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Introduction

Basal cover in tufted grasslands is of interest to 

ecologists as it is often less variable through 

seasons than aerial cover. Basal cover can influence 

water runoff and soil loss, and within a vegetation 

type can provide an index of the productivity of a 

rangeland.

Many attempts to estimate basal cover have been 

attempted, including point-quadrat using devices 

such as a wheel-point, visual estimation, line-inter-

cept and quadrat-based methods. Mentis (1982)  

condemned the widespread use of basal cover as 

a parameter estimated in the field, due to the many 

flaws in the various techniques proposed for its es-

timation.

Hardy and Tainton (1993) published an empirical-

ly-derived equation to estimate basal cover from re-

peated measurements of the distance from a point to 

the nearest tuft and the diameter of the tuft, in order 

to address some of Mentis’ concerns. However, like 

any empirical relationship, their method is limited to 

a relatively narrow range of environments.

Plotless methods for estimating plant density have 

existed since the 19th Century (Bonham 1989, Krebs 

1999). Plotless methods usually work on some varia-

tion of the distance from random points to a plant, 

or the distance from a randomly-selected plant to 

a neighbouring plant. The density of individuals is 

then related to the inverse of the mean distance of 

repeated measures.

Although they were originally developed for sur-

veying forest communities, some workers have 

tested plotless techniques in grasslands (Dix 1961, 

Risser and Zedler 1968), with mixed results. In both 

the cases referenced, the authors measured the dis-

tance from random points to the nearest grass stem, 

using the point-centred quarter method.

Theoretically, an estimation of tuft density in 

grasslands, combined with an estimate of basal area 

of tufts, should give a reasonable estimation of basal 

cover.  In other words, the number of tufts per square 

metre, multiplied by the mean basal area of tufts, 

would give the basal area in cm2 per m2, or percent-

age basal cover.

Krebs (1999) and Bonham (1989) covered the the-

oretical foundation of plotless methods of vegetation 

sampling and their practical advantages and short-

comings. One major practical advantage of plotless 

methods of survey is speed. A major shortcoming 

of many plotless methods is bias – the theoretical 

foundation of the methods assumes a random or 

near-random distribution pattern of individual plants, 

which rarely occurs in nature. In addition, plotless 

methods are poor at determining species compo-

sition of species-rich communities, unless a very 

large number of points are measured. Only one or 

two dominant species are likely to provide reliable 

density data.

In this paper, we attempted to use a plotless 

method, the ordered-distance method, to determine 

the basal cover of a tufted grassland. The analysis 

was based on 15 years of monitoring at Kokstad Re-

search station. 

In our case, we defined an individual plant as a 

grass tuft rather than a stem. This is an important 

difference between this paper and the work of Dix 

(1961) and Risser and Zedler (1968).

Can we use the ordered-distance method to 
estimate basal cover in tufted grasslands?
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Methods

Two long-term trials were established at Kokstad re-

search station in 1994 and 1996. Biennial vegetation 

surveys were conducted on each trial. On each treat-

ment of each trial, 200 points were surveyed using the 

step-point method, where at each point, the nearest 

grass plant was identified, and the distance from the 

point to the edge of the tuft and the diameter of the 

tuft were measured in centimetres. The minimum 

value recorded was 1cm. Surveys were conducted 

by criss-crossing the entire paddock (ranging in size 

from 0.5ha to 2ha).

Density

The ordered-distance method (Bonham 1989, Krebs 

1999) was used to calculate the  total density of 

tufts for each survey. The ordered-distance method 

assumes that the bias in estimating density decreas-

es by increasing the order of the nearest plant to the 

point; in other words, by measuring the distance to 

the second-nearest, third-nearest or fourth-nearest 

plant rather than the nearest plant. The formula for 

density is given by 

Equation 1

Where

D = Density

a = order of plants measured to each point (ath-near-

est plant). In this study, a = 1, as we measured only 

the nearest plant to each point

n = Number of points measured

π = 3.14159

d  
i
 = distance from each point to the centre of each 

tuft.

The distance value d
i
 was calculated by 

Equation 2

Where 

Dist = Distance from the point to the edge of the 

nearest tuft and 

r = radius of the tuft

The variance of this density estimate is given by 

Equation 3

Since the measurements were in cm, the density of 

plants per square metre Dm was determined by 

Equation 4

Basal cover

The basal area of each tuft was calculated assuming 

a circular tuft shape, by

where A is the area in square centimetres of each 

tuft.

Percentage basal cover is 

Equation 5

Where 

BC = Percentage basal cover

Ā = Mean basal area in cm2

D = Density from Equation 1

Species composition

Density of individual species cannot be obtained 

by using the procedures outlined above, unless at 

every point every species has been separately iden-

tified and measured.  Use of the above procedures 

to determine density and cover of individual species 

will lead to seriously biased results, as the assump-

tions of the plotless method will be violated. In order 

to determine the density of Themeda triandra, for 

example, at every point the nearest (or ath-nearest) 

Themeda triandra plant would have to be recorded. 

The same would hold for all other species of inter-

est.



17   www.grassland.org.za | The GRASSLAND SOCIETY of SOUTHERN AFRICA | GRASSROOTS February 2010  |  Vol 10 No.1

Feature

The species composition would be determined by 

the relative abundance of each species. The relative 

abundance could then be multiplied by the density 

D
m
 to give an estimate of the density D

S
 of species 

S. Likewise, the density D
S
 could be multiplied by 

the basal cover to give an estimate of the cover of 

species S. Note that only the dominant one or two 

species would give relatively reliable density and 

cover values.

Results

The range of basal cover estimated by the ordered-

distance method was far greater than the range of 

basal cover of the same treatments estimated by 

the Hardy and Tainton method (Figure 1). Although 

the two methods were strongly correlated (not sur-

prisingly, since both techniques relied on the same 

raw data), the ordered-distance method appeared to 

greatly overestimate the basal cover relative to the 

Hardy and Tainton method.  Basal cover as estimat-

ed by the Hardy and Tainton method ranged from 

13% to 21%, while the ordered-distance method 

estimated basal cover as ranging from 13% to 47% 

- more than double the maximum value of the Hardy 

and Tainton method.

Figure 1: The relationship between basal cover estimated by two methods: Hardy and Tainton (1993) and by a modification of the 
ordered-distance method. The dashed line shows the slope of a 1:1 relationship between the two techniques. Each point represents 
one survey conducted on a long-term trial.
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Discussion

Plotless methods of measuring plant density are 

based on geometric relationships between plant 

spacing and plant density. An estimate of density 

obtained by measuring from a point to the nearest 

individual can be improved by measuring to the 

second- or third nearest individual , but in practice 

South African rangeland operators have been trained 

to measure to the nearest individual (Krebs 1999) to 

a point for decades.

Although a number of historical and current 

monitoring and evaluation projects have used Trol-

lope’s method of including a point-to-tuft distance 

in a standard step-point survey, these data cannot 

be used to calculate tuft density and basal cover as 

described in this paper. Measuring to the edge of 

the tuft rather than the centre of the tuft appears to 

seriously bias the density estimates. The point-to-

tuft distance cannot give a reliable estimate of tiller 

density, since tillers are clumped together in tufts. 

In addition, without a tuft diameter the basal cover 

cannot be estimated as the basal area of the plants 

cannot be calculated.

Avoiding bias and recording rarer plants of 

interest

The densities of relatively rare classes of plants (such 

as specific forbs) are poorly represented in a plotless 

survey method. One possible way of overcoming this 

bias is to divide all plants into several growth forms 

or classes, and at each point, record an individual of 

each class. For example, grasses could be divided 

into small and large tufts (e.g. smaller and larger than 

5cm diameter), with additional classes for annuals 

and forbs, and shrubs. If a particular species or 

genus is of interest, such as the poisonous Senecio, 

a separate class could be created. The sum of the 

densities of each class would give the plant density 

of the site.

Bear in mind that each class requires a separate 

measurement at each point, so that four classes 

would quadruple the number of individual mea-

surements required in a survey relative to only one 

class.

Conclusion

Although strongly correlated with the Hardy and 

Tainton technique, the ordered-distance method 

appears to overestimate basal cover. However, the 

procedure described above requires detailed testing 

against precise measures of basal cover using a 

quadrat-based technique in order to determine the 

bias inherent in the method, and operator effects. 

The geometric nature of the underlying theory makes 

the use of the ordered-distance method theoretically 

more widely applicable than the empirically derived 

equation of Hardy and Tainton (1993) for estimating 

basal cover from the same measurements. 
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