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tiating, when required, between the different 
quadrants o f the earth’s surface.

As reported by Edwards & Leistner (1971), since 
we happen in Africa south of the Equator to be in the 
south-eastern quarter of the earth’s surface in rela
tion to the intersection of 0° latitude and 0° 
longitude, the degree square is numbered according 
to the degrees o f latitude and longitude, in that 
order, o f the top left hand or north-west corner of 
the degree square. By extending this principle, degree 
squares in the north-eastern, north-western and 
south-western quarters of the earth’s surface may be 
numbered in relation to the point of origin in a way 
similar to that o f the south-eastern quarter, provided 
the various quarters are identified by prefixing the 
letters NE, NW, SW and SE to the degree numbers. 
In other words, the degree squares are numbered just 
as the latitude and longitude are numbered on a map, 
with the addition of prefixes indicating N or S of the 
equator and E or W of Greenwich meridian. This is 
illustrated in Fig. 5.

If required, subdivision of the degree square is 
then carried out in exactly the same way as previous

ly: by subdividing into half-degree squares numbered
A, B, C and D, respectively, and each half-degree 
square being further subdivided into quarter-degree 
squares, again numbered A, B, C, and D, respective
ly. This is also illustrated in Fig. 1.

In general, use of the Degree Reference System is 
therefore similar throughout the world, latitude and 
longitude numbers being used as found on a map, 
but with the prefixing of the letters N or S and E or 
W to indicate, respectively, north or south latitude, 
and east or west longitude. Subdivisions of a degree 
square are then made by successive division into half- 
and quarter-degree squares, which are indicated by 
the letters A, B, C, and D.
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D. E d w a r d s

DETERM INATIO N OF PLO T SIZE

In most vegetation studies a plot technique is used 
for sampling. In many studies it is required that each 
plot must be large enough to contain the ‘characteris
tic structure and floristics’ of the phytocoenose. The 
determination o f plot size has occupied the attention 
o f many plant ecologists; the general conclusion be
ing that ‘an objective method of plot size determina
tion seems impossible’ (Werger, 1972). Werger (1972) 
and Moravec (1973) have reviewed these studies.

In this paper a regression equation relating optimal 
plot size (Werger, 1972) to easily measured vegeta
tion characteristics is constructed. If this regression 
equation could be improved and tested more widely it 
could form the basis o f a rule-of thumb method to 
estimate optimal plot size in the field.

The methods o f Werger (1972) were used to deter
mine the optimal plot size of 32 phytocoenoses.

W erger’s definition of optimal plot size is that size 
which contains a specified percentage of the number 
o f species calculated to occur in one hectare. 
Therefore if there are 80 species in one hectare (100% 
inform ation), and if 50% information is required, 
then optimal plot size is that area which contains 40 
species. Werger (1973) used 5 0 -5 5 %  inform ation in 
his phytosociological studies in South Africa. The 
regression equation

y = a + b loge x

(Gleason, 1925; Goodall, 1952) was used in the pre
sent study and by Werger (1972), to calculate the 
number of species in one hectare of the sampled 
vegetation (y is the number of species in area x, and a 
and b are constants that are calculated with each set 
o f x, y values from every phytocoenose). The data to
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calculate optimal plot size came from nested circular 
plots of sizes varying between 0,8 m2 and 1256 m2 in 
12 o f the 32 phytocoenoses, and from nested rec
tangular plots of sizes varying between 1 m2 and 256 
m2 in the remaining phytocoenoses.

For each of the 32 phytocoenoses the following 
vegetation characteristics were recorded:
(1) H = maximum height (m) of the tallest stratum.
(2) T = total projected cover (recorded in 10 classes 

1 = 1- 10% cover, 2 = 11- 20% cover, . . .  .and so 
on 10 = 91-100%  cover).

(3) C = p ro jected  cover o f the tallest s tra tum  
(recorded as for T).

(4) Number of species in 200 m2 (usually determined 
by extrapolation of the species-area regression 
equation).

(5) Number of strata (for this particular vegetation 
characteristic a stratum had to have more than 
25% cover to qualify as a stratum).

(6) % species in the tallest stratum.
The phytocoenoses that have been used cover a 

range of vegetation types in South Africa, chiefly the 
semi-desert vegetation of the Karoo (n = 10) and the 
fynbos o f the Cape winter-rainfall region (n= 17). 
Also represented are grassland (n = 2), and woodland 
and forest (n = 3). Fifteen of the phytocoenoses used 
are from Werger (1972).

Vegetation structure has long been know to affect 
plot size (refer to Werger, 1972, for further discus
sion). Therefore it is not surprising that height of the 
tallest stratum (H), total cover (T), and cover o f the 
tallest stratum (C), are all significant (p <0,005) in 
the regression equation relating optimal plot size to 
vegetation characteristics.

Vegetation height is usually positively correlated 
with average crown d iam eter. The larger the 
diameter, the larger is the average interplant spacing; 
therefore height of vegetation is positively correlated 
with optimal plot size.

Because of the greater interplant spacing in vegeta
tion with low total cover, or in vegetation in which 
the tallest strata have low cover, optimal plot size is 
n ega tive ly  co rre la ted  w ith these  v eg e ta tio n  
characteristics.

Of the various possible regressions relating optimal 
plot size to vegetation characteristics, the most suc
cessful were the following (various transform ations 
o f the original variables were attempted but proved 
less successful):

For 40% information per plot (r2 = 0,51):
P = 32,4 + (2,0) ( H ) - (1,5) ( T ) - (1,5) (C)
For 50% information per plot (r2 = 0,50):
P = 80,7 + (4,6) (H) - (3,3) (T) - (3,5) (C)
For 55% information per plot (r2 = 0,48):
P = 127,4 + (6,8) (H) - (4,8) (T) - (5,3) (C)
For 60% information per plot (r2 = 0,46):
P = 199,8 + (10,0) (H) - (6,6) (T) - (8,1) (C)

where P is the optimal plot size (m2) and H, T and C 
are as given above.

The r2 values indicate that only half of the varia
tion in the calculated values of optimal plot size is ac
counted for by the three vegetation characteristics in 
the regressions. The r2 values could probably be im
proved if more sophisticated vegetation characteris
tics could be used (e.g. direct measures of crown 
diameter, crown overlap, and cover by vegetation 
strata). Much of the variation in optimal plot size 
which is not accounted for may be due to the errors 
that arose when determining the vegetation charac
teristics of the 15 phytocoenoses reported by Werger
(1972). We had to glean our inform ation for these 
phytocoenoses from Werger (1972) and Werger
(1973); we were unable to do any field recordings for 
his work. We would also suspect an improvement in 
the r2 values if more than one species-area curve had 
been constructed in each phytocoenose.

It is difficult to explain the lack of correlation be
tween optimal plot size and floristic richness (here 
measured as number o f species in 200 m2-P > 0 ,4 ) .  
One would have suspected a positive correlation 
(Werger, 1972).

Choice of plot size is often dictated by success or 
failure of previously used plot sizes. Therefore, for 
example, in regions with a long history of phyto- 
sociological research plot sizes that are suitable are 
listed by vegetation type (e.g. Mueller-Dombois & 
Ellenberg, 1974: p. 48). In the numerous regions 
where phytosociological studies are yet to begin, a 
regression equation that relates optimal plot size to 
vegetation characteristics could be of use. Therefore 
if the regressions o f the type reported in this paper 
could be improved, as we feel they could, a phyto
sociologist could calculate optimal plot size by deter
mining a few, easily measured vegetation characteris
tics.

We thank the C .S .I.R . for funding this project, 
and Dr M. J. A. Werger for valuable comments.

REFERENCES

G l e a s o n , H. A ., 1925. Species and area. Ecology 6: 6 6 -7 4 .
G o o d a l l , D. W .,  1952. Quantitative aspects o f  plant distribution. 

Biol. Rev. 27: 194-245.
M o r a v e c , J., 1973. The determination o f  the minimal area o f  

phytocoenoses. Folia Geobot. Phytotax. Praha 8 : 2 3 -4 7 .
M u e l l e r -D o m b o is , D . & E l l e n b e r g , H ., 1974. Aims and 

methods o f  vegetation ecology. New York: John Wiley & 
Sons.

W e r g e r , M. J. A ., 1972. Species-area relationship and plot size: 
with som e examples from South African vegetation. Bothalia 
10: 583-594 .

W e r g e r , M. J. A ., 1973. Phytosociology o f  the upper Orange 
River Valley, South Africa. P h .D . thesis, University o f  
Nijmegen.

B. M . C a m p b e l l *  a n d  E. J. M o l l * *

* Botanical Research Unit, P .O . Box 471, Stellenbosch, 7600.
**Department o f  Botany, University o f  Cape Tow n, Rondebosch, 
7700.


