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Chapter 7
Jonkershoek as Fulcrum: The Forest 

Hydrological Research Program 

It is possible, and indeed it is all too frequent, for an experiment to be so conducted 
that no valid estimate of error is available. In such a case an experiment cannot be 
said, strictly, to be capable of proving anything. Perhaps in this case it should not 
be called an experiment at all, but be added merely to the body of experience on 

which for lack of anything better, we have to base our opinions.

—R. A. Fisher, 19371

Place
The dissent over afforestation did not abate after the conclusion of the 1935 
Empire Forestry Conference, although open antagonism decreased as scientists 
and politicians waited to see the results of the experimental program. All parties 
had agreed that a comprehensive experimental program was required to solve the 
fundamental question of whether forests transpired more water than indigenous 
vegetation types, and whether or not the forest helped to equalise streamflow 
throughout the year. There would be no quick resolution, though the complaints 
from Eastern Transvaal farmers sustained the pressure to resolve the issue, while 
forest officers persevered with local studies to answer the complaints.2 But the 
centre of attention shifted, to focus on the development of a major program of 

1  R. A. Fisher, The Design of Experiments, 1937, in C. L. Wicht, ‘Determination of the Effects of Watershed-
Management on Mountain Streams’, Transactions of the American Geophysical Union, 24 (1943): 594–606.
2  For example, White River Estates Irrigation Board to Director of Forestry, 24 June 1936; R. S. Harriss 
to the Hon. Deneys Reitz, 22 March 1938; District Forest Officers Sabie E. B. Domisse to Conservator of 
Forests Transvaal J. D. M. Keet on effect of rainfall on water supplies, 6 June 1939; all in Wicht Papers, SAFRI 
Collection, CSIR Pretoria.
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science in an infant discipline, and its extension from the start in the mountains 
of the Cape Fold Belt, to the Drakensberg mountains to the east, and ultimately to 
the north, near the furthermost reaches of the forestry regions. 

At the fourth British Empire Forestry Conference, Phillips and Smuts had argued 
that it could take 20 to 30 years of continuous experimental observation to offer 
definitive evidence about the impact of trees. These predictions assumed, of 
course, that the experiment would be designed and executed in a way that 
assured valid findings, so that parties across the spectrum of opinion could 
abide by the conclusions, including both the sceptics of afforestation, and the 
pro-forestry advocates who wished to know whether plantations really did 
benefit water supplies, or at least, prove to be the more beneficial use of water 
than alternative uses of catchment land. 

While the experiment at Jessievale had been a remote and lonely enterprise, 
seldom attended by any expert, the choice of Jonkershoek as the new site yielded 
immediate rewards. Located as it was, close to universities and Cape Town, an 
emerging major city, Jonkershoek soon became the focus of energetic activity. 
The annual reports of the Chief Forest Research Officer and Jonkershoek’s 
resident researcher both speak of an immediate start, with a geological, a soil, and 
a botanical survey, the ‘small beginning’ of planting 17.8 acres of Pinus radiata 
in 1935/36, the ordering and receipt of ‘£450 worth of equipment’, the building 
of the foundations of the gauging weirs, and installation of raingauge networks, 
visits from senior leadership, and lectures at the University of Stellenbosch, 
all within 24 months.3

The department’s leadership had chosen not to import someone from abroad 
to design and run the research, as they had done with the new field of 
timber technology, probably trusting their own competence, and believing 
that the forest hydrological problem was uniquely ‘South African’, and like 
its other forest research projects, required a South African who understood 
local environmental and social conditions. The department instead selected 
Christiaan L. Wicht to lead the country’s new research program. While Wicht 
was not obviously the best-trained person for the job, he was well known to 
his colleagues, who had followed his overseas studies closely. There was, in 
any event, no candidate through the whole of South Africa who came fully 
equipped with the knowledge and expertise required to design a program in 
forest hydrology, an emergent field of science that lacked internationally agreed-
upon concepts and methodologies. 

3  Annual Report of the Forest Research Officer Jonkershoek, 1935/36, Annual Report DFO Jonkershoek 
1935/36, Annual Report DFO Jonkershoek 1936/37, Annual Report RO Jonkershoek 1936/37, all at Jonkershoek 
archives, CSIR, Stellenbosch and digi.nrf.ac.za/dspace/bitstream/handle/10624/378/CLW_Annrep1937p001.
pdf?sequence=1 (accessed 11 August 2013).

http://digi.nrf.ac.za/dspace/bitstream/handle/10624/378/CLW_Annrep1937p001.pdf?sequence=1
http://digi.nrf.ac.za/dspace/bitstream/handle/10624/378/CLW_Annrep1937p001.pdf?sequence=1
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In his new role, Wicht worked hard during the late 1930s and early 1940s to 
design an experiment to his satisfaction and to that of his colleagues, and later 
in the mid-1940s to early 1960s confronted some of the world’s pre-eminent 
hydrologists, who claimed that his experimental design and methods were 
too empirical, lacking adequate theoretical foundation. That he cultivated the 
support of a wide collegial network may help to explain how he maintained his 
prestige despite strong criticism, but greater credit owes to his close attention to 
methodology, technique, and relevance to the forest policy issues that directed 
the program in the first place. 

Hydrological research, like other field sciences, was naturally place-based, and 
the study of field sciences such as hydrology reveal key intersections between 
the history of science, historical geography and environmental history.4 Wicht’s 
role from 1935 to 1947 and after was deeply connected with the place of 
Jonkershoek. For Wicht, and many other foresters after him, Jonkershoek was a 
‘place’ in Kohler’s sense of the term: it was not just a geographical location but a 
locale with a particular ecological and social context with intimate ‘connections 
between doing science and living lives’.5 Wicht’s background and the character 
he developed during childhood and youth was deeply inspired by the 
landscape and culture of Jonkershoek, Stellenbosch and the surrounding Cape 
landscapes. Jonkershoek’s close association with Stellenbosch University—
an important cultural and academic centre for Afrikaners as well as home to 
the country’s undergraduate and postgraduate program in forestry—made it 
a ready intellectual focal point for hydrological research in Southern Africa, 
with proximity to Cape Town an added merit. 

Jonkershoek’s distinct climate and its topography, however, did not make it the self-
evident choice for the new program. It was 2,000 km away from the main centres 
of afforestation and from Jessievale and White River and the other locations where 
Keet had recently investigated complaints about afforestation. Its Mediterranean 
winter rainfall climate differed markedly from the summer rainfall that prevailed 
through most of the forestry zones in Natal, Zululand and Transvaal. Despite its 
climatic and geographic differences, Jonkershoek had the benefit of proximity to 
intellectual centres. And it would prove to be the laboratory for the ideas that 
emerged to form the methodological basis for the program that later included 

4  Interest in the study of ‘place’ and ‘locality’ are recent historiographical developments that have arisen 
from an intersection of methods from the history of science, historical geography and environmental history. 
See, for instance, J. Vetter (ed.), Knowing Global Environments: New Historical Perspectives on the Field Sciences 
(Piscataway: Rutgers University Press, 2011) and the special issue of the Journal of the History of Biology, 
45 (2012). There has been less work on this subject within the field of South African environmental history, 
although recent publications by the authors of this work address these questions. See Bennett and Kruger, 
‘Ecology, Forestry and the Debate over Exotic Trees in South Africa’.
5  R. E. Kohler, ‘Practice and Place in Twentieth-Century Field Biology: A Comment’, Journal of the 
History of Biology, 45 (2012): 579–86, 581.
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South Africa’s major forestry regions, taking its methodological shape through a 
series of carefully situated sites representing the different forestry regions within 
South Africa. In fact, while the department was establishing Jonkershoek, the 
reconnaissance to select a second site was already underway.6 

Christiaan Lodewyk Wicht
Wicht was born at Schoongezicht, a farmstead on the outskirts of the town 
of Stellenbosch, on 15 August 1908, to Johan Hendrik Wicht and Susanna 
Johanna Wentzel, the ‘natrossie’—the late bunch (of grapes)—in the family.7 
The next youngest sibling, a brother, was 18 years older. At the age of three 
years, his father died, and he moved with his mother to Stellenbosch, where 
she raised him. The young Wicht frequently visited Schoongezicht, where an 
elder bother, Henry, farmed until 1922. His second oldest brother, Dr William 
Frederick Wicht, was his mentor, and Christiaan spent a lot of time with him in 
Cape Town, where William was the Port Doctor at the old harbour. 

 Wicht’s father came from a tradition of Cape Afrikaners who were leading Cape 
Town ‘capitalist landlords’ and politicians. His grandfather was a member of 
the Cape Anti-Convict Association, who succeeded in having the convict ship 
Neptune turned away from the Cape in 1850, and later a member of the Cape 
Legislative Assembly.8 His family and their associates were members of what Saul 
Dubow describes as the ‘progressive forms of Afrikanerdom’.9 They supported 
the liberal tradition in the Cape and resisted the imperialism of Alfred Milner 
while maintaining distance from the two Boer republics to the north. 

Wicht developed an early affinity with nature as a youth living in the Cape Fold 
mountains in the south-western Cape. His mother would make annual excursions 
to the farm, and he more often, to enjoy the wildflowers and to bring bouquets 
home to her. Visits involved walking expeditions, including his first summit, when 
at the age of five or six years, his brothers helped him climb a buttress 500 metres 
high, north of the farm.10 In 1918, during the influenza epidemic, schools closed 

6  U. W. Nänni, ‘Forest Hydrological Research at the Cathedral Peak Research Station’, Journal of the South 
African Forestry Association, 27 (1956): 2–35.
7  Unless otherwise shown, this biographical information is from an autobiographical manuscript, 
‘Bergmaats’, compiled by Wicht while recuperating in hospital from a heart attack, in 1959, and another 
darkly lyric essay from the same time reflecting on illness, death, human ecology and art, Die Swart Kat 
(Jonkershoek Archives, CSIR, Stellenbosch), as well as emails from Susan Wicht Clark, 7 September 2010, 
16 September 2010, 19 September 2010.
8  H. Giliomee and B. Mbenga, A New History of South Africa (Cape Town: Tafelberg, 2007), 141. For the 
Wicht family in nineteenth-century Cape Town, see N. Worden, E. Van Heyningen, and V. Bickford-Smith, 
Cape Town: Making of a City (Cape Town: New Africa Books, 2004), 170.
9  S. Dubow, A Commonwealth of Knowledge, 156.
10  Die Swart Kat, 5, MS personal memoir c. 1959, Wicht Papers, SAFRI Archives, CSIR, Pretoria.



7. Jonkershoek as Fulcrum

169

and his mother sent him to Schoongezicht, perceived to be out of harm’s way. As 
the only child on the farm, he entertained himself with adventures in the veld 
and exploration of the hills nearby. These experiences taught him a deep love of 
the veld and the mountains of Stellenbosch, and a practical botany from an early 
age.11 Later, this was reinforced during school excursions into the mountains. 
Before his assignment, Wicht had walked the Jonkershoek terrain and climbed 
the peaks many times as a child and youth. He recounted these experiences in his 
1959 memoir ‘Bergmaats’ (‘Mountain Comrades’), recalling his first visit to the 
valley of Jonkershoek as a child of 12 years, led by his school hostel master, Oom 
Jannie Krige, a sympathetic lover of the veld.12 

Mountains played an important social role in his personal and professional 
life. As a student at the University of Stellenbosch, he expanded the reach of 
his childhood sallies into Jonkershoek, frequently climbing the Jonkershoek 
peaks by different routes, often in the company of leading academics from 
the university, including R. W. Wilcocks, later rector of the university, and 
professors in geology, history, law and other fields. His growing familiarity with 
the terrain accompanied the building of a collegial network that prepared him 
well for his professional career. After marriage in 1935, he and his wife made the 
enjoyment of nature and the mountains ‘the foundation of [their] family life’.13 
His attachment to Jonkershoek as a place was profoundly strong. In the text for 
his school radio talk entitled ‘The Balance of Nature and the Story of a Valley’, 
he wrote: ‘I am very attached to this valley … [Except for his period of study 
overseas] … I have always, as I do today, lived where I could hear the roar of the 
river over the stones when it comes down in the winter floods’.14 

In 1925, Wicht matriculated from what is now the Paul Roos Gymnasium in 
Stellenbosch. This was the school attended by Jan Smuts, and many other 
prominent South Africans, especially Afrikaners. At school, he enjoyed the 
close friendship of Uys Krige, the future prominent author and poet, and 
Uys’s brothers Francois and Bokkie—they played in the same rugby team, and 
enjoyed art and literature together. These companions became important figures 
in what became the ‘Thirties Movement’ (Die Beweging Dertig), a loyal resistance 
movement that pursued the alternative to conventional politics and culture in 

11  Wicht’s experience growing up was part of a wider culture shared by other white Afrikaners in the 
Cape. For instance, Keith Hancock’s descriptions of Jan Smuts’s childhood in Swartland, a wheat-growing 
valley along the west coast of South Africa, echoes a similar aesthetic: W.K. Hancock, Smuts: Sanguine Years 
1870–1919 (Cambridge: Cambridge University Press, 1962). For a critical analysis of landscape and whiteness 
see Jeremy Foster, Washed with Sun: Landscape and the Making of White South Africa (Pittsburg: University of 
Pittsburg Press, 2008).
12  C.L. Wicht, ‘Bergmaats’ (Stellenbosch, n.d.), Jonkershoek Papers, CSIR, Stellenbosch; copy in author’s 
possession.
13  Ibid.
14  ‘The Balance of Nature: The Story of a Valley’ c. 1947, MS, Wicht Papers, SAFRI Archives, CSIR, 
Pretoria.
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Afrikaans at the time, and was the forerunner to the later Sestigers.15 It was 
probably in this company that he developed his own taste for art and poetry, 
collecting the masters of South African painting, and frequently quoting South 
Africa’s poets in Afrikaans and English. He participated keenly in tennis, rugby 
and saltwater fishing. He and his wife Peggy enjoyed the style of the Arts and 
Crafts movement, and he designed and built furniture for his home in that 
style. He later made his own contributions to the modernising of Afrikaans, 
contributing to two lexicons, Afrikaanse Bosboomname and Voorlopige, 
Gedeeltelike Hidrologiese Terminologie.16 

After matriculating, he applied to the Public Service Commission for a sponsored 
studentship in forestry, but was rejected on the grounds of his defective 
eyesight. Persisting, he was authorised to undertake a second eye examination, 
and then after passing the exam, was accepted.17 As a sponsored student of 
the Department of Forestry he completed the study for a degree in science at 
Stellenbosch University, graduating in 1929 with majors in botany and geology. 
His teachers at Stellenbosch were eminent people, and would have impressed 
him strongly. Although in Wicht’s time the Professor of Botany was Gert Nel, 
it was A. V. Duthie who would have led him in this field (he would often speak 
of her with his own students). 

Augusta Duthie, born in 1881 at Belvidere near Knysna, studied under Bertha 
Stoneman at the Huguenot College in the Cape country town of Wellington and 
gained her BA from the South African University of the Cape of Good Hope 
(University of Cape Town) in 1901. In 1902 she became the first South African-
trained lecturer in botany when she took a post in in the embryonic department 
of plant sciences at the Victoria College, later the University of Stellenbosch. 
She was strongly influenced by Rudolph Marloth, then beginning his 1913–1932 
Flora of South Africa, and she became a highly productive botanist, publishing 
regularly. She was head of department until Gert Nel’s appointment in 1921 
allowed her to concentrate on research, and her 1929 PhD dissertation was an 

15  G. Olivier, ‘“The Dertigers and the Plaasroman”: Two Brief Perspectives on Afrikaans Literature’, 
in D. Attwell and D. Attridge (eds), The Cambridge History of South African Literature (place: Cambridge 
University Press, 2012), 313; S. P. van Aardt, ‘Uys Krige se familiebriewe uit Frankryk en Spanje 1931 – 1935: 
teksuitgawe, met historiese oriëntering, teoretiese verantwoording en annotasies’ (Master’s Thesis, University 
of Stellenbosch, 2009), 9: ‘Krige stel hom in teen die letterkundige status quo en hou vol dat hy nooit deel 
daarvan sal raak nie … en ‘dat Afrikaans himself op politieke, maatskaplike, filosofiese en kunsterrein buite 
die eng Afrikaner-sfeer moet ontwikkel’; see also page 10 on Krige’s commitment to the Afrikaner culture.
16  See C. L. Wicht, ‘Afrikaanse Bosboomname’, Journal of the South African Forestry Association, 5 (1940): 
41–61; C. L. Wicht, ‘Preliminary, Partial Hydrological Terminology’, with F. J. Snyman (1968), at digi.nrf.ac.za/
dspace/bitstream/handle/10624/436/Vooged1968001.pdf?sequence=1 (accessed 12 September 2013).
17  Public Service Commission to Wicht, 11 May 1927; Public Service Commission to Wicht, 22 July 1927; 
Susan Wicht Clark says that he lost the sight in one eye in an accident playing with a china doll, at the age 
of three years; later he was refused when volunteering for military service in World War II and, as a result, 
continued with the work at Jonkershoek while taking on the duties of colleagues in military service; emails 
from Susan Wicht Clark, 7 and 19 September 2010.
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intensive study of the entire ecology of a 10-km2 area of the Eerste River terrace 
on the campus.18 Such attention to botanical detail later became evident in 
Wicht’s study of the effects of fire in fynbos at Jonkershoek.19 

In geology, the then professor was S. J. Shand, an eminent scientist who later 
became Professor of Geology at Columbia University in New York City, but it 
was A. V. Krige who would have had a strong influence on Wicht; again Wicht 
often referred to Krige and his work in his lectures. Krige built on Shand’s 
earlier work in his study of sea-level fluctuations around the Cape Coast over 
the preceding 120,000 years, and used the succession of terraces in the valley of 
the Eerste River for field evidence of the geomorphological relationship between 
sea-level variation and riverine erosion.20 These were an excellent combination 
of knowledge and world views to create a broad mind in a student of nature.

Like other sponsored students, he spent two months per year assigned to 
work on a plantation or visit other sites, ‘acquiring a practical knowledge of 
Forestry as practised in this country’ and of the various forestry environments 
and species.21 After graduation, he spent the period from January to August 
1930 employed at Tokai on the Cape Peninsula before leaving for Oxford as a 
sponsored student.22 

He received from Oxford University the BA Forestry in 1931. There he kept in 
touch with his seniors in the department through regular reports, and received 
encouraging correspondence from them. He enjoyed extracurricular activities, 
made many friends, played university rugby, assisted Harry Champion, then at 
the India Forest Research Institute at Dehra Dun, by translating a paper on teak 
plantation growth models from the German, corresponded with forest scientists 
around the world, and represented South Africa at an IUFRO conference in 
Munich in 1931 and later, in September 1932, at the IUFRO Congress in Nancy. 

18  P. G. Jordaan, ‘A. V. Duthie en Haar Bydrae tot die Plantkunde’, South African Journal of Botany, 
33 (1967): 47–57; M.R.S. Creese and T.M. Creese, Ladies in the Laboratory III: South African, Australian, New 
Zealand, and Canadian Women in Science: Nineteenth and Early Twentieth Centuries (Lanham, MD: Scarecrow 
Press, 2010), 14–6; A.V. Duthie, ‘Vegetation and Flora of the Stellenbosch Flats’, Annals of the University of 
Stellenbosch, 7 Series A, no. 1 (1929), 52. At the Huguenot College, Augusta Duthie was taught by Bertha 
Stoneman, graduate of Cornell University, a progressive and gifted teacher and author of Plants and their 
Ways in South Africa, the first South African botany textbook (H. Engel and M. Smiley, Remarkable Women 
in New York State History (Charleston: The History Press, 2013), 264).
19  C. L. Wicht, ‘A Statistically Designed Experiment to Test the Effects of Burning on a Sclerophyll Scrub 
Community. I. Preliminary Account’, Transactions of the Royal Society of South Africa, 31 (1948): 479–501.
20  S. J. Shand, ‘The Terraces of the Eerste River at Stellenbosch’, Transactions of the Geological Society 
of South Africa, 16 (1913): 147–55; A. V. Krige, ‘An Examination of the Tertiary and Quaternary Changes of 
Sea-Level in South Africa, with Special Stress on the Evidence in Favour of a Recent World-Wide Sinking of 
Ocean-Level’, Annals of the University of Stellenbosch, 5, Series A, No. 1 (1927).
21  C. C. Robertson for Chief Conservator of Forests, Memorandum for Nominated Students – Professional 
Staff, A.57/1/22 29 October 1929, as addressed to C. L. Wicht, Wicht Papers, SAFRI Archives, CSIR, Pretoria.
22  Chief Conservator of Forests to Wicht, 21 December 1929; Wicht to Chief Conservator of Forests, 3 July 
1930, Wicht Papers, SAFRI Archives, CSIR, Pretoria.
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He then proceeded to the forestry school at the Forest Academy at Tharandt 
(now the Institute of International Forestry and Forest Products, Dresden 
University of Technology).23 

The regular contact between officials and Wicht, as with other sponsored 
students, ensured that he received the necessary encouragement and direction, 
while the officials had sufficient opportunity to grasp his capabilities and 
promise. C. C. Robertson gave Wicht ample advice on his intentions to study 
at Oxford.24 Wicht also received the 1931 memo from E. J. Neethling on the 
choice of speciality direction, and there followed a careful correspondence 
about Wicht’s choice of a doctoral program. Wicht had considered Yale, Zurich 
and, in Germany, Eberswalde and Tharandt as options; Neethling would have 
liked Wicht to have worked with Toumey at Yale, but Yale’s School of Forestry 
could not finance Wicht’s proposed research. Wicht finally chose Tharandt, 
to do a methodological dissertation rather than an experimental program, and 
Neethling concurred, telling him in a letter ‘dat ek ten volle saamstem met die 
Tharandt skema wat u voorgelê het’—‘I agree fully with the Tharandt scheme 
that you have submitted’.25 While at Tharandt, J. J. Kotzé, then Chief Forest 
Research Officer, advised Wicht on the direction of his studies. Kotzé informed 
Wicht that he would join the department’s Research Branch on his return, to 
work in the area of silviculture. Wicht thanked Kotzé for his advice and for 
giving Wicht ‘a very good idea of what is happening in South Africa’ whilst he 
was in Germany.26 

At Oxford during the forestry course, Wicht encountered the work of R. A. 
Fisher in mathematical statistics and experimental design, and developed a close 
knowledge of the field, which he later employed rigorously in his research career. 
At Tharandt, his dissertation was a theoretical examination of experimental 
methodologies for the study of thinning in forest stands.27 He returned from 
Germany in 1934, and once back with the department he was assigned to 
silvicultural research on the then eastern Transvaal, based in Pretoria. But soon 
after he was posted as Forest Research Officer at the Jonkershoek Forest 
Influences Station. 

23  Emails from Susan Wicht Clark 7 September 2010, 16 September 2010, 19 September 2010; H. G. 
Champion Dehra Dun to Wicht, 22 December 1932; Chief: Division of Forestry Education to Wicht, 12 August 
1932, Wicht Papers, SAFRI Archives, CSIR, Pretoria; see also ‘Obituary: Dr C.L. Wicht’, South African Forestry 
Journal, 106 (1978), 78.
24  C. C. Robertson to Wicht, 17 June 1929.
25  Yale School of Forestry to Wicht, 21 September 1931; E. J. Neethling for Chief Conservator to Wicht in 
Oxford, 6 September 1931, 3 November 1931, Wicht Papers, SAFRI Archives, CSIR, Pretoria
26  J. J. Kotzé (personally) to Wicht, 7 April 1932; Wicht to Kotzé, 9 January 1933, Wicht Papers, SAFRI 
Archives, CSIR, Pretoria.
27  C. L. Wicht, Zur Methodik Des Durchforstungsversuchs. Mitteilung Aus Der Sächsischen Forstlichen 
Versuchsanstalt, Abteilung Für Ertragskunde. (Dresden: Bufra, Buchdruckerei Otto Franke, 1934).
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Wicht had a strong social and political consciousness, illustrated by his own 
memories and those of his daughter. He related years after of walking the 
countryside outside Dresden and encountering a march of the Hitler Brown 
Shirts brigade, and his fearful apprehension of this menace.28 His daughter 
Susan tells that while there he kept his suitcase packed, ready to flee Germany. 
Susan tells also of his opposing the exclusion of blacks from the University of 
Stellenbosch and his outrage when a lecturer was rejected from the university for 
being Jewish. His defence of the rights of coloureds was reported in The Argus 
on Thursday, 5 August 1971 in the article ‘Maties, UCT call for Coloured uplift’, 
which reported: ‘More than 100 academics of the Universities of Stellenbosch 
and Cape Town as well as writers, professional men and prominent farmers 
in the Boland today came out in support of a call for full citizenship for the 
Coloured people which was made by a group of Transvaal academics last week’, 
and Wicht was listed among these 100 academics.29 

Wicht became Fellow of the Royal Society of South Africa in 1941 and served 
as the first Chairman of the Table Mountain Preservation Board during 1952–
1957, after chairing the Royal Society of South Africa’s investigation into the 
preservation of vegetation in the south-western Cape in 1945, as well as being the 
principal author of its report.30 From 1949, he played a leading role in successive 
Southern African and Pan-African science initiatives, which eventually lost 
momentum during decolonisation, though this work continued until the 1970s. 
Among other things, he had a long service on the Standing Committee for 
forestry of Southern African Regional Commission for the Conservation and 
Utilization of Soil, in which role he contributed to many regional initiatives, 
especially in the field of hydrology.31 

28  Personal comments, Wicht to F. J. Kruger, around 1977. 
29  The Argus, 5 August 1971.
30  C. L. Wicht, ‘Preservation of the Vegetation of the South Western Cape, Part I’, Transactions of the Royal 
Society of South Africa, 30 (1943): 7–18; R. S. Adamson, ‘II. Characteristics of Vegetation’, Transactions of the 
Royal Society of South Africa, 30 (1943): 18–56.
31  SARCCUS, the Southern African Regional Commission for the Conservation and Utilization of Soil, 
representing 14 member states from Malawi to South Africa, was formed in 1948 at the First Inter-African 
Conference on Soil held at Goma in the then Belgian Congo, at which Wicht presented a paper on hydrological 
research; SARCCUS served to promote technical cooperation among its members in the fields of agriculture 
and forestry, and all other aspects of the utilisation of all related natural resources; A. B. Bridgens, 1987, 
‘South Africa’s Contribution to the Progress and Stability of Southern Africa through Her Membership of 
SARCCUS, Secretary-General of SARCCUS, June 1987’, unpublished report, University of Pretoria library, 4; 
Anonymous (ed.), Proceedings of the Twenty-Third Ordinary Meeting of SARCCUS, Sanbonani, Hazyview, 
South Africa, 28–30 April 1992, 114.
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In his private capacity, Wicht ardently advocated nature conservation and the 
protection of the land against erosion and other forms of degradation.32 Among 
other things, he wrote and delivered in English and Afrikaans a series of school 
radio talks, presented around 1947, in which he communicated the concepts 
of the ecosystem, biome, conservation, and other talks in ecology, hydrology, 
forestry and land management.33 His childhood provided the inspiration: 
‘We had a lovely time and it was a very beautiful farm. In the summer the hills 
were clothed in green, and in the kloofs the trees grew tall and stately … There 
were the great adventures’, this being the idyllic condition set in contrast to 
a degraded land. These texts made up a short book on conservation, erosion 
and land management in Afrikaans, published in 1952, which contains lucid 
explanations of ideas such as the nascent concept of biodiversity (verskeidenheid 
van diere en plante, p. 18), the role of biodiversity in sustaining the plant 
community (veld) in unfavourable climatic conditions, and other aspects of 
ecology and conservation, as well as an account of the history of Jonkershoek.34 

Jonkershoek as locale
Jonkershoek is a steep fault-valley penetrating the mountains south-east 
of the town of Stellenbosch, and forming the source catchment of the Eerste 
River. It  aligns on geological faults dating from the time of the breakup of 
Gondwana and which run from south-east to north-west; faults that directed 
the downcutting by the Eerste River to expose the granite footslopes. Rugged 
peaks of sandstone crest the granites, rising above the valley floor to elevations 
over 1,500 m. A transverse downward block fault closes off the south-eastern 
corner and forms the Dwarsberg, a wall of resistant sandstone that forces the 
rain-bearing north-westerly air masses to rise 1,000 m above the floor of the 

32  For overviews of ideas about erosion and land degradation in South Africa, see W. Beinart, ‘Conservation 
and Ideas about Development: A Southern African Exploration, 1900–1960’, Journal of Southern African 
Studies, 11 (1984): 52–83; B. Dodson, ‘A Soil Conservation Safari: Hugh Bennett’s 1944 Visit to South Africa’, 
Environment and History, 11 (2005): 35–53; Wicht met Bennett at the time of his visit and cited him in Land en 
Lewe (see below).
33  The concept of the ‘biome’ had deep connections with ecology in South Africa. Frederic Clements 
and Victor Shelford coined the term ‘biome’ in 1939 first but credited John Phillips’s notion of the ‘biotic 
community’ as a ‘veritable magna carta for future progress’ on the study of biomes. See Frederic E. Clements 
and Victor E. Shelford, Bio-Ecology (New York: J. Wiley & Sons, Inc., 1939), 24. Clements and Shelford 
defined biome as ‘[t]he biome or plant-animal formation is the basic community unit, that is, two separate 
communities, plant and animal, do not exist in the same area. The sum of plants in the biome has been known 
as vegetation, but for animals no similar distinctive term has become current’, ibid., 20; the current, detailed 
vegetation map of South Africa derives from a prior classification of 11 biomes and then their subsequent 
subdivision into bioregions, each containing several allied vegetation types: Mucina and Rutherford, The 
Vegetation of South Africa, Lesotho, and Swaziland, 11.
34  Texts of radio talks, nine chapters, including ‘The Balance of Nature’, ‘Forests’, ‘Wild Nature 
Preserved’, Wicht Papers, SAFRI Archives, CSIR, Pretoria; C. L. Wicht, Land en Lewe: Die Behoud van Grond, 
Water, Plante, en Diere, Excelsiorboekies, VI No. 7 (Afrikaanse Pers-Boekhandel, 1952), 18–9. 
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valley. Beyond this wall lies a plateau with the highest average rainfall in South 
Africa, at over 3,500 mm per year. At the mouth of the valley, rainfall averages 
around 1,000  mm per year. Jonkershoek thus houses a complex ecosystem 
distinguished by strong gradients in its physiography. These gradients create a 
striking diversity in soil and habitats, with a vegetation that includes over 1,200 
species of plants, mainly from the Fynbos Biome.35 The several tributaries to 
the main stem of the Eerste River provided the space and opportunity for large 
experimentation. 

Jonkershoek differed greatly from the hills and mountains of south-eastern 
and north-eastern South Africa, where the Forestry Department’s afforestation 
program was directed. Jonkershoek was located on the outskirts of a major 
university town and urban area, Stellenbosch (12  km away) and was only a 
short distance (60 km) from Cape Town. Researchers at Stellenbosch had access 
to Stellenbosch University’s library and new forestry faculty, then under the 
direction of E. J. Neethling. As a place, Jonkershoek had several attributes 
lacked by, for example, the Jessievale experiment: Jonkershoek was close to 
sophisticated urban communities, with as good an intellectual and service 
environment as could be found in the country at the time, it offered proximity 
to the good schools and a rewarding social milieu that a professional scientist 
with a family would need, and could be developed to provide competent on-site 
supervision. 

Prior to the 1935 Empire Forestry Conference, the department purchased some 
small farms and land from the Municipality of Stellenbosch at the mouth of the 
valley in 1934 and added this to the adjoining catchments on Crown land to 
form the 11,000-ha Jonkershoek State (Crown) Forest. This gave enough space 
for expansive experiments, as well as land suited to Pinus radiata plantations 
(though most of the area was too remote and rugged to accommodate these 
developments). Wicht’s position was not just that of Research Officer, but 
also District Forest Officer, which meant that he was responsible for the 
management of the whole state forest, including its Pinus radiata plantations. 
The development formed a complete forestry concern, which in the long run 
was meant to provide revenue and employment, as well as the facilities for the 
research experiment. Foresters envisioned that the location, both in terms of 
its physical and social environment, would provide the means to overcome 
pre-existing uncertainties that stemmed from earlier case-based investigations. 
Rather than being the ‘centre’ of forestry research, it was imagined that the 
experiment would be the first step of a larger research program that would see 

35  F. J. Kruger and H. C. Taylor, ‘Plant Species Diversity in Cape Fynbos: Gamma and Delta Diversity’, 
Vegetatio, 41 (1979): 85–93. 
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research stations extended to inform the forests and water question throughout 
South Africa’s forestry regions, an intention already expressed in Keet’s 1935 
policy memorandum, with the then eastern Transvaal in mind.36 

Figure 15. The view of the Jonkershoek catchments from the mountain ridge that 
demarcates the south-western divide of the Eertse River catchment, c. 2005. 
Source: Greg Forsyth, reproduced with his permission.

Catchment hydrology: Concepts and context
To engage with the history of the program on forests and water requires an 
acquaintance with certain essential concepts in catchment hydrology.37 
Scientifically, the term catchment means the drainage basin that delivers water to 
the channel of its stream. Catchment hydrology—which is the scientific focus of 
research on forests and water—is the study of the hydrological cycle in higher-
lying, usually steep landscapes that are the source areas for rivers. The typical 

36  J. D. M. Keet, ‘Water Conservation and Aesthetics in Relation to Afforestation and the Propagation and 
Preservation of Indigenous Trees and Flora’ (Department of Agriculture and Forestry, 22 November 1935), 
Wicht Papers, SAFRI Archives, CSIR, Pretoria.
37  For a complete and lucid account of concepts, principles and terms in forest hydrology, see Hewlett, 
The Principles of Forest Hydrology.
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catchment has a perennial stream, which may be fed by smaller tributaries. 
Landscape elements such as hill slopes, riparian zones and streams predominate; 
floodplains are usually absent.38 The scale of catchments tends to range from 
about 1 to 50 km2 in area. The streams in such catchments are most frequently 
bedrock rivers, i.e. non-alluvial rivers. Stormflows are very brief, and the 
volume of streamflow is principally in the form of baseflow (see below). On sites 
in the Northern Hemisphere, and in the humid and sub-humid tropics where 
there is enough precipitation to support perennial streams, these catchments are 
normally forested. In South Africa, however, these catchments usually have as 
natural cover a grassland, fynbos, or perhaps savanna vegetation. 

The special interest in upland catchments arises from the fact that they are the 
headwaters and source areas for river systems and downstream water supply, 
and that downstream effects cannot be understood without knowledge of 
upstream causes. It is here that land-use change has its immediate, direct effects 
on river flows. The kinds of questions asked in catchment hydrology relate to 
the fate of rainfall in the catchment, the routes by which water during and after 
rain reaches the stream, how long water is retained within the catchment, and 
how changes in vegetation cover affect these processes. 

The hydrological cycle in the watershed results in two outputs, the losses of 
water as vapour to the atmosphere in evapotranspiration, and the outflow in 
the stream, i.e. streamflow (as well as through deep seepage below or beyond 
the stream channel). Hydrologists record streamflow from a given watershed 
continuously, and the graph of the time series they record is the hydrograph. 
Though modern hydrology employs isotope tracer techniques to detect the 
sources of water that constitutes the hydrograph, in Wicht’s time much of 
the science in watershed hydrology focused on analysing the hydrograph. 
This  begins with the discrimination between stormflow (or spateflow), and 
baseflow (or normal flow), through a procedure called hydrograph separation. 
This was a key element in the South African research, since the program was 
driven to a large extent by questions about land management and its effects on 
floods and on dry season water supplies. 

38  B. L. McGlynn and J. J. McDonnell, ‘Quantifying the Relative Contributions of Riparian and Hillslope 
Zones to Catchment Runoff’, Water Resources Research, 39 (2003): 1310, doi:10.1029/2003WR002091; Hoyt 
and Langbein, Floods, 13. A first-order (perennial) stream in the Horton–Strahler system is one with no 
tributaries, a second-order stream is one formed by the confluence of two tributaries, and so on; D. Knighton, 
Fluvial Forms and Processes: A New Perspective (London: Arnold, 1998), 13.
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Clearing the way through the intellectual heritage
Wicht took up his position at Jonkershoek at the beginning of December 1935. 
Logistics and communication were extremely difficult: there was no telephone, 
and for transport there were two ox-drawn scotch carts and one trolley wagon. 
The buildings acquired with the land from the Municipality were old and in 
disrepair. He was newly married to Margaret Donaldson-Selby, daughter of a 
Transkei magistrate. Margaret and his family appear to have created a wholesome 
and caring counterpoint to his constant work, and the outlet for the artistic and 
humane sides of his character. Margaret in due time wrote several articles for 
the popular press on fynbos and forests.39

Practical and administrative issues absorbed most of Wicht’s effort during the 
first few years of the program. Several years passed before essential resources 
were in place. Administrative and managerial tasks necessarily used time: 
procuring equipment, mainly from overseas; constructing and proving devices 
for streamflow and rainfall management; recruiting and training both lay and 
professional researchers; and seeing to the afforestation program and forest 
management overall.40 His first professional assistant, Mike de Villiers, posted 
there in April 1938, soon left on assignment to establish the next afforestation 
experiment, at Cathedral Peak in the east, after training under Wicht’s 
supervision.41 His next assistant arrived in 1942, and in 1943, H. B. Rycroft, 
later director of the Kirstenbosch National Botanical Garden, joined the team as 
a graduate student. 

Added to this was the fact that the program was to be funded off the budget of the 
Forestry Division in the Department of Agriculture and Forestry, in competition 
with operational budgets. Each of the seven stream gauging stations required at 
Jonkershoek cost £250 or more,42 whereas the Research Grants Board, then the 

39  See, for example, M. L. Wicht, ‘Creeping Invasions of the “Green Cancers”’, African Wildlife, 
25 (1971): 11–4.
40  Including direction of and participation in the fighting of a major 11-day fire in the surrounding 
mountains in December 1942, which among other things threatened the experimental treatments at 
Jonkershoek; from this Wicht learnt many lessons that would influence his ideas on the ecology and 
management of wildfire. In his report he gave fulsome praise to the many parties who assisted (copy of Minute 
M. 600, undated, Jonkershoek Archives, CSIR, Stellenbosch). This was one among many fires that would 
threaten the hydrology program over time; not long after this he made carefully argued proposals to introduce 
controlled burning as part of catchment management: District Forest Officer C. L. Wicht to Conservator of 
Forests Cape Town, M. 600 222 March 1944, Jonkershoek Archives, CSIR, Stellenbosch.
41  H. Söhnge, ‘Bosboupionier: AM de Villiers—Die Man van Mike’s Pass’, ARBOR, December 1996: 12–3; 
de Villiers confronted similar challenges at Cathedral Peak as Wicht had at Jonkershoek, being able to access 
the research terrain only on foot or by horse, and his first major task in 1945, when resuming the work after 
World War II, was to supervise the building of the pass through the cliffs of the Clarens Sandstone to provide 
road access to the research catchments.
42  Annual Report of the District Forest Officer, Jonkershoek 1937/38, Jonkershoek Archives, CSIR, 
Stellenbosch.
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primary science funder in South Africa, dispensed only about £1,300 per annum 
between 1919 and 1936, mostly in the range of £50 to £100—far too small to be 
of much use for Wicht’s program.43 

When the department assigned him to Jonkershoek it would have been in 
the knowledge that his academic record was good, he had an enquiring mind, 
and that he knew the terrain of the chosen research site, as well as being well 
connected in the strong intellectual community of the Cape.44 The thorough 
theoretical study for his Doctoral dissertation and his exposure to R. A. Fisher’s 
work on experimental design while at Oxford seem to be the key factors in 
learning the scientific method; he quoted Fisher: ‘If the design of an experiment 
is faulty, any method of interpretation which makes it out to be decisive 
must be faulty too’.45 Much of the program at Oxford had been taken up by 
applied topics, such as completing a working plan for a nearby forest, and this 
together with his experience at Tokai and elsewhere in South Africa prepared 
him for managing a forest station. He was also familiar with the emerging field 
of ecology, having at that time copies of books by Andreas Schimper, Arthur 
Tansley, Eugenius Warming, A. J. Cajander, and John Weaver and Frederic 
Clements in his personal library. As well as these personal qualities, he enjoyed 
the constant support of his colleagues in his department and at the universities 
and other institutions in the Cape. 

Wicht encountered a situation where in 1935, and for some decades afterward, 
the field of forest hydrology lacked a coherent set of methods and concepts—
effectively it was a topic without a professional discipline. The body of knowledge 
called catchment hydrology, much less forest hydrology, was hardly discernible, 
and the community of practice just taking their first steps.46 Basic  questions 
about experimental design and data collection recurred as problems throughout 
the first half of the twentieth century—as late as 1970, the eminent hydrologist 
John Hewlett could still say that an observation of hydrological research 
‘revealed disjointed purposes, terminology and methods, among the workers in 

43  Dubow, A Commonwealth of Knowledge. 
44  Senior officials corresponded frequently with Wicht before and while at Oxford and Tharandt; 
e.g. Chief Conservator of Forests C. C. Robertson to Wicht, 17 June 1929, E. J. Neethling for Chief Conservator 
circular minute to to Wicht and others, 10 June 1931, Director of Forestry to Wicht on choice of school for 
doctoral study, 6 September 1931, all in Wicht Papers, SAFRI Archives, CSIR, Pretoria.
45  Fisher, The Design of Experiments. The mark-ups in Wicht’s copy of the book shows he studied it 
carefully (copy in the possession of Fred Kruger). 
46  M. Winsor, ‘The Practitioner of Science: Everyone Her Own Historian’, Journal of the History of 
Biology, 34 (2001): 229–31. We refer to catchment hydrology as the field of science that seeks to explain the 
hydrological cycle in upland catchments, and how vegetation and other aspects of biodiversity influence this 
cycle.
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several countries’.47 The first principal body of scientific knowledge on forests 
and water, Joseph Kittredge’s 1948 book Forest Influences, was still 13 years 
away from publication when Wicht started in 1935.48 

In the mid-1930s, the leading theory describing the behaviour of catchments 
was Robert E. Horton’s theory of infiltration-excess overland flow. Horton 
argued, from laboratory evidence, that in upland catchments, stormflow in 
the stream originates as flow over the land surface when rain during a storm 
exceeds the infiltration capacity of the soil, and only then (or at least, stormflow 
is mostly generated this way). Thus, stormflow does not arise from subsoil 
seepage; moisture that does infiltrate the soil is stored or returned in the 
evapotranspiration process, or seeps via groundwater to the stream to feed 
baseflow; groundwater flow seldom contributes to stormflow. So for that reason, 
the quantity and timing of stormflow during precipitation events depends on 
the infiltration capacity of the soil, all else being equal, and this depends among 
other things on the condition of the humus layer. This idea shaped hydrological 
science for decades, including the program in South Africa, and still influences 
engineering hydrology.49 

Wicht employed the Hortonian concept in analysing Jonkershoek hydrographs, 
and spent huge effort in generating Hortonian baseflow recession curves, 
constructs later rejected by Ugs Nänni in his research on baseflow at Cathedral 
Peak.50 The Hortonian model stands in contrast to the alternative, the variable 
source area–subsurface storm flow theory, according to which spateflow 
originates, first from the rain that falls on the channels and on the shallow 
groundwater adjoining the channels, and second from the accelerated seepage 
downslope of soil moisture—‘old water’ from the upslope soils, displaced by 
infiltrated rain.51 Since rainstorm intensity in upland catchments rarely exceeds 

47  J. D. Hewlett, ‘The Relation of Forests and Forestry to Water Resources. Address to the Annual 
General Meeting of the South African Institute of Forestry, Stellenbosch, 15 May 1970’, South African Journal 
of Forestry, 75 (1970): 4–8.
48  J. S. Kittredge, Forest Influences: The Effects of Woody Vegetation on Climate, Water, and Soil, with 
Applications to the Conservation of Water and the Control of Floods and Erosion (New York, McGraw-Hill Book 
Co. Ltd, 1948).
49  K. Beven, ‘“Robert E. Horton’s Perceptual Model of Infiltration Processes”, Scientific Briefing’, 
Hydrological Processes, 18 (2004): 3447–60; T. Burt, ‘Valley-Side Slopes and Drainage Basins. Runoff and 
Erosion’, in T. P. Burt, R. J. Chorley, D. Brunsden, N. J. Cox, and A. S. Goudie (eds), The History of the Study 
of Landforms or the Development of Geomorphology Volume 4: Quaternary and Recent Processes and Forms 
(1890–1965) and the Mid-Century Revolutions (London: Geological Society of London, 2008). 
50  C. L. Wicht, ‘Depletion of Ground-Water Flow in Jonkershoek Streams’, Journal of the South African 
Forestry Association, 8 (1942): 50–63.
51  See, for example, M. G. Sklash and R. N. Farvolden, ‘The Role of Groundwater in Storm Runoff’, 
Journal of Hydrology, 43 (1979): 45–65.
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soil infiltration capacity, and from other lines of evidence (see Chapter 8), 
the Hortonian model is obviously invalid. This has profound implications for 
catchment management and land management in general.

Coincidentally, Jonkershoek was started at about the same time that important 
catchment experiments developed in the US, at San Dimas in the chaparral of 
California in 1933, and Coweeta in South Carolina in 1934.52 While those could 
not inform Wicht’s thinking at the outset of his work, the exchange with the 
scientists in these and later programs in the US (as well as in Africa) was to 
become a vital part of South Africa’s catchment hydrology, and an exchange that 
contributed to the early stages of the development of the discipline, as we shall 
see. Wicht did take what lessons were to be found in earlier studies, especially 
in those in Switzerland, at Wagon Wheel Gap (see below) and on the Wasatch 
Plateau in Utah (begun in 1912), as well as studies of parts of the hydrological 
cycle, such as the work on riparian zone evaporation in California reported in 
1936.53 But these were early pieces of the bigger picture that was yet to emerge. 

A South African science of forest hydrology
At the time in South Africa, an atmosphere of excitement had taken hold in 
the science community under Smuts’s leadership, which would energise the 
work at Jonkershoek. Saul Dubow describes Smuts as a ‘powerful’ champion of 
South African science, distinguished by his ‘key role … as a patron of ecological 
thinking’. Smuts, in his 1925 address to the South African Association for 
the Advancement of Science, urged the audience to develop what he termed 
the South African point of view, to overcome the ‘habits of thought and the 
viewpoints characteristic of its birthplace in the northern hemisphere’, and to 
‘correlate scientific developments across a range of disciplines in new and creative 
ways, with potentially far-reaching implications for “universal science”’.54 J. S. 
Hofmeyr, addressing another joint meeting of the association and the British 
Association for the Advancement of Science on behalf of Smuts in 1929, 
emphasised the need to ‘Africanise’ science, with South Africa as the ‘southern 

52  Paul H. Dunn et al., The San Dimas Experimental Forest: 50 Years of Research, General Technical Report 
PSW-104 (Berkeley, CA: US Department of Agriculture, Pacific Southwest Forest and Range Experiment 
Station, 1988); K. J. McGuire and G. E. Likens, ‘Historical Roots of Forest Hydrology and Biogeochemistry’, 
in D. F. Levia, D. Carlyle-Moses, and T. Tanaki (eds), Forest Hydrology and Biogeochemistry: Synthesis of Past 
Research and Future Directions (Berlin: Springer-Verlag, 2011): 3–26.
53  See C. L. Wicht, ‘Determination of the Effects of Watershed-Management on Mountain Streams’; H. C. 
Troxell, ‘The Diurnal Fluctuations in the Ground Water and Flow of the Santa Ana River and Its Meaning’, 
Transactions of the American Geophysical Union, 17 (1936): 496–504.
54  Dubow, A Commonwealth of Knowledge, 207–8, 212, 235.
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gateway’ to Africa. The Forestry Department Research Branch, a state entity, 
sought to realise Smuts’s vision.55 This atmosphere and the urgency from the 
Empire Forestry Conference gave ample scope for ambition in Wicht’s science. 

This sense of urgency, excitement and satisfaction is evident in the progress 
reports that Wicht and others wrote about the work as it unfolded. Developments 
progressed with the support of key influential people, who with Wicht formed 
an intellectually powerful cohort. Wicht’s boss, the Chief Forest Research 
Officer (first J. J. Kotzé, and later Ian Craib) visited Jonkershoek from Pretoria on 
inspection at least twice a year. J. D. M. Keet was a frequent visitor, and on one 
occasion, in Wicht’s absence, when told that there were no funds to complete a 
gauging weir, he instructed work to proceed, that the funds would be found.56 
The Minister of Agriculture and Forestry, Colonel Collins (Deneys Reitz having 
moved on), visited to assess progress.57 Colleagues from other disciplines came 
too: John Phillips, I. B. Pole-Evans, and South Africa’s leading meteorologist 
T. E. W. Schumann among them. 

Scientists and the state in the mid-1930s fully supported Wicht’s long-term 
research experiment. The forest research community was naturally committed 
to the long view: by 1935, A. J. O’Connor had already set up his 30- to 50-year 
CCT trials. These he designed to study the relationship between the density 
of plantation tree populations, the onset of competition among the trees, how 
this affected productivity, and how competition effects could be mediated by 
thinnings. Results became available within a decade, but findings were still 
being analysed and refined 50 years later. The entire basis of forest management 
in South Africa turned on this work, but forest managers knew that they would 
need to design and adapt practice progressively over the long run as the new 
information emerged.58 Since Jonkershoek catchment treatments involved 
afforestation, final results could come only in 40 years. This idea did not 
disconcert the officials in the department, despite the urgency to see progress.

Among all the preparations that Wicht made immediately after arriving at 
Jonkershoek, he began to recruit support and collaboration from scientists in 
the Cape, reaching out to the University of Cape Town. Within the first two 

55  Like the situation in agronomy and veterinerary science: ibid. 178–80. 
56  Forest Research Officer C. L. Wicht to Chief Forest Research Officer, Minute R.J. 120/21 of 26 March 1941, 
Jonkershoek Archives, CSIR, Stellenbosch.
57  Monthly reports of the Forest Research Officer, Jonkershoek, 1936–1945, Jonkershoek Archives, CSIR, 
Stellenbosch.
58  O’Connor, Forest Research with Special Reference to Planting Distances and Thinning; B. V. Bredenkamp, 
‘The C.C.T. Concept in Spacing Research—a Review’, in D. C. Grey, A. P. G. Schönau, and C. J. Schutz (eds), 
Proceedings of the IUFRO Symposium on Site and Productivity of Fast-Growing Plantations, 30 April–11 May 
1984, Pretoria and Pietermaritzburg, South Africa, vol. 1 (Pretoria: South African Forest Research Institute, 
1984): 313–32.
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years, he  quickly gained the interest of University of Cape Town botanists 
R.  S. Adamson and Margaret Levyns, who both began a botanical survey of 
the valley, while Wicht himself worked at building the botanical collection. 
For  advice on stream gauging he consulted experts from the Irrigation 
Department, the Town Engineer from Stellenbosch (Mr Sandeberg), and the 
Agricultural Engineer from the Stellenbosch–Elsenburg College of Agriculture. 
For the precise calibration of the V-notch stream-gauging weirs soon being 
installed at Jonkershoek, he enlisted Professor Snape of the Civil Engineering 
Department at the University of Cape Town and his Master’s student, J. P. Kriel 
(later Head of the Department of Water Affairs). 

He was also good at mobilising people from within: half the workers at 
Jonkershoek were uneducated white settlers, mostly from Knysna, and he 
sought out talent from among these. He spotted the intelligence and initiative 
of ‘Settler E.J. Borchardt’ and in 1937 had him appointed Research Clerical 
Foreman to assist in technical work;59 throughout his career he succeeded in 
mentoring young candidates.

Wicht soon created an important international network through correspondence. 
He exchanged ideas with Walter C. Lowdermilk, H. G. Wilm and other 
prominent hydrologists in the USA who were beginning to engage in forest 
hydrology. He noted that he received a ‘very friendly letter … from Dr. W. C. 
Lowdermilk, Assistant Chief of Soil Conservation Service in the United States 
… [he] has offered constructive criticism and is forwarding some publications 
to me’.60 Other correspondents included Joseph Kittredge, C. G. Bates (of the 
Wagon Wheel Gap study), Andrew P. Mazurak at the University of California, 
Harry F. Blaney, G. W. Musgrave (who offered to publish Wicht’s work in the 
Transactions of the American Geophysical Union), C. E. Ramser of the US Soil 
Conservation Service, E. N. Munns of the US Forest Service, C. F. Brooks of 
Harvard University, and Robert E. Horton.

Wicht cultivated widespread public understanding of his project. Within the 
first year, he had granted interviews to all daily newspapers in the Cape. 
He wrote a popular text on Jonkershoek for Farming in South Africa and for the 
University of Stellenbosch alumni magazine, lectured the Rotarian Club of Cape 

59  Annual Report of the Forest Research Officer 1937–38, Jonkershoek Archives, CSIR, Stellenbosch, digi.
nrf.ac.za/dspace/bitstream/handle/10624/380/CLW_AnnRep1938p001.pdf?sequence=1 (accessed 24 July 
2013).
60  Monthly Report, Forest Research Officer, Jonkershoek, December 1940, Jonkershoek Archives, CSIR, 
Stellenbosch.
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Town, and conducted ‘numerous visitors’ around the Valley.61 His sociability 
allowed him to create a supportive coalition of leaders within the department 
as well as from the South African and international science communities, South 
African politics and the public in the south-western Cape. Wicht’s forceful 
thoroughness, intellect and powers of persuasion were well supported by his 
grace and social skills, and his professional networks when his controversial 
methods and later findings received international criticism. 

Rough terrain, erratic rainfall, and necessary 
precision
Work began immediately in 1936 with the installation and instrumentation of 
a meteorological station, rainfall stations and streamflow-gauging weirs, as well 
as studies of local meteorological patterns. Finding accurate ways to measure 
rainfall and streamflow in the difficult terrain chosen dominated much of Wicht’s 
research agenda from 1935 to 1940. The most urgent technical problems were 
those of sound estimation of rainfall over the whole experimental site, and the 
accurate measurement of streamflow from all gauged streams, over the very wide 
variation in flow levels that characterised the Jonkershoek streams. Resolving 
these problems taught Wicht key features of the catchment ecosystem and the 
physiographic trends and secular variations in the climate of the area.62 

Early experiments in raingauging began to reveal the magnitude and relevance 
of local variations in rainfall. After resolving raingauge design and orientation,63 
the work moved on to studying the variability of measured rain, in time 
and space. Fifteen raingauges were installed at increasing distances from the 
Dwarsberg plateau, so as to represent altitudinal zones throughout the valley.64 
In addition, Wicht began local studies designed to test the requirements for 
random sampling of rainfall. 

61  Annual Report to Chief Forestry Research Officer 1936–37, Jonkershoek Archives, CSIR, Stellenbosch, 
digi.nrf.ac.za/dspace/bitstream/handle/10624/378/CLW_Annrep1937p001.pdf?sequence=1 (accessed 24 July 
2013); see digi.nrf.ac.za/dspace/handle/10624/381 for the progress reports that contain further information 
(accessed 13 September 2013).
62  See C. L. Wicht, ‘A Preliminary Account of Rainfall in Jonkershoek’, Transactions of the Royal Society 
of South Africa, 28 (1941): 161–73; H. B. Rycroft, ‘Random Sampling of Rainfall’, Journal of the South African 
Forestry Association, 18 (1949): 71–81; J. C. Meyburgh and C. L. Wicht, ‘The Inclination and Bearing of Rainfall 
Estimated with Vectopluviometers at Jonkershoek’, Forestry in South Africa, 7 (1966): 71–90, on research 
employing the Fourcade raingauge; for the statistical regression model, see C. L. Wicht, J. C. Meyburgh, and 
P. G. Boustead, ‘Rainfall at the Jonkershoek Forest Hydrological Research Station’, Annals of the University of 
Stellenbosch, 44, Series A, No. 1 (1969): 1–66. 
63  This included the innovative Fourcade raingauge.
64  C. L. Wicht, ‘Improvements in the Gauging of Rainfall’, Journal of the South African Forestry Association, 
12 (1944): 19–28.
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A 10-year record at the base of the Jonkershoek valley, closely correlated with 
the long record for the Royal Observatory in Cape Town, going back to 1840, 
told the story of marked year-to-year variation in rainfall at these sites, and the 
tendency for slower, almost cyclical variation over time. Also available to Wicht 
was the recently published work by T. E. W. Schumann and W. R. Thompson, 
showing across the country a secular variation in rainfall—a tendency for periods 
of several years of comparative drought to alternate with periods of relatively 
higher rainfall.65 From his early trials and his work for his 1941 paper,66 Wicht 
knew a great deal about the pronounced gradient of rainfall with altitude in the 
Cape, the year-to-year variation, and the difficulty—if not impossibility—of 
achieving sufficiently large random samples at local scales (though the work 
on the latter was published only in 1947).67 So he believed that rainfall could 
not be measured accurately enough for water-balance studies, immediately 
informing his overall research plan (see below). Wicht also thought that trends 
and fluctuations in rainfall over time (and hence, in other climatic factors such 
as air temperature) could easily confound findings from experiments that lacked 
long-term controls.

Accurate measurement of rainfall in mountainous catchments was and is seldom 
achieved. Measuring rain at any point is bedevilled by errors induced by the 
aspect of the mountain slope relative to the tracks of rainstorms, and wind-
induced turbulence over gauge orifices. Wicht’s detailed experiments with 
different raingauge designs, to combat the effects of wind turbulence, and 
gauge location and orientation, to take account of storm tracks, provided new 
knowledge on raingauging and settled many technical questions. This required 
the choice of gauge design and exposure that would address the effects of wind 
and slope aspect; some gauges were to be visited only once a week or less often, 
requiring precaution against evaporation losses from the collection vessel. 
All these technical problems of measurement were resolved by 1940, after much 
quantitative experimentation and trial of alternatives.68 

65  T. E. W. Schumann and J. L. Thompson, A Study of South African Rainfall: Secular Variations and 
Agricultural Aspects, University of Pretoria Series No. 1, vol. 28 (Pretoria: Van Schaik, 1934). 
66  Wicht, ‘A Preliminary Account of Rainfall in Jonkershoek’.
67  Rycroft, ‘Random Sampling of Rainfall’.
68  Wicht, ‘A Preliminary Account of Rainfall in Jonkershoek’.
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Figure 16. A vectopluviometer. This raingauge was designed by Henry 
Fourcade to measure the inclination (the departure from vertical) of rain and 
its bearing (the direction from which it arrives), for the full characterisation 
of rainstorms. 
See Fourcade, ‘Some Notes on the Effects of the Incidence of Rain on the Distribution of Rainfall 
over the Surface of Unlevel Ground’, and Meyburgh and Wicht, ‘The Inclination and Bearing of Rainfall 
Estimated with Vectopluviometers at Jonkershoek’. 
Source: SAFRI Collection, CSIR, Stellenbosch; photograph C. L. Wicht, c. 1940.
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Figure 17. The time series of rainfall at Jonkershoek and Cape Town, showing 
annual and running mean values and illustrating the climate variability and 
change that confronted experimental design. 
Source: Reproduced from C. L. Wicht, Forestry and Water Supplies in South Africa (Pretoria: Department 
of Forestry, Union of South Africa, 1949) .

Measuring the volume of rainfall over the catchment requires adequate 
sampling across the terrain, with ‘irregular mountainsides with variable slopes 
and aspects’, as well as accurate measurement at any one gauging station.69 
Experiments to assess the random sampling of rainfall suggested that the 
variation was too great to accurately sample the Jonkershoek landscape in this 
manner.70 Wicht set out to find a different approach. 

Precise measurement of the rainfall received by each experimental catchment was 
especially elusive, since rainfall varied nearly fourfold (as we now know) from 
one end of Jonkershoek to the other; this would require accurate measurement 
at each gauging station as well as adequate, dense sampling across the entire 
experimental terrain, an almost impossible requirement. For instance, at one 
experiment in San Dimas in California where researchers sought to track these 
changes, they maintained a network of 450 gauges for many years to achieve 
sufficient areal accuracy.71 But because early measurements showed rainfall to 
correlate with topography, precipitation as it varied over the landscape could be 
estimated through a properly distributed network of gauges. The network had 
12 gauges initially, finally 19 in all, to give roughly one per 100 ha of experimental 
terrain, distributed across the landscape; some were visited regularly every rain 

69  Wicht et al., ‘Rainfall at the Jonkershoek Forest Hydrological Research Station’, 8.
70  Rycroft, ‘Random Sampling of Rainfall’.
71  Dunn et al., The San Dimas Experimental Forest: 50 Years of Research, 4.
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day, some once a week, the remote sites were reached on foot once a month. 
Until statistical regression models could be developed for areal estimates, Wicht 
used the relative measured precipitation as indices for each catchment, rather 
than accurate volumetric measurements to represent differences in rainfall 
among catchments and over time.72 In this way an adequate program would be 
practically achieved with the limited resources available.

Storms, torrents and small streams
It was six years into the program before some understanding emerged of 
what determines streamflow in the mountain catchments of Jonkershoek. 
Streamgauging required a great deal of technical development and fine-tuning, 
largely to calibrate the chosen compound-notch gauging design properly (chosen 
to provide accuracy at all anticipated flow levels); although gauging commenced 
in 1937 (at one station), it was only in 1940 that Wicht’s collaboration with 
engineers finally produced acceptable formulas to convert the recorded water 
levels in the stilling ponds at the gauging sites to flow rates. This enabled early 
analyses of the behaviour of the streams, painstaking work that Wicht undertook 
himself.73 Careful, very accurate weekly measurements by means of handheld 
staff gauges provided checks on the continuous records from clockwork 
chart recorders. Once charts had been validated against the benchmarks, and 
corrected where necessary, water levels were read off by hand to provide a time 
series for each station each week. Calculations by entering water-level values 
into the flow equations, completed by hand-operated calculator, led to tables of 
hourly flow values. From these, daily, weekly, monthly and annual flows could 
be summed. Plotting these flow rates as a graph of rate against time provided 
the hydrograph.

This attention to detail generated many lessons, especially the great diligence 
required of observers in the field and in the curation and analysis of records to 
ensure their reliability: ‘My experience at Jonkershoek has forced me to conclude 
that recording apparatus can only run successfully if the greatest possible 
watchfulness and diligence are exercised’.74 The norms required to assure this 

72  This was accomplished in 1969: C. L. Wicht et al., ‘Rainfall at the Jonkershoek Forest Hydrological 
Research Station’. This analysis of the colossal amount of records from 1936 to 1965 has not yet been repeated; 
Figure I in that report shows the topographic distribution of raingauges; Map III, 34 shows the distribution of 
raingauges and the isohyetal map generated from the regression model; Map IV, 37 shows seasonal isohyets.
73  Wicht, ‘Depletion of Ground-Water Flow in Jonkershoek Streams’; Wicht, ‘The Variability 
of Jonkershoek Streams’. 
74  Monthly report, Research Officer: Jonkershoek, May 1938, Jonkershoek Archives, CSIR, Stellenbosch.
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quality of observation became the minimum standards for the experimentation, 
with every participant in the program trained to achieve these, throughout the 
eventual network of research stations. 

A second aspect was the great variation in the flow of Jonkershoek streams. 
The fact that the Jonkershoek catchments diverged so strongly in physiography 
and rainfall allowed new understanding of the nature of streamflow from 
upland watersheds. By 1942, hydrographs were available for three years in 
the first gauged catchment, and 12 months in three others. From this analysis, 
Wicht concluded:

The considerable variation in streamflow caused by differences in the wetness of 
years and differences in the nature of catchments, complicate the determination 
of the effects of different systems of catchment management on the flow. Unless 
the effect of treatment … is very marked, observations over a very long series 
of years will be required to prove the significance of observed differences …75 

So the reasons for the variability could be found, but the expression of any 
experimental effect would be hard to detect among all this variation. Wicht’s 
early work on the hydrographs, against the background of his direct observation 
of rainfall events and of the rapid rise and fall of extreme stormflows in the 
Jonkershoek streams, revealed several key facts, not or little known at the time. 
First, the variation from year to year in any given stream was closely correlated 
with the rainfall that year, showing that there was little water stored in the 
catchment and carried over from one year to the next.76 

Despite the wild torrents that Wicht witnessed—in one event, the flow of 
the Eerste River ranged more than 200-fold in 24 hours, while its flow varied 
1,000-fold over the year—the record told essential information about the 
processes determining streamflow. The behaviour in catchment streamflow 
revealed in the relative distribution between stormflow (the portion of the 
hydrograph attributable to a given rainstorm) and baseflow (the residual once 
stormflow had subsided) became a central empirical question about forests 
and streamflow. Wicht, with Hoyt and Troxell, questioned the received 
scientific proposition that forests tended to decrease peak flows and to increase 
groundwater  flow, i.e. to ‘equalise the flow of streams throughout the year’. 
He argued that the effects of afforestation ‘on minimum and peak flows should 
be investigated separately’,77 anticipating much of the research to follow, and 
most important, signalling scepticism about the claimed effects of forests 
on floods. 

75  Wicht, ‘The Variability of Jonkershoek Streams’, 17.
76  Ibid., 16. 
77  Ibid., 20–1.
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Wicht could now build further on earlier findings from Wagon Wheel Gap. 
At  that site, William Hoyt and H. C. Troxell determined that changes in 
streamflow from deforestation owed to changes in baseflow, not stormflow: 
forests had no measurable effect on floods. This was disputed immediately 
among the hydrologist and forestry community, becoming part of a controversy 
that continued for decades, since the claim that forests diminished floods was 
a key element in contemporary beliefs about forestry: W. C. Lowdermilk called 
it ‘an attack upon the widely accepted belief that watershed vegetation must 
be kept intact for the most favorable influence upon streamflow and erosion 
and flood control, and, that the negative values of the vegetation, because of 
transpiration losses, are far outweighed by the beneficial effects’.78 

Another key early finding from Wicht’s initial research arose from his curiosity 
about the behaviour of streams. The work that arose from this anticipated what 
is now seen as a ‘central issue in hydrology today … to establish relationships 
between hydrological and biological processes in ecosystems’.79

Wicht observed at Jonkershoek that during warm rainless periods, stream levels 
during baseflow as shown on the charts fluctuated daily, a hitherto little-noticed 
phenomenon anywhere in the world. Sceptical as to the reality of the observed 
fluctuation, observers then used a special staff gauge to measure water levels in 
weir ponds to validate the information on the chart recorders, and confirmed 
that baseflow levels were highest around 8 am, declined to a minimum at about 
4 pm, and recovered to about the prior level by about 4 am.80 

His monthly reports for 1938 and 1939 reveal his intense interest in this 
phenomenon and his speculations as to its cause. The May 1938 report states: 
‘at the beginning of the month, when warm weather prevailed, the peculiar 
24 [hour] drop in the water level diagram, which although obviously associated 
with hot days, has not been satisfactorily explained so far, was further 
investigated’. In catchments in general, different causes may be responsible 
for these fluctuations: among them, high temperatures, earth-tide effects, 
atmospheric pressure variations, and daily courses in evapotranspiration.81 

78  W. G. Hoyt and H. C. Troxell, ‘Forests and Floods’, Transactions of the American Society for Civil 
Engineers, Paper no. 1858 (1932): 1–30; W. C. Lowdermilk, ‘Forests and Streamflow: A Discussion of the Hoyt-
Troxell Report’, Journal of Forestry, 31 (1933): 296–307, 296.
79  B. J. Bond, J. A. Jones, G. Moore, N. Phillips, D. Post, and J. J. McDonnell, ‘The Zone of Vegetation 
Influence on Baseflow Revealed by Diel Patterns of Streamflow and Vegetation Water Use in a Headwater 
Basin’, Hydrological Processes, 16 (2002), 1671–7.
80  C. L. Wicht, ‘Diurnal Fluctuations in Jonkershoek Streams’, Journal of the South African Forestry 
Association, 7 (1941): 34–49, 42. 
81  Z. Gribovszki, J. Szilágyi, and P. Kalicz, ‘Diurnal Fluctuations in Shallow Groundwater Levels and 
Streamflow Rates and Their Interpretation—a Review’, Journal of Hydrology, 385 (2010): 371–83. P. C. 
Inkenbrandt et al., ‘Barometric and Earth-Tide Induced Water-Level Changes in the Inglefield Sandstone in 
Southwestern Indiana’, Proceedings of the Indiana Academy of Science, 114 (2005): 1–8. 
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Wicht got his clue from 1930s work in the Santa Ana Valley, where Troxell 
and others researched similar diurnal fluctuations in groundwater levels and 
from observation and experiment inferred that these were owing to daily 
variations in evapotranspiration losses from vegetation drawing moisture from 
the groundwater.82 By careful analysis of the hydrographs, comparison between 
wet and dry years, and comparison between catchments differing in steepness, 
Wicht concluded that despite differences from the Santa Ana observations, the 
cause at Jonkershoek was the effect of daily transpiration by plants, the midday 
maximum effect lagged through delay in transmission of the draft on the 
groundwater to the stream. This work vindicated the idea behind the policy of 
leaving riparian zones open in plantations, and set off a line of later studies that 
fed into standards for plantation forest management throughout South Africa. 

Designing a very large experiment
The faults at Jessievale and the experiences gained from attempts to explain 
complaints of streamflow losses at various sites, at White River and elsewhere, had 
provided valuable lessons to inform the Jonkershoek project. The first was that 
the climate, especially rainfall, was so variable and climate change so pronounced 
that there could be no reliance on short-term observation and common sense 
to confirm and explain claims about vegetation effects, either way. The lack 
of modern empirical or theoretical understandings of South Africa’s climates 
was partly lifted by Schumann and Thompson’s regional study on rainfall, but 
local variation in mountainous terrain was largely undocumented, much less the 
nature of the interaction between climate, vegetation, and streamflow. A method 
of investigating this complexity and demonstrating effects of afforestation or 
other treatments, such as veld burning, could not present itself as a cut-and-
dried scientific method, but required the lessons of active observation as well 
as reasoning from the principles of mathematical statistics and an evolution of 
ideas about catchment hydrology.

Writing several years after his assignment, Wicht reflected on these lessons, 
arguing that government policy required ‘unimpeachable scientific experiments’: 
‘To accept unverified evidence, obtained by quick approximations, and 
present it as conclusive, will not save time or money, but lead to costly failures 
in catchment conservation, and thus loss of faith in catchment research’.83 
He  continued: ‘Special requirements needed to be met in stream-flow, or 
catchment experiments, which were large in scale, necessarily long-term, 

82  Wicht, ‘Diurnal Fluctuations in Jonkershoek Streams’, 34–49.
83  C. L. Wicht, ‘Forest Hydrological Research in Africa South of the Sahara’, in Wasserwirtschaft in Afrika 
(Köln: Verlag Deutscher Wirtschaftsdienst, 1963).
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involving high costs, and should therefore be extremely carefully planned from 
the outset’.84 It is obvious that he and his colleagues had learnt from the failures 
and difficulties encountered in the Jessievale project, and the ambiguities 
encountered in case studies such as that at White River. They also had in mind 
the prerequisites set by Smuts and Phillips during the fourth British Empire 
Forestry Conference. 

In 1935, the research questions and hypotheses set for the program were vague 
and broad. J. J. Kotzé, in his capacity as Chief Forest Research Officer, stated the 
objective as establishing ‘an intensive long-range investigation into the effects of 
afforestation upon such basic factors as run-off, erosion, soil moisture, humidity, 
soil and air temperatures, evaporation, transpiration, soil (both physical and 
chemical), organic matter, plant succession and stream flow’.85 At the beginning, 
the treatments to be tested experimentally included not just afforestation with 
exotic Pinus radiata, but also with yellowwoods and other indigenous trees, 
broadleaved exotics such as oaks and poplars; as well as veld burning in the 
fynbos, with and without grazing (by goats); and complete protection of the 
fynbos against fire. ‘Observations will determine, quantitatively, the variation 
in the dispersal of precipitation under different circumstances’; this would be 
achieved ‘by recording rainfall, evaporation, transpiration, run-off, seepage, 
streamflow and all natural phenomena which might influence the hydrological 
processes’.86 Kotzé advocated a form of the so-called ‘water balance approach’, 
the approach involving measurement of the relationship between rainfall and all 
the elements of its dispersal—evaporation, infiltration, transpiration, overland 
flow, lateral seepage, and exit as streamflow. By balancing the equation for 
catchments under different types of vegetation cover, it would be possible to 
examine the role of vegetation in these processes, and from this deduce the 
aggregate effects of vegetation change.87 

It was eight years before Wicht and his colleagues were satisfied with the 
design of the program. This initial, wide brief set in train an intensive process 
of research design and revision as Wicht confronted the realities on the ground 
and struggled to find an effective way forward. The final design was the 
outcome of several iterations. In November 1936, J. J. Kotzé spent four days 
at Jonkershoek discussing the plan; his successor Ian Craib spent another four 
days with Wicht in 1938 to discuss a revised program (Craib had also led the 

84  Wicht, ‘Determination of the Effects of Watershed-Management on Mountain Streams’, 596. 
85  Annual report of the Chief Forest Research Officer (J. J. Kotzé) 1935/36, Jonkershoek Archives, CSIR, 
Stellenbosch.
86  Ibid.
87  See C. R. Hursh, M. D. Hoover, and P. W. Fletcher, ‘Studies in the Balanced Water-Economy 
of Experimental Drainage-Areas’, Transactions of the American Geophysical Union, 23 (1942): 509–17, 509.
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team searching for the next site at Cathedral Peak, in 1936).88 The first version 
of the research program was approved in October 1937; the third revision was 
‘finally’ approved in 1943, having been foreshadowed by Wicht’s paper on the 
experiment in the proceedings of the American Geophysical Union.89 

A series of papers that began in 1939 (which he began writing in 1937, and 
submitted in June 1938), and culminated in the paper at the International 
Symposium on Forest Hydrology at Pennsylvania State University in 1965, 
on the ‘Validity of Conclusions from South African Multiple Watershed 
Experiments’,90 lays out the steady evolution in Wicht’s thinking. His writings 
reveal a demanding journey through the problems of experimental design. In 
1935, Wicht thought he would follow the ‘water balance’ approach: ‘all processes 
in the water cycle to be studied and measured’.91 By 1939, the experimental 
design was to be the ‘single basin approach’92 (see Box 2), in which ‘[e]ach 
stream is to be studied independently and compared with itself before and 
after treatment’.93 Later he had to exclude this approach, and then the paired-
catchment design: his research by this point had ‘shown that the variability 
of streamflow is also normally so great that a single comparison between two 
watersheds, or between two periods—before and after treatment—will be so 
burdened with chance-errors that the results must necessarily be uncertain’.94 
By 1943, his preferred design was the multiple catchment experiment. This was 
a profound evolution in design, motivated by the lessons of earlier trials, the 
big issues in forest and water policy, and the newly acquired knowledge of the 
variability in Jonkershoek’s streams. 

88  Annual Report, Research Officer C. L. Wicht Forest Influences Research Station 1936/37 to Chief 
Forest Research Officer, Jonkershoek Archives, CSIR, Stellenbosch, digi.nrf.ac.za/dspace/bitstream/
handle/10624/378/CLW_Annrep1937p001.pdf?sequence=1 (accessed on 11 August 2013); Annual Report 
1937–1938, at digi.nrf.ac.za/dspace/bitstream/handle/10624/380/CLW_AnnRep1938p001.pdf?sequence=1.
89  C. L. Wicht, Hydrological Research in South African Forestry. British Empire Forestry Conference, 
1947, Great Britain (Pietermaritzburg: Union of South Africa, 1947); Wicht, ‘Determination of the Effects of 
Watershed-Management on Mountain Streams’. 
90  C. L. Wicht, ‘The Validity of Conclusions from South African Multiple Watershed Experiments’, in 
W. E. Lull and W. H. Sopper (eds), International Symposium on Forest Hydrology (Oxford: Pergamon Press, 
1967), 749–60.
91  C. L. Wicht, ‘Forest Influences Research Technique at Jonkershoek’, Journal of the South African 
Forestry Association, 3 (1939): 65–78.
92  See J. Hewlett and L. Pienaar, ‘Design and Analysis of the Catchment Experiment’, in E.White (ed.), 
Symposium on Use of Small Watersheds in Determining Effects of Forest Land Use on Water Quality (Lexington, 
KY: University of Kentucky, 1973).
93  Wicht, ‘Forest Influences Research Technique at Jonkershoek’, 66.
94  Wicht, ‘Determination of the Effects of Watershed-Management on Mountain Streams’. 
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John Hewlett and Leon Pienaar, in a methodological review, identified that catchment 
experiments may be of four kinds: 

The correlation study, in which the hydrological response to presumed causes of 
the response are correlated from available existing measurements for a group of 
catchments diverse in terms of their vegetation covers; this differs from the types 
of catchment experiment summarised below, in that there is no control basin, and 
observed correlations are taken to show causal connections between streamflow and 
vegetal cover. [The most well-known of these is the study by Rakhmanov in Russia, 
still today cited in authoritative works in support of the argument that forests increase 
total annual river runoff.]

The single watershed experiment (again, one with no control basin) which involves 
an analysis of an existing set of hydrologic records on a basin that has accidentally 
sustained some ‘treatment’, such as afforestation, or alternatively, has been 
deliberately treated; the response factor of interest is regressed or plotted over one or 
more ‘independent’ variables that are changing with time, rainfall, temperature, land 
use and so on. Both can be classified as time-trend analyses, a search for some sharp 
break in a plotting of response over time.

The paired watershed experiment: here, conditions in a control basin are kept constant 
or nearly so, while a second is treated after a period of calibration; the effect of a 
treatment is evaluated as a difference between expected response, i.e. a value based 
on correlation between the two catchments before treatment, and the actual response 
(Y.) measured after treatment on the experimental unit. 

The multiple catchment experiment: here, several basins at the same place each 
receive the same treatment, with treatments in regular sequence over time, and 
perhaps one basin kept as a control; ‘The design might best be described as a sliding 
replication of paired catchment experiments, with the calibration period telescoped 
into the treatment period’.

Box 2. Outline of optional designs for catchment experiments.
Source: From J . D . Hewlett and L . Pienaar, ‘Design and analysis of the catchment experiment’, in E . H . 
White (ed.), Symposium on Use of Small Watersheds in Determining Effects of Forest Land Use on 
Water Quality, May 22 and 23 1973 (Lexington, KY: University of Kentucky, 1973), 90–100 .

Table 2. The 1943 multiple-catchment design: treatment of six catchments in 
the proposed main experiment at Jonkershoek. 

Catchment Gauging 
commenced

Age of plantation in year

1940 1948 1956 1964 1972 1975–80

Bosboukloof 1938 0 8 16 24 32 35–40

Biesievlei 1939 0 0 8 16 24 27–32

Tierkloof 1939 0 0 0 8 16 19–24

Lambrechtsbos B 1943 0 0 0 0 8 11–16

Lambrechtsbos A ‘as soon as possible’ 0 0 0 0 0 3–8

Langrivier 1940 0 0 0 0 0 0

Source: Table 1 in Wicht, ‘Determination of the Effects of Watershed-Management on Mountain 
Streams’, Transactions of the American Geophysical Union, 24 (1943): 594–606 .
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Wicht worked to devise an experimental design that eliminated errors owing 
to yearly and secular variation in climate, and the physical differences among 
catchments. He needed to estimate error, analyse empirical information, and 
adapt to practical challenges and accommodate new information as the research 
proceeded. By 1942, hydrographs were available for three years from the first 
gauged catchment, and 12 months later from three others. From these he derived 
the first quantitative analysis of streamflow variation, and it was immediately 
clear that the variation within a catchment over time and with ‘differences in 
the wetness of years’ meant that treatment effects would be very difficult to 
detect: ‘Unless the effect of treatment … is very marked, observations over a 
very long series of years will be required to prove the significance of observed 
differences’.95 

Although early work included various studies of processes in the hydrological 
cycle, Wicht’s observations convinced him early on that the only aspect of the 
water balance that could be reliably measured with accuracy was streamflow 
(see below). He argued therefore that determining the effects of afforestation, 
and other treatments, must begin with detection of differences in streamflow 
attributable to treatment; rainfall, as an index, could be used to extrapolate 
findings, but neither rainfall nor any of the other terms in the water balance 
could be measured with adequate accuracy and precision. Further, since the 
terrain at Jonkershoek meant that the physiography of each catchment differed 
substantially from that of the next (‘no two catchments are even approximately 
similar’),96 and thus ‘[w]atersheds vary so much in their hydrographic character 
that we can have no idea whether observed differences in flow are due to differences 
in topography, soil, geology, climate, or some other factor’.97 Observations were 
bedevilled by the ‘chance errors’ of random variation. In addition to all this, his 
ambitions were necessarily tempered by the constraints of resources and time, 
especially during the five years of World War II.98 

In his 1943 paper in the Transactions of the American Geophysical Union, Wicht 
set out a revised and refined, statistically valid experimental design that 
continued unaltered for the next 40 years (soon after replicated at Cathedral Peak 
in the summer rainfall, grassland region of the Drakensberg).99 This came to be 
known as the multiple-catchment experiment design. The diverse objectives of 
the earlier version of the program were now gone; now, the research had a single 
goal: to establish the effects of afforestation with Pinus radiata on streamflow, 

95  Wicht, ‘The Variability of Jonkershoek Streams’, 17.
96  Wicht, ‘Forest Influences Research Technique at Jonkershoek’, 65–77, 66.
97  Wicht, ‘Determination of the Effects of Watershed-Management on Mountain Streams’, 595.
98  Wicht could not enlist, because of his partial blindness, and soon found himself assigned to do the 
work of his colleagues who had left for the war.
99  Wicht, ‘Determination of the Effects of Watershed-Management on Mountain Streams’.
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relative to a catchment under fynbos, protected against fire (or,  in the case 
of Cathedral Peak, Pinus patula compared with grassland).100 The  multiple 
catchment experiment finally supplanted the successive ideas for the water 
balance study, the single-catchment approach, and the paired-catchment design. 
Over the following decades Wicht and the members of his larger team would 
progressively refine this design, especially aspects of the statistical analysis of 
experimental effects.101 

The minimum requirement for a sound catchment experiment is a period 
of calibration, during which the streamflow of one or more experimental 
catchments is correlated with a control catchment. After an adequate period, 
the experimental catchments may be treated, and a treatment effect detected as a 
departure from the prior correlation. Wicht’s new design allowed the afforested 
catchments to be tested against each other, since the first afforested (in 1940) 
could be calibrated against those yet to be afforested, and so on in sequence 
(see Table 2); they formed an experiment ‘replicated in time’.102 

The final results would be available in 1980, though valuable findings would 
emerge in the interim, and ‘as the experiments develop these analyses should 
yield progressively stronger, statistically sounder, evidence of the effects of 
treatment’.103 In this way, the calibration period was effectively lengthened to 
32 years, in the case of Jonkershoek, thus eliminating the danger of insufficient 
calibration and neutralising the problem of secular climatic variation. Replication 
in time accommodated treatments with progressive effects.104 Supporting studies 
of other elements of the hydrological cycle, other than streamflow, were merely 
to help explain the findings of the main experiment: studies of this kind were 
‘indispensable to the complete understanding of catchment management effects 

100  Veld burning experiments continued on a small scale, until the major expansion of this aspect to the 
program in 1965. 
101  See, for example, C. L. Wicht and D. E. Schumann, Experimental Investigation of the Effects of Forests on 
Stream-Discharge. Paper Presented to the Commonwealth Forestry Conference, Australia and New Zealand, 1957 
(Pretoria: Government Printer, Union of South Africa, 1957). 
102  H. G. Wilm, ‘Notes on Experiments Replicated in Time’, Biometrics Bulletin, 1 (1945): 16–20. 
103  Wicht, ‘Determination of the Effects of Watershed-Management on Mountain Streams’, 598.
104  Wicht, ‘Forest Hydrological Research in Africa South of the Sahara’, See corroboration in J. D. Hewlett, 
H. W. Lull, and K. G. Reinhart, ‘In Defense of Experimental Watersheds’, Water Resources Research, 5 (1969): 
306–16. ‘This high correlation serves as the best experimental control we can get over climatic variation from 
season to season and from year to year’ (p. 312); Hewlett and Pienaar describe the Jonkershoek design: ‘Pine 
was planted on one basin the first year and for eight years the developing pine stand was matched against 
five control basins under the more slowly developing fynbos vegetation. In the ninth year, another basin 
was planted to pine, and in the 17th year still another, and so on. One control basin remains as an index 
to changing climate and developing fynbos to the end of the experiment. The multiple controls decrease 
in number while the treatment is replicated through time. One clear advantage is the built-in check upon 
the quality of control; if one control basin is for any reason a renegade (perhaps a slow subsurface leak is 
developing) the interrelation among the controls in the absence of treatment will revel it. This advantage, 
however, is gained at considerable cost and it is difficult to see any other design advantage over a series of 
paired catchment experiments’: Hewlett and Pienaar, ‘Design and Analysis of the Catchment Experiment’, 99.
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as demonstrated by catchment experiments’.105 Wicht had to defend his approach 
against repeated challenges. At the outset, Charles Hursh raised ‘a point of vital 
significance … whether or not it is feasible to substitute statistical design and 
methodology in place of a knowledge of physical processes on experimental 
drainages’.106 This question dogged research hydrologists for decades after 1942. 

In a paper at the Deutsche Afrika-Gesellschaft conference on ‘Wasserwirtschaft 
in Afrika’, held in Bonn in 1963, Wicht stated emphatically: ‘In most catchments 
it is virtually impossible to determine accurate volumetric values … of all the 
terms of the hydrological equation’. He criticised catchment experiments then 
under way in Kenya, on the grounds of inaccurate sampling of rainfall, and 
the limitations of calculated evapotranspiration in the absence of measurement. 
Later, generalising, he argued that the sampling required for accurate estimation 
of rainfall in ‘broken country’ was impossible.107

As well as Charles Hursh, critics of the multiple-catchment approach included 
Charles Pereira, the originator of the Kenya catchment studies, and Howard 
Penman of Rothamsted in the UK, at the time the most eminent among scientists 
of the hydrological cycle. They argued that the physical water-balance approach 
would give quicker, more meaningful results. Further, they held that the findings 
from catchment experiments such as those of Wicht had little meaning unless 
the hydrological cycle was measured and understood.108 Penman, commenting 
on Wicht’s paper at the International Symposium on Forest Hydrology, had the 
following, rather stinging comment: 

I like to keep the discussion on a philosophical plane. Leonardo da Vinci states 
somewhere: “If you know the reason, you have no need of the experiment”. 
Is this long-term experimentation based on a philosophy of despair? That: the 
botanists, meteorologists, etc., who are working on the fundamental problems in 
forest hydrology, will, in fact, fail to do their job properly? Somehow behind all 
this there is a reason for everything that happens. Are we going to put all our 
energy in just measuring what happens, or shall we put a little more effort in 
research to try to find out why things happen? When we get that answer we can 
certainly explain how things happen.109

105  C. L. Wicht, ‘Trends in Forest Hydrological Research’, South African Forestry Journal, 57 (1966): 17–25. 
106  C. M. Hursh in comments on Wicht’s paper, Transactions of the American Geophysical Union, 
24 (1943), 606.
107  Wicht, ‘The Validity of Conclusions from South African Multiple Watershed Experiments’, 749–60.
108  However, H. C. Pereira did emphasise the need for catchment experiments in East Africa ‘so that, in 
these critical land-use problems, the bright plans for a brave new world in Africa may be based on locally 
tested fact, rather than on opinion from overseas’; Pereira 1962, in Hewlett et al., ‘In Defense of Experimental 
Watersheds’, 314.
109  Lull and Sopper, International Symposium on Forest Hydrology, 760.
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In 1973, Hewlett and Pienaar identified the Jonkershoek and Cathedral Peak 
experiments as the only true multiple-catchment experiments under way in the 
world.110 They identified the advantage of the design as lying in the ‘built-in check 
on the control’ that comes from having a succession of replicated treatments, but 
argued that there was no other advantage over the more common paired-catchment 
design. But over time, Wicht’s research strategy has been fully vindicated.111 

Although research on evaporation processes, soil infiltration, surface runoff 
and other aspects of the hydrological cycle was part of the program at the 
start, and accelerated from about the 1970s onward, the catchment experiment 
formed the core of the investigations, providing the benchmark findings that 
observation and analysis of the different components of the water cycle—
hydrological process research—would serve to explain and extrapolate beyond 
the experimental site. The most important contribution from hydrological 
process studies was to enable supplementary research outside the catchments, 
and to build explanatory knowledge. The multiple catchment experiment also 
provided the important benefit that researchers with limited resources could 
focus on trying to produce ‘unimpeachable findings’, and not have their efforts 
dissipated by pursuit of too much too soon. 

Further, once clear findings emerged from the two major multiple-catchment 
sites, new smaller-scale paired-catchment trials could be set out elsewhere, 
and the results securely inferred against the background of prior knowledge 
from the former. Freed of the impossible demands and the uncertainties of the 
water balance approach, the program could succeed over time in addressing its 
central questions across the whole of the South African forestry region, despite 
stringent constraints in resources. A pragmatic approach to hydrological process 
studies could then affordably help to understand observed and unambiguous 
streamflow effects throughout the entire country. 

Wicht’s early work at Jonkershoek helped to produce a ‘model’ of hydrological 
research that could seemingly be transplanted throughout the country. Yet the 
controversial findings of the program—discussed in the next chapter—could 
not themselves create forest policies at regional or national scales. The findings 
at Jonkershoek, secured as they were by Wicht’s prestige within South Africa 
and his experimental design, suggested that forests did use more water than 
indigenous vegetation such as grassland and fynbos, as Phillips and Smuts had 
originally argued. The work in experimental research at Jonkershoek became 
the centrepiece of a wider policy framework that developed from the late 1940s 
through the 1970s. This policy sought to balance the needs of water users 
through a national framework. 

110  Hewlett and Pienaar, ‘Design and Analysis of the Catchment Experiment’. 
111  Hewlett et al., ‘In Defense of Experimental Watersheds’.
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