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PREFACE

Cuatiée from a qualitative to a ‘quantitative approach is
characteristic of the development of any branch of science. As some
understanding 'is achieved of the broader aspects of phenrcmena,
. interest naturally turns to the finer detail of structure or behaviour,
in which the observable differences are smaller and can only be
appreciated in terms of measurement. It is not surprising that a
quantitative outlook h s been aitained earlier in most branches of '
physical science than in biological science. Perhaps the greatest
smglc difference in mcthod'ology between the physical and bislogical
sciences is that in the former it is gcncrally possible to isolatc one
variable at a*time for study, whereas in the latter this is rarely
_possible. Thus/ in the physical sciences broad outlines of phenomena
are more readily seen from a rel:uvely simple programme of
qualitative investigation, and the way cleared for the more exact
quantitative approach. In biology not only is it rarely possible to
isolate yariables for study, but the subjects of investigation are
themselves commonly so complex that they are difficult to measure.
In some branches of biology, therefore, attainment of the
quantitative stage is perhaps little mordthan an ideal unlikely to'be
achitved in the near future. Cther branches are more tractable,
notably plant physiology, where many “Gnwanted’ variables can at
least he rainimized by use of controlled environments and clenal
material, and mkugatxou is now very largely in the quantitative
>mgs. Plant ecology is at present in a transitional stage, und great
wivances can be expected from the quantitative techniques now
being developed.

The general impossibility of controllmg ‘unwanted’ variables in
biology leads to a much greater degree of error vanablhty i
measurement than ift the physical sciences. In the physical sciences
differences among replicate measurerents are generally atiributable
to deficiencies of technique, whereas in biological observations
differences may be due not only to these deficiencies, but also, and
coinmonly to a inuch greater extent, to fluctuation in variables not
under investigation and assumed to be constant. Put another way,

‘
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PREFACE

it 15 very much more difficult to obtiin truly replicare samples in
biological nicasurements than in physical measurements.. If
measurements are made in two or more contexts with the object of
determining if there is any difference in the variable measured, tae
raeaps may be different but the ranges of individual measurements
‘may overlap. Thus the problem arises whether an ohserved
difference is significant or not, i.e. whether it reflects any real
difference between the two groups sampled, or is due to chance. In
the physical sciences the immediate reaction is to improve the
technique to obtain more accurate measurements, when either the
means reinain different but the ranges no longer overlap, indicating
real difference, or the means converge with ranges still overlapping,
suggesting that there is no real difference. ,In biology, however,
there is often little scope for improvement of technique, and ‘the
biologisi is therefore forced to turn for help in judging significance
of difference to the techniques of statistical analysis.  These are
based on probablhty theory and permlt detqm’unatlon of the
probability of observed differences arising by chance in different
samples of the same population. Thus arises the apparent paradox
that while the physical sciences make much greater use of a
quantitative approach than the biological sciences, they are much
less dependent on the techniques of statistical analysis for the
mterpretation of their quantitative data.

There is at the present time a growing awareness among ecologists
of the need to place their science on a more exact basis. The
impetus givcn by the pioneers of ecology, which led to rapid
advances in the first three or four decades of this century, is dymg
down and it is clear that LI‘(’ emphasis is changing from extensive
work on vegetation to intensive work on selected aspegts. If this is
to go forward, more exact tcchmques of examination are necessary.
Theé need for improved technique is made the more urgent on the
one hand by the rapid depletion of natural vegetation, the only
source of data on many of the more fundamental aspecrs of ecology,
and on the other hand, by the realization that advances in many
branches of agnculturc and foresiry depend upon answers to
ecological questions. ”

Althcugh aware of the value of the quantltatlve approach and of
the valuable tools available in the techmques of statistical analysis,
many ecologists, faced with the rapidly cxpmdmc literature on
quantitative methods 'in ecolagy, are reluciant to adopt a fully
quantitative approach. This rt!uctance is, perhaps, reinforced by
the apparent disregard of practical ecological problems in some
theoretical studies. Therz is a need, therefoye, for an assessment of
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PREFACE

the practical potentizlities of various methods and mques I
have attempted to make such an assessment i this nook and it is
hoped that an ecologist faced with a particular problem in the field
will find here guidance on the most profitable means of obtaining .
and handling his data, as well as a broad survey of the quantitative
approach to p]ant ecology. &

Chapter 1 is concernéd with: the dlﬁ'ert,nt methods of describing
vegetation in quantitative terms. Chapter 2 {ollows clo§ely on the
first. and deals with the positioning and number of samples to be
@ised and with the comparison of the results of different sets of
cbservaticus. A ‘

In Clzapter 3 a ‘hypothesis is dr’vclopeci of the significance, in
relation to determining factors, of paitern, ie. departure from
randomness of distribution’ of mdng\.u:tis within the plant
community. This leads to consideration of the tcchniques of
detection and analysis of patiern. Chapter 4, on ‘association
betweén species, considers pattern f{rom another aspect, the
relationship between the patterhis of different species.

Chapter 5 deals with correlation between vegetation and the-
level of environmental factors, the type of data on which wost
conciusions on the main factors Jetc."mnung the distribution of
plants have been bhased. .

Chapter € is concerned with the dclmeanon oi plant commuaities’
and assessment of difference between vegetation stands. -This
}ncvitf"\iy leads to consideration of the classification of vegetation,
whether 1t 1s possible and if s0, how it may he placed on an ohjective
basis.

Lllapter 7 is to some extent specuiatwe Believing' 'that the
quaniitative approach has its own distinctive contribution to make
to c,cologicai theory, as well as putting existing practices on a
sounder basis, I have devoted the greater part of this final chaptez
to consideration of this theme. \

The appendices include briei discussion: of the handlmg of
meteorological cata and of the area occupied by species, topics
which do not fit conveniently inte rthe main text. and a few tab'les of
functigus which are not readily available. \ ’

1 have assumed that the reader, if he inteads to make serious use
of quantitative mcthods, will have access to Fisher and Yates’

“Statistical Tables for Biological, Agricultural - aud Medical
Research’ or to some other source of the commoner statistical tables,
and to one or other of the elementary textbooks of statistical ethods
for biologists such as Mather’s ‘Stmlsucal Analysis in Biology’ or
Snedecor’s ‘Statistical Methods Applied to Experiments in

Vit



PREFACE

Agriculture and Biology’. At the same time I have not hesitaced to
illustrate and discuss pmcedures at length where exycm:ncr
suggests that the bmlogast whe is not very maihematically minded
hag difficulty in grasping them. By contrast I have given no
examples of computation at all for more cqmphcatcd statistical
procedures, but have merely outlined their principles, believing that
m such cases the biologist should iake advice from a competent
statistician, at least until he has had very consaderablc experience of
statistical methods.

The reference list is strictly a list of roferes ences cited and makes 1o
attempt at completeness. At the same time I believe that it includes
the majority of references on methedology which are of current
practical value rather than historical interest. The lterature
pertaining to the subject matter of Chapteis 1 to 4 and Chapter 6
has been listed fairly corupletely by Goodall (1952a).

The quantitative ecologist is very dependent upon sound statistical
advice. It therefore gives me great pleasure to express hers my
ospecial thanks to Professor M. §. Bartlett, of the University of
Manchester, who has give'n freely of his time to advisc me on
statistical methods on various cecasions siace I first became interested
n quanmatwc ecology. He has very gcncrously read the whoie of
this book in manuscript, except Chapter 7, and corrected a number
of mis-statements and ambiguities.

To Professor P. W, Richards T am indebted for his constant
encouragement during the writing of the book and for reading parts
in manuscript and making a number of suggestions for improvement.
1 am grateful to Mr. R. 1. J. Tuily, of the Library of the University
Cotlege of North Wales, for help in obtaining literature from other

‘tibraries, and to Dr. A. D. Q. Agnew, Dr. K. A. Kershaw and

Dr. W. 8. Lacey for aliowing me to quote data prior to their
publication.
“Lastly, I am gratefu! to u", wiie for much help in preparation of
the manuscript for publication.
i !  P. Gree-SvrtH
Bangor b ‘
April, 1957
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CHAPTER 1

ig' gl
1 QUA NTITAl[ "E DESCRIPTION OF
" VEGETATION

Many ecological data take the form of description of vegetation
with or without concurrent recording of factors-oithe environment.
Such dara bave formed the main basis of most ccological theory and
concepis and are likely to continue to doso. 1tis essential, therefore,
to place the dcscnptmn of v egetatxon on as sound a basis as possnblc
Two methods of community description- have, with mly rinor
modifications, predominated in the past. The first involves the
making of a complete list of the species present in a community with
the assignment of ‘frequency symbols’ of numerical ratings by
inspection. This developed from the subjective assessment  of
species as rare, occasional, common, etc. in floras and represents an
essentially similar process applied to a much smaller and mores
closely defined area. The second method derives from the work of
Raunkiaer (1909, sge Raunkiaer, 1934), and depends on the
recording of presence or absence of species in small samples of the
community under investigation. The sampling unit is a square, or
less commoniy a rectangle or a circle, of defined area, which may be
placed either at randem or in some regular manner. The resulpts are
expressed as the percéntage frequency, i.e. the percentage of samples in
which each species has been found.. The species may be grouped for
convenience of comparison into z number of frequency classes, with
the limnits of the classes forming either an arithmetic or a geometric
series. The five classes 0-20 per cent, 20-40 per cent, 40-60 per
cent, 60-80 per cent, and 80-100 per cent have commonly been
" used. This procedure is sometimes referred to as zalence analysis.
These two methods have been widely used and it is important to
consider their validity and limitations. The species list with
frequency symbols or ratings is so well established that its value is
too rarcly questioned. The surprising feature is the degree of
consistency of results obtained by experienced field workers.
Several attempts have been made to assess the importance of the
personal factor in deciding the rating assxgncd Hope-Simpson
{1940) has shown that one obscrver may give markedly different
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QUANTITATIVE PLANT ECOLOGY

assessments on different occasions, particularly at different seasons.

Smith (1944) investigated personal error affecting the axmplet
technique of visnal assessment of percentage cover of total vegetation
in plots. He showed that individual observers out of a group of
cight deviated in their asscssmnents from the group mean by as much
as 25 per cent. There was little evidence of any tendency to give
consistently lower or higher values than the mean. Ther is little
doubt that similar results would be obtained if the assigninents of
frequency symbols by a number of observers for the same sample
area were compared. Indeed, in view of the complex of factors
affecting assignment of a symbel, considered below, the discrepancy
might well be greater. A further source of personal error lies in the
mental staie of the observer. Every ecologist with some experience
of frequency estimation is awere that rare and incoaspicuous
species tend to be rated lower when the obeerver is tired thaa when
_he is fresh and fu!ly alert. Conversely, familiarity with a vegetation

type and the species involved tends to produce higher ratings.

The difficulties introduced by personal factors are perhaps less
imporfant to an indeperdent worker than to teams of workers.
Once he is sufficiently experienced to attain reasonable cousistency
in repeated assessments of the same vegetation his ratings are likely
te give a fairly reliable comparison between different communities.
‘1t is still impossible te aitach any absolute value to his results,
Morcover, results of different workers cannot be compared except
in very broad terms, unless ratings for at lcast one and preferably
several communities in common are available for the several
observers. This drawback is so serious that, in general, frequency
symbols should be vsed as the sole description of a community only
when lack of time prevents the use of any more exact measure.

The difiiculties of comparison of the results of several workers are
mere obyious in co-operative work. Unfortunately it is often in such
work, e.g. in broad-scale surveys of the vegetation of large areas,
that a rapid method of description is required. The errors introduced
by personal factors can, however, be gonsiderably reduced by careful
standardization on the same vegetation between members;of a

~team before the work is started and at intervals during its course:

There is a2 more sericus objection to the use of frequency symbols.
Several factors influence the observer in his assignment of a
frequency symbol. ‘Those uppermost.in the minds of most observers
are probably demsity or number of plant units per umit area and
cover OF percentage of the total area covered by the acrial parts of
plants of a species, rather than true’ frequency, which is itself a
complex character (see below). [t is, however, dlﬂicult to avmd
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QUANTITATIVE DESCGRIPTION OF VEGETATION

being influenced by the differing growth forms of different species
and by the varying pattern of distribution of the individuals of
different species on the ground, two factors greatly affecting the
rclative conspicucusness of diffevent species. Even if deasity and
cover alone are taken into comidcraﬁon; an ideal probably
munpossible to attain, an attempt is being made to assess on one scale
two laxgc}y independent variables. "The problem is made clear by
inspecting a weedy lawn, whi¢k ‘includes at one exireme grasses,
such as Poa énnua, which have a high density of shoots but rclatwcly
low cover value per shoot, and at the other rosette weeds such as
FPlantago spp., cach shoot of which covers a relatively large amount
of ground. Cover and density each represent only ocne aspect
among several of the contribution made by a species to the
community. With practice in one vegetation type an observer can
establish for himself an arbitrary scale of relative importance
attached to cover and density but this rclationship can scarcely be
standardized and cannot readily be communicated to others.
Moreover it has to be established afresh for commurities of different
physiognomy.

The confusion bctwcen cover and density iz unavoidable. Other
sources of ervor may with cxpcnencn be reduced, though not
eliminated. Species vary in conspicuousness and it is difficult to
avoid overrating conspicuous species and underrating inconspicuous
ones. Even the same species may vary greatly in conspicuousness
between flowering and non-flowering states, e.g. Deschampsia
Jlexuose growing in comparatively small quantity amongst Zriophorum
vaginatuip gives a distinctive appearance to the community when
flowering but is picked out only with difficuity when purely
vegetative. Seasonal variation in assessment by the same cbserver
on the same commumty, other than for anm.al species, rasults
mainly from this variation in conspicuousness between different
states. A further complication is introduced by the varying patterns
that individuals of different species may form within the community.
Individuals may be distributed more or less randomly through the
community er they may be markedly ted into groups more
or less clearly separated by areas in wi 1 the species is lackmg or
sparse. A high degree of aggregaiion may be indicated by rating the
species as ‘loca.lly abundant’, ‘larally ftequcnt’ etc. When the
aggregation is less marked overrating is liable to occur through
increased copspicuousness of a species whose individuals are found
in greups. The nature of these spatial patierns is of great importance
to an undersianding of community structure and is discussed in
detail in a later chaptcr
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The use of frequenc Y y‘rﬁbols has been treated at some length
because their nature is often not fully understood, and because the
‘method is commonly regarded as an elementary and straightforward
one not nccdmg any detailed consideration. It is evident, however,

‘once its basis is examined, that care and experience are necessary

befors results of value can be obtained and that at its best .the
method is subject to considerable error. {t is more uthfactory in
deseription and commarison of communities of similar 2nd uniform
physiogriomy than.in thosc including diverse growth forms.
Frequency symbols' raise. a further point of mlpnuance the
highest category normally ‘used is ‘dominant’. This term is rather
an unforiinate one, but proBably too well éstablished 1o be replaced.
In practice it g(nuailv rey:r‘»ents nothing more than the highest
gmda of density plus cover in the vegetation under examination.
Many cm‘w\“h accept 1o a greater or lmﬁcr extent an organismal
view of the piant community and tend to'confuse this use of the term
‘dominant’ witt the concept of dommance as a degree of fluence
exerted over other species of the community (by a variety of
competition and stimulant effects). It is clear that somé degu..z of
such controlling’ influenice” has often been attached to species
figuring as ‘dominant’ in species lists, without any evidence other
than their having been’ ass1gned the hlgheat frcquencv rating. A
species may be domiinant in both senses in-a community but is not
necesoanly s0. Moreover, the existence of dominance in the second
sense is dot universally: acéepted. ‘It would certainly lead to clarity
if another term could be substituted for ‘dominant’ as a ﬁequmcy
symbol. The dominant species of a community might then be
defined as that sp: ecies which exerts the greatest mﬂucm,e on other
species of the community and is least influenced by them. The
determination 'of the dominaht species of a commumty in this
restricted sense would invelve prolonged investigations in most, if
not all, communities, including autecological studies of all the more
important ::1’)6(1“‘5 It would probably be least difficult in forest with
a single species only' in the canopy layer, A third sense for
‘dominant’ is occasronaﬂy found in ecologxcal literature, viz. to
describe any individual tree of the canopy in forest whose crown. is

.more than haif exposed to full illumination - It is widely used in this

sense by foresters together with  the complem'cnfary term
‘predorainant’ (better, ‘emmergent’) for individuals rising above the
continuoys candpy. Richards ef al. (1 940) suggested that ‘dominant
(ecol.)’ should be used for the species with the highest frequency
yating where there is any doubt about the meaning intended.

The percentage frequency method is more conveniently considered

4



QUANTITATIVE DESCRIRTION OF VEGETATION

after discussion of the various quantitative measures of vegetation.
There are many such measures and it will be neccssary to consider
in detail only the more important. They fi fall into two categories,
those in which, the figure obtained is mdepcndcnt within the limits
of obs\nanonal error, of the method used to dctcrm1m it, and
those in which it is dependent on the mode of sampling and has
meaning only when coupled with a statement of the method used.
Of the former, which may be described as ab.rolutc mea.sure.r, the more

important are density, cover and the, various measures of yield. Of A

the non-absolute measures the only. bne of i xmportance is frcquency
Density is the measure of number per unit area. The objects

enumerated may be either whole plants or portlons of a plang,

depending on the morphology of the spcclcs involved. Thus

individuals of trees or annual herbs are usually clearly dlstmgulsh- :

able but definition of an individual in many. perennial herbs is
Adifficult or impossihle, e.g. many rhizomatous and rosette-forming

species. Even if individuald. are rccogmzablc tbey may not be the.

most useful unit owing to their wide range of size, e.g. tussocking
grasses in which tillers’ are more appropriate units. The term
mean area, introduced by Kylin (1926) and defined as the reciprocal
of density, is sometimes useful. Density is readily determined by
direct counts in suitable sample areas. Densny is mvcmcly related
to the mean distance between mdl\adua's and attennon has recently
been paid to the p0551b1hty of using a_measure of this distance to
estimate density, to avoid the necessity of Iaymg out sample areas
{see Cottam and Curtis, 1956). Unfortunately the determination of
the mean distance is complicated by the spatial arrangement of
individuals. The difficulties involved will ‘be discussed in Chapter 2.
Cover is defined as the proporuon of ground occupied by
perpendlcular projection on to it of the aena.l parts of individuals of
the species under consideration. Its nature is perhaps most clearly
 brought out by noting that ifa community on level ground ccmposcd
of one spcc1es only were illuminated vertically the propornon of
ground in shadow would represent the cover of the species. Cover
is usually expressed as a percentage, and it shoyld be noted that the
total cover for all specms in a community may exceed 100 per cent
and normally does so in all except open communities. This follows
from the overlying or underlying of a part of one individual by
parts of one or more others of different species, obvious in any
closed community.
Cover may be either estimated or measured. Estima.tions are
subject to ‘the personal errors already: discussed in relation to
ﬁ'cquency symbols, though easier to makc since they involve a
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single characteristic only. Various techniques have been devised to
assist in estimation of cover.' The literature has recently been
reviewed by Brown (12564). Measurement of cover may be made by
the point quadrat method, which depends on recording the presence
- or absence of a species vertically above a number of peints in the
commumty bcmg described. The percentage of poinis above which
the species is present represenss. the percentage cover, The
theoretical basis of thxs method is simple. If a sample area has a
finite but smal! sxze it may be completely covered by the projection
of the aerial parts of mdwndua]s of a species under consideration,
mcomp,ctely covercd ot not covered at all. As the size of the sample
area is reduced it becomes more likely that it is either completely
covered or not covered at all, uatil, when it is infinitely small, i.e. 2
point, it is always either complﬁtely rovered or not covered. As long
as the sample area is finite the whole area under examination may
be considered as consisting of a large but ficite number of such
sample areas, each falling into one of the categories com;.letely
covered, pamally covered and not covered. As the sample area
decreases in size the propoition of the total number of sample areas
which are either partially or mmplrtcly covered approaches more
nearly to the value of the specics (.mcr At the limit, when the
sample area becomes a point, the propomon which is covered of the
mﬁmtcly large total number of sample areas equals the cover of the
species. The points actually examined in an investigation, if
-properly sclected, are an unbiased samplc -of the infinitely large
number of possible points and give an estimate of the trie value of
cover, the accuracy of which can be increaged to any desired dcgrec
of precision by increasing the sample size.

In practice the sample size used canmnot, of courze, be a true point.
Some form of optical apparatus with a cross wire gives the nearest
approach to a point, but is scarce’ly practical for any exiensive work
and sampling is usually by means of long pins which are lowered
through the vegetation, contacts made with the various species
being recorded. The use of a pin of finite diameter will give 4 value
of cover greater than the true value because plants will be touched
that would not make contact with the axis of the pin. The magnitude
of this effect is frequently not realized. It is demonsirated by the
data in TaeLE 1 and by Ficurg 1, both taken from Goodall (19521)),
who gives a critical discussion of the point-quadrat method. The
values given in the table for pin dizmeter O were obtained by an
apparatus of cross wires.

Basal gres, as generally undersiood, is & measure somewhat
similar to cover, being the proportion of ground surface occupied by

6
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a species, (The term has also been used instead of cover, e.g. West,
1937.) It is of particular value in dealing with species of tussock
form. Its estimation and measurement involve similar considera-
tions to those of cover. In measurement presence of basal parts of
the plant at the sampling point is substituted for presence of aerial
parts, N - .

An alternative method of measuring cover is to record total
length of interception made by plants of a species on line transects.

TasLe 1

Frequency (Per Cent) oF ConTacT BETWEEN FOLIAGE AND Pins oF DirrerenT
Draverers (from Goodall, 1952b, by courtesy of Aust. J. Sci. Res.)

Significance (P) for
-Pin diameter (mm) difference in pin
+ | No. of diameter

Locality Species ?
points

3/ 7 18445
G 4184 475/0-18¢mm| mm

Seaford Ammaphila : '
arenaria 200 | 390|665 71:0f < 0001 | >'0:05

Ammophila 5 ;
arenaria 200 605 74-0| 82:0(0-001-0-01| > 0:05

Black Rock | Ekrharta wrecta 200 7451 87:0| 33-5|0-001-0-01 | 0-01-0-05
Sorrento i Lepidosperma

concayum 200 13:5} 220 27-5| > 005 | > 005
| Spinifex hirsutus | 200 350 485610 |0-001-0-01 | 2-01-0-05
Carlton = | Fumaria r :
officinalis 20-3{ 31-5| 30-0; 0-01-005 | > G:05
Elnharta 200
longiflora 24.51 25:5| 37.5! > 005 |0-01-005
! No contact : 530 425! 38:5| 0-01-0:05 | > 0:05
5

< 0001 | > 005

| Lolim perenne " | 200 | ~ 650 855 | 82:

The proportion of the total length of the transect intercepted by a
species gives a measure of the cover of that species. This method has
- an evident advantage in speed of working and in eliminating the
exaggeration introduced by using a point of finite size, but involves
some approximation in that an individual plant must be assumed to
have a definite boundary within which it has 100 per ceént cover. It
is thus well adapted to measurement of basal area, and of cover of
densely tussocking species, where this condition is nearly true, but
of little use for vegetation where species are intermingled with one
another. It is also appropriate to the measurement of the canopy of
trees and shrubs, a feature. sometimes of importance and not

7
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QUANTITATIVE PLANT ECOL,OG:v .

necessarily equivalent to their cover. How nearly cover and canopy
correspond depends on the propor tion of gaps in the lcaf mosaic.
Measures of yield ¢l tor little specific comment. They are
oetermmatmns of quaputv of material pxod'uccd per unit.area and
are made in a similar way to density determmatlons the harvest of
the relevant material ‘wcmg substituted for a count of plant units. An

L

| IR e M TR ST
fem

<
Z3 Omm

imm

=3 Z2mm . .
w2 3mm -
W 4mm 3 {

Ficure 1. Projection of part of tussock of Ammaphila

arenaria, showing areas over which contact-would

be made with the foliage by pins of the diameters

stated; each zone is understood as including these

with less dense shading (from Goodall, 1952b, by
courtesy of Aust. 7. Sci. Res.)

indirect estimate of bulk of shoot material can be readily obtained
in some types of grassland by a modification of the point-quadrat
method. Ifthe total number of hits made on each species is recorded
instead of only their presence or absence at each sampling point, it
has been found erpirically that the proportxons of hits on the
different species correspond closely to the wclght of shoot material.
The vahdlty of interpreting the proportions of hits m this Wa)

8
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QUANTITATIVE DESCRIPTION OF 'VEGETATION '

clearly depends on the species having simiiar.growth form. Where
it can be applied it is particularly valuable because it permits of an
estimate of yield without destroying the vegetation, so that
observations can be repeated on subsequent occasions without
.allowance having to be made for mterference. Yield determinations
have, naturally, been widely used in applied botany, e.g. drv weight
in pasture assessirent, volume of timber in forestry. Relatively much
icas use has heen inade of them in ccology, thoag,h they are valuable
in such pmblcm 5 as the study of humnus or mineral nutrient turnover,
wherc it is important to know the rate of addition of plant material
te the soil. / ;

The measures so far considered are qtrajghtfun’vard in conception,
though they may present difficulties in determination. Frequency is
m,ualh the easicst of the quantxtanve measurés to determine, but its
meaning in biological terms is not so clear-cut. Freqnen(y of a
species, detcrmmcd by a particular size of samplc area, is the
chance of finding the species within the stampie area in any one trial.

It is determined by examining 2 series of sample areas placed at
random within the vegetation being described and recording' the
species present in each samaple area. The number of samples in
which a species occurs, expressed as a proportion or percentage of
the total, is an estimate of the chance of its occurring in any one
sample, i.e. the frequency. The accuracy of the estimate can be
increased to any desired extent by increasing the number of samples.
It is evidént from the definition that a frequency value has meaning
only in relation to the particular size and shape of sampling area
used. Increase in size of sampling area will necessarily result in an
increase in the chance of a species occurring in any particular sample.

The ease of determination of frequency, in comparison with
density and cover, has weighed heavily with ecologists.” Frequency
has one disadvantage in that a value for one particular position on
a transect line or a grid cannot be obtained by thenormal mcthod
of random throws. A small quadrat in which a count of density is
made, or a frame of| say, ten or twenty pins for cover determination
may be placed in a definite position on a line or grid. The resulting
value, thoﬂgh subject to a relatively large sample error, can be
localized in relation to the frame of reference provided by the line
or grid. Areas within which frequency is determined by random
throws must be relatively larger, and the value obtained, though
sub_ycct o proportionately less sample error than smglc determina-
tions of density or cover, cannot be so precisely localized. - Correlation
with habitat facters which vary over small areas is thus made more
difficult to detect.  The difficuity may be largely overcome by using
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