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A brief overview of the distribution and exploitation of forests in southern Africa is presented as a basis for a 
sampling design and classification of forests. A sampling strategy was adopted for the quantitative study of 
disjunct forest patches in Transkei. The approach, which has not been used in southern Africa, is described. 
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Introduction 
This paper consists of two parts ; the first part briefly 
reviews research and management reports pertaining 
specifically to phytogeography, management and com
munity studies in southern African forests . The review is 
done on a regional basis and in chronological sequence 
in an attempt to highlight the effects of previous 
exploitation, the success of the various methodologies 
that have been used in community studies and to identify 
areas that have been poorly classified . Geldenhuys ' 
(1985) bibliography is used to determine literature 
trends . Publications (e .g. Bredenkamp & Theron 1978, 
1980) which are listed in the bibliography but deal 
essentially with formations other than forest are not 
considered . 

The second part of the paper is a description of the 
sampling strategy adopted for the quantitative commun
ity study of the afromontane forests of Transkei . The 
sampling strategy , which takes into account forest size , 
has not been used in southern African forests before. 
This exercise was done in an attempt to evaluate the 
feasibility of extracting timber from the indigenous 
forests of Transkei on a commercial basis . 

Literature survey 
Phytogeography 
The forest biome has been defined by the dominance of 
phanerophytes (Rutherford & Westfall 1986) , with trees 
having a continuous cover (White 1978) and a projected 
canopy cover of at least 75 % (Edwards 1983). In south
ern Africa canopy height varies between 10 m and 30 m 
depending on site factors (Acocks 1953 ; Moll & White 
1978; White 1983). Other characteristics of the forest 
biome include the abundance of climbers and epiphytes 
(Hall & Swaine 1981) and the absence of fire and C4 

grasses (Huntley 1984) . In the early literature (e .g. Sim 
1907) the term 'forest' included both high forest (the 
subject of the present paper) , scrub forest and various 
types of open woodland characterized by Acacia and 
Protea spp . Although scrub forest is generally shorter 
and has a lower canopy cover , it cannot always be 
distinguished clearly from high forest. White (1983) 
elaborates on the similarities and differences of these 
vegetation types. 

In southern Africa the forest biome occurs in scattered 
patches covering some 200 000-300 000 ha on the 
eastern margin of the country (Figure 1) . Huntley (1984) 
divides it into an afromontane and a lowland compon
ent. The afromontane component , which is part of 
White's (1983) region by the same name , occurs from 
Louis Trichardt (23°S) to the Cape peninsula (34°S) , 
and the lowland component, which is part of White 's 
(1983) Tongaland-Pondoland regional mosaic, occurs 
from the mouth of the Limpopo River (25°S) to Port 
Elizabeth (34°S). Moll & White (1978) recognize five 
forest types in the lowland forest biome: undifferen
tiated lowland, dune , swamp , sand and fringing forest. 
The latter two are restricted to the northern extremity of 
the biome while swamp forest is found as far south as 
Transkei . Undifferentiated lowland forest reaches the 
eastern Cape and dune forest is found throughout the 
biome . Cooper (1985) further divides lowland forest into 
two types : coastal and scarp forest on both floristic and 
faunal differences . 

Interest in the phytogeography of southern Africa has 
been very keen since the 19th century , and according to 
Bayer (1970) the first vegeta tion map was published by 
Drege in 1845. Numerous attempts have since been 
made at mapping and classifying both the vegetation and 
the flora , the number of phytochorological taxa 
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Figure 1 Distribution of the afromontane forest biome and conservancies in southern Africa . 

increasing with the burgeoning knowledge of the flora 
(Werger 1978). The various authors were never 
unanimous on taxonomic ranks or on the boundaries of 
their phytochoria . The discrepancies were , to a large 
extent, due to a lack of consensus on nomenclature, each 
worker making his own subjective decisions as to the 
rank and extent of each floristic unit. Another problem 
was , and still is, that the distribution ranges of plants 
rarely coincide , adjacent floras tending to merge into 
one another over broad and diffuse zones of transition 
(Good 1974). 

Werger (1978) divides the South African flora into 6 
regions , two of them, the Tongaland-Pondoland 
Region and the Afromontane Region , encompassing the 
forest biome. In a departure from the orthodox practice 
of dividing floras into mutually exclusive phytochoria in 
a heirarchical system, White (1978, 1983) proposes a 
non-hierarchical phytochorology which highlights broad 
transition zones by giving them equal status with centres 
of endemism . A further innovation in South African 
phytochorology is the use of multidimensional scaling 
and cluster analysis by Knight et al. (1982). In spite of 
the differences in approach , the latest floristic 
classifications are comparable and are based either 
exclusively or mainly on the distribution of trees. 

White's (1978 , 1983) Tongaland-Pondoland regional 
mosaic is widest in the north where it reaches up to 240 
km and, in contrast, is never more than 8 km wide in the 
south. This region , which includes both a tropical and 
subtropical flora , penetrates into the interior in finger
like projections along the major river valleys. Bews 
(1921 , 1922) regards the sub-tropical flora as derivative 
from tropical species which, in their southward 
migration , responded to the colder and drier conditions 
of the subtropics by becoming xeromorphic; the higher 
incidence of spinescence, compound leaves and capsular 
fruit being some of the adaptations to the new climate. 

White's (1978 , 1983) Afromontane Region , on the 
other hand, occurs in the hinterland on the highest 
mountains except at its southern extremity, where the 
effect of latitude compensates for altitude allowing for 
the occurrence of this flora along the coast (White 1978). 

The occurrence of afromontane elements at increas
ingly lower altitudes and the migration of the sub
tropical flora from the coast inland along river valleys led 
to considerable intermingling of these floras. Seemingly , 
floristic overlap is much more pronounced in southern 
Africa than in East Africa because in an account of the 
afromontane flora of the latter , Moreau (1952) suggests 
that this flora is so different from the sub-tropical that 



24 

the two must have evolved independently, yet Goldblatt 
(1978) quotes Hilliard as being of the opinion that many 
of the afromontane elements in southern Africa were 
derived from the lowlands , a view shared by White 
(1978, 1983). In Transkei, floristic overlap is very 
pronounced , 11 of the 12 species used by White (1978 , 
1983) to characterize the afromontane region occurring 
in the coastal forests. Von Breitenbach (1983) further 
estimates that 70% of the species in the afromontane 
region are also found along the coast. In this regard it is 
interesting to note that the phytochorology by Knight et 
at. (1982) does not differentiate between the afro
montane and lowland components of the forest biome. 

Despite the transitional nature of the tree flora of 
Transkei the afromontane forests are fairly distinct from 
the lowland forests , containing only about 50% of the 
species of the coastal forests (von Breitenbach 1983) . 
What is more uncertain is the previous extent of forest 
coverage. Axelrod & Raven (1978) and van Zinderen
Bakker (1978) postulate that forests were more 
extensive under moister and cooler conditions , but of 
particular interest to phytosociology is the past coverage 
of the forests under the present climatic regime . 

C1ementsian principles have been applied in deter
mining the former extent of the forest biome in southern 
Africa . Bews (1916, 1920) notes that because of 
topographic variation there are sharply contrasting 
climates over short distances and this has resulted in 
diverse climatic climaxes; the forest and grassland 
biomes being, by and large , climax in the localities in 
which they occur. Acocks (1953) concedes that habitats 
in which high forest can occur are limited and suggests 
that scrub forest was the actual vegetation over large 
areas in the high rainfall areas of southern Africa and 
had been cleared by man over the last five centuries . 

Acocks ' (1953) views have until very recently been 
prevalent in southern Africa. However, there has been a 
growing awareness that edaphic factors may have 
precluded the actual development of scrub forest even in 
those areas receiving sufficient rainfall . For example, 
King (1978) suggests that on ancient landscapes soils are 
leached to such an extent that they can only support 
grassland , while van Daalen (1981) has found that soil 
moisture is an important factor precluding the establish
ment of forest in fynbos areas . Tinley (1982) proposes 
that soil moisture balance determines the spatial 
distribution of various plant formations , 'forest occuring 
on high water-retaining, but relatively well-drained 
sites', a view shared 'by Butzer (1982). Rutherford & 
Westfall (1986) suggest that in some of the areas 
traditionally regarded as secondary grassland , winter 
temperatures are too low for the dominance of 
phanerophytes. A growing body of archaeological 
evidence suggests that grasslands have been widespread 
in some of the areas presumed by Acocks (1953) to have 
been forested (McKenzie 1984) . In Transkei a survey of 
iron age settlement patterns has indicated that some 
agency other than human is responsible for the absence 
of trees in Acocks' (1953) Dohne and Highland sourveld 
grasslands (Feely & Granger 1984). 

A study employing modern island biogeographical 
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theory may be one way to explain the past extent of 
forest during the present climatic regime. An examin
ation of the alpha diversities of various patches in the 
different regional complexes might help elucidate 
whether the patches were once linked up or not. What is 
certain is that man has been directly or indirectly 
responsible for modifying both the coverage and comp
osition of southern African forests . This aspect is 
discussed in the following section . 

Utilization and management 

Trends in the volume of literature on the utilization and 
management of indigenous forests in southern Africa are 
illustrated in Figure 2. Most of the early literature 
comprised reports by forest conservators. Sim (1907) 
collated these reports into a single volume . As timber 
from the indigenous forests became exhausted during 
the second quarter of this century several reviews on the 
utilization and management of the indigenous forests 
were published, notably by Laughton (1937) and King 
(1938 , 1939, 1941). 

The large volume of literature on indigenous forests 
dating from 1960-1979 mostly reflects concern over the 
conservation status of the biome. Approximately half of 
these articles deal with the forests of Natal. Interest in 
the exploitation of the sand dunes of the same province 
led to the publication of a series of articles on dune forest 
ecology and management (e.g. Weisser 1978a, b; 
Weisser & Marques 1979). During the present decade 
most publications deal with the management of southern 
Cape forests often with emphasis on their conservation 
(e .g. Geldenhuys 1980, 1982a , b, 1983a, b, c; Grewar 
1982 , 1983) . 

For administrative purposes the Cape Colony was 
divided at the beginning of this century into four forest 
conservancies, namely: the Western, Midland, Eastern 
and Transkeian (Sim 1907). Later the conservancies of 
Natal , the Orange Free State and Transvaal were 
created (Figure 1) . The conservancies largely reflect the 
regions as they exist today. Utilization of the forests by 
Europeans began in the Western conservancy and later 
spread eastwards and then north-eastwards, exploitation 
in the Transvaal commencing last. A brief history of the 
utilization and management of the forests is given here 
with emphasis placed on the order in which exploitation 
occurred. 

Most of the indigenous forests of the Western 
conservancy were heavily exploited within a hundred 
years of the establishment of a revictualling station in the 
Cape Peninsula in 1652 (Laughton 1937; Immelman et 
at. 1973; Hartwig 1973; von Breitenbach 1974) . The 
larger forests of the Midland conservancy were first 
commercially exploited in 1772 (King 1941). Von Brei
tenbach (1974) describes the history of these forests as 
one of 'destruction and devastation on the one hand , and 
of a continuous struggle for their conservation on the 
other' . Although most of the timber was worked by 
hand, several sawmills were established from 1873 
onwards and were moved from forest to forest as timber 
became exhausted (Laughton 1937; King 1941). In 1941 
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Figure 2 Literature trends on several aspects of the ecology of the indigenous forests of southern Africa. 

it was estimated that only 19% of the 65 000 ha of forest 
were still exploitable (i .e. in near virgin condition) the 
rest either having been exhausted or reduced to scrub 
(King 1941; Grut 1965). 

The forests of the Eastern conservancy are much 
smaller and comprise an inland afromontane component 
and an undifferentiated coastal lowland component 
(King 1941; White 1983). Commercial exploitation in 
these forests began shortly after 1847 and by 1938 it was 
estimated that 88% of them had been exhausted (King 
1941) . Other than commercial logging these forests had 
been utilized for many years by the indigenous popu
lation for hut building; saplings being cut by the 
thousand for this purpose. With the notable exception of 
Manubi forest which was strictly protected by paramount 
chief Sari Ii of the Gcaleka tribe until his defeat by the 
British in 1878 (King 1940) , exploitation in the 
Transkeian conservancy followed a pattern similar to 
that of the eastern Cape ; uncontrolled commercial and 
subsistence exploitation only being checked after the 
establishment of a forestry service in 1888. King (1941) 
estimates that by 1941 only 15% of the afromontane 
forests had not been exhausted of commercial timber 
while the coastal forests had suffered less because of the 
lower quality of timber. 

The Orange Free State had very few indigenous 
forests , but both Natal (including Zululand) and 
Transvaal had considerable areas of high forest. The 
arrival of Europeans in these two areas coupled with 
mining and sugarcane development were largely respon
sible for large tracts of forest being cleared and large 
quantities of timber being removed from the remaining 

forests. In contrast to other conservancies most of the 
forests in Natal and the Transvaal were sold to private 
individuals and were consequently devastated to a larger 
degree (King] 941). Cooper (1985) found most of these 
privately owned forests in very poor condition and that 
the owners of the land on which they occur are generally 
ignorant of their ecological significance. 

From the foregoing it is obvious that the greater 
percentage of the indigenous forests of southern Africa 
have been disturbed and although this did not lead to the 
local extinction of species , it certainly must have had 
considerable effect on population structure . Grut (1965) 
states that although the annual average cut might have 
been low on an area basis it was 'enough to affect the 
quality of the forests , for the rate of growth was slow, the 
methods of exploitation very wasteful , and the principles 
of good sylviculture were not adhered to'. In light of the 
above it is essential that quantitative species data be 
collected in any forest community study . Previous 
classifications have largely ignored this aspect as is 
pointed out in the following section. . 

Plant community studies 

The earliest studies of forest communities In southern 
Africa were done from a utilitarian point of view, many 
of the subtropical forests along the coast often being 
described as 'poor' on account of their low stocking of 
commercially valuable species, while afromontane 
forests were described as high quality (e.g. Fourcade 
1889; Sim 1907). 

Studies of indigenous forests from an ecological 



26 

perspective began during the first decade of this century , 
and were greatly influenced by Clements' (1916) ideas of 
plant succession. (e.g. Phillips 1931). Phytosociological 
studies using the Zurich-Montpellier method began 
with van Zinderen-Bakker's (1971) study of the 
afromontane forests of the Orange Free State . Myre 
(1964 , 1971) used the technique in the coastal forests of 
southern Mozambique and numerous studies have been 
carried out in the afromontane forests of the western 
Cape (e.g. Boucher 1972; Werger et al. 1972; Glyphis 
1976; McKenzie et al. 1976, 1977; Campbell & Moll 
1977; McKenzie 1978). Association analysis (Williams & 
Lambert 1959 , 1960) , the first quantitative multivariate 
classificatory technique to be used in South African 
forests, was employed by Granger (1976) in small 
patches of afromontane forests and scrub in Natal. 
Scotcher (1983) classified several small forest patches of 
Natal using Sokal & Sneath's (1963) average linkage, 
weighted pair method , Orloci's (1967) within-group sum 
of squares method and Orloci 's (1976) clustering 
algorithm TRGRPS. 

Most of the phytosociological works quoted above led 
to rapid classifications based essentially on presence and 
absence data , but did not yield practical classifications 
because of the lack of quantitative data which is vital to 
forest management. 

Save for Phillips' (1931) subjective classification, 
neither the Braun-Blanquet technique nor any of the 
recent multivariate classificatory techniques have been 
employed in the southern Cape although this region 
contains some of the largest tracts of afromontane forest 
in the subcontinent. These techniques have not been 
employed in Natal (apart from the minor classifications 
referred to above) or Transkei , both of which have 
considerable areas of indigenous forest. 

Ordination has been used more frequently in both the 
afromontane and coastal forests of Natal (Moll 1968, 
1969 , 1971, 1978a, b, 1980a , b, c) . Other ordination 
studies in Natal included the work by Moll & Woods 
(1971) and Morris (1969) while McKenzie (1978) carried 
out an ordination of the afromontane forests of the 
south-western Cape. The technique employed in all 
these studies was polar ordination developed by Bray & 
Curtis (1957). 

The volume of literature on community studies in 
southern Africa over the past 85 years is illustrated in 
Figure 2. The decrease in the volume from 1940-1960 
was partially due to the exhaustion of timber in the 
forests, rendering them less important economically. 
The resurgence of ecological studies beginning in the 
1960's was motivated mainly by academic interest and 
the growing concern over the conservation status of the 
forests. Other studies were initiated as an aid to planning 
(e.g. Moll 1965, 1971; Edwards 1967). 

Sampling design 
The present study represents the first attempt at using a 
multivariate classificatory technique in substantial areas 
of forest in southern Africa . The sampling design 
described below has not been used before, the selection 
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of forest stands in the past having been done subjec
tively, preference being given to the 'best' patches of 
forest (usually synonymous with the largest), and inter
patch relationships scarcely being considered . Transkei 
has hundreds of patches of afromontane forests ranging 
from 0,5 ha to several hectares in size . For a number of 
reasons it was essential to survey both the smaller and 
larger forests. Firstly , it was presumed that the heaviest 
commercial exploitation had occured in the larger forests 
and consequently the composition of their canopy was 
more drastically altered than in smaller forests. 
Secondly , the smaller forests are often found close to 
existing sawmill operations and thus needed to be 
considered for their exploitation potential. The sampling 
strategy thus had to cover as broad a spectrum of forest 
sizes as possible. 

Afromontane forest patches in Transkei comprise 
both demarcated and undemarcated forests. The demar
cated forests were surveyed and mapped at the 
beginning of the century , records of their areal extent 
being kept by the government whereas undemarcated 
forests were never surveyed and their total area is 
unknown. Demarcated forests are high-quality timber 
forests whereas undemarcated forests are scrubby and of 
low economic value (Sim 1907). In the present study 
only the demarcated forests were cunsidered. The 
demarcated forests comprised 541 patches scattered 
along a 300-km escarpment covering some 2 000 km 2 

(Figure 3). The time available to the survey allowed for 
only two hundred 0,04-ha plots to be sampled and the 
sampling design thus had to cater for the objective 
location of these plots in the 541 patches . The forests 
were sampled using a three-stage technique following 
the method suggested by Hansen & Hurwitz (1943) . 

Stratification into geographical zones 

The study area was stratified into six geographical zones. 
Each zone comprised a fairly distinct group of forests, 
which were presumed to differ floristically (Figure 3). 
Zone A comprised a group of small forests at the south
western extreme of the study area where rainfall is 
generally low. Zone B comprised much larger forests 
which receive higher rainfall. The forests in zone C occur 
on a range of hills further from the sea than zone Band 
were therefore probably drier. Forests in zone D were 
expected to contain a substantial admixture of sub
tropical species . Miller's (1922) observation that Ocotea 
bullata (Burch) E. Mey. is more abundant in zone D 
than elsewhere gave more credence to the idea that these 
forests were floristically distinct. The patches in zone E 
occur furthest inland and at the highest altitude and were 
therefore presumed to differ from the rest. Zone F was 
considered floristically distinct on account of the greater 
abundance of O. bullata and Podocarpus henkelii Stapf 
ex Dallim . & Jacks (Sim 1907). 

Allocation of plots to zones 
The 200 plots were allocated to the zones in proportion 
to the amount of demarcated forest in each zone as 
follows: 
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Figure 3 Distribution of indigenous forests and sampling zones in Transkei . 

Qi = 200 ( ~ aij) ( ~ aij 
j ij 

where Qi is the number of plots in the ith zone, aij is the 
area of the jth demarcated forest in the ith zone , ~ aij is 

j 
the total area of demarcated forest in the ith zone and 
~ aij is the area of demarcated forest in all zones . The 
ij 

number of plots allocated to the six zones is presented in 
Table 1. 

Allocation of plots to forests 

In each zone the plots were allocated to the forests such 
that the probability of allocating a plot to a particular 

Table 1 The area of demarcated forest, the 
number of forests, the number of selected 
forests and the number of plots chosen for 
each of the six zones 

Area (ha) of Number of Number of 

demarcrated demarcrated forests Number of 

Zone forest forests selected plots 

A 3442 108 23 27 

B 9922 204 42 77 

C 4180 101 21 33 

D 3743 81 18 29 

E 509 21 4 5 

F 4420 26 14 29 

Total 26316 541 122 200 

forest was proportional to the size of that forest. This 
was accomplished by allocating a set of Dij numbers to 
each forest such that Dij was proportional to the area of 
the ith forest in the ith zone, and a cumulative sum of Dij 

was calculated from the first forest to the last from which 
a set of Qi numbers was randomly drawn; the number of 
plots allocated to a forest being equal to the set of 
randomly selected numbers corresponding to it. The set 
of Dij numbers was calculated as follows : 

Let aij = the area of the ith forest in the ith zone , and 
Ai =~ aU = the total area of forest in the ith zone 

j 

then Pij = aij (Ai = proportion of jth forest area out of 
total area of forest in the ith zone . 
Let C be a constant such that CPij is a convenient integer 

Table 2 Comparative size distribution 
between demarcated and selected forests 
in Transkei 

No . of forests No. of forests 

Forest size (ha) in Transkei selected 

50 & less 410 47 

50-99 63 25 

100-149 33 21 

150-199 12 6 

200-249 5 5 

250 & larger 18 18 

Total 541 122 
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then Dij = CPij = integer associated with the propor
tional area of the ith forest in the ith zone . 
A set of Dij numbers was allocated to the ith forest of the 
ith zone as follows: 

j th forest 
1 

set of Dij numbers 
1 to Dil 

2 (Djl + 1) to (Dil + 1 + Di2) 

3 (Dil + Di2 + 2) to (Dil + Di2 + 2) + (Di3) 

k 
k-l 

!. Dij + (k-1) to 
j=k-2 

k 

!. 
j=k-2 

Dij + (k-1) 

The results of this procedure are summarized in Table 2. 
In the population of demarcated forests 76% were less 
than 50 ha and only 32 were equal to or greater than 250 
ha. In the sample only 38% of the forests were less than 
50 ha and 14% were equal to or greater than 250 ha. 
Furthermore, all forests equal to or greater than 200 ha 
were sampled, but only a fraction of the smaller forests 
was sampled. 

Sampling within a forest 

Lack of time precluded the objective placement of plots 
within each selected forest and consequently the plots 
were placed subjectively in visually assessed 
homogeneous and representative stands. Details of the 
data collected within each plot and the method of 
analysis are discussed elsewhere (Cawe & McKenzie 
1989). 

Conclusions 

Past exploitation of indigenous forests in southern Africa 
has greatly affected the composition of the forests 
especially in terms of population structure. Any regional 
survey of the forests needs to take into account both the 
larger and smaller forest patches and data collected 
should be quantitative. Most classifications to date have 
concentrated on the larger patches of forest and used 
qualitative data. The sampling design used in Transkei 
allowed for a broad spectrum of forest sizes and 
locations to be sampled and its success (Cawe & 
McKenzie 1989) suggests that it could be more widely 
used in regional studies of the vastly disjunct forest 
biome . 

Acknowledgements 
We thank our colleagues in the Department of Statistics, 
especially Prof. R.X. Mugisha , Mr J . Dickens and Mr K. 
Biyavanga who gave valuable advice on the statistical 
aspects of the project, and both Mrs A. Bosa and Mrs S. 
Shackleton for their suggestions and helpful criticism . 

References 

ACOCKS , J.P .H. 1953. Veld types of South Africa. Mem. 
bot. Surv. S. Afr. 28. 

AXELROD , D.l. & RAVEN , P.H. 1978. Late cretaceous and 
tertiary vegetation history of Africa. In: Biogeography and 
ecology of southern Africa, ed. Werger M.J .A., W. Junk , 

S.-Afr.Tydskr. Plantk., 1989 , 55(1) 

The Hague. 
BA YER , A.W. 1970. Plant ecology in the service of man in 

southern Africa. S. Afr. 1. Sci. 66: 71 - 77. 
BEWS , J. W. 1916. An account of the chief types of vegetation 

in South Africa, with notes on plant succession. 1. Ecol. 7(3 
& 4). 

BEWS , J .W. 1920. Plant succession and plant distribution in 
South Africa. Ann. Bot. 34: 287- 297. 

BEWS , J.W. 1921. Some general principles of plant 
distribution as illustrated by the South African flora. Ann. 
Bot. 35: 1- 36. 

BEWS , J.W. 1922. The south-east African flora: its origin , 
migrations and evolutionary tendencies. Ann. Bot. 36: 
209- 223. 

BOUCHER, C. 1972. The vegetation of the Cape Hangklip 
area. M.Sc. thesis , Univ. of Cape Town. 

BRAY, J.R. & CURTIS, J.T. 1957. An ordination of the 
upland forest communities of southern Wisconsin. Ecology 
43: 228- 233. 

BREDENKAMP, G.J. & THERON, G.K. 1978. A 
synecological account of the Suikerbosrand Nature 
Reserve. I. The phytosociology of the Witwatersrand 
geological system. Bothalia 12: 513- 529. 

BREDENKAMP, G.J. & THERON , G.K. 1980. A 
synecological account of the Suikerbosrand Nature 
Reserve. IT. The phytosociology of the Ventersdorp 
geological system. Bothalia 13: 199- 216. 

BUTZER, K.W. 1982. Archaeology as human ecology: 
method and theory for a contextual appr0ach . Cambridge 
University Press, Cambridge . 

CAMPBELL B.M. & MOLL, E.J. 1977. The forest 
communities of Table Mountain, South Africa. Vegetatio 
34: 105- 115. 

CA WE, S. G. & McKENZIE, B. 1989. The afromontane 
forests of Transkei. IT: a floristic classification. S. Afr. 1. 
Bot. 55: 31 - 39. 

CLEMENTS, F.E. 1916. Plant succession. Carnegie Institute , 
Washington. 

COOPER , K.H. 1985. The conservation status of indigenous 
forests in Transvaal, Natal and O .F.S ., South Africa. 
Wildlife Society of South Africa, Durban . 

EDWARDS, D. 1967. A plant ecological survey of the Tugela 
River Basin. Mem . bot. Surv . S. Afr. 36. 

EDWARDS, D. 1983. A broad-scale structural classification 
of vegetation for practical purposes. Bothalia 14: 705- 712 . 

FEELY, J. & GRANGER , E. 1984. Farming influences on 
southern African vegetation: the need for are-appraisal. 
The Game Ranger 6-7. 

FOURCADE , H.G. 1889. Report on the forests of Natal. 
Natal Blue Book , Watson , Pietermaritzburg. 

GELDENHUYS, c.J. 1980. The effect of management for 
timber production on floristics and growing stock in the 
southern Cape indigenous forests. S. A. For. 1. 113: 6-15. 

GELDENHUYS , c.J. 1982a. The culling of large non
utilizable trees in the southern Cape forests. S. A. For. 1. 
120: 55- 62. 

GELDENHUYS, c.J . 1982b. The management of the 
southern Cape forests. S. A. For. 1. 121: 4-10. 

GELDENHUYS , c.J. 1983a. A critical evaluation of 
indigenous forest management. Faris 98: 497- 524. 

GELDENHUYS, c.J . 1983b. Distribution and classification 
of the indigenous evergreen forests. In: South African 
Forestry Handbook , ed. Odendaal , P.B. , pp. 262- 268, 
South African Institute of Forestry , Pretoria. 

GELDENHUYS , c.J. 1983c. Plaaslike volumetabel vir 
inheemse boomsoorte in die Suid-Kaap. In : South African 



S.Afr.J. Bot. , 1989, 55(1) 

Forestry Handbook , ed. Odendaal P.B. , pp. 356-357, 
South African Institute of Forestry , Pretoria. 

GELDENHUYS , e.J. 1985. Annotated bibliography of South 
African indigenous evergreen forest ecology. South African 
National Scientific Programs Report 107 , Pretoria. 

GLYPHIS, J. 1976. A phytosociological survey of the Back 
Table, Table Mountain. In: Table Mountain: A 
conservation management report , eds Moll, E.l. & 
Campbell, B.M., Department of Botany , Univ. of Cape 
Town . 

GOLDBLA IT, P. 1978. An analysis of the flora of southern 
Africa: its characteristics , relationships and origins. Ann. 
Mo. bot. Gdn. 65: 369-436. 

GOOD , R. 1974. The geography of flowering plants. 
Longmans, London. 

GRANGER , J.E. 1976. Vegetation changes, some related 
factors and changes in the water balance following twenty 
years of fire exclusion in catchment 9, Cathedral Peak 
Forestry Research Station . Ph.D thesis , Un iv. of Natal. 

GREWAR, S.G. 1982. Conservation management of 
indigenous forests. In: Saasveld 50: 1932- 1982, ed. 
lordaan, 1.V. , pp. 155- 161, Department of Environmental 
Affairs , Pretoria. 

GREWAR, S.G. 1983. Management of indigenous evergreen 
high forests. In: South African Forestry Handbook , ed. 
Odendaal, P.B., pp. 269-278, South African Institute of 
Forestry , Pretoria. 

GRUT, M. 1965. Forestry and forest industry in South Africa. 
Balkema , Cape Town. 

HALL, 1.B . & SWAINER , M.D. 1981. Distribution and 
ecology of vascular plants in a tropical rain forest. Forest 
vegetation in Ghana, W. lunk , The Hague. 

HANSEN , M.H. & HURWITZ, W.N. 1943. On the theory of 
sampling from finite populations. Ann. Math. Stat. 14: 

333- 362. 
HARTWIG, G.L T. 1973. Early uses of indigenous wood. In: 

Our green heritage , eds Immelman, W.F.E. , Wicht, e.L. 
& Ackerman , D.P. , Tafelberg, Cape Town. 

HUNTLEY, B.l. 1984. Characteristics of South African 
biomes. In: Ecological effects of fire in South African 
ecosystems, eds Booysen , P. de. V. & Tainton, N., 
Ecological studies 48 , Springer-Verlag , Berlin. 

IMMELMAN, W.F.E. , WICHT, e.L. & ACKERMAN, 
D.P. 1973. Our green heritage . Tafelberg , Cape Town. 

KING , L.e. 1978. The geomorphology of central and southern 
Africa. In: Biogeography and ecology of southern Africa , 
ed. Werger , M.l.A., W. lunk , The Hague. 

KING , N.L. 1938. Historical sketch of the development of 
forestry in South Africa. 1. S. Afr. For. Assoc. 1: 4- 16. 

KING , N.L. 1939. The Knysna forests and the woodcutter 
problem. 1. S. Afr. For. Assoc. 3: 6-15. 

KING, N.L. 1940. The Manubi Forest. 1. S. Afr. For. Assoc. 4: 
24-29. 

KING , N.L. 1941. The exploitation of the indigenous forests 
of South Africa. 1. S. Afr. For. Assoc. 6: 26-48. 

KNIGHT, R.S., CROWE , T.M. & SIEGFRIED , W.R. 1982. 
Distribution and species richness of trees in South Africa. 
S. Afr. 1. Bot. 48: 455-480. 

LAUGHTON , F.S. 1937. The sylviculture of the indigenous 
forests of the Union of South Africa with special reference 
to the forests of the Knysna region. Science Bulletin no. 
157 , Forestry Series no. 7, Government Printer , Pretoria. 

McKENZIE , B. 1978. A quantitative and qualitative study of 
the indigenous forests of the south-western Cape. M.Sc. 
thesis , Univ. of Cape Town. 

McKENZIE, B. 1984. The utilization of the Transkeian 
landscape : an ecological interpretation. Ann. Natal Mus. 
26: 165- 172. 

29 

McKENZIE, B. , MOLL , E .l. & CAMPBELL, B.M. 1976. A 
suggested management plan for the indigenous vegetation 
of Orange Kloof, Table Mountain , based on a 
phytosociological survey. S. A. For. 1. 99: 1-6. 

McKENZIE, B. , MOLL, E.l. & CAMPBELL, B.M. 1977. A 
phytosociological study of Orange Kloof, Table Mountain, 
South Africa. Vegetatio 37: 41 - 53. 

MILLER, O.B. 1922. Notes on the distribution of species in 
natural forests of the Transkeian conservancy. S. Afr. 1. 
Nat. Hist. 3: 20--23 . 

MOLL, E.l. 1965. An account of the plant ecology of the 
upper Umgeni catchment. M.Sc. thesis , Univ. of Natal. 

MOLL, E 1. 1968. An account of the plant ecology of the 
Hawaan Forest , Natal. S. Afr. 1. Bot. 34: 61-76. 

MOLL, E.l. 1969. An investigation of the plant ecology of the 
Hawaan Forest, Natal using an ordination technique. 
Bothalia 10: 121- 128. 

MOLL, E.l . 1971. Vegetation studies in the Three Rivers 
region , Natal. Ph.D . thesis, Univ. of Natal. 

MOLL, E.l. 1978a. A quantitative floristic study of a forest in 
Krantzkloof Nature Reserve , Natal. Lammergeyer 26: 
29- 37. 

MOLL, E.l. 1978b. A quantitative floristic comparision of 
four Natal forests. S. A. For. 1. 104: 25-34. 

MOLL, E .l. 1980a. A plea for Mgoye Forest. Trees in South 
Africa 30: 61 - 70. 

MOLL, E.l . 1980b. Additional quantitative ecological studies 
in Hawaan Forest , Natal. S. A. For. 1. 113: 16-25. 

MOLL, E.l. 1980c. A quantitative ecologica l study of 
Hlongwene Forest, Natal. S. A. For. 1. 114: 19- 24. 

MOLL , E.l. & WHITE, F. 1978. The Indian Ocean Coastal 
Belt. In: Biogeography and ecology of southern Africa. ed . 
Werger, M.l.A. , pp. 561-598, W. lunk, The Hague. 

MOLL E.J. & WOODS, D.B. 1971. The rate of tree growth 
and a forest ordination at Xumeni, Natal. Bothalia 10: 
451-460. 

MOREAU, R.E. 1952. Africa since the mesozoic: with 
particular reference to certain biological problems. Proc. 
Zol. Soc. London 121: 869- 913. 

MORRIS, 1.W. 1969. An ordination of the vegetation at 
Ntshongweni. M.Sc. thesis , Univ . of Natal. 

MYRE , M. 1964. A vegetacao do extremo suI da Provincia de 
Mocambique. Estudos, Ensaios & Documentos 110. 

MYRE, M. 1971. As pastagens da regiao da Maputo. Mem . 
Inst. Invest. Agron. Mocambique 3. 

ORLOCI , L. 1967. An agglomerative method for 
classification of plant communuties . 1. Ecol. 55: 193- 205. 

ORLOCI , L. 1976. TRGRPS - an interactive algorithm for 
group recognition. Vegetatio 32: 117- 120. 

PHILLIPS, 1.F V. 1931. Forest succession and ecology in the 
Knysna region. Mem. bot. Surv. S. Afr. 14. 

RUTHERFORD , M.e. & WESTFALL, R.H. 1986. Biomes 
of southern Africa - an objective categorization. Mem. 
bot. Surv. S. Afr. 54. 

SCOTCHER, 1.S.B. 1983. Interrelations of vegetation and 
eland (Taurotragus oryx pallas) in Giant 's Castle Nature 
Reserve , Natal. Ph.D thesis, Univ . of Natal. 

SIM, T .R. 1907. The forests and forest flora of the Colony of 
the Cape of Good Hope . Taylor & Henderson , Aberdeen . 

SOKAL, R.R. & SNEATH , P.H.A . 1963. Principles of 
numerical taxonomy. W. H . Freeman & Co ., San 
Francisco. 



30 

TINLEY, K.L. 1982. The influence of soil moisture balance on 
the ecosystem patterns in southern Africa. In: Ecological 
studies , eds Huntley , B.J. & Walker, B.H ., Vol. 42 , 
Ecology of tropical savannas , Springer-Verlag , Berlin. 

V AN DAALEN, H. 1981. The dynamics of the indigenous 
forest-fynbos ecotone in the southern Cape. S. A. For. 1. 
119: 14-23. 

VAN ZINDEREN-BAKKER , E.M. 1971. Ecological 
investigations on ravine forests of the eastern Orange Free 
State . M.Sc. thesis , Univ . of the Orange Free State . 

VAN ZINDEREN-BAKKER , E.M. (sen .) 1978. Quarternary 
vegetation changes in southern Africa. In: Biogeography 
and ecology of southern Africa , ed . Werger , M.J .A. , W. 
Junk, The Hague. 

VON BREITENBACH, F. 1974. Southern Cape forests and 
trees. The Government Printer , Pretoria . 

VON BREITENBACH, F. 1983. Notes on the indigenous 
forests of Transkei . 1. Dendral. 3: 17- 53. 

WEISSER , P.J. 1978a. Changes in area of grasslands on the 
dunes between Richards Bay and the Mfolozi River , 1937 
to 1977. Proc. Grassld. Soc. S. Afr. 13: 95- 97. 

WEISSER , P.J . 1978b. Conservation priorities in the dune 
area between Richards Bay and Mfolozi mouth based on a 
vegetation survey. Natal Town and Regional Planning 
Report 38, Pietermaritzburg. 

S.-Afr.Tydskr. Plantk. , 1989, 55(1) 

WEISSER, P.J. & MARQUES , F. 1979. Gross vegetation 
changes in the dune area between Richards Bay and the 
Mfolozi River , 1937- 1974. Bothalia 12: 711 - 721. 

WERGER , M.J .A. 1972. Biogeographical divisions of 
southern Africa. In: Biogeography and ecology of southern 
Africa . ed. Werger, M.J.A., W . Junk , The Hague. 

WERGER , M.J.A. , KRUGER , F.J. & TAYLOR, N.C. 
1972. A phytosociological study of the Cape fynbos and 
other vegetation at Jonkershoek, Stellenbosch. Bothalia 10: 
599- 614. 

WHITE, F. 1978. The afromontane region. In: Biogeography 
and ecology of southern Africa , ed. Werger , M.J.A. , pp. 
463- 513 , W. Junk , The Hague. 

WHITE , F. 1983. The vegetation of Africa: a descriptive 
memoir to accompany the UNESCO/AETFAT/UNSO 
vegetation map of Africa. Natural Resources Research 20, 
UNESCO , Paris. 

WILLIAMS , W.T. & LAMBERT, J .M. 1959. Multivariate 
methods in plant ecology. II: Association analysis in plant 
communities. 1. Ecol. 47: 83- 101. 

WILLIAMS , W.T. & LAMBERT, J.M. 1960. Multivariate 
methods in plant ecology . II: The use of an electronic 
digital computer for association analysis. 1. Ecol. 48: 
689- 710. 




