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The line interevption method as herein described is designed for messuring density and composi-

tion of herbaceous vegetation and shrubs, Tt is

hased primarily on the line transect. However, it

incorporates a new technique for oblaining an inventory of the veeetalion by line measurement of

individual plants on a randomly selected sample.

It appears to offer a practical, rapid and statisti-

cally sound means for sampling vegetation on both large and small range areas, as well as on small
mlots used in detailed and intensive studies. Field tests have demonstrated that subjective influences

are largely eliminated as factors affecting inventories so obtained,

The method while primarily

developed for range studies should alse serve equally well to measare mioor vegetation and stands
of reprodnetion in forests.

HE line intereeption method mav be de.
I fined as a method of sampling vegelation
based on the measurement of all plants in-
tercepted by the vertical plane of randomly lo-
caled lines of equal length. The method. as out-
lined in the foregoing definition, is in effect a
streamlined model of the line transect.? New
features which have been added to the line tran-
sect include schemes for the measurement of
plants and randomization to insure a statistically
sound basis of sampling. After a period of ex-
tensive testing, the line interception method is
now recommended for consideration along with
other methods commonly used in making botani-
cal inventories and ecological appraisals of plant
populations.

DescrirTiOoN oF THE METHOD

The line interception method is based on a
foundation comprised of three basic considera-
tions which are enumerated as follows:

1. The sampling unit is a line transect which
is visualized as having length and vertical dimen-
sions only. No lateral dimension, or width, is
included.

2. The direct measurement of the intercept
of the plants through which a vertical plane of
the line must pass.

3. The random basis of the estimate obtained
through randomization in the locations of the
sampling units,

The sampling unit.--The course of the line
that constitutes the sampling unit of the line in-
terception method is laid out in the manner illus-

"Maintained by the Forest Service, U. 8. Department
of Agriculture. for Arizona, New Mexico, and West
Texas, with headquarters at Tucson, Arizona.

*Weaver and Clements.  Plant ecology.  First edirion.
p. 23. McGraw-Hill. 1929

"

trated in Figure 1, A. Equipment needed for lay-
ing out the sampling unit includes a multiple-
strand wire line 3/64-inch in diameter and two
stout 14-inch iron pins 18 inches or more long,
used for pegging the line in place. The pins
should be pointed at one end to facilitate driving.
The wire line should be equipped with iron rings.
securelv fastened at hoth of its ends. These
rings should he large enough to slip easily over
the pins. When strelched tight and pegged in
place, this wire marks the course of the line of
the sampling unit to be measured. A 2-pound
hammer for use in driving the pins completes
the equipment. '

Direct measurement of vegetation.—One of the-
principal advantages of the line interception
method is that it is a method of sampling vegeta-
tion which is based on actual measurement of
the plants growing on randomly located and
clearly defined sampling units.

By direct measurement of small samples it is
proposed to obtain estimates of known reliability
concerning the vegetation, its composition, den-
sity, and ecological structure. '

" A measurement of density is made on all plants

growing directly over or directly under the line.
This measurement includes only the intercept of
the vegelation encountered, as illustrated in Fig-
ure 1, B.

Equipment required for making measurements
of density and composition of the vegetation is
an ordinary ruler or a 5-foot collapsible steel
pocket tape. The graduation of the measuring
device may be either English or metric. A ruler
or steel tape, marked in feet and tenths on one
edge and in the metric graduations on the other
edge, probably is best for all purposes. A tatum
holder or a cliphoard of suitahle size for holding
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the forms on which the measurements are re-
errded will contribute to neatness in field records.

*he random sample.—The locations of all
Yin s 10 be measured (sampling units) are deter-
mined by random selection. This device of ran-
domizlition is used instead of purposive selection
in order that all hidden factors which may influ-
ence the values of the sample may be eliminated
through the free operation of the laws of chance.
In this category the two most common unrecog-
nized sources of bias are the influence of invisible
differences of place (soil fertility, etc.) and the
inherent human tendency toward prejudiced de-
eisions that is present to some degree in almost
afl cases of personal judgment. In a randomly
selected sample each possible place, whether
good, poor, or about average in quality, has an
equal and independent chance of being selected
each time a location is made.

The first step in sampling an area of vegeta-
$en is to decide whether the distribution of the
hmpling units will be governed by pure chance

eompletely random, and let the locations fall
fhere they may) or whether the distribution of
. sgmpling units within the area will be restricted.

When pure chance is relied upon, there may
be occasions when one part of the area appar-
iy receives more than its share of the sam-
pling.unit locations. If this condition is present,
'1.16 psychological effect of an apparently lop-
Mded distribution of sampling units is not likely
S" be one that would tend to increase confidence
" the outcome of the sample. On the other hand,

equalizing effect of a restricted distribut bn

‘sampling units tends to prevent an apperent

roportional spread in sampling-unit loca-

“03. The best equalizing effect is achieved with

PROCEDURE FOLLOWED IN
MEASURING VEGETATION
BY THE LINE INTERCEPTION METHOO
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a representative sample. This type of sample is
one in which the area is divided into a number
of equal-sized compartments and each compart-
ment assigned the same number of sampling
units. In this manner visible grounds for dis-
trust can be eliminated. From a statistical view-
point, representative sampling is a sound practice
and usually increases the reliability of the sam-
ple as measured by statistical tests. Compart-
ments in the representative sampling scheme may
be of any desired size.

There are several ways in which the random
location of sampling units may be determined.
One way that has been used with success is based
on the intersection of perpendiculars erected
from randomly located points on the x and y
axes of rectangular coordinates. This method is
illustrated in Figure 2. ’

A compartment taken from a representative
sample is shown in Figure 2. It represents one
section of land in which the two allotted sam-
pling units have been located. Although a sec-
tion of land is used as an example, the area of
the compartment is not an essential point.
Whether a few feet or several hundred acres are
involved, the procedure to be followed in locat-
ing sampling units is the same. The axes of the
coordinates are laid out on the south and west
boundaries of the compartment. Then the loca-
tion of each sampling unit is determined inde-
pendently from two randomly located points—
one on the abscissa and one on the ordinate. The
intersection of perpendiculars (broken lines, Fig.
2}, erected from these points on the x and the y
axes, designates the beginning of the sampling
unit. In Figure 2 the distances are indicated in
chains and links.? Example: Sampling unit No.
1 is “up” (north) 18 chains and 42 links, and
“over” (east) 66 chains and 51 links, both dis-
tances determined by separate randomization and
reckoned from the zero of the coordinates. From
these locations the sampling units are laid out in
a predetermined cardinal direction. The process
is repeated for each sampling unit until all loca-
tions have been determined.

Such field experience as is now available indi-
ates that within large areas sampling units may
he located in the field by rough surveving meth-
ods without impairment of the essential random-
ness of the sample. [In this respect, provided a

YA surveyor's chain contains 66 feet and is subdivided
into 100 links of 7.92 inches each. Also, 80 chains equal
I mile. Any other system of linear measurement may
be used instead of the surveyor’s chain,
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consistent standard of accuracy is maintained,
the hand compass and pacing appears to be suffi-
ciently accurate for this purpose. In order, how-
ever, that the choice of the exact beginning point
of the sampling unit may not be subjectively in-
fluenced it is recommended that the ultimate,
chain or fractional chain. of the course be mea-
sured with a tape-measure.

Basis oF THE LINEAR SAMPLE

How the line is laid out may be described as a
simple operation, but why the sampling unit of
this form is preferred requires a more thorough
explanation. In the first place it has been ob-
served by various workers that size and confor-
mation of plots influence the efficiency of the
sample. {In general, oblong and oval plots have
proved to be more efficient than square or round
plots of equal area_) Length apparently is the
factor that gives the oblong plots their superi-
ority.* Personally conducted tests indicate that
length of plot contributes greatly to the amount
and the reliability of information obtained from
the sample. In using a line as the unit of sam-
pling. this factor (length) is developed to the
maximum. It is also reasoned that a line, by
virtue of its greater length, not only increases the
likelihood of encountering a greater number of
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Fig. 2.—Showing the manner in which random locations
are made from points on the x and y axes of rectangular
coordinates.

‘Dendrinos, Ath. D. The question of the shape o
plots in field experimentation. Translation of Extrait
du Bulletin de 1'Association internationale des selec-
tonneurs de plantes, Vol. IV, No. 1.
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plants but also increases the chances of encoun-
tering more kinds of herbage than would be ex-
pected in the shorter more compact rectangular
plot. It is a matter of common observatior that
unusual conditions in the distribution of v:geta.
tion seldom follow straight lines; therefore, the
chance of measuring a disproportionate stare of
the unusual, such as the occasional group or fam-
ily of plants, is reduced by using a long, narrow
sampling unit.

Length of line—The various lengths of line
that may be required to give a reliable sample
under all of the many conditions that are en.
countered in sampling range vegetation have not
as yet been determined. It is known that the
scarcity or abundance of plants and the degree
of heterogeneity in their distribution influence
the length of line requirement. Such information
as is now on hand indicates that a 50-foot line s
long enough for sampling areas with 5 to 15 per-
cent ground cover, whereas in sparsely vegetated
areas, with from 34 to 3 percent ground cover, a
line 100 feet long gives the best results.

Experience with the 50- and 100-foot lines
does, however, suggest an empirical rule; that is,
the length of line which can be marked out and
measured within a 15-minute period by a pair of
reasonably efficient workers is more than likely
to be a line of sufficient length. ’

Numbers of lines.—The number of observa.
tions required for a reliable sample varies with
the heterogeneity of the vegetation rather than
with the size of the area. In any event, to provide
sufiicient data for the estimate of experimental
erro-, not less than 16 sampling units should be
measured for each area to be sampled. Prelimi-
nary statistical tests (relative magnitude of stand-
ard error and Fisher’s “t”),® made with 16 or
more observations, will give an indication of how
large the sample should be in order to attain a
given degree of reliability. Computation of the
sample mean and its standard error can be ac-
complished quickly in the field if necessary. (n
the majority of cases range samples attain a hizh
degree of statistical reljability with less than 100
sampling units. It should be noted that the size
of the area has relatively little effect on the rum-
ber of lines required for a reliable sample. It is
usually a bit startling at first ¢ learn that a plot
1/ .acre in area may require as imany lines for
the same degree of precision as does a grazing
allotment containing many hundreds of acre:.

sFisher, R. A. Statistical methods for research vork-
ers. 7th Edition. Oliver and Boyd, London. 1938.
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MEeasUREMENT TECHNIQUE

Density and composition.—As indicated in
Figure 1-B. linear measurements are made of the
intercepts of vegetation through which the verti-
cal projection of the line must pass. Density of
grasses, grass-like plants, rosette-forming plants.
and weeds are measured on the line at the ground
surface. There are several reasons for designat-
ing this region of these plants as the point where
measurements should be made. These are:

1. The ground surface is a definite point and
readily located.

2. Measurements made at the ground surface
give a measure of the plant in terms of ground
occupied to the exclusion of the other plants.

3. Plants are more compact at the ground
surface.

4. C?ﬂpression or expansion of the tuft dur-
ing the Process of measurement is less likely to
occur.

5. Grazed plants are as readily measured as
are the ungrazed ones.

6. Dead and living portions of the tuft can
be recognized easily and measured separately.

7. Stage of plant development affects the area
covered by the basal portion of these plants less
than it does the area of the spread higher up on
the plant.

8. Whether the plant is measured during a
period of active growth or in a dormant stage
should make little dlﬂerence in the jround sur-
face measurements.

9. The composition estimate bas:d on such
measurements is not influenced by the relative
height, brightness of color, or other characteris-
tic that contributes to the conspicuousness of the
plants.

10. By this method of sampling. the relative-
Iy scarce plants (both large and smalli have a
proportionally equal chance of be'ng included in
th(;«ﬁeizimp]e.6

Shrubs and half-shrubs, on tie other hand,
are measured on the crown-sjread intercept.
This different point of measurement definitely
places the browse sample in a separate statistical
universe. The apparent discrepancy in the des-
ignated regions of measurement on the grasses
and weeds and the browse plank is a condition
that is shared by all methods thit are commonly
used in the measurement of foiage plant densi-

ties. Insofar as the line interception method is
‘Klapp. E. Methods of siudying grassland stands.

(Translation of an article in Rep. 3id. Grassl. Conf.
Zurich. pp. 193-202. Zurich, 1934.)
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concerned. plants may be measured at any point
occurring within the vertical plane of the line.
In this particular case the aim has heen to desig-
nate a point at which a consistent degree of ac-
curacy in measurement can be maintained. The
ground-level measurement of grasses and weeds
and the crown-spread measurement of shrubs
meet this specification. A measure in terms of
absolute density (degree of complete occupancy
of the ground surface) is obtained for grasses
and weeds. Browse measurements are not al-
ways so definite as thal for grasses and weeds.
In very dense stands of browse where the crown
cover is closed, the crown spread should repre-
sent the absolute density. But in spirse stands of
browse this condition would ne! be true. On
the other hand, stem diameter of browse is ob-
viously a poor measure of forage cover. Crown-
spread measurements do, however, give a good
estimate of the relative abundance of the browse
and the amount of ground beneath the shelter of
such plants.

Use of either stand~rd systems of measurement
is largely a matter of personal preference. The
foot scale is the logical method to use when the
line to be measured is in terms of feet. On the
other hand, for the sake of consistency, a line
laid nut ir metric units demands metric measure-
ruent of the vegetation.

Measurement of individual plants should be
read to the nearest one-hundredth of a foot or
the nearest 14 centimeter as the case may be.
All measurements are recorded by species or
classes on an appropriate form.

Field records.—Unless each species of plants
is recorded separately, data obtained by the line
interception method may easily hecome a confus-
ing array of figures. Confusion and errors may
be avoided by using a suitable form and thereon
recording the measurements of plants as they are
made in the field. A reproduction of a form used
for recording data obtained in sampling density
and composition is presented in Figure 3. This
field sheet contains all of the data pertaining to
one sampling unit comprised of a line 50 feet
long. Measurements were made in feet and the
readings were recorded to the nearest one-hun.
dredth of a foot. Different species of plants and
the different classes of vegetation are entered in
separate columns in the record. Note that all the
numerical data on the sheet can be summed
quickly.

Field and office personnel requirements.—~The
personnel requirements for field work are com.
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paratinely low in regard to numbers of men and
their previous training. Two men constitute a
field crew of maximum efficiency. In an emer-
gency, small areas can be handled by one man
working alone. The education and training re-
'quirements for field crews include but two essen-
“tials. A field examiner should be able to identify
the common plants of the region in which he
proposes to work and should be able to use an
ordinary foot ruler or a metric scale in making
linear measurements. Training of a crew in the
use of the line interception method ordinarily
can be completed in 1 day in the field at most.
In most cases a little practice in measuring the
plants is all the training that is necessary to de-
velop skilled operators. The choice of office per-
sonnel must be hased on more exacting standards
in education and training. In this case, a fair
knowledge of arithmetic and statistical procedure
is essential. A competent statistical clerk
equipped with a calculating machine can com-
plete the compilation and computations necessary
for a statistical analysis of the data included in
a sample of moderate size (40 to 80 sampling
units) within the period of 1 working day.

APPLICATION OF THE METHOD

1t has been the aim during the development
of the line interception method to devise a means
of sampling areas of vegetation based on actual
measurement of the plants concerned, these mea-
surements to be made in a manner that insured
reliable estimates of plant density and vegeta-
tional composition and, by slight adaptations, to
obtain measurements of forage productivity and
the degree of grazing use. Also included in this
objective were the goals of increased accuracy
and lower costs of sampling, the over-all purpose
being to perfect a usable and economically feasi-
ble method of measuring herbaceous vegetation
that would be workable under conditions en-
countered in the collection of quantitative and
qualitative ecological data on extensive areas
such as are commonly used in large-scale grazing
experiments.

Efficiency of this method has proved to be ex-
tremely high in several cases where it has been
tried by members of the staff of the Southwestern
Forest and Range Experiment Station.? .

Laboratory and field tests for reliability of the
method made under controlled conditions include
the checking of estimates obtained from line sam-
ples against known areas on maps and the re-
measurement of lines in the field. Such discrep-
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ancies as were revealed by these comparisons
were slight in all instances.

An example of the application of the line inter-
ception method is presented in Table 1. These
data represent a summary of all the measure-
ments obtained in sampling a cattle range in
northern Arizona. In this example the sum of
information obtained from a grazing allotment
of approximately 25,000 acres has been reducec
to a few essential statistics. The sample, on
which the summary is based, contains a total
of 88 sampling units which were distributed at
the rate of 2 per section.®
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Fig. 3.—A reproduction of field notes showing the ar-
rangement f the form used and the manner in which
the measurements are recorded in the field.

"Among those who have tried this method in the field
and have assisted its development, the following should
be given pantjcular mention:

Bert R. Lexen (1937) proposed the use of éne-dimen-
sional transea for sampling ranges and preparing work-
ing plans and a description of the method.

M. J. Culley (1937) used Lexen’s one-dimensional
transect method in sampling pastures of the Santa Rita
Experimental Range. Although the transect Jocations
were not comp'etely randomized and the measurement
of grass was myt made at ground level, this work af-
forded information that was later used in the develop-
ment of the line interception method.

H. O. Cassidy, E. H. Bomberger, and Canfield (1938)
sampled the Wi'd Bill Allotment, a range area of 25,000
acres in the porderosa pine forest of northern Arizona,
by the line inte-ception method.

K. W. Parker (1938) used the line interception meth-
od in sampling vegetation on shrub control experimental
plots in Arizona and New Mexico.

George Glenduing, K. A. Valentine, and R. H. Can-
field (1939) sampled €lalion on numercus ranger
study plots (10C % 100 feet) located on all national
forests in Arizoxa and New Mexico. Twenty 50-foot
lines per plot oitained highly significant results in all
cases.

*A standard Ynited States G.L.O. section is 1 square
mile in area an] contains 640 acres.
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TasLe 1.—Orrice SuMmmary of Eicury-eicut 50-Foor SaMpring Unirs. (MEeans or ALL
MeasureMENTS BY Species anNp Forace Crasses 1n FEET, PERCENT oF Grouxp
Occuriep, AND PERCENT oF CoMPOSITION)
Muhlenbergia Festuca Minor [ Total herbzceous
montana arizonica grasses . Weeds vegetsidon Browse
Mean feet + om' ... _  455%+.33 1.88+.20 0.94*.13 vo1x11 8.28+.54 0.06+.023
Ground occupied )
(percent) ... ____ - 9.10 3.76 1.88 1.82 16.56 0.12
Composition (percent) .. 55.00 22.70 11.30 11.00 10000

'All the estimates test highly significant at the l-percent level or higher excepting browse which falls just

”

below the 1-percent level of Fisher’s “t.

A summary of the kind presented in Table 1
contains all the essential information from the
sample that' can be expressed in mathematical
form. Line 1 shows the sample means in aver-
ages expressed in linear feet for all species or
classes of plants encountered. In this final sum-
mation the principal grasses have been treated
individually, while less abundant scattered grass-
es have been grouped under the heading “Minor
grasses.” Weeds of a wide variety containing no
dominant or otherwise important species are
represented by another group. Browse plants,
for similar reasons, are also treated as a group
without regard to species. The reliability of these
estimates is indicated by their accompanying
standard errors.

The second line in the table contains the com-
puted percentages of the mean ground surface
actually occupied by herbaceous plants and the
percent ground covered by the crown spread of
browse. This series of values is similar to den-
sity estimates and, subject to the usual adjust-
ment for forage acre requirement, may be used
for the same purposes. As an example, the 25,-
000-acre allotment from which this sample was
obtained supports a ground cover of 9.1 percent
of Muhlenbergia montana. The total compact
acreage of this grass is computed as being equal
to 9.1 percent of 25,000 acres, or the sum of
2,275 acres. Browse listed in the last column is
Tegarded as a separate measurement. It belongs
fn a different statistical universe as previously
indicated. This fact does not lessen the value of
the information concerning the shrub population.
As compared with other methods of shrub den-
sity estimates, it is pointed out that shrubs and
%Tasses never have been measured on the same

asis,

Exrensions oF THE METHOD

By slight modification of the method to meet
additional requirements, the line interception

method may be extended into and combined with
correlated measurements of forage utilization
and forage volume. Although each of these mea-
surements takes the method into a new and dif-
ferent sampling universe, the principles which
apply to the special cases are exactly the same
principles as govern the sampling of density and
composition.

Forage utilization.—FEstimates of forage use
by grazing animals are based on samples com-
prised of measurements made on two planes;
namely, the vertical height of grazed stubble and
the horizontal intercept of the individual plants.
Height measurements are separated into stubble-
height classes on the basis of arbitrarily prede-
termined height-class intervals. Corresponding
measurements of density are made on the inter-
cept of the plants in the usual manner described
for the line interception method.

Measurements of utilization are recorded on a
form similar to the one illustrated in Figure 3,
but the stubble height is separated into the de-
sired number of height classes with each class
heading a column as do the plant species in the
form shown in Figure 3. Species are then listed
down the extreme left-hand column of the form.
Measurements are made in the following man-
ner: Stubble height of each plant is measured to
determine the class in which it belongs, then the
intercept of the plant is measured in the usual
way, and this intercept measurement is entered
opposite the species name and in the column un-
der the proper stubble-height class heading.

Forage volume.—Measurement of forage vol-
ume is also a special case. The essential measure-
ments are the weight and composition of vegeta-
tion growing on a specified area. In order to ob-
tain an area of sufficient size, this sampling unit
is laid out in the form of a belt. The width of the
belt is restricted as much as is possible thereby
giving greater length to the sampling unit of a
given area. Computation is facilitated if the size
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of the area included in each plot is restricted to
multiples of one ten-thousandth of an acre (i. e.
4.356 square feet). Forage growing cn this area

is clipped, and the clippings are the) segregated

by species and weighed. When crrrelated den-
sity measurements are desired, he linear sam-
pling unit is measured ir the usual manner on a
" central line bisecting and running the full length
of the belt.

In the measurement of forage volume, a heavy
pair of office shears, paper bags for holding the
clipped grass, and scales for weighing are all the
~dditional equipment needed for this work.

SUMMARY

The line interception method is a method of
sampling vegetation based on the measurement
of the intercept of plants growing on randomly
located lines of equal length. Samples, from
which are derived estimates of the density, com-
position, and ecological structure of the vegeta-
tion, involve only the linear measurements of the
intercept of plants encountered on the line. Ex-
tensions of the method involving additional mea-
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mined by extensive trials. Results obtained jj
these investigations may be summed up as fo].
lows:

_The method is equally efficient for either larg,
or small areas. It can be used for a wide variety
of measurements. Some of the uses in samplin'g
vegetation for which the line interception methog
may be recommended are: measurement of dep.
sity and composition of vegetation, forage pro.
duction, and degree of forage utilization by live.
stock.

It is believed that the line interception methoq
has considerable merit as a means of sampling
vegetation. Some of its advantages are as fol.
lows:

Field measurements and office compilation of
the data require less expenditure of time than
most methods used in ecological and range stud.
ies. Two men comprise a field crew of maximum
efficiency. A crew of this size can complete the
measurement of 15 to 30 plots per day, depend.
ing on the amount of time consumed in travel.
Office time required for compilation and reduc-
tion of data for a sample of 40 to 80 units is

surements include a means of sampling the de- often less than 1-man day. The linear sampling

gree of grazing use and the forage production.
In taking grazing use samples, stubble height of
plants growing on the line is an added measure-
ment. Forage crop estimates are obtained by
clipping and weighing the plants growing on a
narrow belt. This belt is bisected by a line on
which density measurements are also made in
the usual manner.

Application of the line interception method in
the field of range investigations has been deter-

unit approaches the ideal in shape of sampling
plots, and the data obtained are based on actual
measurements of the vegetation. Personnel en.
gaged in application of the method requires no
specialized knowledge to fit them for field work,
and very little training is necessary to insure ac.
curate consistent results. The method has a
sound statistical basis, and the reliability of the
results obtained may be determined by standard
statistical procedure.





