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The determination of an optimum sampling
technique for biomass of herbaceous

vegetation in a Central Australian woodland

M. H. Friedel

CSIRO, Division of Land Resources
Management, Alice Springs, Australia 5750

Abstract

The green standing material, dry standing material and litter in the herbaceous
layer of a Central Australian woodland were sampled using sets of nested quad-
rats of various proportions.

By minimising the product of the time required to obtain the data and the rela-
tive variances of the mean weights of material, the optimum size of quadrat nec-
essary for estimating biomass was found to be 1 square metre or less. The opti-
mum shape was 1:16 for litter but there was no preferred shape for green or dry
material in this case.

No edge effect was detected.

A,method is given for determining the optimum number of quadrats for a known
mean, variance and cost.

Introduction

An important requirement of any vegetation study is a suitable sampling technique.
Most techniques for estimating biomass have been evolved in temperate climates and
they may not be appropriate in arid environments. The distribution of arid zone
vegetation can be highly irregular and sparse, so that the size and number of quad-
rats required for a representative sample may need to be greater than in temperate
or tropical climates. In addition, the conventional square quadrat may not be ap-
propriate.

A quadrat of 1 square metre or less is commonly used in temperate climates for
sampling herbaceous species e.g. Wiegert and Evans (1964) and for sampling litter
e.g. Gosz et al. (1973). Bray et al. (1959) used larger quadrats for some sampl-
ing but the dominant herbaceous species were up to 3 metres high. On the other
hand, Pechanec and Stewart (1940) recommended sampling subunits of 50 square feet
in sagebrush - grass range in Idaho, and that these units be circular.

A square quadrat has been the most consistently used shape in vegetation studies,
while a circular shape is the most efficient for reducing the 'edge effect'. The
edge effect is the bias which arises when vegetation is being clipped along the
edge of a quadrat and the worker must choose what to include or exclude. The elong-
ate rectangle has been found to be most efficient in incorporatinguaximum varia-
tion within quadrats and ensuring minimum variation between quadrats (Christidis
1931, Jain 1967). The limit to the elongate shape is the increasing error of the
edge effect.

The number of quadrats used in sampling has an upper limit set by the time avail-
able for the work. Since the variance of the mean is inversely proportional to
the number of quadrats required to determine it, the lower limit is set by the
amount of error that can be tolerated.

This work is an attempt to optimise the size, shape and number of quadrats neces-
sary for future studies of productivity in Central Australian woodlands. The

optimum quadrat size and shape were determined by compromise between the variance
of the mean weight of collected material anche cost, measured in terms of time.
These calculations were made for three categories of vegetation: green standing

material, dry standing material and litter. The optimum number of quadrats could
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be calculated from the variance of the mean of the best sized and shaped quadrat
and the acceptable level of error, which is also limited by time.

The Study Area

In the Central Australian rangelands, a number of different vegetation associa-
tions (range eco- units) can be delineated and several of these are important to
the pastoral industry. The open woodland eco -unit in which this study is based
consists of scattered trees (Atalaya hemiglauca, Acacia aneura, A. kempeana, A.
estrophiolata, Hakea suberea), scattered shrubs (Eremophila spp., Cassia spp.)
and ground cover of low- growing forbs and grasses, predominantly Aristida contorta
and Enneapogon spp., which are a source of forage for cattle. Annual rainfall
averages 250 mm. but has been above 500 m. for 1973 -1975.

Methods

Field sites were selected subjectively on the basis of species composition typi-
cal of open woodland. Sites were not placed close to trees because the area of
vegetation subject to their influence was only a small proportion of the whole.
Four sites within a radius of 1 km. of a marker post were chosen and four ran-
domly selected replicates of the required material was collected at each site
within an area of 4 hectare, giving a total of sixteen replicates.

At every sampling position, three sets of three nested quadrats were laid out
as in Fig. 1 (a), (b), and (c). By addition, the possible number of quadrat
sizes was seven in each set, with relative areas as follows: -
1 (0.25 sq.m.) ,

3 (0.75 sq.m.) ,

4 (1.00 sq.m.),
12 (3.00 sq.m.),
13 (3.25 sq.m.),
15 (3.75 sq.m.),
16 (4.00 sq.m.)
Sizes 1,3,4,12 and 16 were used (Wiegert 1962). Altogether, sixteen replicates
of the three sets of quadrats were made as this number was thought to be more
than sufficient for any future work with a limit on time.

Each of the nested quadrats was clipped separately, and the litter was collected
separately from each. The material was oven dried at 80 °C and, after separation
of the clipped samples into green and dry components on the basis of whether they
were green coloured or not, the three categories of vegetation (green standing,
dry standing and litter) were weighed. The time taken for each part of the opera-
tion was recorded.

Results and Discussion

The mean weight and variance per square metre of the mean weight of each category
of vegetation for each quadrat size and shape and the mean time taken for process-
ing, or cost, is presented in Table 1.

Wiegert (1962) proposed that "the cost of a single quadrat consists of a fixed
cost, cf, which is independent of the size of the quadrat (walking between stations,
weighing etc.) plus x times a cost, c , which is the time spent clipping and sort-
ing a quadrat of size 1" 'x' is the quadrat size. He estimated the relative cost
Cr= (cf + xcv) / (cf + cv), for the various quadrat sizes and proposed that the
optimum quadrat size be chosen by minimising C . V , where V is the relative _

variance of the mean. He apparently did not tést for statistically significant
differences between the various values of C . V .

r r

In the data reported here, c was such a small proportion of the total cost that
it was included in a single cost measurement 't' and variance was simply expressed
per square metre 'V'. The optimum quadrat size and shape was chosen by minimis-
ing t.V. Tests showed correlation of t and V at the 0.1 level of probability in
only three out of twenty -seven sets of comparisons. This was taken to be an ade-
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quate indication that t and V were in fact not correlated and hence that minimis-
ing t.V was legitimate.

The product t.V represents the variance which would be expected for a sample which
took unit time to collect and therefore amounts to an estimate of variance. A
variance ratio test for significant difference is consequently appropriate. As-
suming that the distribution of the ratio of two t.V products, i.e. (t .V ) / (t .

V ), is log normally distributed, an approximate test for a significant difference
tX.ok the form:

In (tx .V
x
) - In (ty.V

Y
)

which is equivalent to In (F /2). If the difference exceeded 2.04, it was signi-
ficant at the .05 level of probability.

The values of In t.V are given in Table 2. The only significant differences
within the one shape class are between size 1 and size 16 for dry standing
material from quadrat shape 1:4 and between size i and sizes 12 and 16 for
green standing material from quadrat shape 1:16. The latter difference is
due however to an artificially high value of V for sizes 12 and 16 (see foot-
note Table 1) and must be discounted. The only significant differences with-
in the one size class are between quadrat shape 1:1 and shape 1:16 for litter
from a quadrat of size i and between quadrat shapes 1:1 and 1:4 and shape 1:16
for green standing material from quadrats of both size 12 and size 16. The dif-
ferences for green standing material are due to the same artifact mentioned above
and should also be discounted.

QUADRAT

Shape
Sir

(m. )

GREEN DRY

ln (t . V)

LITTER

1:1 1(0.25) 9.46 12.63 10.26
3(0.75) 9.46 12.54 9.76
4(1.00) 9.48 12.68 9.96

12 (3.00) 10.57 12.29 9.57
16 (4.00) 10.73 12.84 9.65

1:4 1(0.25) 8.63 11.20 9.67
3(0.75) 10.51 12.09 10.09
4(1.00) 10.48 12.29 10.11

12 (3.00) 10.15 13.16 9.15
16 (4.00) 10.66 13.36 9.38

1:16 1(0.25) 9.51 12.24 8.11

3(0.75) 10.10 12.07 9.03
4(1.00) 10.04 12.46 8.65

12 (3.00) 13.31* 13.29 8.79
16 (4.00) 13.07* 13.43 8.71

* See footnote table 1.

TABLE 2. The natural logarithm of t.V, where t is the mean time (min.) taken for
processing, or cost, and V is the variance of the mean weight (per sq.m.)
for green standing material, dry standing material and litter. Differ-
ences of 2.04 or more between values indicate a significant difference
at the .05 level of probability.



The results suggest that a small sized quadrat may be preferable and that an
elongate shape of quadrat is advantageous for litter but unimportant for green
or dry standing material. When vegetation is homogeneous, a square quadrat
satisfactorily encompasses its pattern of distribution, if the quadrat is an
adequate size. But when the vegetation is heterogeneous, an elongate shape
of quadrat will incorporate the variability far better. The pattern of dis-
tribution is complex in arid vegetation and, coupled with increasing total
variance as sampling area is increased, a continuum of vegetational change is
likely (Goodall 1961). It was thus expected that the elongate shape would
confer some advantage but it did so for litter only. An analysis of variance
did not detect any significant difference between mean weights of each cate-
gory of vegetation for quadrats of the same area but of different shape. The
absence of bias shows that there was no edge effect.

Small quadrat size was expected to be preferable because statistically the
smaller the sampling unit, the more efficient it is per unit area (Pechanec
and Stewart 1940). The trend of results indicates that this may be so for
green and dry standing material but that for litter, the quadrat size is not
important.

The number of quadrats selected depends on the nature of the work in which
they will be used. The calculation takes this form:

4 6
ssa-

n
L

where n is the number of quadrats, ¿ 2 is the variance and L is the allowable
error in the sample mean with a 5% chance that the error will exceed L (Sned-
ecor 1957). Almost invariably, the time taken to process the number of quad-
rats will limit the value to which L can be reduced.

The results presented here suggest that, for the area sampled, the quadrat
chosen would be of 1 square metre or less and of a shape that was most conveni-
ent to the user. A quadrat of considerably less that 1 square metre may not
be desirable on other grounds not considered here, for instance for financial
reasons, since the smaller the quadrat the greater the number of quadrats re-
quired to compensate for increased variance per unit area, and hence the great-
er the cost of markers.

Acknowledgements

Special thanks to Mr. Bruce Strong for patient technical assistance, and to
Dr. David Goodall, Division of Land Resources Management, CSIRO, Deniliquin
and to Mr. Robin Lamacraft, Division of Mathematical Statistics, CSIRO, Adel-
aide, for valuable statistical advice.

References

BRAY, J.R., LAWRENCE, D.B. and PEARSON, L.C. (1959) Primary production in some
terrestrial communities. fikos 10:38 -50.

CHRISTIDIS, B.G. (1931) The importance of the shape of plots in field experi-
mentation. J. agric. Sci. 21:14 -37.

GOODALL, D.W. (1961) Objective methods for the classification of vegetation.
IV. Pattern and minimal area. Aust. J. Bot. 9:162 -196.

GOSZ, J.R., LIKENS, G.E. and BOREMANN, F.H. (1973) Nutrient release from de-
composing leaf and branch litter in the Hubbard Brook Forest, New
Hampshire. Ecol. Monogr. 43:173 -191.

JAIN, M.G. (1967) Studies in the techniques of field trials in range lands 1.

Size, shape and arrangement of plots. Ann. Arid Zone 6:129 -137.



7.

PECHANEC, J.F. and STEWART, G. (1940) Sagebrush -grass range sampling studies :

size and structure of sampling unit. Am. Soc. Agron. J. 32:669 -682.

SNEDECOR, G.W. (1957) Statistical methods applied to experiments in agricul-
ture and biology. The Iowa State College Press, Ames, Iowa.

WIEGERT, R.G. (1962) The selection of an optimum quadrat size for sampling
the standing crop of grasses and forbs. Ecology 43:125 -129.

WIEGERT, R.G. and EVANS, F.C. (1964) Primary production and the disappearance
of dead vegetation on an old field in southeastern Michigan. Ecology
45:49 -63.




