started a study, using the C-tracer technique, to compare the prima-

ry production in situ of lake Vechten water with the primary production of 

the water when incubated in a laboratory incubator. 

Zooplankton 

R.D.Gulati and J.Ringelberg (Limnological Laboratory, University of Am

sterdam) collaborated in 1977 in a project in lake Maarsseveen. The purpose 

of this study was to compare the coulter counter technique with the 14c_ 

method in grazing studies of herbivorous zooplankton. The study formed the 

basis for a joint research project to be financed by the Netherlands Orga-
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nization for the Advancement of Pure Research (BION-ZWO) in 1978 and sub-

sequent years. 

LAKES IN THE VECHT RIVER AREA 

R.D. Gulati and J. van Beuzekom (State University, Utrecht) studied the influence 

of river Vecht water on the limnological changes in lake Wijde Blik, parti

cularly with regard to pollution via the Hilversum canal. 

OORDER LAKES OF THE FLEVO POLDERS 

H.L.Golterman & A.G.Wisselo 

The work on the exchange processes of sediment phosphate of the border 

lakes of the Flevo Polders (a former part of the IJsselmeer) was continued. 

For this investigation the Board of Zuiderzee Works of Rijkswaterstaat has 

constructed 3 artificial ponds. 

The work is carried out in collaboration with Rijkswaterstaat, i.e. re

sults are exchanged and each year the research-programme is adjusted on the 

basis of the obtained results of all the participants. 
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1. FUNCTION AND ORGANIZATION OF THE INSTITUTE 

The Institute for Ecological Research was founded in 1954 by the Division of 

Sciences of the Netherlands Academy of Arts and Sciences. lts function is to 

perform and to encourage terrestrial ecological research in a broad sense 

and to co-operate with other organizations engaged in such research. 

The research projects are carried out by four departments, three of which 

are housed at the institute's headquarters at Arnhem; the Department for Dune 

Research has its seat at Oostvoorne. Recently, a new seat for experimental 

research was established at Heteren, near Arnhem. Field work is carried out 

in various parts of The Netherlands (see Fig. 1). 

The main objects of study are the properties of plant and animals in relation 

to their specific occurrence. In this respect special attention is paid to 

plants of dune grassland and to birds, particularly the Great Tit. 

The research projects are performed on a multidisciplinary basis. For parts 

of these projects the institute collaborates closely with some departments of 

the Dutch universities. In addition, the institute administers the ringing of 

birds in The Netherlands. It is also the site of the Euring Data Bank, 

in which all recoveries o f birds ringed in Europe are to be assembled. 

The institute is supervised by a committee appointed by the Division of 

Sciences of the Academy, and is financed by the Government. 

The addresses of the institute are: 

Headquarters: Kemperbergerweg 67, 6816 RM Arnhem. Tel. 085-432841. 

Department for Dune Research: Weevers' Duin, Duinzoom 20a, 
3233 EG Oostvoorne. Tel. 01885-2400. 

2. SCIENTIFIC STAFF 

J.W. Woldendorp (Director) 

Population ecology 
J.H. van Balen (Head, Ecology) 
J.A.L. Mertens (Eco-physiology) 
P.J. Drent (Behavioural ecology) 
A.J. van Noordwijk (Guest worker) 
Jolien den Boer-Hazewinkel 

(Guest worker) 
Christina W. Eshuis-van der Voet 

(Guest worker) 

Bird migration ("Vogel treks tation") 
A. C. Perdeck (Head, Bird migration) 
A.J. Cavé (Ecology) 
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Location of the Institute for Ecological Research 
and its field work sites 

1. Headquarters in Arnhem 
2. National Park De Hoge Veluwe, where most of 

the field work on the Great Tit is done 
3. Heteren (experimental research) 
4. Vlieland (additional field work) 
5. Westeinder Plassen, where most of the field 

work on the Coot is done 
6 . Oosterhout (additional field work on the 

Great Tit) 
7 . Liesbosch (additional field work on the 

Great Tit) 
8-9 . Zuidelijk and Oostelijk Flevoland, newly 

reclaimed IJsselmeer polders, where the field 
work of the Department of Distributional 
Ecology is done 

10. Dune system on the island of Voorne, with the 
Department for Dune Research Weevers' Duin 

11. Dunes of Goeree (additional field work of the 
Department for Dune Research) 



3. POPULATION ECOLOGY 

3.1. POPULATION DYNAMICS OF THE GREAT TIT, PARUS MAJOR 

3.1.1. Population fluctuations, foraging behaviour and winter food 

(J .H. VAN BALEN) 

The studyon the importance of winter fee ding conditions for the annual survival 

of yearling and older Great Tits (cf. VAN BALEN 1976) was continued. Multiple 

regres sion calculations showed that both the size of the beechmast erop and 

the amount of additional food (seeds) provided by us, affected the annual 

survi val of the ti ts. The survival of the yearlings in particular was promoted 

by the size of the beechmast erop, whereas the survival of the older birds was 

mainly affected by the additional supply of seed food. The influence of 

weather factors (frost, snow) is of doubtful importance. A more sophisticated 

analysis, performed by canonical correlation, confirmed these conclusions. 

The rather wide distributionofbeechmast, both inside and outside the study 

area, seems to account for the effect on the survival of the yearlings, many 

of which do not have astrong attachment to a restricted area (territory). On 

the other hand, the dominanee of the older birds over most of the yearlings 

could to a large extent prevent the latter from profiting from the additional 

food supplied. 

The canonical correlation calculation referred to above showed additionally 

that the number of yearlings in the breeding population of a given year was 

positively correlated with the number of fledglings in the preceding year and 

negatively correlated with the size of last year's breeding population. This 

result might reflect the importanee of the number of "available sites" in the 

population for the yearlings' chances of establishing a territory. 

The alternation of winters with a good and a bad erop of beechmast continued. 

The rich erop in the autumn of 1976 which was followed by an extremely high 

breeding density of Great Tits (in all areas studied by us; see Table 1), was 

TABLE 1. 

Area 

Hoge Veluwe 

Warnsborn 

Vlieland 

Oosterhout 

Liesbosch 

Numbers of breeding pairs of the Great Tit in the last five years 

1973 

118 

30 

66 

26 

44 

1974 

124 

26 

56 

25 

27 

1975 

169 

41 

61 

22 

31 

1976 

133 

15 

56 

16 

27 

1977 

201 

53 

109 

30 

51 

succeeded by a very poor erop in the autumn of 1977. Most of the beeches in 

the Hoge Veluwe study area bore no nuts and there were very few on the other 

trees. Most of the tits fouraged in oak, birch, and Scots Pine during the 

autumn and winter. Within this group of tree species the foraging ~tations 
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changed from the twigs (in the autumn) to the boles and the soil under the 

trees (in the winter). In February and /.1arch of 1978 some samples of stomach 

contents were collected by the use of an emetic. The majority of the samples 

contained animal food. This was even the case during a period of severe cold 

with a snow cover in February. 

The very high breeding densi ty in 1977, combined wi th a high breeding success, 

resulted in a large summer population. This was reduced by various causes to 

an extremely low population in February 1978. The usual dispersal of yearlings 

in the summer was followed by another period of emigration in October-November 

during which many of the non-terri torial birds left the study area. Furthermore, 

predation by Sparrowhawks and Tawny Owls was responsible for a continuous 

removal of tits throughout the autumn, winter, and spring. The cold spell in 

February resulted in a sudden decline in numbers, probably due partially to 

death and partially to emigration. Later on, the numbers were increased by 

immigration of newcomers and of birds that had left the area previously. 

Reference 

BALEN, J.H. VAN - Factors affecting the size of the breeding population. In: 
Progress Report 1975, Institute for Ecological Research. Verh. Kon. Ned. 
Akad. Wetensch., Afd. Natuurk., 2e Reeks, 67, 3-5 (1976). 

3.1.2. Territory-occupancy and reproduction (P.J. DRENT) 

From 1974 onward, the composition of the Great Tit population during the 

breeding season -in terms of territorial and non-territorial males or pairs

is well known for part of the main study area in Hoge Veluwe region. 

In each breeding season the majority of the males present occupied a 

territory in which they attempted to reproduce (local- territorial males) . 

The number and percentage of males that were present but did not possess a 

territory in this part of the study area (guest males) , differed markedlyfrom 

year to year (Fig. 2). During the breeding seasons of 1975 and 1977, both of 

which followed a winter with a good beechmast crop, the number of territorial 

males and the number and percentage of guest males were high. This might be 

related to the good local survival of non-territorial males observed during 

such winters. In the spring the surviving males succeeded territorial males 

which had disappeared, stayed in the study area as non-territorial males 

(local non-territorial males; see Fig. 3), or emigrated to the surrounding 

LOC A L NON - TER RIT 0 R I A L 

G U E S 

FOREIGN TER RIT 0 R I A L 

F 0 REI G N 

FOREIGN NON - TER RIT 0 R I A L 

FIG. 3. Classification of guest males or pairs 
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FIG. 2. 

N total 47* 

N loc. territ. 45 

% 
100 

80 

60 

40 

20 

1974 

83 

64 

1975 

D Local- territorial males 

lllID Guest males 

50 79 

47 65 

1976 1977 
Breeding season 

The percentages of local-territorial and guest males in the breeding 
season. 
* (Calculated only from recapture data before, during, and af ter 

the breeding season) 

areas. Since there is a shortage of suitable nest-holes (nest-boxes) in some 

of the surrounding areas, some territorial pairs, but particularly non

territorial pairs, were unable to reproduce. Such pairs, i.e., residents and 

recently immigrated, visited our study-area, where there is a surplus of 

nest-boxes, to find a nest-site. These pairs, cal led foreign guest pairs, can 

be divided into foreign territorial and non-territorial guest pairs (seeFig.3). 

Unlike the local-territorial males, all foreign guest pairs disappearedfrom 

the study area af ter their breeding effort. Since the percentage of foreign 

guest pairs is high in years with a high breeding density, this could have an 

effect on the local survival of the total breeding population. 
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TABLE 2. 

years 

1974/1975 

1975/1976 

1976/1977 

The survival (in %) of various categories of male tits between 
breeding season n and breeding season n + 1. The number of birds 
in breeding season n is geven between parentheses 

all 

57 (47) 

46 (83) 

56(50) 

local-territorials 

60 (45) 

59 (64) 

60 (47) 

foreign guests 

o ( 2) 

0(13) 

o ( 2) 

Table 2 shows that in 1975/1976 the local survival of the breeding maleswas 

relatively l ow, but that this was due solely t o the l ow survival of the guest 

males and their large contribution to the 1975 breeding population. The local 

survival of the local-territorial males did not vary in the three years ofthe 

present study. 

The presence of these different categories of males (or i.e., pairs) makes 

it possible to study proximate effects of territory occupancy on reproduction. 

Although territory occupancy is not necessary for mating, females joined 

territorial mal es preferentially. Moreover, females mated with non-territorial 

males Ie ft them if they had the opportunity to join an unmated territorial 

male. Consequently, in 1975, when there was a shortage of females in the 

area, especially the non-territorial males remained unmated. The observations 

showed clearly that all of them tried to repro duce , regardless of their 

territorial status. Guest pairs nested in free holes or nest-boxes in the 

territory of another pair, the host pair. These guest pairs always "had the 

second choice of holes. They defended their nesthole and its direct 

surroundings against other birds, but remained subordinate to the host pair. 

Although the guest pairs were already observed in the genera I area before 

the egg-Iaying period, they started egg-Iaying much later than the local

territorial pairs (Table 3). 

TABLE 3. 

1975 

1977 

Mean laying date of first egg of pairs of different status . The 
number of observations is given between parentheses 

local-territorial 
pairs 

31.6(60) 

31. 3 (65) 

guest 
pairs 

37 .5(14 ) 

36.7(12) 

host 
pairs 

25.3(13) 

27.6(11) 

The difference became more pronounced when only t he guest pairs and their 

host pairs were compared. These data indicate that the guest pairs started 

their breeding effort in territories where the female started to lay early. 

Observations had shown that agonistic behaviour of especially the male of the 

6 (276 ) 



host pair is at least partly responsible for this phenomenon. Although the 

guest pairs showed some nest-building activities at the same time as local 

territorial pairs, they were prevented from completing the nest by the 

agonistic behaviour of the host pairs. Only when (with the progression of his 

reproductive cycle) the host male decreased his agonistic behaviour and 

restricted it to the direct surroundings of his own nest did the guest pair 

succeed in building a nest. Consequently, guest pairs could start their 

reproductive effort earliest in the territories of pairs which had started 

relatively early. This is important, because the data of the first egg 

determines the fledging date. Early-fledged young are known to be more successful 

than late-fledged young in establishing a territory in the autumn. Having a 

territory in the autumn improves the chances for surviving the winter and for 

having a territory in the same location in the next breeding season. 

The different categories of pairs did not differ in the number of broöds 

from which at lea'st one young- f l e dged; in the number s o f eggs , hatche d young , 

and fledged young per brood; and in the weight of the young just before 

fledging. In contrast to the local-territorial pairs, the guest pairs did not 

normally produce a second clutch. The late start of the first clutch might be 

important in this respect. Important differences occurred, however, in the 

number of young recaptured af ter fl edging in the study area. Many more young 

o f local-territorial pairs than o f gue st pairs were recaptured (see Fig. 4). 

FIG. 4. 
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Of the different categories of guest pairs (see Fig. 3), the young of local 

non-territorial guest pairs were recaptured more of ten than those of foreign 

guest pairs. More precise observations showed that these differences arose 

from the influence of the parents on the movements of the brood during the 

period af ter fledging when the young are still dependent on them for food. 

Af ter fledging, the broods either stayed in the territory or returned to the 

parents' territory (foreign territorial guest pairs), or, in the case of non

territorial pairs, returned to the parents' former daily-activity range. In 

contrast to the broods of local-territoral pairs and of local-non-territorial 

pairs, which stayed in the irnrnediate neighbourhood of the nest site during 

the first few days af ter fledging, the broods of foreign guest pairs started 

within an hour af ter fledging to return to the former activity range of the 

parents. The movements were carried out with such rapidity that some of the 

young could not keep up with the parents. These young run a high risk of 

starving or being predated. 

Af ter some days the parents started to move with their young daily (or 

sometimes even for several days) from the territory to other localities which 

were rich in food. Observations made during recent years had shown that at 

this stage the parents of ten returned to those localities where they had 

foraged during their first surnrner. As a consequence , some broods of local 

pairs left the study area at this stage, whereas some of the broods that had 

emigrated shortly af ter fledging now returned. 

The above-mentioned movements led to differences in local survival due to 

selective mortality, emigration , or irnrnigration . These findings are important , 

because the nurnber of young that establish a territory in the auturnn depends 

to some extent on the nurnber of young males present in the area at that time. 

Thus, since the proportion of guest pairs (and therefore also the proportion 

of broods which emigrated) is high in years with a high breeding density, it 

is not correct to take the nurnber of fledged young as a measure of the young 

present in the auturnn in seeking for correlations between this factor and 

parameters typical for processes occurring in these periods of the year . 

3.1.3. The breeding of Great Tits in natural sites 

J. A. VAN FRANEKER & E. OSIECK) 

(J.H. VAN BALEN, 

The regular inspection of tree ho les in an area north of Arnhem was continued . 

The results obtained in 1975-1977 were similar in many respects. In each year 

the Starling (Sturnus vulgaris) was the main occupant of the hole s, with the 

Great Tit taking second place. The percentage of occupied h o l es varied 

considerably, decreasing from 78 in 1975 to 61 in 1976 and increasing again 

to 87 in 1977. Only a small proportion of the territory-holding pairs of 

Great Tits succeeded in obtaining a hole for nesting . The remaining pairs 

either stayed in the area without nesting or moved to nearly nestbox areas . 

When the entrances of most of the holes with wide entrances in part of the 
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study area were narrowed to 30 mrn, the pattern of occupation in the experimental 

plot changed completely. Whereas in 1975 and 1976 the Great Tit occupied only 

21 and 14% of the suitable holes, respectively, in 1977 the occupance rose to 

47% . In this situation about 70% of the territory-holding pairs succeeded in 

obtaining a nest site. 

The breeding success of the Great Tit was very low . Due to interspecific 

competition and to predation, only 56% of the nests that were started resulted 

in at least one fledged young. The number of fledged young in successful 

broods in tree holes was similar to that in nest boxes. 

The comparison of several breeding parameters with characteristics of the 

nest holes gave results di ffe ring from t ho s e r e port e d e arli e r (VAN BALEN & 
BOOIJ 1976). The calculation of partial correlation coefficients for the 1977 

data showed that the size of the entrance hole is the only hole characteristic 

that is significantly related to the clutch size and the number of fledged 

young. In holes with a small entrance the clutches and the number of fledglings 

are larger, and the effects of competition and predation are smaller than in 

holes with wide entrances. 

Reference 

BALEN, J.H. VAN & K. BooIJ - The breeding of Great Tits in natural nest sites. 
In: Progress Report 1975, Institute for Ecological Research, Verh . Kon. Ned. 
Akad. Wetensch., Afd. Natuurk., 2e Reeks, 67, 11-12 (1976). 

3.1.4. Population genetics of the Great Tit: heritability of clutch size 

(A.J. VAN NOORDWIJK) 

The presence of genetic variability is a necessary condition for the process 

of evolution, and is implied in many hypotheses in evolutionary ecology about 

characters with ecological significance, e . g. date of laying and clutch size . 

Direct demonstration of genetic variability in natural populations is rare . 

This is not surprising, because it concerns quantitative characters, which in 

general are rather sensitive to environmental variation . Environmental and 

genetic differences are mixed up in the total phenotypic variance of the 

character concerned . The phenotypic variance can be separated into its 

environmental and genetic components by the statistical methods of biometrical 

genetics. The Great Tit is one of the very few organisms besides man for which 

sufficient data with a known family structure are available in natural 

populations to make such an analysis feasible. 

A maximum value of the genetic variance can be obtained by determining the 

repeatability of the character, i.e . , the ratio of the variance caused by 

differences between measurements in the same individual and the total pheno

typic variance. More accurate methods used to determine the share of genetic 

variation in the phenotypic variation are based on comparisons of individuals 

sharing a known part of their genes as a consequence of family relationship . 

The reduction in variance within families and the correlation between parents 
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'" CD 
o TABLE 4. Resu1ts of corre1ation and regression ca1cu1ations on c1utch-size data. (Hoge Veluwe 1955-1972, first c1utches. 

No transformations or corrections app1ied) 

Category 

1. Repeatability for females with different partners 

2. Repeatability for males with different partners 

3. Repeatability for females/males with same partners 

4. Regression daughter-mother; clutch by clutch 

5. Regression son-father; clutch by clutch 

6. Regression daughter-mother; mean/individual 

7. Regression son-father; mean/individual 

8. Regression daughter-mother; clutches from same year 

9. Regression son-father; clutches from same year 

10. Correlation between full sisters from same nest 

mean/individual 

clutches from same year 

Ntunber of 
clutches 

323 

308 

155 

630 

669 

Ntunber of 
individuals 
or pairs 

140 

135 

73 

187 

253 

187 

253 

95 

102 

21 

19 

Correlation Degree of Heritability 
or kinship 
regression 
coefficient 
+ S.E. 

0.46 

-0.00 

0.34 

0.18+0.04 

-0.05+0.04 

0.25+0.08 

-0.02+0.07 

0.24+0.10 

-0.02+0.11 

0.41 

0.30 

1.0 

0.0 

1.0 

0.5 
} 

0.0 

0.5 
} 

0.0 

0 . 5 
} 

0.0 

0.5 

0.5 

0.46 

0.34 

0.46 

0.54 

0.52 

(0.82) 

(0.60) 



and progeny makes it possible to calculate the ratio of genetic variance to 

the phenotypic variance. This ratio is called the heritability. Because it is 

a relative measure, it is dependent on the amount of variation originating 

from other sources represented in the data, e.g., the range of environments 

included and possible systematic age effects . In this analysis of the 

heritability of clutch size, use was made of data on first clutches from the 

Hoge Veluwe collected in 1955-1972 and the only attempt made to eliminate 

other sources of variation was the exclusion of very small (~6) and verylarge 

clutches (~16), where the probability of artefacts is higher. 

With respect to the data in Table 4, it must be kept in mind that the 

identity of genes is not the only property shared by some combinations . For 

example, in poth the comparison of full sisters and the repeatability 

measurements an influence of common conditions in the nest migh also be a 

source of similarity, and systematic age effects introduce an unwanted source 

of dissimilarity in the repeatability. 

If there had been an influence of the male on the clutch size of his partner 

(possibly through heterogeneity of the environment or via an autocorrelation 

resulting from uneven spreading of good and bad years), we would ~ave obtained 

a positive corre lation between the different partners of the same male. The 

absence of this correlation leads to the conclusion that environmental 

heterogeneity within the study area is unlikely to be important as a source 

of variation in clutch size. This is in agreement with the fact that no 

consistent differences in ave rage clutch size were found between the various 

parts of the area. 

On the whoie" we may conclude that almost half of the observed variance in 

the size of first clutches is caused by genetic heterogeneity. A first attempt 

to establish selection did not yield results. 

These investigations are being continued in the expectation that the 

accumulation of more data will permit a more detailed splitting into different 

groups. Other characters under investigation are the date of laying, body 

size, and egg characteristics. The initial results on the date of laying 

indicate a high degree of heritability af ter deletion of the variation between 

years. 

3.1.5. Eco-physiological research (J.A.L. MERTENS) 

Since beechmast seems to be a major food resource when snow covers the ground 

in periods of cold weather, the digestibility of this type of food was 

determined. This was done by placing an adult Great Tit of known weight in a 

metabolic chamber with a weighed amount of peeled beech nuts of known 

composition, estimating the bird's energy expenditure over a ten-day period 

by respiration-gas analysis, and collecting the faeces (F), urine (U), and 

wasted food every other day. The food and water supply was replenished at the 

same intervals. 
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The composition and energy content of the wasted food were determined, and 

the latter was subtracted from the amount of energy supplied in the food to 

obtain the amount of energy ingested (C). The amount of energy excreted in the 

faeces (F) and urine (U) was also determined. The difference between C and F 

is the amount of energy present in the digested amount of food (D), and the 

difference between D and U is the assimilated amount of energy (A) which 

theoretically should equal the sum of the amount of energy expended by the 

bird and the amount of energy lost or gained in changes of its body weight. 

This equality is never attained, due to incomplete collection of the wasted 

food, faeces, and urine. The amount of energy expended by the bird (as heat) 

was measured to estimate the size of the error introduced via the collection 

of the wasted food, etc. 

The digestibility coefficient of peeled beech nuts (%) digested by Great 

Tits was 0.442 and the assimilation/consumption efficiency (~) was 0.403. 

These values are very low compared with data found in the literature. Since 

such a low digestibility coefficient might be due to the unsuitability of 

beech nuts as food or to the fact that the Great Tit is not a true granivorous 

species, the digestibility of certain seeds for Great Tits and one or more 

granivorous species was studied. Because beech nuts were no longer available, 

we compared the digestibility of sunflower seeds for Great Tits and Green

finches (Chloris chloris). Although for Great Tits sunflower seeds proved to 

be much more digestible t han beech nuts (0.700), the Greenfinches digested the 

sunflower seeds even better (0.830). The corresponding assimilation/consumption 

efficiencies are 0.672 and 0.801. These ,studies are to be repeated next year 

with beech nuts. In view of the low digestibility coefficient of beech nuts, 

this type of food must be regarded as an emergency food. 

During the breeding season of 1977 the growth and temperature-regulation 

development of nestling Stock Doves (Columba oenas) was investigated. These 

investigations form the first stage of a comparative study on energy 

requirements and the development of temperature-regulation and heath-transport 

mechanisms in contrasting bird species during the reproductive period. 

These initial investigations showed that unlike Great Tits, nestling Stock 

Doves already have the ability to increase their heat production in response 

to decreasing ambient temperatures when they are three days old. The basal 

energy expenditure p er unit body weight of newly hatched Stock Doves lies 

below that of adult Stock Doves, increases during the nestling period, and 

reaches the adult level when the nestling are only four days old. The basal 

energy expenditure per unit body weight of nestling Great Tits also increases 

during the nestling period, but here it reaches the adult level only by 

fledging time. The basal energy expenditure per unit body weight of nestling 

Stock Doves surpasses the adult level af ter the fourth day of development and 

closely approaches the level of passerine species when the nestling Stock 

Doves have reached 1/3 of their fledging weight. Af ter that, the energy 
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FIG. 5. A. Basal methabolic rate (BMR) of nestling Stock Doves per 
unit body weight 

B. Level of BMR of adult passerine species 

c. Level of BMR of adult non-passerine species 

requirements per unit body weight decrease and r each the leve l o f adult Stock 

Doves (non- passerines) at the t ime o f fledging again (Fig . 5) . 

3 . 2 . ECOLOGY OF THE COOT , FULICA ATRA (J. VISSER) 

The differences in clutch size between age classes and between populations led 

us to study the weight and composition of the eggs (VISSER 1976). Differences 

in egg weight proved to occur between different popul ations and between 

yearling and older females. Furthermore, there are indications that the egg 

weight is highest early in the season. In some cases there i s a marked 

variation in egg weight within clutches. Due to the variation in egg weight, 

variation could also be expected in the quantiti e s of the components: fat, 
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protein, water, and undetermined components {remainderl, some of these 

components may be important for the survival of young chicks. 

From 1975 through 1977, 43 fresh and 26 pipped eggs we re sampled and 

analysed. The relationship between egg weight and the weight of the components 

is given in Table 5 for both fresh and pipped eggs. There is no significant 

TABLE 5. 

component 

fat 

protein 

remainder 

water 

shell 

Correlation between egg weight and the weight of fat, protein, 
remainder, water, and the shell of fresh and pipped eggs 

fresh 

pipped 

fresh 

pipped 

fresh 

pipped 

fresh 

pipped 

fresh 

pipped 

percentages 

correl. coeff. 

r = -0.034 

r = -0.024 

r= 0.153 

r = -0.363 

r = -0.213 

r = -0.255 

r = -0.073 

r = 0.256 

r = 0.066 

r = -0.138 

p value 

>0.05 

>0.05 

>0.05 

>0.05 

>0 .05 

>0 .05 

>0.05 

>0.05 

>0.05 

>0 .05 

absolute value 

correl. coeff. 

r = 0.581 

r = 0.623 

r = 0.848 

r = 0.742 

r = 0.256 

r = 0.237 

r 0.976 

r = 0.897 

r = 0.630 

r = 0.928 

p value 

<0.01 

<0.01 

<0.01 

<0.0 1 

)0.05 

).0.05 

<0.01 

<0.0 1 

<0.0 1 

<0.01 

correlation between the weight of the eggs and the percentage weight of the 

components; in other words, the composition of the eggs is not related to the 

total weight. Therefore, an increase could be expected in the absolute amount of 

the components wi th increasing egg weight. This is confirmed by the significant 

correlation coefficient for fat, protein, and water in Table 5. The correlation 

between egg weight and the weight of the undetermined component is not significant. 

It is clear that the egg- shel l increases in weight with increasing egg size. 

In 1976 and 1977, 18 pipped eggs were sampled from which the fresh weight 

was known. Table 6 shows the compositionofthe eggs at pipping in relation to 

TABLE 6. 

component 

fat 

protein 

remainder 

water 
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Correlation between the weight of fat, protein, remainder, and 
water of pipped eggs and the fresh weigh t of the same eggs 

correlation coefficient 

0.706 

0.934 

0.235 

0.889 

P value 

<0 .01 

<0.01 

>0 . 05 

<0.01 



that of the fresh egg. The amount of fat, protein, and water in the chick just 

before hatching proved to be positively correlated with the weight of the egg 

at the time of laying. Again, no signifi cant corre lation was found between the 

undetermined component of the c hick and the weight of the egg. 

It is known that there is a large variation not only in individual chick 

weight within a brood but also in the we ight of different broods of the same 

age (VISSER 1974). The variatio n in we ight within a brood can be partially 

ascribed to differences in s e x and a ge (asynchronous hatching). The analyses 

of fresh and pipped eggs indi c ate that the variation in e gg weight within a 

clutch can also contribute to the variation in chick weight at the time of 

hatching. Differences in the me an weight of broods of the same age can also be 

partially ascribed to differences in the mean weight of clutches. 

To investigate the seasonal tre nd in egg composition, fresh eggs from 43 

c lutches f o r whi c h t h e laying date was known , we r e analysed in 19 75 an d 19 76 . 

The l aying date s r anged fr om Mar ch 12th to J une 16 th . The correlation between 

the we i ght o f t he egg components and the time o f laying is shown in Table 7. 

TABLE 7. Correlati on b e tween the absol ute we ight o f c omponents of fresh 
eggs and t i me of egg la y ing 

component correlation coefficient P value 

fat -0.378 <0.05 

protein -0 . 2 12 >0.05 

remainder 0 . 094 >0 . 05 

water -0.165 >0.05 

shell 0.205 >0 . 05 

total weight -0 . 160 >0.05 

The seasonal decline in total weight is not significant. Nevertheless, there 

is a significant decrease in the absolute fat weight in the course of the 

season. protein and water also show a seasonal decline in weight, but here 

the correlation is not significant. The weight of the shell shows an increase; 

the undetermined component shows no correlation at all. These results support 

the conclusions drawn from earlier investigations (VISSER 1976). We intend to 

investigate the consequences of the variation in egg composition and the 

seasonal decline in fat weight for the survival of newly-hatched chicks. 
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4. BIRD MIGRATION 

THE ANALYSIS OF MIGRATION PATTERNS FROM DATA OF RINGED BIRDS (A.C. PERDECK) 

Introduction 

The purpose of this analysis is to distinguish patterns of movement or dispersion 

of bird populations on the basis of recoveries of ringed individuals. In the 

absolute sense this is only possible if these recoveries give a true picture 

of the distribution of the birds. As mentioned in the pre ce ding progress report 

(PERDECK 1977a) and discussed in greater detail elsewhere (PERDECK 1977b) this 

is generally not the case. It can be argued, however, thatrelative differences 

between distributions can be extracted from such data, provided we study 

related species or populations of one species. This means that the comparative 

approach is the most promising. 

If we interpret the distribution in space and time as the result of movements, 

the following features of the movements are of particular interest: 1) extent; 

2) orientation; 3) scatter (including such features as skewness of the distri

bution, e . g . in partial migration); 4) annual periodicity of 1), 2) , and 3); 

5) age dependency , 6) calendar- year dependency; 7) detailed pattern (e.g ., 

locati on in space and time of breeding , wintering and other resting areas, 

r outes, etc . ) . 

Periodic regres sion analysis 

A method to describe a distributi on changing with time lS to be found in a 

special kind of regres sion analysis based on Fourier analysis (PERDECK 1977a, 

b) . When the data are distributed according to the basic assumptions under

lying multiple r egression analysis, a description of the pattern covering 

most of the features mentioned above can be given. But if these basic assump~ 

tions not fulfilled, the method is liable to give misleading. results. Such 

assumptions are: (1) that the independent variate (the time of finding) is 

the one that is controlled, without measurement inaccuracies, (2) that the 

dependent variates (the geographical co- ordinates of the recovery site, con

verted into space co- ordinates ) have, f or each value of the independent va

riate, the same expected varianee, and (3) that they are distributed normally. 

That the first condition is met could be questioned, but the other two are 

certainly not (see below) . Trials to modify the co- ordinates such that they 

fitted the assumptions better, were not successful. Moreover , varianee in

equalities and skew distributions might be the result of phenomena of inte

rest from a biological viewpoint, such as partial migration or concentration 

at certain places f or breeding or feeding. It therefore seems incorrect to 

delete such features just to obtain nice curve fitting . 

Nevertheless, regression analysis might be useful for a general description 

of the route. With lower numbers the periodic regression gives rise to simple 

eosine curves . Combination into a two-dimensional picture (a map) gives el

liptical patterns yielding little information. When there are few observations 

during a certain period only , higher harmonies (the shorter wavelengths} that 
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are functional outside this period oscillated within it too . Thi s gives rLse 

to strange curls in the two-dimensional representation. From the above 

considerations it is clear that the periodic regression method cannot solve 

all of the problems encountered in the analysis of migration patterns. For 

detailed analysis, other methods are needed. This holds especially for the 

scatter of the observations at different times of the year. 

Principal component analysis 

One complication of recovery sites is that they are in fact distributed in 

three dimensions, since they lie on the globe. This is a rather academic 

point for small areas, which can be considered flat, but one would like to 

evaluate the influence of this flattening. This holds especially when long

distance migrants are considered. A method for this evaluation is to convert 

the two (polar) geographical co-ordinates of the recovery sites into three 

rectangular space co-ordinates or axes (PERDECK 1977b, Fig. 2). A principal 

component analysis is then carried out on the converted co-ordinates of the 

recoveries, neglecting the time of finding. As a result of this procedure the 

original axes are rotated such that one of them (the first component) becomes 

the best-fitting straight line through the points concerned, while the second 

axis, remaining rectangular to the first, is the best fitting one if all 

points are projected on the first axis, and so on. This analysis yields three 

eigenvalues representing the variance of the projections of each point on the 

three axes, which makes it possible to estimate how much of the variation is 

due to each component. If one or two of the eigenvalues are very small, the 

three-dimensional distribution can be reduced to two dimensions or one 

dimension, respectively. 

Another interesting aspect of the principal component analysis is the fact 

that the components are not correlated with each other. To visualize this, 

imagine a bird flying to the southwest. If its course is expressedin latitude 

and longitude, it is clear that these co-ordinates are strongly correlated 

for each point of the route. However, if the bird's direction is due south 

-i.e., the north-south axis (longitude) is the best-fitting line through its 

respective positions- then latitude and longitude are uncorrelated (longitude 

has become a constant). From the statistical point of view this has advantages. 

For instance, in periodic regression analysis the three original equations of 

the space co-ordinates should be solved in a multivariate way, by multivariate 

multiple-regression analysis (there are three dependent variates, all 

correlated to each other). But if the co-ordinates are converted into 

principal components, three univariate multiple regressions can be carried 

out, which simplifies the computation. 

Results 

To make the mate rial as homogeneous as possible, only the recoveries of dead 

17 (287) 



birds were used and these were divided into two groups t'fo und" and "shot " 

(for definitions and the reason for this division, see PERDECK 19 77a, b). 

Within one analysis only one type of recovery was used . For t h is report , the 

species ringed as nestlings we re analysed from the recovery category "found". 

This concerns the folowing species: Long-eared OWl (Asio otus) , Oys tercatcher 

(Haematopus ostralegus), Kestrel (Falco tinnunculus), Grey Heron (Ardea 

cinerea ) , and Lapwing (Vanell us vanellus) . The category "shot" was used f o r 

the Barnacle Goose (Branta leucopsis) , and the Bean Goose (Anser fabalis). 

The birds had been ringed at different places in The Netherlands, but no 

differentiation was made in this respect . However, they may move over distances 

much shorter than the distance between the ringing localities, and this wi ll 

give rise to extra scatter of the recovery distribution that is not due to 

movements . Therefore, the mean geographical co-ordinates of the centre of 

gravity of the ringing places were calculated (method 3 in PERDECK 1977b). 

The co-ordinates of the recovery site were adjusted to the shift of the 

original ringing place. This shift kept the orthodromic (great circle) 

distance correct, but therefore gave slight deviations in the (loxodromic) 

directions. 

Next, a principal component analysis was carried out on the space co-ordinates 

of the corrected recovery sites. The variation due to each component was 

calculated by means of the eigenvalues . From column in Table 8 it can be 

seen that 80% or more is covered by the first axis, and that the third axis 

can be neglected. 

TABLE 8 . Resultats of principal component and regression analysis 

2 3 
species share of components relative significance number of 

in total variation standa r d of terms recoveries 
along axes (%) dev. of (axis 1 ) 

1 2 3 comp. 1. cos t sin t 

Long-eared OWl 84 . 1 15 . 5 0.4 ns ns 303 

Oystercatcher 88 . 8 11.1 0.1 2 K ns 315 

Kestrel 80.2 18 . 8 1.0 2 ns KK 594 

Grey Heron 92.8 5 .8 1.4 3 ns KKK 740 

Lapwing 90 . 6 8.9 0.5 5 xxx XKK 395 

Barnacle Goose 96.0 3 . 6 0.4 9 KKK x 106 

Bean Goose 84.0 12.7 3.3 11 xxx XKX 751 

ns not significant at 5 % level 
x significant, P <0.05 
KK significant , P <0.0 1 
XXK significant, P <0.001 
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This means that a two-dimensional analysis is valid here (implying the choice 

of a certain map projection) , and even that reduction to one dimension (the 

first axis) does not violate the data seriously . An application of the latter 

is to use the eigenvalue of the first axis as a measure of the extent of the 

movements. For this purpose the eigenvalues , being variances, were transformed 

into relative standard deviations by taking the square root and considering as 

unit the value of the species with the least deviation. This is of course only 

legitimate when the relative share of the first component is roughly the same 

in all of the species under study (otherwise, the second axis should also be 

taken into account). The result is shown in column 2 of Table 8 . 

Each of the uncorrelated components was subjected to a Fourier or periodic 

regression analysis (PERDECK 1977b). The start was made with 5 harmonics, but 

the sine and cosine terms were kept separate in the analysis of variance. 

These 10-termed regression equations were reduced to the significant terms 

by the backward elimination procedure. This procedure not only reduces the 

regression to ' a more simple one with a higher overall significance, but also 

tests the significance of the separate terms. This might be not very interesting 

for the second and higher harmonics, which are intended for better curve fitting, 

but for the first harmonic ,it serves as a kind of test for annual periodicity 

in the movements . The significance of the first harmonic terms (cos tand sin t) 

from the partial F-test in the reduced equation is given in column 3 of Table 

8. Clear differences between the species can be detected, and for the Long

eared Owl the conclusion is that there is no annual periodicity. 

From this regression analysis a rough picture of the migration routes i s 

obtained by converting, for each day of the year, the rectangular space co

ordinates into polar geographical co-ordinates and plotting them on a map 

(see PERDECK 1977b, for examples ). Limitations of this method have already 

been pointed out in section Pe r iodi c regres sion analys is. 

To obtain more insight in the scatter of the movements the data were, af ter 

the principal component analysis, divided into months. For both the first and 

the second axis the measurements for skewness and kurtosis were calculated and 

tested. Months with signifi cant normal distributions were rare. Therefore, 

median, 20th and 80th percentiles were calculated and plotted against time 

(months) , ,,,hieh gave a picture of both the movement and the scatter and skewness 

of the distribution in time. This is illustrated in Fig. 6 for the first 

component (the main axis) of some of the species in question. Sixty per cent of 

the observations can be found between the 20th and 80th percentile lines. It 

must be kept in mind of course, that these pictures concern only the movement 

of the birds along the main axis, the best-fitting straight line through all 

recovery sites. For more information the second axis should also be takeninto 

account, but this axis covers only a small part of the variation. Such 

pictures could, in principle, be obtained for each age class and also for 

calendar years separately. 
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Dotted line: position of mean ringing place 
Solid lines from top to bottom : BOth, 50th, 20th percenti l e . 
The scale of the ordinate is arbitrary, but the orientation 
of the axis is i n dica t ed. 
The figures on the absciss refer to the months (top) and the 
number of recoveries per month (bottom) . For convenience half 
of the cycle is repeated . 
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Conclusion 

Although a periodic regression model meets all the requirements for an 

analysis of the changing distributions of recoveries of ringed birds, 

practical application proves it to be inadequate, mainly because of the 

statistically abnormal distribution and the varying number of observations 

per time unit. For each separate feature to be described, the appropriate 

method has to be found. In most cases it seems that the material should be 

divided into groups of time units (e.g. months) and that the analysis should 

be carried out on the group means or medians. The loss of information is 

then compensated for by the deletion of spurious information . Furthermore, 

combined with dimension reduction by principal component analysis, the 

handling of the data becomes easier and the main features are less likely to 

be blurred by insignificant details. 
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5. DISTRIBUTIONAL ECOLOGY 

5.1. EXPERIMENTS ON THE ESTABLISHMENT OF PLANT SPECIES IN A REED FIELD 

(J. VAN DER TOORN & K. REININK) 

In an earlier report the vegetation development of differently treatedreedbeds 

in the Zuid-Flevoland area -an IJsselmeer polder reclaimed in 1968- was 

described (REININK & VAN DER TOORN 1976). Reed-accompanying plant species only 

became established in the dry, undisturbed parcels. This establishment was 

more or less restricted to sites where aggregates of Epilobium hirsutum had 

been killed by a heavy infestation of Haltica lythri (Coleoptera, 

Chrysomelidae). One of the plant species that became dominant was the 

perennial Cirsium arvense, which formed aggregates extending by rhizomes from 

the old Epilobium patches. 

The extent to which seed propagation (of Cirsium and other species) playeda 

role in this process is not certain. To answer this question, the experiments 

described below were performed. 

In the establishment of species from seed, two factors are thought to be 

important, the presence of reed litter and interference with reed shoots. 

In the dry, undisturbed reedbeds (drained by ditches about 60 cm deep) a 

thick layer (about 10 cm) of reed litter is present. This layer is loose and 

dry at the top, but more compressed and humid at the bottom. 

A field experiment was set up in which reed-litter was removed from 1 m
2 

plots, which were compared with untreated plots (treatments "without litter" 
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and "with litter", respectively). In half of both kinds of plot the reed was 

clipped several times during the growing season; in the other half the reed 

shoo ts were allowed to deve lop normally (treatments "without reed" and "with 

reed", respectively). 

To investigate how many seeds alr eady p r e s ent ~n the litte r could ge rminate , 

reed litter was collected during May and placed in sowing-pans which were kept 

outdoors and moistened frequently to give favourable germination conditions. 

The r e sults, shown in Table 9 , indicate that a considerable number of seeds 

TABLE 9 . Number of ge rminate d plants in reed-litter colle cte d from three 
plots me asuring 1 m2 

Speci es 

Cirs ium arvense 

Ci rs i um vulgare 

Atri pl e x hastata 

POlygonum lapathifolium 

Sonchus aspe r 

Ranunculus sce leratus 

Ep i lobi um s p e c. 

S t e llari a me dia 

Che nopodi um rubrum 

Sene cio vulgaris 

Taraxacum spec. 

Phragmites australis 

S en e cio conges tus 

Total 

31 

28 

159 

2 

6 

2 

3 

234 

Plot no. 

2 

31 

23 

7 

9 

3 

2 

2 

2 1 

2 

100 

3 

16 

12 

43 

17 

8 

97 

are present in the litter. Among the most numerous are the seeds of twospecies 

(Atriplex hastata and Polygonum lapathifolium) showing large local differences 

in numbers. These species unlike the others, do not have airborne seeds. Two 

marshland species (Phragmi tes australis and Senecio congestus) do not occur in 

the fi e ld as seedling, probably because of the relatively dry conditions 

prevailing there. 

Because it was not known how many seeds were present in the litter and soil, 

some plots were sown with Cirsium arvense or Atriplex hastata (200 seeds per 
2 

m ), but this did not lead to a significant increase in the numbers of 

germinated plants. Therefore, for the further calculations sown plots were 

combined with the other plots. The results, which are given in Tables 10 and 
2 

11, are based on measurements in 0.25 m quadrats (one quadrat per plot). 

When litter is not removed (Table 10; "with litter") germination in the 
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TABLE 10. Density and cover of plant species in field experiment 

with Etter : 

Cirsium arvense 

Cirsium vulgare 

Atriplex hastata 

POlygonum lapathifolium 

Sonchus asper 

Other species 

Total 

without litter: 

cirsium arvense 

Cirsium vulgare 

Atriplex hastata 

j 

without 
reed 

a 

5 

s 

3 

4 

61 45 17 

23 26 18 

10 10 4 

Polygonum lapathifolium 83 46 20 

Sonchus asper 

Ranunculus sceleratus 

Epilobium spec. 

Stellaria media 

7 9 

82 80 37 

5 10 17 

j 

2 

with 
reed 

a s j 

without 
reed 

a 

cover (%) 

s j 

with 
reed 

a 

0.1 0.1 0.1 0.1 

0.1 

0.1 0.1 0.1 

0.1 

0.1 

0.1 

0.1 0.5 0.2 0.2 0.1 

64 24 0.4 2 

19 12 

9 

7 

2 

3 

0.3 

3 

2 3 

29 26 0.4 2 

67 20 0.4 3 7 

3 

4 

8 3 

74 60 4 

<0.1 

0.4 

3 

<0.1 

2 

0.4 

<0.1 

<0.1 

s 

<0.1 

0.1 

<0 .1 

0.3 

Chenopodium rubrum 2 2 3 

9 

0.4 0.3 0.3 

0.3 

0.1 0.1 <0.1 

Rumex maritimus 

Other species 

Total 

5 11 25 20 

37 2 38 2 

315 241 127 325 169 6 

0.4 

<0.1 <0.1 0.4 0.2 

10 34 12 11 10 0.4 

j = 28/6; a = 1/8; s = 12/9. Underlined values refer to fertile stages. 
Number of quadrats (0.25 rn2) per treatrnent = 9 (without reed) and 6 (with reed) 

TABLE 11. Dry weight (gram per m2) of above-ground parts in field experiment 
(September, 1977) 

with litter: 

Reed 

Other species 

without litter: 

Reed 

Other species 
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without reed 

o 
<0.01 

o 
52 

with reed 

1068 

o 

972 

<0.01 



field is very poor compared to the results of the germination experimentshown 

in Table 9, and also in comparison to the treatments without litter shown in 

Table 10 (in the latter case the germinating seeds lie in the mineral soiland 

may -at least partially- originate from earlier succession phases before the 

reed became dominant, since the pioneer species Ranunculus sceleratus and 

Rumex maritimus are more abundant here than in the litter; see Table 9). Thus, 

the germination of seeds is hampered by the litter layer. Several causes are 

conceivable, e.g.: 

(1) seeds in the litter-layer cannot germinate because the humitidy is too low; 

(2) seeds . under the litter cannot germinate because of light shortage; and 

(3) seeds do germinate under the li tter but the seedlings cannot penetrate the 

compact mass of litter. 

The influence of the reed itself is clearly expressed in the treatments 

without litter (Table 10). Clipping of reed promotes the growth of other 

species, as can be seen from: 

(1) the density in August and September; 

(2) the cover in August (cover in September decreases in both treatments due 

to natural death); 

(3) the occurrence of fertile plants (only annuals); and 

(4) the biomass in September (Table 11). 

Cirsium arvense developed rhizomes in the clipped plots but not in the non

clipped treatments. 

From the foregoing it may be concluded that establishment was onlysuccessful 

on the clipped plots. The diminishing plant growth on the other plots is 

probably to be ascribed to the dense shading by the reed. The reed biomass 

was relatively high in 1977 (Table 11) compared to preceding y e ars: it had 

reached a minimum (552 gr/m
2

) in 1973 (REININK & VAN DER TOORN 1976). In those 

years the shading effect may have been much smaller. 

When litter is not removed there is little or no effect of reed-clipping 

(Table 10 and 11). Not only was germination very poor but the dry weight of 

the plants present in September was also low. Therefore, litter seems to have 

had a negative influence not only on germination but also on the further 

development of the plants. 

In conclusion, it can be said that in the reedbeds under study establishment 

from seed can only occur on sites without litter or reed. This was more orless 

the case for the places where Epilobium died in 1973. In the other places 

establishment from seed also occurred on disturbed sites, such as paths made 

by man as weil as by hares, pheasants, and roe deer. 

Establishment from seed can be very efficient af ter incidental burning. A 

year af ter this treatment (by which the litter is destroyed) the reed may be 

heavily infested by the moth larva Rhizedra lutosa, which results in a very 

low shoot biomass, as in one of the dry treatments in 1976. This lead to mass 

development of several plant species, especially Cirsiumvulgare andC. arvense. 
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5 . 2. DETERMINATION OF THE HEAT TRru.SFER COEFFICIENT (P. STOUTJESDIJK) 

In the energy budget of the earth's surface, the hpat given off by convection 

appears as a closing item; all other components of the energy balance can be 

obtained by measurement. This convection term is the product of the temperature 

difference (ll t) between surface and air times the heat transfer coefficient ( Ct ). 

In the technical literature relations are found between wind velocity , ll t, and 

Ct , for both moving air (forced convection) and still air (free convection). 

In the field, application of these relations encounters several difficulties 

because the wind velocity changes very rapidly and over a wide range, especially 

near the surface . For this reason alone i t would be hard to use simple measurements 

to obtain a characteristic value suitable as a reference value in heat transfer 

calculations. Furthermore, heat transfer relations discussed in the technical 

literature refer to laminar flow or completely still air. In the field, air 

movement is usually turbulent and conditions are such that there is an 

intermediate stage between free and forced convection. Therefore, it is not 

surprising that for freely exposed leaves, calculated values of Ct were of ten 

up to 2.5 times higher than would be expected from theoretical considerations . 

For the estimation of the heat transfer coefficient at the surface of the 

earth, the literature contains virtually no indicat ions. Because this quantity 

is not only decisive for the temperature of the soil surface and low vegetation 

but also directly related to evaporation processes, it seemed wor th while to 

attempt to measure it directly or at least to find a quantity that is related 

to it in a simple way. We therefore attempted to design a device to measure Ct 

under conditions approaching those at the earth' s surface as closely as possible. 

The result is shown in Fig. 7 . Two heat flux plates with surfaces of polished 

copper are placed side by side. When one of the two is heated from below, the 

following relation holds: 

If we assume that such small amount of solar radiation as are absorbed by the 

polished copper are the same':or both surfaces, Hl and H
2 

are the heat fluxes 

through the heated and the unheated surface, respectively, and Tl and T
2 

are 

their surface temperatures . 

Hl and H
2 

can be measured, because the surfaces that exchange heat with the 

air are part of what are called print plates in electronics. These plates 

consist of a layer of isolating material sandwiched between two thin copper 

plates, one of the plates is heated evenly via a copper plate which in turn is 
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FIG. 7. 

constantan wires 

heated 
copper ..... . 

plate ~~~~~~~~~~~~~~V····· · expanded B polystyrene 

Design of the device for the determination of the heat transfer 
coefficient . The constantan wires farm part of the circuits that 
measure the temperature differences between the surface of the 
heat flux plates 

heated on the lower side by a zigzag wire of manganine. Since the heat flux 

through the print plates is proportional to the temperature difference between 

their upper and lower sides, it can be measured af ter calibration. The 

temperature differences are measured thermoelectrically. 

In Fig. 8 measured values of a are shown in relation to wind velocity. The 

values of a are mean values of a short series of measurements; the range of 

the wind velocities measured in this series with a hot-wire anemometer at a 

height of 10 cm is represented by a vertical line. It is clear from this 

Figure 8 that the relation b e tween a and the wind velocity is not clear-cut , 

which was to be expected in view of the enormous fluctuations of the latter. 

It is quite possible that refined recording and analysis mf wind velocity and 

structure would provide a good estimate of heat transfer conditions at the 

soil surface, but for ge neral field work this will be hard to realize. 

Very low values of a (0.005-0.007 cal/cm
2 

min.) are found on still, bright 

evenings when the tempe rature profile of the air is stable. Under these 

conditions the values of a lie close to those calculated for still air. Many 

observations are contained in the interval a = 0.008-0.015 cal/cm
2 

min oe 
characterized by strong variation of the maximum wind velocities and low 

2 
minima. In the interval a = 0.015-0.020 cal/cm min oe, the minima are higher 

2 
the maxima are not. Values of a = 0.020 cal/cm min oe are hardly exceeded in 

sheltered conditions, even with strong winds. In exposed situations values of 
2 

a up to 0.068 cal/cm min oe we re observed. 
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Heat fransfer coefficient (a) in relation to wind velocities at 
a height of la cm. The values of a are means of short s eries of 
measurements. The vertical lines indicate the range of wind 
velocities prevailing during this series. 

Of course, it is not certain that the heat transfer coefficients obtainedin 

this way are exact l y the same as those at the surface of the earth. Yet in the 

small number of cases in which a could be determined from the energy budget of 

the surface, the val ue s are in good agreement with the above data. The same 

holds for a large number of estimates based on surface temperatures, radiation 

data, and plausible values for the smaller items of the ene rgy budget . 

In conclusion it may be said that the method described here gives a better 

indication of the heat transfer conditions at the surface of the soil than 

wind measurements can give . 
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6. ECOLOGICAL DUNE RESEARCH WEEVERS' DUIN 

6.1. SEPARATE AND COMBINED EFFECTS OF TRANPLING AND SOIL COHPACTION ON THE 

GROWTH OF FOUR PLANTAGO SPECIES ON EXPERIMENTAL PLOTS (C.W.P.M. BL0l1) 

Introduction and methods 

The research on the effects of trampling and soil compaction on the growthand 

development of four Plantago species was continued in trampling experiments 

performed on artificial plots. The aim was to separate the effects of trampling 

and soil compaction; the influence of soil compaction being studied separately 

and the effe cts of trampling and compaction on the behaviour of the plants in 

combination. In analogy with greenhouse experiments (BLOM 1976, 1977), three 

series of plots were prepared; the dune-sand soil of series A was not compacted, 

that of series B was moderately compacted, and the substrate of series C was 

strongly compacted. Each series comprised three plots. In April of 1976 four

week-old seedlings of P . lanceolata, P. coronopus, P. major ssp. major, and 

P . media were planted in rows; the distance between the plants was 15 cm. The 

plants growing on half of each plot were trampled by means of a trampling 

machine (see photograph Progress Report 1974); in the other half the effects 

of soil compaction on growth, flowering capacity, and seedling production were 

studied. The following trampling regimes were applied: each plant in series A 

was trampled once a day (lightly trampled) , in series B the trampling frequency 

was three times a day (moderately trampled) , and in series C each plant was 

trampled six times a day (heavily trampled) . The force applied to the plants 

was 0.25 kg/cm
2 

which roughly equals that applied by a man of medium weight 

(cf. LIDDLE 1975; CANAWAY 1975). The duration of each trampling treatment was 

5 seconds, and the trampling regimes were started a month af ter planting. 

Preliminary results and discussion 

The data of the first three plots (Al' B
1

, and Cl; each treatment 12 plants per 

species) have been analysed and the diameters of the rosettes give a good idea 

of differences in reaction between the four species. With reference to the 

factor soil compaction, the largest differences in reaction between the three 

treatments were found for P. lanceolata and P. coronopus. Both species showed 

larger plants on the untrampled loose soils than on the moderately or strongly 

compacted substrates (Fig. 9a, c); the highest numbers of leaves per plant were 

also found on the loose soils. The differences in the size of P. major and P. media 

between the untrampled treatments were much smaller (Fig. 9b,d). Compacted 

soils provided even better conditions for the growth of these species than did 

loose sandy soils, which can be ascribed to the relatively high water 

availability in compacted sandy soils (cf. LIDDLE & GREIG-SMITH 1975). In the 

field, P. major, and to a lower degree P. media, occur mainly on relati vely moist 

sites. It is probabie that on the plots with the loose soil the growth of both 

species was inhibited by the low moisture content. As described below, also 

root competi tion caused a reduction in growth, especially in the case of P. major. 
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The combined 8ffects of trampling and soil compact ion are also given in Fig. 9 . 

For P. lanceolata and P. coronopus, an increase in trampling resulted in a 

considerabIe decrease of rosette diameter (Fig. 9a , c). P . major and P . media 

were more resistant to trampling (Fig . 9b , d), which was also the case during 

earlier stages in their life-cycle (BLOM 1977). Comparison of the effects of 

compaction alone and trampling combined wi th compaction shows larger differences 

in diameter for P. lanceolata and P. coronopus than for P. major and P. media 

Fig. 9). This striking contrast demonstrates that under these conditions 

reduced growth of P . major and P. media plants must be attributed more to 

limited factors due to physical soil conditions than to vulnerability to trampling. 

Besides the rosette diameter, the number and size of leaves and spikes as 

weIl as the number of seeds produced in 1977 were determined. The first results 

show clearly for P. lanceolata and P . coronopus the mean values of all these 

characteristics decrease with increasing compaction and trampling . For these 

species the values for the trampled plots are in general much lower than those 

found for the untrampled sites; only the numbers of spikes of P. coronopus were 

more than two times lower on the untrampled than on the comparable trampled 

plots, as was also found for P . lanceolata on the loose and lightly trampled 

plots. The differences in the vegetati ve characteristics of P .media and P .major 

between untrampled and trampled series were much smaller; especially for P . 

major, the fewest and the smallest leaves were found in the untrodden series. 

The data on produced seeds indicate that the seed production of P. lanceolata 

and P. media inc reased strongly with decreasing trampling and compaction; for 

the other species this increase seems to be smaller. P . major , and to a les ser 

degree, P. coronopus , were the only species able to produce areasonabIe number 

of seeds in the heavily trampled series . 

As shown in Table 12 , the density of the soil of all trodden plots was much 

TABLE 12 . The compaction of the dune-sand soil in the open plots of the 
trampling experiment . The values were obtained by measurement 
with a penetrometer (conus A, see BLOM 1977) 5 and la cm bel ow the 
soil surface. Mean values of la measurements are given i n kg/ cm2 

loose moderately compacted strongly compacted 
soil soil soil 

untrampled 
lightly untrampled moderately 

untrampled heavily 
trampled trampled trampled 

5cm 10cm 5cm 10cm 5cm 10cm 5cm 10cm 5cm 10cm 5cm 10cm 

1974 

X 5 . 8 8.8 10.0 21.2 10.2 24.2 

S .D 1.2 1.4 1.4 1.8 1.2 2.6 

1977 

X 4.8 8.0 11.0 16.0 10.8 20 . 4 15.8 29.8 13 . 6 29.6 19.9 35.4 

S.D 1.2 3 .0 0.8 2 . 2 0.6 1.4 1.2 1.8 2.2 0.7 2.0 0.6 
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higher at the end of 1977 than in 1974. Probably due to relatively intense 

vertical soil-water movements, the density of the untrampled, strongly compacted 

soil had also increased. Compared with the 1974 values, the density of thesoil 

in the other untrampled plots had slightly decreased in 1977, which can be 

ascribed to the mechanical activity of the roots in these plots. In September 

of 1977, the root systems in plots A3' B3' and C
3 

were studied with the 

"pinboard" method (see SCHUURMAN & GOEDEWAAGEN 1965). All species showed a 

marked increase in length, width , and weight of the root systems with 

decreasing compaction. The smallest root systems were observed in the heavily 

trampled plots. Between the treatrnents, the largest differences in size and 

shape were found for P. lanceolata followed by P . me dia and P. coronopus; 

P. major showed relatively small differences . It was remarable that the large 

root systems of P. lanceolata seemed to inhibit the growth of P. major roots. 
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6.2 . THE AVAlLABILITY OF NITRATE AS A NITROGEN SOURCE IN NATURAL GRASSLANDS 

(A .J. SMIT & J.W. WOLDENDORP) 

As part of a study on the specific adaptations of grassland plants to their 

environment, special attention is being paid to nitrogen nutrition. In this 

respect it was necessary to determine the contribution of nitrate and ammonium 

to this nutrition in the various grasslands under study. To develop the 

appropriate techniques for this purpose, attention was focussed on Plantago 

species occurring in an old established dune grassland on the island of Goeree. 

It has been claimed in the literature that nitrate plays a minor role in 

permanent grassland soils due to a suppression of nitrification by allelopathic 

compounds excreted by plant roots (THERON 1951). Such suppression should occur 

particularly in climax vegetations (RICE 1974). However, other investigators 

(e.g. PURCHASE 1974) have ascribed the low nitrification rate to the absence 

of sufficient ammonium ions thought to be used preferentially in nitrogen 

immobilization and uptake by plant roots. 
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In the studies cited above, numbers of nitrifying bacteria were used as an 

indication of nitrate formation. However, in these studies the data were not 

correlated with parameters of the nitrogen status of the plant, such as 

accumulation of nitrate and the level of nitrate reductase in the various 

parts of the plant. The latter should be determined to obtain an impression 

of the extent to which the nitrate formed by the nitrifying bacteria is indeed 

taken up by the plants, as has been discussed by WOLDENDORP (1978). This 

combined approach was adopted for the present study. 

To establish the level of nitrate reductase (NaR), synthesis of which in 

plants is induced by nitrate, Plantago lanceolata, P. coronopus, P. major ssp. 

major, and P. media were pre-cultivated in the glasshouse on a modified 

Hoagland solution with ammonium as the nitrogen source kept at pH 6.5 by 

automatic titration. A week before the NaR determinations, the plants were 

transferred to a nitrogen-free nutrient solution before exposure for 20 hours 

to ammonium, ammoniumnitrate, or nitrate, af ter which the NaR activity was 

measured; a control without nitrogen was also included. Enzyme activity was 

measured in the leaves at 2.00 p.m. (Dutch summer time) according to a 

modification of the method described by JAWORSKI (1971). The results of the 

experiment are given in Table 13. 

TABLE 13. 

TreatJnent 

No nitrogen 

Ammonium 

Nitrate 

Levels of nitrate reductase (expressed as ~M NO-.g dr.w.-l.h-
l

) i n 
the shoots of four Plantago species pre-cultiva~ed with ammonium 
as the nitrogen source before exposure to ammonium, ammonium 
nitrate, nitrate, or no nitrogen 

P . lanceolata P. coronopus P. major P. media 

0.05+0.02 0.03+0.01 

0.04+0.02 0 .02+0.02 

2.22+0.29 3 . 96+0.08 

Ammonium nitrate 1.59+0.35 0.97+0.12 

0.55+0.13 

0.29+0.05 

4.67+0.24 

3.60+0.14 

0.42+0.11 

0.20+0.04 

4.36+0.31 

3.01+0.38 

As can be seen from this Table, in the absence of nitrogen the NaR levels 

are considerably higher for P. major and P. media than for P . lanceolata and 

P. coronopus. This points to a specific adaptation of the former species to a 

nitrogen-rich environment , since the maintenance of superfluous levels of NaR 

in the absence of nitrate can be considered a waste of energy . The results 

shown in Table 13 are in agreement with those of KRUYNE et al. (1967) who 

analysed 1,500 Dutch grasslands and found P . major and P. media to be present 

in a nutrient-rich environment and P. lanceolata at low levels of nutrients. 

As compared with the control, ammonium suppressed NaR activity to some extent 

in all species, whereas the enzyme was induced more or less strongly by 

nitrate. When both nitrogenous compounds we re present, levels of the enzyme 

were lower than with nitrate alone. Particularly in the case of P. coronopus 

there was a considerable suppression by ammonium. 
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The NaR levels found in the laboratory were compared with those obtained in 

the field and analysed for correlation with the pH, the quantities of ammonium 

and nitrate, and the numbers of nitrifying bacteria in the rhizosphere of 

individual plants . Data obtained for a number of P. lanceolata plants are 

shown in Table 14. For these data the correlations in Table 15 were calculated 

with Spearman ' s non-parametric rank-correlation test (SIEGEL 1956). 

TABLE 14. 

pH H
2

0 

4.75 

5.73 

5.53 

4 . 79 

5.05 

5.40 

4.92 

5 . 01 

4.99 

4 . 84 

4.87 

5.45 

5.12 

Relationship between the NaR activity in the shoot and some 
rhizosphere parameters of a number of Plantago lanceolata plants 
collected in August in an old natural dune grassland 

+ 
Numbers* of nitrifiers NaR level NH

4 
N0

3 
N0

3 
(per g soil) M - -1 -1 -1 

(ppm) (ppm) NH~-Oxidizers N03-oxidizerá~ N0
2

. mg . h ) (ppm.g ) 

7 . 7 0.9 14,400 14,400 1.15+0.50 <10 

9 . 2 1.1 7,200 7,200 0.49+0.19 <10 

4.5 0.3 7,200 3,600 0 . 26+0.07 <10 

3.5 0.3 7,200 7,200 0 . 17+0.04 <10 

7.7 0.5 3,600 7,200 0.62+0.14 <10 

5.4 0.4 1,800 900 0 . 06+0.05 <10 

5 . 7 0.5 3,600 900 0.27+0.09 <10 

4.9 0 . 4 7 , 200 7,200 0.40+0.17 <10 

8.4 0.1 14,400 7 , 200 0.88+0.37 <10 

6.7 0.5 900 900 0.16+0.05 <10 

8.6 0 . 6 1 , 800 1,800 0.24+0.08 <10 

8 . 8 0.6 1,800 900 0.20+0 . 06 <10 

9 . 6 0.3 900 450 0.10+0.04 <10 

* Numbers per gram roots + adhering soil 

TABLE 15. 

correlation 

+ 
NH

4 
in the 

NH
4 

in the 

Numbers of 

Numbers of 

Correlation** between the NaR levels in Plantago lanceolata and 
some rhizosphere parame t e rs 

(n=13) 

soil: numbers 

soil: numbers 

+ 
NH

4
-oxidizers: 

N0
2
-oxidizers: 

of 
+ 

NH
4
-oxidizers 

of N0
2
-oxidizers 

NaR in shoots 

NaR in shoots 

r 
s 

-0.283 

-0 . 210 

0.807 

0.794 

** The levels of significance with n=13 for a 
0 . 553 and 0.684, respective ly 

0.05 and a 0.01 are 

From the results presented in Tables 14 and 15 the following conclusions can 

be drawn. The presence of considerable numbers of propagules of both groups of 

nitrifying bacteria in the rhizosphere of P . lanceolata plant offers unequivocal 
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evidence of the formation of nitrate in this established grassland soil, 

because these bacteria can only generate energy for growth and maintenance by 

the oxidation of ammonium and nitrite . The NaR levels in the shoots were found 

to be significantly higher than those shown in Table 13 for plants grown in 

the absence of nitrogen or with ammonium as the nitrogen source. Evidently, at 

least part of the nitrogen taken up under field conditions by these P . lanceolata 

plants was in the nitrate form. The close correlation found between the nurnbers 

of nitrifying bacteria in the rhizosphere and the NaR leve l s in the plants 

suggests that the nitrate taken up derives at least partly from formation in 

the rhizosphere . Preliminary calculations concerning the arnounts of nitrate 

formed in the rhizosphere indicate that nitrate formation is considerably 

l ower than the uptake capacity of the root sys tem as determined by FREIJSEN 

(unpublished results). The latter conclusion is in acco rdance with the 

insignificantly low l eve l s of nitrate in the rhizosphere and with the absence 

of free nitrate in the shoots of P . lance olata . No relationship was found 

between the arnount of extractable ammonium in the rhizosphere and the nurnbers 

of nitrifying bacteria. Apparently, the steady-state concentrations of ammonium 

are not a good measure of nitrate format ion in the soil. 

Preliminary experiments with P . coronopus and P . major likewise showed a 

correlation between the nurnbers of nitrifying bacteria and the NaR levels in 

the shoots. For the former species the values were somewhat higher than those 

found with P . lanceolata and those of P . major were considerably higher. The 

latter result on ce more demonstrates that P . major is bound to comparatively 

more nutrient-rich situations than the other Plantago species . 

In conclusion it can be stated that the cornbined approach described above 

made it possible to demonstrate the format ion of nitrate in the rhizosphere 

and its utilization by plants in an old wel-established grassland. No 

indications were obtained that ni trification is suppressed under such 

conditions, as has been suggested by some authors (RICE 1974). Experiments 

concerning the quantification of nitrate formation and plant uptake are in 

progress. 
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6.3. MYCO-NODULATION IN THE ROOTS OF ALNUS GLUTINOSA (L.) VILL. (C.VAN DIJK) 

Introduction 

As already reported (VAN DIJK 1975) , inoculation of Alnus glutinosa seedlings 

with soil suspensions led in some cases to the formation of root nodules 

resulting from fungus infection instead of from the actinomycete Frankia alni. 

Myco-nodules can only be distinguished from young actinomycete nodules by 

microscopical investigation of the nodule content. We were able to isolate 

the fungus on Czapec-Dox agar. The fungus was found to be Penicilli um nigricans, 

which differs s lightly from the species described by POMMER (1956), who found 

root-nodule formation on Alnus caused by penicillium album. In a series of 

nodulation experiments the infectivity of both actinomycete and fungus as weil 

as possible interactions between them were studied. 

Sensitivity to nitrate 

It is known that actinomycete nodulation in Alnus reaches an optimum at low 

nitrate concentrations. Comparison of both myco-nodulation and actinomycete 

nodulation at different nitrate concentrations in the nutrient solution showed 

that both types of nodulation had an optimum at 0.2 meg N0
3
/1 Hoaglandnutrient 

solution and that nodulation declined steadily at higher nitrate concentrations 

until zero was reached at 2.5 meq N0
3

. The uniform response of both types of 

nodulation to nitrate shows clearly that the low nitrate tolerance of the 

actinomycete nodulation is not necessarily to be considered a "useful" feed

back system developed by evolutionary forces in connection with the nitrogen

fixing ability of the symbiosis. Therefore, it can also be expected that the 

much higher sensitivity of root nodule formation to nitrate in Hippophae 

rhamnoides is due to host characteristics rather than to one special host

endophyte relationship. 

Maximum nodulation 

For both types of nodulation the quantity of nodules produced per plantdepends 

on the concentration of the inoculum. Maximum numbers of nodules per plant 

appeared to be equal for both inoculum species. 

Interactions between Frankia alni and Penicillium sp. 

Interactions between myco- and actinomycete nodulation as compared with single

species nodulation were studied in a series of nodulation experiments with 

test plants of Alnus glutinosa on Hoagland nutrient solution containing 0.25 

meq NO/litre. 

Combined inoculation showed that low concentrations of actinomycete inoculum 

(nodulation level: + 3% of max. nodulation) did not reduce myco-nodulation 

significantly and, conversely, actinomycete nodulation was only slightly 

reduced by low levels of myco-inoculum. High concentrations of actinomycete 

inoculum reduced myco-nodulation proportionally and vice versa. Reduction of 

myco-nodulation was considerably lower when the-actinomycete inoculum was 
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added 14 days af ter the myco-inoculum. In all cases of combined inoculi there 

was a slight reduction of the maximum numbers of nodules per plant as compared 

with single-species nodulation. It is concluded that Frankia alni and 

Penicillium nigricans compete for the same infection sites on the root system. 

The ratios of myco- and actinomycete nodules from mixed inoculation indicate 

that competition is mainly determined by the ratio of infective particles of 

both species, but additional experiments are needed to determine whether some 

qualitative predominance of the Penicillium species exists. 

Host plant genotype and nodulation 

Nodulation characteristics may be influenced by genetic variation among the 

test plants . An impression of such variation was obtained from nodulation 

experiments with plants raised from five different seed samples. Four of the 

samples had been collected from different trees in the dune area (4 half-sib 

families). The origin and genetic uniformity of the fifth seed sample 

(commercial) were unknown. Plants from all seed samples were inoculated 

separately with either myco- or actinomycete inoculum at the maximum 

nodulation level (25 plants per combination) . Comparison of the maximum 

nodulation levels thus obtained showed that within 4 seed samples both types 

of nodulation reached the same level. One seed sample from the dune area showed 

a myco-nodulation level which was significantly higher than that of the 

actinomycete nodulation. The validity of this observation is under study. 

Different levels of maximum nodulation were found between the seed samples. 

These differences were not correlated with the biomass of stem and leaves. 

The results obtained so far also indicate that both infectants compete for 

the same infection sites on the root. Plants of different genotype may have 

different numbers of infection sites on the root system. This difference could 

be determined either by slight differences in growth rate between plants of 

different seed batches or by a difference in susceptibility to infection. 

Effects of pymaricine on myco- and actinomycete nodulation 

pymaricine (Pymafucin susp. 2.5%, Hycofarm, Delft) belongs to the polyene 

antibiotics with a wide-spectrum fungitoxic action. It does not act on 

bacteria and actinomycetes, and phytotoxity should be insignificant or absent 

at fungitoxic concentrations. Because spontaneous nodulation by penicillium 

sp . from soil suspensions may disturb nodulation tests performed for the 

estimation of the number of infective actinomycete partieles in soil, the 

effect of pymaricine as selecitive inhibitor of myco-nodulation was studied 

in a series of nodulation experiments. Alder seedling were inoculated wi th 

either an actinomycete or a myco inoculum. Prior to inoculation, the test 

plants were provided wi th a concentration series of pymaricine ranging 

from 0-100 ppm in the Hoagland nutrient solution. The nutrient solutions 

were kept in the dark and the pymaricine concentrations were refreshed 

every 5 days. Four weeks af ter inoculation, plant habitus and 
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nodulation were determined. Concentrations of 0-2.5 ppm pymaricine did not 

influence e ither of the type of nodulation o r p l ant habitus . A concentration 

of 5 ppm pymaricine strongly reduced the number of both types of nodules, but 

test plants wer e macr oscopically unaltered. Pymaricine concentrations of 

10-100 ppm comple t e l y inhibited both types of nodulation, and an increasing 

reduction of root l eng th which resulted in abnormal root growth was observed . 

In all probability pymaricine inhibited the infection process by altering the 

root o r ganization r ather than via reactions with the inoculum species . The 

observed phytotoxi t y o f pymaricine at levels close to the expected inhibitory 

levels fo r Penicillium makes this compound unsuitable for use in nodulation 

expe riments . 
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6 .4. SYNECOLOGICAL RESEARCH ON THE DUNE SLACKS ON VOORNE: A STUDY ON THE 

TEMPORAL VARIATION IN VEGETATION (D. VAN DER LAAN) 

Introd u ction 

The analysis of the vegetational and enviro nme ntal data collec ted in the wet 

dune slacks on the island of Voorne is still the main project. A considerabie 

part of these data conce rns permanent plots. In these permanent plots the 

change s in the vegetational compos i t i o n are being recorded over a series of 

year s . The data provide informati on on the behaviour and eco l ogy of phyto

coenoses and the individual speci es as weil as on the processes associated 

with environmental changes . 

Vegetational c hange s 

In studies on permanent plots any difference b e tween two succesiveobservations 

made in the same plot may be defined as a change. An example of such change 

would be the invasion or disappearance of species. Another would be an 

alteration in the percentage of cover, or in the number of individuals, or a 

shift in the proportion of flowering and vegetative shoots of a given species. 

Both long-term and s hort-term changes may occur. Changes of short duration 

which sometimes recur are generally cal led fluctuation. The long-term 

unidirectional s hifts in the vegetation are usually cal led succes sion. It 

appeared to be usuful to differentiate the short-term from the long-term 

changes . 
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TABLE 16. various values characterizing the vegetation of the permanent plots, the percentage organic matter of the upper 
soil layer (10 cm) and the average ground- water level during the vegetation period between 1966 and 1976 

site 3 4 6 8 16 17 19 4 45 46 57 70 72 73 75 100 101 111 133 140 141 

number of records 10 13 10 13 11 11 11 11 12 9 11 11 10 11 11 8 6 6 6 6 8 8 

number of species 35 82 64 58 66 70 50 57 64 54 46 64 62 59 59 61 66 66 72 51 39 55 

% "permanent" species 36 46 53 24 30 43 36 36 25 33 30 30 33 26 19 22 52 49 55 45 41 33 

% "successional" species 12 26 19 37 27 26 24 33 35 33 28 31 27 14 23 27 16 20 14 22 19 6 

% "fluctuating" species 52 28 27 39 44 30 40 31 40 33 42 39 40 60 58 52 32 31 31 33 41 62 

number of "unidenti fied" 
2 0 2 7 2 8 2 0 3 3 7 2 7 4 14 2 2 3 

species 

average ground- water level 
12 34 26 8 10 30 18 30 19 29 19 56 33 3 1 37 5 48 47 108 60 21 14 

(in cm below soil surface) 

% organic matter 18.6 9 . 3 12.0 13.6 15.3 13 . 4 17 . 0 18 . 6 10 . 8 2.4 2.4 7 . 4 5.8 0 . 9 1.8 3.2 8 . 9 11.5 10 . 0 1 . 9 2 . 0 2 . 0 



For a preliminary analysis of the dune-slack data, a restriction was made in the 

number of permanent plots and also in the number of vegetational characteristics 

used to characterize a change between two successi ve observations. The selection 

of the permanent plots had to represent the variation in two important 

environmental factors, i.e., the content of organic matter in the upper soil

layer and the height relative to the ground-water tabIe. On this basis 22 

plots were selected. For a characterization of the changes in the vegetation 

only the presence or absence of the species was taken into account in this 

preliminary study. 

Succession and fluctuation 

To establish whether observed changes were the result of succession or could 

be considered fluctuations, the species were classified as follows: 

a. Species present since the first observation and persisting throughout the 

whole observation period. These species were considered "permanent". 

b. Species present at the beginning which disappeared af ter three or more 

years and species appearing in a given year which remained for at least 

the next three years, were considered "successional " species. 

c. Species irregularly present or absent were considered "fluctuating" species. 

Results 

Once the species were classified according to these criteria, the contribution 

of these three types of species to the composition of a given permanent plot 

could be established (Table 16). Twenty of the 22 plots were easy to classify 

and included 8 plots with a distinctly permanent character and 12 plots with 

a distinctly fluctuating character. The 8 "permanent" plots proved to be 

rather rich in humus and to lie moderately high above the ground-water level. 

The 12 "fluctuating" plots either had a low organic matter content and were 

wet to moderately wet or were rich in humus with a high ground-water level. 

Seven plots deviated considerably from the mean rate of succession ; these 

plots showed both high and low succession rates. 

Succession and fluctuation of species 

Finally, an attempt was made to c haracterize the individual species on the 

basis of their behaviour in the 22 permanent plots over a peri od ranging from 

6 to 13 years. For this purpose , the p e rcentage frequency of each species in 

each of the three groups (permane nt, succession , and fluctuation) was calcul ated. 

The results of this analysis show that an appreciable proportion of the 

species be long completely or mainly to one of the three groups , whereas other 

species can be determined by the ir absence in one of the three groups. Only 

a small proportion of the species are equally weIl represented in all three 

groups. 

This analysis was presented at the third symposium of the Working Group on 

Succes sion Research on Permanent Plots of the International Society of 
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Vegetation Science , which was held in Bialowieza , Poland, in September, 1977. 

The text of this paper, which reports the resul ts of this study in more detail, 

will be publ ished in a coming issue of PHYTOCOENOSIS, the phytosociological 

bulletin of the University of Warsaw. 

The results obtained with the methods described here give an impression of 

the nature of the changes occurring in permanent p l ots and also provide 

information on the behaviour of phytocoenoses and of individualspecies . These 

results are based only on the presence or absence of a species . It is evident 

that more knowledge about the ecology of a phytocoenosis and of the individual 

species can be obtained if additional characteristics of the vegetation are 

used, such as abundance , percentage cover , and phenological stage. Analyses 

using these data are in progress . 

6.5 . ON THE DETERMINATION OF TOTAL ORGANIC PHOSPHORUS IN SANDY DUNE SOILS 

(S.R. TROELSTRA & M.A. VAN DER MEULEN) 

Introduction 

In recent decades various methods and modified procedures for the determination 

of the organic fraction of soil phosphorus have been developed, and a rough 

division into two essentially different categories can be made, i.e., 

extraction methods and igni tion methods. 

Extraction methods invol ve a series of successi ve extractions , and the difference 

between the amounts of total phosphorus and inorganic phosphorus present in the 

combined e xtracts is taken as the total organic phosphorus content of the soil . 

In ignition methods the organic phosphorus i s converted to inorganic forms by 

igni tion and the difference between the amounts of inorganic phosphorus present 

in the extracts of ignited and non-ignited soil samples is taken as the total 

organic phosphorus content . Thus , in both types of method the amount of organic 

phosphorus is determined indirectly . As yet , reliable direct methods or 

satisfactory absolute standards for comparison are not available . 

Potential sources of error are : 

(a) ex t ract ion methods 

(1) hydrolysis of organic P; 

(2) incomple te extraction of organic P; 

(b) ignition met hods 

(1) increase in extractability of inorganic P due to ignition; 

(2) hydrolysis of organic P during the extraction of non- igni ted samples; 

(3) incomp l ete extract ion of oxidi zed organic p. 

(4) incomplete oxidation of organic P; 

(5) volatilization of P during ignition. 

If the determinations of total and inorgani c phos phorus in the extracts are 

accurate , all the points mentioned except bl will cause the organic phosphorus 

values to be too low. 
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During the last twenty years, particular l y the extraction method of MEHTA 

et al. (1954) and the ignition procedures of LEGG & BLACK (1955) and SAUNDERS 

& WILLIAMS (1955) have been extensively used, and several modifications of 

these methods have been developed and recommended (e.g. ANDERSON 1960; 

BORNEMISZA et al. 1967; DORMAAR & WEBSTER 1963b; KAILA 1962; KAl LA & VIRTANEN 

1955). There have also been many comparative studies of existing methods (e.g. 

BORNEMISZA & IGUE 1967; VAN DIEST & BLACK 1958; DORMAAR 1964, 1968; DORMAAR & 

WEBSTER 1963a, 1964; ENWEZOR & MOORE 1966; HANCE & ANDERSON 1962; IPINMIDUN 

1973; MCKERCHER & ANDERSON 1968; SEN GUPTA & CORNFIELD 1962; WILLIAMS & WALKER 

1967; WILLIAMS et al . 1970). The results are of ten contradictory , and the soil 

type is likely to be an important factor in the choise of the most suitable 

technique for determination of the total organic phosphorus content in soils . 

The method yielding the highest value for organic phosphorus can only be 

assumed to be the most efficient when the above-indicated poten ti al sources of 

error are not operative and the determinations of total and inorganic 

phosphorus in the extracts are accurately performed. 

In general, extraction methods and ignition methods using relatively high 

temperatures are considered to produce organic P values which are too low and 

too high, respectively, the real value lying somewhere in between. LEGG & BLACK 

(1955) suggest the use of a relatively low ignition temperature of 240°C. At 

this temperature a positive error due to an increase in solubility of inorganic 

phosphorus would be compensated for by a negative error due to incomplete 

decomposition of organic phosphorus. Using an ignition temperature of 550°C, 

SAUNDERS & WILLIAMS (1955) obtained ignition values that we re very similar to 

and only slightly higher than the extraction values. 

However, since soils comparable wi th sandy dune soils had not been investigated 

yet , the extraction method of MEHTA et al. (1954) and the ignition method of 

LEGG & BLACK (1955) applied at various ignition temperatures were tested for a 

first orientation, using samp l es of sandy dune soils from several locations in 

The Netherlands . 

Materials and methods 

Soil samples from three coastal dune areas in The Netherlands were used: 

Bergen, Voorne, and Goeree (Westduinen) . All of these samples have a fine 

sandy texture; the major properties are summarized in Table 17. Except for 

Westduinen C, all soils are surface soils of varying sampling depth. In 

general air-dried, sieved (2 mm), and ground soil samples were used, and in 

two cases the results obtained with ground and unground samples were compared. 

In order to get reproducible results with these relatively coarse-textured 

samples in which the organic matter is rather loosely distributed between the 

mineral partieles, it is recommendable to grind a representative part of the 

sample for determinations such as carbonates, percentage loss-on-ignition, 

total phosphorus, total organic phosphorus, total nitrogen, etc. 
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TABLE 17. Some characteristics of the soils under study 

soil sample pH-H
2

O* pH-KCI* % CaCo
3 

% org . matter** total P (mg/l00 g) 

Voorne h 7 . 3 7.0 3.2 7.8 34.4 

Voorne 2 8 . 3 8.0 5.3 1.4 21.5 

Voorne 8998 7.5 7.3 1.1 14.1 42.2 

Voorne 9086 8 . 1 7.7 5.1 3 . 4 21.0 

Bergen lb 8.8 8.5 0.5 0.6 5.7 

Westduinen 1A2 5.7 5.2 0 12.2 30.5 

Westduinen A 4.2 3 . 4 0 2.0 11.6 

Westduinen C 8 . 5 8.2 1.5 0.3 11.2 

* 1:2~ (w/v) suspension; ** loss-on-ignition, 430°c for 24 h 

Tota1 phosphorus was determined by digesting 2 . 5 9 soil with 20 mI Fleisch

mann ' s acid (mixture of equal volumes of conc. H
2
S0

4 
and of conc . HN0

3
) 

according to HOUBA et al. (1974). 

Inorganic phosphorus fractions were obtained with a modified Chang and 

Jackson procedure (HOUBA et al . 1974; see also under 6 . 6.) . 

The two analytical procedures employed for the organic phos phor us determi

nations are summarized below. 

Extraction method (MEHTA et al. 1954) 

(1) add 10 mI conc. HCI to soil samples (1-2 g) ina100mlcentrifuge tube and 

place in a waterbath at about 70°C for 10 min; 

(2) add an additional 10 mI conc. HCI and allow to stand at room temperature for 1 h; 

(3) add about 50 mI H
2
0, centrifuge the suspension, and pour the HCI extract 

into a 250 mI volumetric flask containing about 50 mI H
2
0; 

(4) add 30 mI 0.5 N NaOH to the soil residue and allow to stand at room 

temperature for 1 h ; 

(5) centrifuge the suspension and pour the (first) NaOH extract into the 

volumetric flask with the preceding extract; 

(6) add 60 mlO. 5 N NaOH to the soil residue and heat in an oven at 90°C for 8 h ; 

(7) cool , centrifuge the suspension, and pour the (second) NaOH extrac t into 

the volumetric flask containing the previous extracts; 

(8) dilute to volume, determine total P (af ter digestion of an aliquot combined 

extract with flocculated organic matter suspended) and inorganic P (in 

supernatant of the combined extract af ter settling of the suspension) and 

take the difference as organic P . 

For step 6, a slightly different and more convenient procedure was adopted 

by placing the samples, at the end of the afternoon when step 5 is completed , 

in an oven at room temperature with a time-switch pre-set to heat the oven at 

90°C from midnight until 8.00 a . m. In other words, step 6 is preceded by a 

period of about 8 hours at room temperature . 
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Ignition method (LEGG & BLACK 1955 ) 

(1) ignite soil samples (1-2 g) in a muffle furnace at 240°C (LEGG & BLACK 

1955) and at higher temperatures up to about 600°C for 1 h; 

(2) add 10 ml conc. HCl to igni ted and comparable non-igni ted samples in 100 ml 

centrifuge tubes and place in a waterbath at about 70°C for 10 min; 

(3) add an additional 10 ml conc. HCl and allow to stand at room temperature for 1 h; 

(4) add about 50 ml H
2
0, centrifuge the suspensions, and pour the extracts into 

250 ml volumetric flasks; 

(5) dilute to volume, determine inorganic P in the extracts, and take the 

difference (ignited-nonignited) as organic P. 

In both procedures centrifuging and decanting the suspensions presentedsome 

quantitative problems , because asolid soil cake was not formed with these 

relatively coarse-textured samples when an angle he ad was used at >10,000 rpm; 

a swing out head was not available, but might give some improvement. 

With the ignition me thod, filtration instead of centrifugation of the 

extra cts was adopted and 200 ml Erlenmeyer flasks instead of 100ml centrifuge 

tubes were used. With the extraction method centrifuging and decanting was 

performed as quantitative ly as possible ; the possibility of a little loss of 

soil during the extractions cannot be excluded completely, however. 

Results and discussion 

From the data shown in Table 18, the following conclusions can be drawn. 

(1) An ignition temperature of 240°c (LEGG & BLACK 1955) is too low for samples 

of sandy dune soils. This is consistent with findings of e.g . DORMAAR (1964) 

and BORNEMISZA & IGUE (1967) for other soil types. 

(2) The results of the extraction method (MEHTA et al. 1954) and the ignition 

values at temperatures >400 °c show a fairly good agreement. When the LEGG & 

BLACK igni ti on procedure is used, selection of an igni tion temperature between 

500 and 600 °Cwill be necessary. With thismodificationthe ignition and 

extraction procedures gi ve almost identical estimates of organic phosphorus. 

(3) For all soil samples in Table 18, the ave rage extraction value of 8.4 mg org. 

pII00 g compares favourably with the average (500°C) ignition value of 8.3 

mg org. pI100 g. The ignition methodofLEGG& BLACK (1955), but using a 

temperature of 500°C instead of 240°C , was selected for further routine 

determinations in our laboratory. 

(4) Grinding of the soil samples does not affect the ave rage value. Since subsampling 

is more reproducible, however, more consistent values are obtained for ground 

samples. 

In spi te of the fact that the extraction and igni tion values are very similar, 

the question remains whether these values really represent a measure of total 

organic phosphorus, since no absolute standard method is available for comparison. 

A tentative answer to this question can nevertheless be obtained from three separate 

and independent determinations on the soil samples, viz. total phosphorus, sum of 
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TABLE 18. Organic phosphorus content determined by different methods 

soil sample* 

Voorne h, 
unground 

Voorne h 

Voorne 2 , 
unground 

Voorne 8998 

Voorne 9086 

Bergen 1b, 
unground 

Bergen 1b 

Westduinen 1A2 

Westduinen A 

Westduinen C 

mean for 
all samples 

extraction value** 
(MEHTA et al. 1954) 

11.6+0 . 86 

11. 6+1. 13 

2.9+1.13 

21.3 

10 . 2+0.28 

1.8+0.61 

1.8+2.24 

16.0+0.64 

6.2+0.00 

1.0+0.07 

8.4 

organic P (mg/100 g) 

ignition 
temperature (OC) 

240 
250 
320 
430 
500 
575 

240 
310 
360 
400 
500 
610 

240 
310 
370 
420 
500 
600 

500 

500 

240 
310 
370 
420 
500 
600 

240 
310 
360 
400 
500 
610 

310 
410 
500 
600 

310 
410 
500 
600 

310 
410 
500 
600 

500 

* 
** 
*** 

ground samples unless indicated otherwise 
mean + standard deviation (1-9 determinations) 
mean + standard deviation (1-4 determinations) 
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ignition value*** 
(LEGG & BLACK 1955) 

2.9 
1 . 8+0 . 74 
9.0+1.22 

11. 5+0.51 
11.8+0.62 
11 . 6+1.31 

2.3+0.14 
9.2+0 . 28 

12 . 3+0.99 
12.2+0.14 
12.4+0.00 
12.4±0.28 

-0.1+0.21 
1.2 
1 . 3+1.13 
2.5+0 . 28 
2 . 6+0.07 
2 . 2+0.00 

19.2 

10.1 

0.3+0 . 57 
1.0+0.28 
1.9+0.07 
1.8+0.07 
1.6+0.00 
1.6+0.28 

0.1+0.28 
0.9+0 . 14 
1.0+0.00 
1.5+0.07 
1.8+0 . 42 
1.7+0.35 

11.7+0.92 
16.2+0.42 
16.0+0 . 81 
16 . 5+0.64 

5.5+0 . 92 
6.4+0 . 21 
6 . 4+0 . 58 
6 . 7+0.14 

0.9+0 . 49 
0.6+0.14 
1.0+0.10 
1.1+0.07 

8.3 



inor ganic phosphorus fractions (fractionation procedure) , and total organic 

phosphorus . 

If these values balanee according to: 

total P = organic P + E inorgan ic P fractions , 

it will be even more justified to consider the obtained organic P values to be 

valid estimates. 

The results in Table 19 indicate a rather good bal anee between the different 

phosphorus quantities , and the positive balance defi cits can be at least in part 

explained by methodical difficul ties, especial ly for t he inorganic phosphorus 

fractionati on procedure. Undoubtedly , some 1055 of soil occurred during the many 

successive extractions involved. Since Ca-P is q uanti tative l y the most import a n t 

inorganic P fraction in these soils, and is determined at the end of the fractionation 

scheme af ter several extractions and intermediat e washings (see under 6 . 6 .) , this 

" 1055 of soil " effect may account a l most e n tire l y f o r the observed deficit. 

If total P and inorganic P data are availab l e for th i s type of samples, the 

organic Peontent can be approximate l y estimated as: 

t otal P - sum inorganic P fractions - 2.7, 

where 2.7 is the mean of the last column in Tabl e 19 . 

TABLE 19. Total, organic, and inorganic phosphorus analyses of 13 samples 

mg/lOO g 

soil sample* total P organic P inorganic P** a- (b+c) 
(ignition method , (sum of fractions) 
500 °C) 

(a) (b) (c) 

Voorne h 34.4 12.4 19.3 2 . 7 

1400 32.6 21.2 5 . 1 6.3 

1404 22.5 12.8 5 . 7 4.0 

1408 17.3 12.5 3.3 1.5 
---------------------------------------------- - - --- --------------- -----------
1405 14 . 5 6.1 5.4 3.0 

1406 14.1 3.8 7.3 3.0 

1407 12.5 2.1 7 . 7 2.7 

1409 10.8 3.5 4 . 9 2.4 

14 10 10.5 1.0 7.1 2 . 4 

1411 10.4 0.5 7 . 2 2.7 

1402 9.6 2. 1 5 . 9 1.6 

140 1 8.6 2. 1 4 . 3 2 . 2 

1403 7.9 1.2 6.5 0.2 

* Voorne h, 1400, 1404, 1408: surface soils; other samples: subsoils (10-40 cm 
below the surface); 1400/ 1411 : three soil profi les of four consecutive 
10 cm layers from Goeree (Westduinen) 

** saloid P + Al-bound P + Fe-bound P + Ca-bound P (the presence of reductant
soluble and occluded P forms is assumed to be zero for this type of samples) 
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6.6. INORGANIC SOIL PHOSPHORUS FRACTIONS IN AN OLDER DUNE AREA (WESTDUINEN) 

OF GOEREE (S.R . TROELSTRA) 

Introduction 

In the analyses of soils for P, a good understanding of the occurrence and 

nature of the phosphorus present (organic P versus inorganic P; inorganic P 

forms) is necessary for the interpretation of soil P availability indices 

obtained by isotopi.c dilution techniques, anion resin procedures, and chemical 

extraction methods, and mayalso be useful in mycorrhiza studies. 

Particularly in more natural and non-agricultural situations, a quantitative 

knowledge of the forms of soil P that might contribute to plant nutrition will 

no doubt be of additional value in autecological greenhouse work in which an 

attempt is made to find correlations between values of available P obtained in 

various extraction procedures and plant-uptake values. Therefore, a study was 

performed to determine the inorganic P forms occurring in a relatively old dune 

area (Westduinen) onthe islandofGoeree, oneofthe Institute ' s research sites. 

Materials and methods 

Soil profiles with depths varying from 40 to 100 cm and successive soil layers 

of 10 or 20 cm were sampled, giving a total of about 70 soil samples. 

The samples were air-dried, sieved (1 mm) , ground , and analyzed for 

carbonates , loss-on-ignition (430°C for 24 h), total P, and inorganic P 

fractions; the pH (1:2~ w/v suspension) was determined on unground samples. 

Use was made of a modified CHANG & JACKS ON (1957) fractionation scheme as 

described by PETERSEN & COREY (1966) and HOUBA et al. (1974): g soil samples 

in 100 mI centrifuge tubes are successively extracted with 50 mI 1 ~ NH
4
CI 

(saloïd P: water-soluble and highly available P forms); 50 mI 0.5 ~ NH
4

F pH 

8.2 (Al-bound P); 50 mI 0 . 1 N NaOH (Fe-bound p); and 50 mI 0.5 ~ H
2
S0

4 
(Ca

bound P) . 

Since the presence of reductant-soluble and occluded P forms is not very 

likely in this type of samples, treatments with Na dithionite-Na citrate 0.3 M 

and 0.1 N NaOH af ter the Ca-P extraction were omitted. This assumption was 

verified by analyzing 5 samples for reductant-soluble and occluded P forms. 

Very low va lues of 0.3 to 1.3 mg P/100 g were found for the sum of both 

fractions, which can be ascribed at least in part to methodical difficulties 

such as incomplete removal of the residual solution in the tubes . 

Centrifugation of these rather coarse-textured samples at >10,000 rpm did 

not result in very good sedimentation or a compact soil cake (for 100 mI 

tubes , only an angle head was available) . Af ter pipetting a 25 mI subsample 

for further analysis, the remainder of the solution was discarded carefully 

and as quantitatively as possible, using a glass capillary connected with a 

vacuum. Some loss of sample may have occurred, however. 
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TABLE 20. Results of inorganic phosphorus analyses 

w P (mg/l00 g) 
'" 3 soil sample soil layer (cm) pH-H

2
O pH-KCl % CaC0

3 
% loss-on-ignition sal .P Al-P Fe-P Ca-P L fractions total P 

568 0- 20 5.0 4.1 1.7 0.1 0 . 3 0.4 2.9 3.7 10.3 
569 20- 40 7. 3 7.1 0.4 0.4 0.4 0 . 4 4.6 5.4 9.2 
570 40- 60 8.1 8 . 0 2.1 0.2 0 .1 0.3 0.2 6.1 6.7 10.4 
571 60- 80 8.1 8 .1 2.7 0.3 0.4 0 . 1 6.2 6.7 10.3 
572 80-100 8.6 8 . 5 2 . 6 0.2 0 . 5 0.2 6 . 7 7.4 10.1 
573 0- 20 5.3 4.7 3.1 0.4 0.5 3 . 7 4.6 12.1 
574 20- 40 7.9 7.6 0 . 5 0.5 0 . 4 0.3 5.1 5 . 8 10 .0 
575 40- 60 8.6 8.5 2.5 0 . 3 0.1 0.5 0.1 6.4 7.1 10.0 
576 60- 80 8 . 6 8 . 5 3.1 0.3 0.1 0.5 0.2 7.7 8.5 10.7 
586 0- 10 4.8 4 .1 5.6 1.1 0.9 1.8 2 . 9 6 .7 18.7 
587 10- 20 5.3 4.7 1.8 0.1 1.3 0.9 4.7 7.0 10.8 
588 20- 30 5.7 5 . 0 0.6 0 . 9 0.7 0.6 5 . 4 7.6 9.6 
589 30- 40 7 . 6 7.5 0.4 0 . 6 0 . 1 0 .7 0 . 3 6 . 3 7.4 9.9 
590 40- 50 8.2 8.2 1.6 0 .4 0.3 1.1 0.4 7.0 8.8 10.4 
591 50- 60 8.2 8.2 2.8 0 . 4 0.5 0 . 2 8.8 9 . 5 11.3 
592 60- 80 8.6 8.4 4 . 3 0.3 0 . 4 0.8 0.2 8 . 6 10.0 10 . 9 
593 80-100 8.6 8.5 4.6 0.3 0 . 6 0.7 0 . 2 7.7 9 . 2 11.0 
601 0- 20 5.0 4.2 2.1 0 . 6 0 . 7 0 .7 2.9 4.9 13.7 
602 20- 40 5 . 4 4.4 0.5 0 . 5 0 . 8 0.6 4.0 5.9 9.8 
603 40- 60 6 . 3 6 . 0 0 . 6 0.6 0.9 0.7 4.2 6.4 11. 2 
604 60- 80 7.3 7.2 0 . 2 0.5 0 . 2 0 .7 0.4 5 .1 6 . 4 10.5 
605 80-100 8 .1 8.1 1.4 0.4 0.1 0.5 0.3 7 .1 8 . 0 11.3 

1400 0- 10 4 . 5 3 .7 15.0 0.3 0.5 2.3 2 . 0 5.1 32.6 
1401 10- 20 5.4 4 . 2 1.4 0.1 0.5 0.4 3 . 4 4 . 4 8.6 
1402 20- 30 5 . 8 4.6 1.0 0.1 0.5 0 . 3 5 . 0 5 . 9 9.6 
140 3 30- 40 6.2 4.9 0 . 4 0.1 0.5 0.4 5.4 6 . 4 7 . 9 
1404 0- 10 5.6 4.6 4.7 0.5 0.7 1.0 3 . 5 5 . 7 22.5 
1405 10- 20 5.8 4.6 1. 4 0.2 0 .4 0 . 9 3 . 8 5.3 14.5 
1406 20- 30 6 . 9 6 . 2 0.2 0.8 0.1 0 .7 0.8 5.6 7.2 14.1 
1407 30- 40 7.9 7.6 0.7 0.5 0.1 0 . 5 0.7 6 . 4 7.7 12.5 
1408 0- . 10 5 . 4 4.4 6 . 6 0.1 0 . 3 0.7 2.2 3 . 3 17 . 3 
1409 10- 20 5.8 4 . 6 1.6 0.4 0.6 3.9 4 . 9 10.8 
1410 20- 30 6.4 5.2 0.5 0.8 0 .7 5 . 6 7.1 10.5 
1411 30- 40 8.7 8 . 2 0.6 0.3 0.5 0 . 4 6.3 7 . 2 10.4 



Results 

Some of the results are given in Table 20. Although not entirely quantitative, 

the fractionation results do give a c lear insight into the relative occurrence 

of the different mineral phosphorus forms. Initially present carbonates have 

been leached completely from the surface layers (30 cm or deeper), but Ca is 

still the most abundant cation in the base exchange capacity (see under 6.7.), 

even at relatively low pH values, in this 1350-year-old dune area (younger age 

with respect to dune s tabilization) . 

This pattern is confirmed by the inorganic P analyses. In general, Ca-bound 

P is the most important mineral phosphorus form and increases with depth along 

with pH, as expected (Table 20). The decrease in Ca-P toward the soil surface 

i s more compensated for by an increase in organic phosphorus than by anincrease 

in Fe-bound P. The parent mate rial appears to be relatively low in Fe. 

Because of the thermodynamic instabi lity of Ca-P at low pH values, Ca-P may 

be a valuable source of P for plants growing on these soils. 
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6.7. SPATIAL VARIABILITY OF SOIL CHEMICAL PROPERTIES IN AN OLDER DUNE AREA 

(WESTDUINEN) OF GOEREE (S.R. TROELSTRA) 

Introduction 

The dune complex of which the Westduinen area originally formed a part was 

deposited at the end of the post-Roman or Duinkerke II transgressional phase 

of the sea (A.D. 250-600). Since then erosion processes and leveling by man 

have made considerable changes. In its present and largely stabilized state 

the Westduinen site, which is one of the few remaining relatively undisturbed 

inner dune areas, shows a rolling. relief with maximal differences in heightof 

about 2-4 mand a natural grassland vegetation. 

Of the sOil-forming factors (parent material, topography, climate, vegetation 

and fauna, and time), the topography exerts a major influence on the soil 

profile development via its impact on microclimatic and hydrological regimes 

(slope aspects; due to rising of the ground-water, some depressions are 

flooded during the winter and early spring) . 

AC profiles have been developed to a varying degree (maximal organic matter 

accumulation in depressions) and carbonates have been leached completely from 

the upper 30 cm or deeper. Aside from soil texture, the depth of leaching of 
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carbonates is determined at least in part by the net water movement through 

the soil profile, and in some depressions carbonates may be present within 

30 cm. Podzolization processes (chemical migration of aluminium and ironand/or 

organic matter) are not important yet. In some places, leaching of organic 

matter may have occurred to some extent directly underneath the A horizon. 

Other characteristics of the area are: extensive stock grazing during the 

summer period (dung and urine patches), a low rate of fertilizer application 

on the flatter parts, burrowing activities by rabbits on the upper slopes and 

summits, and some digging by man (aerialsof a marine transmitting station; 

drinking places). The latter points may enable carbonate-rich mate rial to 

reach the surface again. The present investigation was designed to study the 

spatial variability of soil chemical properties within the Westduinen area. 

The work was done as an integral part of an extensive plant ecological program 

carried out in this area. In addition to mean values, ecologists are also 

interested in range values for a given area (BALL & WILLIAMS 1971). 

Materials and methods 

Soil variability within the Westduinen area has two main features, i.e., a 

small-scale variability within a topographically uniform unit (no slope 

effects) and a topographic variation. 

To investigate the small-scale variability, a grid 60 cm square subdivided 

into sixteen units of 15 cm square was applied to 19 rather different locations 

in the area (Fig. 10). Eight units of the grid were sampled separately 

(replicate samples) and the other eight (shaded in the Figure) were combined 

and treated as a bulk sample; 4 soil cores per sampling unit were taken; 

sampling depths we re 0-10 cm or 0-15 cm and 10-20 cm or 15-25 cm (in some 

places deeper soil layers as well). 

Af ter drying and sieving (1 mm), bulk samples were mechanically subdivided 

(Retsch subsampler type PTZ) to obtain 8 subsamples, and from this point on 

replicate samples and bulk subsamples were treated in the same way: subdivision, 

grinding of part of the sample in a mortar mill (Retsch type RMO), and analysis. 

Comparison of means and standard deviations makes it possible to evaluate the 

efficiency of the two sampling procedures. It has been tacitly assumed that, 

on average, bulk samples and replicate samples have the same composition. 

Separate treatment of pairs of grid-subunits (drying, sieving, subdivision 

into two parts, one of them for bulk sample) would have been more correct 

but also more laborious. 

The topographic variation is being s tudied on the basis of two transects, 

each about 50 m long, and including several depressions and summits of moderate 

dimensions. Maximal differences in height are 2.5 m for the first and 1.5 m 

for the second transect. Sampling points were taken 50 cm or 1 mapart and 

sampling depths up to 30 cm. Each sampling point represents an area of about 

15 cm square, and 4 to 5 soil cores per sampling point were taken. Af ter drying 
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<: 60 cm 

o 1 CORE 

FIG . 10. Grid applied in variability study 

and sieving (1 mm) samples were treated as indieated above for replieate samples 

and bulk subsamples. 

The pH of the soi l was measured potentiometrieal l y in 1: 2~ (wjv) suspensions 

of unground soil in H
2

0 or 1 ~ KCl (pH-H
2

0 and pH-KC1). Carbonates were 

measured gas-volumetrieally aeeording to Seheibler by treating ground soil 

with 4 ~ HC1. Organie matter was determined as loss-on-ignition, i.e., weight 

loss of ground soil samples af ter ignition at 430°C for 24 h (DAVIES 1974) . 

Total P was measured by digesting ground soil samples with Fleisehmann ' s aeid 

(HOUBA e t al . 1974) . Organie P was determined by the ignition method using 

ground soil s amples (see under 6.5.). Olsen P (biearbonate P) was determined 

af ter shaking unground soil samples with 0 . 5 ~ NaHC0
3 

(OLSEN et al. 1954; 

WATANABE & OLSEN 1965). Exehangeable eations were determined by atomie 

absorption speetrophotometry af ter shaking unground soil with neutral ammonium 

aeetate. Chloride and e l eetri eal-eonduetivity analyses were earried out on 

1:5 water extraets of unground soil. 

53 (323) 



111 

"" 
w 

'" "" 

TABLE 21. Spatial variability of soil chemical factors in the Westdui n en a rea (Goeree ) 

pH- H
2

0 

pH- KCl 

% CaCo
3 

Smal l - scale variability (area of 0.36 m2) 

0- 10 cm (0- 15 cm) 10-20 cm (15-25 cm) 

ave rage maximum minimum ave rage maximum minimum 
range range range range range range 

0 . 3 pH 4.7-5.5 

0 . 3 pH 
5 . 1- 5.6 
3 . 9-4 . 4 

4 . 6- 4.8 0 . 3 pH 7.7-8.2 6.0- 6 . 1 

3 .3- 3.4 
0.2 pH 4.5-5 . 0 

(0. 3 pH?)(6.7-7.9? ) 3.7- 3 . 8 

% org. matter 1. 8 
(loss - on
ignition) 

10 . 9- 15 . 9 2 . 7-3.4 0 . 3 0.5-1.2 0.3- 0 . 4 

Topographi c variat ion 

transect I transect 11 ~~g~},\f* * transect I tra nsect 1 1 

4 . 2- 5 . 4 

3.3- 4.5 

o 
2.0- 8.6 

10- 20 cm or 10- 20 cm 20- 30 cm 
0-10 cm 10- 30 cm 

4 . 6- 5. 7 

3.6- 5 . 2 

o 
3 . 3- 7 .7 

4 . 2- 6 . 4 5.0-8.1 

3 . 3- 5 . 9 4 . 0- 8 . 0 

0- 0 . 9 o 
0 . 9- 33 . 5 0 . 4- 2. 7 

4.9- 7 . 7 

3.9- 6 . 9 

o 
0.6-2.8 

5.2- 8.5 

4 . 2- 8.1 

0-1. 5 

0 . 2-1. 1 

total P 
(mg/l00 g) 

4.6 12 . 6- 21 . 6 9 . 8- 11.1 1.6 10.5- 16.2 8 . 5- 8 . 9 10 . 8- 21.2 14.9- 24 . 4 7. 4- 50.9 6.2- 14 . 3 9 . 3- 15 . 6 7.8- 12 . 4 

organi c P* 
(mg/l00 g) 

NaHCO -P 
(mgJlOo g) 

Ca* (me/lOO g) -

Mg* (me/lOO g) -

K* (me/ lOO g) 

Na* (me/lOOg) 

Cl** (me/lOO g) 0 . 06 

EC** 1: 5 extr. 30 
( )J S cm- 1 ) 

16.0-20.2 4.8-8.0 

5.43-6.38 0.12- 0.33 

0.84-1 . 19 0.09-0.12 

0 . 22-0 . 32 0 . 04-0.06 

0 . 45-0 . 63 0 . 03- 0.06 

0.3 3- 0 . 46 0.04-0.07 0.02 

190- 265 27-39 12 

* 
** 

grid analyses of 2 or 3 extreme locations 

grid analyses of 10 locations 

1.4-2 . 6 0.9- 1.7 4 . 2- 13.9 8 . 7- 15.5 4.2-ca . 36 0 . 7- 6 . 8 3.1 - 9 . 2 1 . 2- 6.4 

0 . 30- 0.92 0 . 28- 0.94 0.02- 0.65 0 . 07- 0.4 7 0.0 7-0 . 35 

0.39- 3 . 31 0.35-0 . 46 0 . 28-4 . 59 1 .14- 6.88 0 . 12- 1L51 0.00- 2 . 18 0.36- 2 . 81 0 . 36-1.89 

0 . 08- 0.20 0 . 08- 0.09 0 . 15- 0 . 65 0 . 35-0 . 95 0.08- 2 . 4 7 0.02- 0.20 0.10- 0.40 0.10- 0.30 

0.02-0.03 0 . 00- 0 . 01 0.05- 0.17 0.04- 0.20 0.03- 0.67 0 . 00-0 .1 0 0 . 01 - 0 . 14 0 . 01 - 0.07 

0.00- 0 . 03 0 . 00-0 . 01 0 . 04 - 0 . 25 0 . 05- 0 .1 8 0 . 03->130 0.00- 0 . 04 0 . 01-0.06 0 . 01 - 0.05 

0.01-0.04 0 . 01 - 0 . 02 0.03- 0.19 0 . 03- 0.16 0 . 01 - 1.07 0 . 01 - 0.07 0 . 00- 0 . 08 0.00- 0.05 

32- 88 12-16 25- 115 35- 110 23- 585 12- 74 12-75 14 - 70 

*** combined results of plot, transect, and other analyses 
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TABLE 22. Coefficients of variation (per cent) 

0-10 cm (0-15 cm) 

replicate samples bulk subsamples 

pH-H
2

O 1.4- 6.1 ( 2 . 4 ) * 0.2- 1.1 (0.5 ) 

pH-KCl 1.0- 5.0 ( 2 . 5) 0 . 2- 0 . 9(0 . 5) 

% org . matter 
3.4-18 (10 1.0- 9 . 4(2.7) 

(loss- on-ignition) 

total P 3 . 4-18 ( 8 . 2) 0.8- 4 . 0(2.0) 

organic P 9.2; 14 1.2; 8.1 

Cl 12 -40 (22 2.8-1 7 (9 . 2) 

EC 1: 5 extract 6.8-1 6 (13 3.2-12 (6.0) 

* mean 

10-20 cm (15-25 cm) deeper layers 

replicate samples bulk subsamples replicate samples bulk subsamples 

0.8- 2.9( 1.8) 0.2- 1.4( 0.6) 0.9 0.3- 1.4( 0 . 8) 

0.8- 5.3( 2.0) 0 . 2- 1.4( 0.5) 1.3 0 . 1- 0. 7( 0.4) 

7.0-35 (15 1.7- 9.0( 4.7) 5.5 1 . 9-20 (6.7) 

2.0-13 ( 5 . 8) 1.6- 5 . 2( 3.2) 11 0.1- 5 . 1( 2.8) 

4.7; 18 5.7; 19 

10 -45 (30 9.3- 27 (17 5.1-34 (17 

4.7-39 (15 2.1 - 10 ( 6 . 5) 4.1 - 12 (8.4) 



Results and discussion 

The results are summarized very briefly in Tables 21 and 22. Unless indicated 

otherwise, small-scale variability values in Table 21 refer to the results of 

replicate sampling of a total of 19 plots. 

As expected, mean values for replicate and bulk sampling procedures (not shown 

in the Tables) , in general do not differ significantly and also reflect 

possible variations in pretreatment, analytical variations, etc. Where 

significant differences do occur, they are of no quantitative importance. 

Standard deviations and coefficients of variation (Table 22) of the replicate 

samples are of considerable magnitude in some instances. In other words, the 

determination of only a mean value of a bulk sample may involve the loss of 

ecologically important information related to the small-scale variability of the 

plot. Whether the extra effort required to obtain this knowledge is justified, 

wi 11 depend on the actual order of magni tude in combination wi th the type of research. 

The effect is more pronounced in the upper soil layers, because here most 

properties reach their highest value and the "noise" level of the analytical 

methods does not have a marked influence on the results. Chloride and 

conductivity values are very low, and these determinations were carried out 

for orientation rather than statistical comparison. 

The coefficients of variation can be compared with values given by e.g. BALL 

& WILLIAMS (1968, 1971) and BECKETT & WEBSTER (1971). 

For most of the properties the range of values varies considerably for the 

topographic variation, especially for the area as a whole (column 9 in Table 21) . ' 

Nevertheless, because locations with the higher values are not very widely 

distributed within the area, the results of both transects give a fairly good 

idea of the average situation. The pH variation in the upper 10 cm is 

relatively small. 

For most factors the observed variation is directly correlated with the 

organic matter content variation: organic phosphorus, total phosphorus via 

organic phosphorus, exchangeable cations (organic matter as component of the 

clay-humus exchange complex), chlorides (coefficients of correlation with 

organic matter + 0.93, + 0 . 84, and + 0.58 for surface samples of 10 plots and 

2 transects, respectively) and electrical conductivity. Since the formation of 

AC profiles is the most important soil development within the area, this 

conclusion seems rather logical. 

Organic matter values are high and certainly not to be taken for percentages 

of "active" humus. The surface samples may contain an appreciable amount of 

undecomposed or partly decomposed material. 

In the upper 10 cm, 50 to 70 per cent of the total P is present in organic 

forms. The subsoil (10-30 cm) shows a lower percentage and more variation: 

between 10 and 60 per cent. Total nitrogen was determined in a small set of 

samples only and is not shown in the Tables, partly because this value is 

closely correlated with organic matter content and has limited value for the 
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prediction of N availability; the nitrogen content of the organic matter 

amounts to 3 to 4 per cent. 

C/N/P ratios we re determined in a limited set of samples too. For surface 

samples and subsoils the ratios were (118-190)/10/(0.30-1.04) and (100-142)/10 

/(0.58-1.65), respectively, which is in very good agreement with values 

reported in the literature (BARROW 1961; N is set equal to 10). 

It should be noted that the analytical results are expressed on a soil-weight 

basis, although from an ecological point of view a soil-volume basis (soil 

layer thickness constant) would be preferabIe . Therefore, to determine correlation 

with plant performance the bulk density variation must also be taken into 

consideration, since soil with a higher organic matter content in depressions 

will have a lower bulk density value. Expressed on a soil-volume basis instead 

of a soil-weight basis, the topographic variation will be somewhat less extreme. 
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