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R EPORT ON 3-STEP METHOD

. FOR

MEASURING CONDITION A:-.T.j5- R7= OF FOREST RANGES

By Kenneth W. Parker, Range-Conservationist (Research)

INTRODUCTION

The range condition and trend study is westernwide in scope. Begun
in July 1948, it is being caì'ried out through the cooperation of the
six western regions and experiment stations.

The study was brought about by a realization that one of our greatest
needs in range management planning is a method for the determination
of trend in range condition. Facts on the condition and trend of our
ranges are needed in order that decisions may be wisely made. Such
facts are necessary for a better understanding of our aims in the
administration of forest range watersheds by the general public as
well as range users. vitally need information which will eventually
lead to the development of sound condition standards. As yet we have
no method of sampling range units for condition' and trend which is in
general use and which will give us this information.

In appraising 'range condition and trend, we are-dealing with a complex
set of factors relating to the vegetation, soil, and native fauna which
are constantly changing from one growing season to the next. In range
administration we are interested in whether these changes are in_. the
direction'of improvement or in a downward trend of deterioration. Ile

want to know how much of the change is due to current weather and how.
much to grazing use, and in special situations, how much is due to such
disturbance factors as: fire, wildlife, insects, rodents, and logging.

As provided for in the ;'forking Plan 1/, prepared in 1948, the study has
four main objectives. Briefly, those are (1) to develop a method or
methods for measuring trend in range condition on national - forest range
allotments; (2) to consider the adequacy of present range condition
standards,; (3) to check the suitability of record maintenance on range
allotments as a means of following trends; and (4) to ascertain what
use is being made of photographs , in recording range condition and trend.
The' results of the cooperative effort between Research and Administra-
tion in meeting these objectives during the first, Year of the condition
and trend stu p were brought together in a mimeographed report issued
in April 1949._... Among the more significant findings pertaining to a
method for following trend wore:,

IT-Preliminary Working Plan sub, pitted with the Chief's RR-SUPERVISION,
Adainistrative Studies (Condition and Trend) letter of .June 16, 1948 to
restcrn Rei .ional F c,L sters and D -Ircct ors.

2/ For analysis of methods ce ziucree, sce "Report on Methods and
Techniques for 11:eacuring Condit .o. and Trend of Forest Ranges" submitted
with the Chief's RR(G) -SU T=br ISï.ON, Administrative Studies , (Condition and
Trend) letter of April '7: western Regional Foresters and Directors.

1.- ` ar
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1. No region or station endores.ed any one method for recording range
trend as the method for testing and ultimate western wide application.

2. All regions and stations agreed that in order to follow trend in
condition information must be obtained periodically on density, flo-
ristic composition, vigor, litter, and soil capabilities and erosional
features.

3. That the initial step toward development of a method for following
trend should be in the perennial grasslands and open timber -grassland
types in various stages of condition. These types are generally re-
garded as the most important for range and usually comprise the key
areas on an allotment.

4. All regions and stations were in accord that to folloìrr trend most '

efficiently on a .range --unit basis, permanently located open -range plots,
transects, or "benchmarks" must bç established within the allotment.
Trend would be determined by ropeated measurement of these plots at
periodic intervals.

'The most logical approach and the first .step toward solution of the
problem of developing a method for measuring range trend is to determine
how the information on vegetation and soils should be obtained at each
of the permanently located sampling sites. Sorte of the factors for
judging trend on these sits, such as density and floristic composition,
can be measured with a reasonable degree of accuracy. .Other factors,
such as ,plant vigor and erosion rates, must be recorded largely in
descriptive terms. Both types of information are essential for" a complete
picture of trend in condition. In addition to this requirement, the method
or methods which are developed for following trend must be simple, ' re-
liable, rapid, require a minimum of equipment, and the information obtained
easily sum: arized and interpreted. it rust be largely a one -man method
which the average ranger can readily apply or at least a method wherein
the ranger pan play an important part. With the foregoing requirements
in mind, the major portion of the 1949 field work was devoted tó develop-
ing and testing a method for gathering the essential information for
recording trend. The method evolved and tested is tentatively designated
as the 3 -Step :ethod.

It is the purpóse of this report to discuss the 3-Step Method as a means
for obtaining information on trend, to present the results of field tests
carried out in 1949 and to indicate plans for furtherance of the work in

1950.

THE 3-STEP lETHOO

The 3 -Step Method inco.rporatce the b,st features of several measurement
methods. As the name implies, it consists of three steps. Step one is

an adaptation of the 'Zc:; " ` -r-'. ant, method (similar to Allison's

point analyzer and the Sou : :s::,,, . .' . _=.cy -point methods) and the line

intercept as used in the Southwest. Step two is based on methodology
involved in use of the Southwestern Range Condition and Trend Score Card.
Step throe is derived from the ph(to-- transcct method of the Intermountain_

region,

- 2 --
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The method was presented to the field as a preliminary step in the
evolution of a method or methods for measuring range trend. It Tuas

not regarded as a final method for adoption by Administration, but
empty as a concrete, specific proposal for field testing. This

procedure was followed in order to stimulate thinking in the develop-
ment of methods for measuring trend.

The "3 -Step Method ", upon which the 1949 field work was centered, is
deocribcd specifically as follows:

Step One. A metal tape 100 feet long is stretched between two permanent
iron stakes located in the site selected for sampling.. An Engineer's'
tape, 1/4 -inch wide, which has chaining pin notches at the foot. marks,
appears to be most suitable. Along one edge of the tape 100 observations
(at 1 -foot intervals in the caee of a 1004 oot transect) ore made at
mechanical intervals by moans of a 3 4 -inch diameter wire loop attached
to a long 'ire shank (about 16" long for convenience in holding z:ld for
plumbing from the tape when the latter is dbove the ground surface.
(Figure 1)

As the loop is dropped to the ground surface, a record is made of whatever
plant species is encountered within the loop. Perennial and annual gras-
ses and weeds must have the root crown or a portion thereof definitely
within the loop in order to be recorded as an observation. Crown spread
is ignored in order to eliminate errors or seasonal'differerices^ in vegeta-
tion arising from utilization and °Lent development. In rare oases, two
plants of different species may occur within the sane loop, in which event
the dominant plant is recorded and the other is .merely. listed, i.e. a
perennial would be rocorded in preference to an annual. With. browse
species only the perenni c.1 portion of the crown is considered, current
annual twig growth on the outer periphery being ignored. As in the case
of surface vegetation, this io dc:,o in order to eliminate seasonal dif-
ferences arising from utilization and plant development. If over -half

thee loop is covered with litter and there is no vegetation within, it" is
recorded as litter. If the loop is less than half occupied by litter,
as vith a few occasional grass stems, it is recorded as bare soil, or
rock (including pebbles above I -inch in diameter), or erosional pavement,
whichever the case may be. rosses and lichens are observed as in the case
of :litter. Thus litter, moss, and ground surface devoid of vegetation
require estimatio4 whereas vegetation requires only the simple decision
of whether or not it is abec;nt or present within the loop.. Rodent
activity, such as gopher casto or diL ;in,s, is recorded by line- intercept
measurement.

The field record,'ueually by of or chock tally entered on forms such as
show.: in Figure 2, is ra2idly o::t aïncd, regardless of plant density, and
by one man w(rkir1j; alone, nc, i. .',î? _::Cord is a completed snrri. <..ry with

no additioml ..a.: eJ.,.:r,j of r:..so:.aeï,, reliable incli.ccs of 1}

vegetation density, ( ) :: , . t - . , " .`.:').5. .lion 1.;,- frequency for both annual

and perennial species, ("; c_ litter, when a plant is not recorded
(4) mosses and lichens--if ' * ::t,:.t, (5) bare soil, (6) rock and erosional
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Record of Permanent Line Ttansect
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Figura 2, Form for recording data obtained by the loop method or Step One. For usa
n E-rassland vegetation.
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pavement, and (7) rodent activity (obtained by line intercept).

'Acre two- storied vegetation is encountered, as with sagebrush, a
specially devised form. (Figure 3.) may be utilized to record the
observations. Although use this form requires some extra time
foi' compilation, it has the advantage of, showing at a glance the
extent to which browse species have an understory of herbaceous
vegetation. If repeated observations should be made periodically
on it, it will quickly reveal whether or not shrub species are
increasing, With single- storied vegetation its use is recommended
in training personnel because of the case in cross-checking individual
records before the tape is removed from the transect.

Step Two. Also a one -man job, consists of a record of (1) range
conc.ition class and (2) range trend items made by means of score cards
or check lists. Score cards are used as guides to determine the range
condition class and probable trend wherever specific criteria are
available. An example of such is shore in Appendix A'for the Pacific
Bunch rass typo. Whenever specific criteria are not available, the
check list alone must suffice Appendix B. The reocrd on condition and
trend is made in the vicinity of the permanently staked lines utilized
in Step One.. If those L d n s are grouped together in a cluster, as on
an acre plot, the record will be made within this plot; If the cluster
is long; ^.nd linear, as by placing the lines end to end, and in line, the
record will be made in a strip, i.e.; two 100 -foot transect lines 200
feet apart would designate an area 100 X 400.

Step two is quite independent from Step One. The completed field record
i nc11;des esti. .tes or information on the following: (1) Density and
composition by paced transect (if not possible, then by square -foot
density method). A record of these is considered necessary in order to

.

pick up key indicator species which may not be encountered" in Step One.
(2) Vigor of key indicator species. (3) Amount of litter. (4) Utiliza-
tion of key forage species. This record is essential for later inter-
pretation and explanation of the causes of trend. (5) Soil features- -
indicators of erosion and other characteristics. The record obtained is
interpreted into separate adjective ratings of condition classes for
vegetation acid for soil by means of properly designed score cards
(Appendix A), Current trend within the condition class as judged in the
field is likewise appraised by, means of the same score card.

Sten Three. Consists of two key photographs (Figure 4) which form a
visual record, in part at least, of the elements measured and observed

in Steps One and Two. The photographs consist of:

1. A general type photograph, taken from one end of the permanently
located transect line with t c other end stake centered. in the background.
This photograph is necessary for showing general changes (even the photo
is repeated) which mv ' placo in ti,_ aspect of the type. It is also

very helpful in relocation of thy. s._ ;r.plin.; art a.

2. Close -up of. a 3 X 3 plot taken obliquely and also located on one end
of the .permanently st_.kc d ino, clos -up forms a good record of plant
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1ot,mmt

Nat. For.

Record of Permanent Line Transect
(By loop method)

District

1 -2 3 1
. . .. .

. .

. .

. .

. .

. .

26 27 28 29

Cluster No.

Date By, Transect No.

Total

5 6 ' 7 8 10 11 1.2 13 14 15 16 17 18 19 20 21 22 23 24 25 : hits
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . .
. . . . . . . . . ,

. . . . . . . . . . .... . . . . . . . . . . . . .
. . . . . . . . . . .. . .
. . . . . . . . . . . . . . .

30

.
. .

51:52-53 54 55
. . . .. . . .

. . . .. . .-:.

. . . .. . . .

7677_78 79 80

31.32 33 34 35 .363 ?39.39
. . . .

. . . ...
. . . . .

. . . . . . .

. . . . . . .

56 57 58 59 60 61 S2 (' 61.
. . . . . . .'. .. . . ... . . . .

. . . . .. . . . .

. . .. . . .
. . . . . .. . . . . . .

81 82 83 81 85 86 87 88 89

ALLID 444 45474 50

65 66::.. . .
.

.

. .

90 91

. .

.. .. . ... . ..

67 68
..
.

69
..
.

70 71 72
. .
. .
. :

73
:

74
..
.

..
..

.

.

. .. .

.

. .

.

.

..

92 93 94 95 96,97 98 99

.

75
..
.

.

100

.

Total Density

Note:. Check overstory browse species on top square of each block, record understory
species on bottom square.
L Litter; R Rock or pavement; Blank m Bare soil

(Plant symbols with conplcte name should be recorded below)

No. wits by Species Seedl.in. or Annual Species

Litter

Moss

Bare ground

Rock

Rodent Activity
(Total line intercept

Figure 3 - Form for recording inforlmtion obtained Step One in two storied vegeta-
tion or for rapid cross checking of rî: ucin~ training.

Developed in :fie ig on 3



`

`

h

ar
. x .i

:
r -, r , Yr.,1i ,h . - .A

Frd xT.r ..
,

d M , ^ f ,tit .,,.

! e
y y 4.

Sr

.t,.

,

'r '^ . ' . . -, ..^

T_ fir ,ß 4";i 1 `

'.

a

=, r. 4k't .r+.' ._I

,

.

' r^' V ' ,'>, T .̀
. ff. ' .-, >, r

4'; r `
1 '¡L<..,

eka .Z.11 44 -i -ti ..

ah

r

At

-

'Figure 4. - Step Three of
a general fi;:;-, -

of a 3x3 plot,
one end of the
oax s av ar.: a: .

i

'

a .. ;

~

{

`
.

a

. " `

,

,

.

'

4

v,

"

r`y,

ti

iM

' w

-

"

-

1

-ó.

r

. '

y

}

-

.
y

,

-

;

,

"

L

4

P
,

[es; :

' ¿¿ h "
w

1

, r

"

,

1

I ,

M

`

l i

`

h r

,e

'

e ^ '

!t

i

i

r

` h

: i ' ^;
" /i

w

I

.?

P

-'s~/y
R '

. ,
" .

1 y ;
,

Y
° , %

'A,
.

.1

r

the 3-Step Method consists of
photo and an oblique clOse-up
each of which are taken f ram
transect line. Ìixed grarna-

:cdland, Coronado N.F.,Arizona.



6346

cover and often reveals movement of soil and changes in cover when-

ever repeated,

Additional photopoints may be established within the vicinity of the
transect if deemed desirable for recording special situations such as
hedged browse and erosional features.

Initial photographs and the retakes, although a 1 -man. jobs require
special training and aptitude.

The time required for record taking by the 3-Step Method is considered
to be extremely low. For Step One (the loop method) the time required
in all regions varied from 10 to about 35 minutes per transect line.
The time required generally increases with the complexity of the
vegetation. For example, in Oregon the average time of six men on
transect lines located in a site rated" as "high- fair" was 28.3 min-
utes, whereas on a poor condition site, the time required averaged
15.8 minutes. In Arizona tho average tire-for all three steps on
20 transacts" was 40.7 minutes per transect, representing 19.8 miñutes
for Step One, 13.1 minutes for Step Two (range condition rating), and
7.8 minutes for Step Three. (photos). Although these times are for
men with long experience in record taking, it is believed that after
proper training most individuals could install and-obtain -the com-
plete record on ono transact within an hour =s time, excluding travel
time,

During the 1949 field tests it was not possible;to test each of the
three steps involved in the method. This was largely because of in-
sufficient time and the lack in many'regions of well- developed score
cards required in Step Tyro. However, the soundness of the last two .

steps of the method is considered to have been adequately 'demonstrated
durifig the past several years. The range cóndition and trend score
card, developed and tested in the Southwest, has been adopted by Ad-
ministration for use on all national forests in the region. Experi-
ence with the photo- transect method in the Intermountain region indi-
cates the general photo and the oblique closeup to be most suitable
for showing changes in condition. Accordingly, the major effort in
1949 was spent in testing. Stop One - the loop method.

.RESULTS OF 1949 TRIALS WITH STEP ONE - TIE LOOP METHOD

HON THE LOOP IT T HOD ORIGINATED

The original study 'plan for conducting the 1949 field tests contem-
plated intensive testing in all regions of the frequency -point method
for measurement of the important elements of the site. The froquency-
point method consists sin )1:r of `:M a s.;,all diameter rod sharpened
to a fine point (similar in dimensions to a hat pin) at mechanical
intervals along one edge of a stool tape or transect wire fitted with
100 balls of solder. In the tests 100 observations were taken at
1 -foot intervals

- 9 -
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At the onset of the summer field work on the Starkey Experimental
Range in Oregon it was readily apparent to the seven mon taking pért
that the frequency -point method had scveral important limitations,
namely: (1) As shown in Table 1, thí;re was no sharp difference be-
tween two distinct condition classes, fair and poor, with réspoct to
Agropyron spicatum (Agsp) and in total vegetation. In fact, the
frequency point density was slightly greater on the poor with 12 hits
as compared to 10 hits on the fair condition range. And yet, it eras
clearly evident to all that Agropyron spicatum was more abundánt and
the density bras greater on the fair in comparison to the poor, (2)

Single- stemmed species such as Agropyron spicatum (it often assumet
a single- stemmed habit of growth in Oregon , although often common,
were seldom recorded by the frequency -point method. (3) Being the
record of an extremely fine point, there was much chance for large
differences between men, particularly where any of the men had poor
eyesight. And (4) boing a fine point reading, it would always be
questionable as to how accurately the line might be replaced in follow -
up measurements. This discrepancy would introduce a new error of
sampling.

Table 1. Field data on vegetation by frequency point
method from two sites in different condition
on Starkey Experimental Range.

Species Fair Condition Poor Condition
No, of hits No. of hits

Agsp 3 4

Feid 4 *

Koor *

Daun * *:

Pose * 5-

Total grasses 7 9

Ac la 1

Anlu - 1

Trifolium * - *
Podo * 1

Sedum 1

Lup 1

Bate 1

Total woods 3 3

Total vegetation 10 12

* Present as a siMr1i ficant component of the vegetation
but not rcoordec:.

-10-



Because of the above limitations, it was apparent that the frequency -
point method would not be suitable for use in the Pacific bunchgrass;
type -- although previous tests in the shortgrass type of Colorado and
the Southwest indicated the method to have possibilities. The next

step in Oregon was to test' a stem count method involving the use of
wire frames of three sizes, one frame containing an area of 2 square
inches, another 4 square inches, and another 6 square inches. Tests

with these frames, which were spaced 'mechanically at 25 intervals
along the transect, soon indicated large differences between indivi-
duals. These differences arose largely from inability of the men to
recognize a similar nunber of plant segments within a frame; in other
words, the unit of Leasuru;ment was difficult to define. Furthermore,
it was difficult to summarize the field data following its collection.
It was apparent that what was needed for reducing those differences
between mon was a method which would combino the advantages of the
frequency point (with its easily defined unit of measurement) and a
plot that was estimated (with a larger sample of the vegetation).
Accordingly, a wire loop 3/4 -inch in diameter, made from 14 -gauge
welding rod, was tested, at the suggestion of Fred Kennedy. The

first tests revealed that it might have possibilities for reducing
differences between men, and for yielding information descriptive
of what could be seen with the eye. The simple tally of 100 obser-
vations was in itself a summarization of the field data.

Tho 3/4 -inch wire loop is thus a compromise between a record obtained
by a point and a plot that is estimated- -and the readings for vege-
tation in most instances require only the simple decision of whether
or not the loop is occupied by a part of the root crown in grassc§
and weeds or the period crown of shrubs. As previously mentioned,
two plants of different species may rarely occur within the same
loop. Future tests may indicate the desirability for discarding

,the arbitrary rule recording the dominant plant and-the placing of
both plant species in the record of vegetation.

The frequency point was used for readings on bare soil and for litter
in the tests at Starkey and Manitou because at the time it was
thought that it might be a satisfactory measure of these site fac-
tors. But it was discarded in.all later tests for several reasont.
First of all, adoption of the. loop for all readings on vegetation,
soil, and litter has a big advantage in that the information obtained
is from one method alone. Frequency point readings on litter tended
to be too high with that which could be seen on the ground, since a
single straw or pine needle might be recorded as an observation an
litter. although use of the loop for bare ground and litter involves
an estimate as to whether.. or not the loop, is half covered with litter,
the results in subsequent tests indicate a bettor appraisal of litter,
and the differences between men arc not prohibitive. Future study
may indicate the desirability of sotting up the-requirement that the
loop be c omplotoly' oc cupicd by in order to be recorded as an
observation. Also, it may bä rr,,vanta oous in some rango types to
group litter observations into cikpth classes.
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COMPARISON OF LOOP METHOD WITH OfliP.:R METHODS

'As previously indicated, the loop method is essentially a compromise
between frequency and area -estimate methods. During the course of
the 1949 trials, several Questions concerning the use of the loop
method arose. These related mainly to the density index obtained
of vegetation (i.e., 40 loops with perennial vegetation = 40 percent
density) and litter. Also, the expression of composition largely in
terms of frequency of occurrence in the 100 observations recorded is
questioned. In other words, how do the measurements obtained by the
loop method compare with those obtained by other measurement methods?

An informal test conducted in Colorado in the ponderosa pine- bunchgrass.
type compared the floristic composition recorded by the loop method
with that indicated by 10 1- square -foot plots spaced at 10 -foot in-
tervals on the same transect lino.' Data on the later were recorded
by plant species, number of plants, and area. Composition based on
area compared favorably with that indicated by the loop method.

A more intensive study conducted in the mixed grama -oak savannah type
of southern Arizona compared four .measurement methods, namely: (1)

the lino intercept, (2) the frequency point, (3).the 3/4 -inch diameter
loop,'and (4) the paced transect. The tests involved the measurement
by the first three methods of 20 transact lines (100 feet in length)
placed in 10 different sampling sitos, varying in range condition
from good to peer. The paced transact was made on a rectangular plot
(150x100 feet), enclosing the 100 -foot transect. Data were then sub=
jectod to correlation analysis with respect to density of vegetation,
amount of litter, and floristic composition.

Comparison as to Density of Vegetation.

The density figures obtained by the line intercept method in the
Arizona tests were used as a base for comparing the other methods
because line intercept density is generally considered as a reliable
index of the actual percentage of ground occupied by vegetation. The

density figures obtained by the line intercept method closely parallel
those secured in charting quadrats. If this is so, the question
naturally occurs, why not use it? The intercept' method is too tedious,
particularly in dense vegetation, and too time- consuming in,summari-
zation of data for general administrative use.

Correlation of the figures on density obtained by the three other
methods with those secured by the line intercept method was satis-
factory in all cases. As shown in figure 5, where the actual data
for each method are plotted against the respective regression lines,
the variance from each re4ression line is not great where the line
intercept density is lass than 4 percent and not prohibitive above
this point. For the fr,.,rT_&c;cy r = .9388; for the p cod tr z-
soot r = .9544, and for loon me th. -d the correlation is best with

r = .9719. Since the relationship is linear and the line intercept
is a measure of actual density, one must conclude that the data ob-
tained from the three methods in Arizona are likewise good indices

-12 --
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of the area occupied. However, line intercept' density is much lower
than that indicated by the other methods, i.e., where line intercept
oguals 2 peroont, the frequency point will be 9 percent, the paced
transept 13 percent, and the loop method 15 percent.

The Arizona methods tests were conducted in grassland typos varying
from high density sod cover and a good cover of largo coarse bunch -
grasses to a sparso stand of smaller bun_chgrasses. It is unfortunate
that range types with single: -stemmed species (such as western bluestom
wheatgrass) predominating wore not available. It is possible that in
such types totally different relationships between frequency index of
area and area by intercept would obtain, such as showed up at the
Starkey Experim3ntal Range. Comparison of methods tests similar to
those conducted in Arizona should be carried out in other range types,
including those with a predominance of single -stemmed species.

Another question which arises with respect to the 3-Step Method iss
How does density obtained by the loop method in Step One compare with
density indicated by the paced transect in Stop Two? This is of in-
terest because after the initial installation of transacts on an
allotment, "wheroin -a complete record is obtained by all 3 steps of
the method, subsequent complete remeasurement (because of lack of
personnel available for doing the job) might be limited to 3 or 5
or even 10 -year intervals, but with accomplishment of Stop Two possible
on a yearly basis. The correlation coefficient between the loop and
paced transect methods in Arizona was also high, r being .9371. As .

shown in figuro 6, -where the actual field data for the 20 transact
lines aro plotted against the computed regression line of the two
methods, there are few discrepancies. Accordingly, the paced tran-
soot method appears to fit nicely into the 3-Stop Method, since the -
data closely parallel those obtained by the loop method. It is doubt-
ful if the paced transect in itself would be adequate for use on
allotments where the highest level of accuracy obtainable is desired.
Mcroover, it is not suitable for shrub types. The uniformity between
men is loss than with the loop method and the sampling error in re-
measurement should be larger, since the same identical step points
cannot be repeated.

The. Arizona trials comparing four methods were confined to grassland
vegetation. For browse, loop method density apparently is very close
to that obtained by the lire intercept density. "As shown by the
Tahoe National Forest data, presented in table 2, the loop measure -
monts on sagebrush (Artemisia tridentata and A. cana) (for four men
on five different transoct lines where the same `lines were remeasured
again) with but few exceptions closely approximated those obtained
by the lino intercept method. Comparable records were obtained in
Tyoming on big sagebrush by four men on seven transect lines. How-
ever, there were no repeat measurements in the latter trials. Thus

for crown density on shrubs, tr :oo :stage plait cover index ob-

tained by the loop r.othod rpr;earc b very close to the density as
measured by the line iatercept method. Although not formally tested,
experience indicates that the frequency point is not so reliable an
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index of-crown density because tho point can easily slip through the
crown of a shrub witheut being recorded as a "hit."

Table . 2. - Field data on sagebrush measurement by loop method and '

actual measurement by line intercept method (Tahoe
Calif.)

Man 1 : Arn 2 : Man 3 : Dian 4 :

First : Second:Firs t : Second:First :Second:First :Second:Actual line
trial :trial :trial :trial :trial :trial :trial :trial": intercept

/o
....

0r o.. jo
....

22 23 22 22 24 25 16 . 16 25.20:
22 19 21 23 22 23 18 ' 20. 20.25
27 30 '2.8 27 28 29 27 28 28.45
21 22 24 25 20 22 25 25 21.60
7 7 6 5 5 5 4 , 4 5.80

Comparison as to Litter Cover.

Correlatiah analysis of the data obtained in measurement of litter in
the Arizona tests indicated a fairly close relationship between three.
methods. (Data on litter cover wore not obtained by the paced tran-
sect method.) The correlation coefficient for loop vs. line intercept
was .8995 and for loop vs. frequency point it was about the same, r
boing .9081. The regression lines and actual field data are plotted
in figuro 7. As in the case of density of vegetation, the relation-
ship between indices of the percentage litter cover obtained by the
frequency point and loop method appears to be linear when compared
to actual area as determined by the lino intercept method.

Floristic Composition.

As shown in figuro 8, floristic composition, based on the density
indices of each method and weighted according to the plant species
encountered in making the measurement, was Quite comparable fer five
methods. /bighting was accomplished by groúping the plants into four
groups according to their ecological status, securing a floristic
composition figure for each group based on the density index of each
method, multiplying this by an arbitrary factor for each group and
adding the resultant .figures for each group of plants, The weight-
ing procedure was necessary in order to summarize the data in a con-
venient form for correlation analysis. The total weighted figure
for each method on each transoot wx. , ucod in the correlation analysis.
An example of the method used in socurinc a weighted figure for com-
position is presented in table 3. The arithmetical mechanics of
weighting are similar'to that follo,hed in range surveys for forage
acre factor. Group 1, given a mightinz factor of 10, included mostly
the tall grass dominant::, ,,_r., -cs such as beardgrasses
(Àndropogon spp.) sideoats gr ac., and tall threeavm; Group 2, ti :i+h

n weighing factor cif 7, included species which commonly replace the
tall dominants under ht.avy grazir u60, such as curlymesquite grass
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and-blue grama; Group 3, weighted as 3, was made up mostly of
Rothrock grnmu, a short -lived perennial which replaces the more
desirable perennials under long continued overuse. Group 4, weight-

ed by 1, includes species characteristic of great disturbance or
poor site such as fluffgrass (Trio(i.ia pulcholla). '

Table. 3. - Example of method used for obtaining weighted figures
on floristic composition.

. Plant group :

:

Item
Group 1 : Group 2 : Group 3 : Group 4

( f actó r=l0 11i f r.c forL7) : (f act o r _3) : f actor=l)
: Total

:weight
o: :. : 0 : %c oTi;--. : %C n. : %x3 :

c
oP . : %Yl :

Lino intercept
Loop
Frequency point
Paced transect

(hits only)
Paced transect

(coma. on 1C0 .

15:3 153 80.2 561 4.5 14
15.8 153 73.7 516 10.5 32
20.0 200 80:0 560 0:0 0
11.1 111 88.9 622 Q.0 0

7.0 70 85.0 595 .7.0, 21

0.0
0.0

0.0

0.0

0
0
0
0

0

728
706
760
733 .

686

The correlation coefficients òbta ned from analysis of 'the data on
floristic composition indicated a close relationship for all methods
wh a compared to that obtained by.the line intercept method. Thus, in
line intercept vs. loop r = .9482, for frequency point r = .9859, for
,paced transect (hits only) r = .9887, and for paced transect (composition
by 100 paces) r _ .98051 The distinction between paced transect (hits
only) and paced transect (composition by 100 paces) is that the former
records only those plants actually hit by the-toe,' whereas in the latter
method species are recorded at the end of each pace regardless of whether
or not they are : "hit" . The latter method is used in actual field ac-
complishment of Step Two.

Summarizing, the Arizona tests indicated a fairly close and consistent
relationship between the indices of density of vegetation, amount of litter
cover and floristic composition as obtained by the loop and paced transect
methods and as measured by the line intercept method: Moreover, the
relationship of the indices obtained by the first two, methods, appears to
be linear with the latter method, which is generally recognized to be
an area estimate. This was likewise true of the frequençy point method.
It will be recalled that this method was not suitable for - measurement in
the Pacific bunchgrass type as encountered on the Starkey, in Oregon.
The condition and trend study is aimed at securing a method that will -

have western -wide application on forest range types. The 3 -Step Method,

which utilizes the loon method in Ste-) Ono and the paced transect in
St(:,) Two meets this rti A ,.. ;r;t Cott =or than the frequency point. loth
the loop and paced tra. -- --.c` -nc hods'are essentials of the 3 -Step Method

and, as will be discusbyl in ac-..ual application on a ran ce unit

basis, one or both may b:.; _: ;c:r: t:l3pending on the level of accuracy
desired in measurement.

- 2 -
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IHERE THE LOOP METHOD WAS TESTED

The loop method of pleasuring various elements of the site, as shown

in Table 4, was tested in a wide variety of range types in various

stages of condition. Attention was focussed primarily on the perennial
grassland and open - timber types because of their importance in forage
production and their significance as key areas. However, many other

range types were encountered during the course of the study. These

range types and condition classes on which the loop method was tested

represent a large segment of national- forest range in the West. It was

the consensus of opinion of the men who had taken part in the tests that
the loop method offered premise of being a practical measurement tool
for the determination of trend in all of these types and condition .classes.

In this discussion of where the loop method was tested, two range types
are of especial interest because of the sampling problems involved and
the wide differences in growth characteristics of the vegetation. These .

types are the California. annual type and the big sagebrush -grass type.

The California annual type, although of minor importance on national- forest
range, is of interest because of its similarity in cover characteristics
to cheatgrass which is of tide occurrence. The California annual type is
especially difficult to measure because of the single - stemmed growth of
the many species involved, and the aerial portion of these plants may
occur in two or more levels. The vegetation is also of high density. The

uniformity with which different individuals dàn measure the California
annual grass type is indicated by the data presented in Table 5. It is
fully appreciated that one transact line with measurements by three men
is an inadequate test. However, it is thought that the data presented do
indicate uniformity between men and together with data from other range
types indicate the wide latitude of types to which the loop method might
be applicable. Confidence in the use of the loop method is increased
when we consider the data obtained on the California annual type by a
similar method used by Huffaker and Holloway.. Their method consists of
a sampling frame which covers 1/4 square meter and utilizes 28 brass rods
or point designators. The species of greatest development within a radius
of 1 inch was recorded at each brass rod. The method was used successfully
in following changes in vegetation during a two -year period as brought`
about by the biological control of Klamath weed with certain introduced
insects.

The big sagebrush -grass tyre was encountered in California and Wyoming.
It is of importance because of its wide distribution on forest ranges.
The vegetation is usually two -storied with grasses and weeds growing
beneath the crowns of the shrubs. The transect tape, when stretched, may

Huffaker, C. B., and J. 4:: Holloway, 191+9, Changes in Range Plant
Pcpulation Structure litisocl3ï.ui: with 2Lve:].rig of Imported E.eàúl.:.s" of
Klx:lath Weed ( Hacricum vérf orva:-: I, Fcoiogy, Vol. 30, ;IO. 2, pp.
167-175. '
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Table' 4. - Location of 1949 tests, personnel involved, range types and
condition classes, and time of year when tests t' :ere ,onducted. '

Location
. : _ :Condition:

Personnel: RancP t %mec :classés Tímc of spar
: :

:Pacific bunchgrass in: Hi fair:

: "biscuit- swale" : Fair : June 20 -26

:Topograph Poor

Region Six-- . :Kennedy
Whitman N.F. :Iverson
Starkey: Exp. ' :P echanec

Range, Croc, Holscher
:Harris
:Garrison
:Parker

Region Two -- :Schwan
Pike Y.F. :Cramer
r:anitoU Exp: :Costello
Runge, Colo. :Parker

Region Five -- :Wood
Tahoe 11.F. :Saarni
Sierravill e $.a: Hormay

California :Parker

:

:Ponderosa pine-
: bunchgrass

: Good : June 27 -
: Fair ' :. July 15

: Poor :

IONNo

Region One- :Johnson
Beaverhead N.F ;Lommasson
Vigilante Exp.:Woolfolk
Range, r:ontana :Peterson

:Parker

Region Four -- , : Phinney

Bridger N.F. -:Ellison
Cokevílle R.D.:Houston

Tyomi :Parker

Region Three --' :Traugh
Coronado N.F. :Bostick
Nogales R.D. :Pearse
Arizona :Parker

: Big sagebrush -grass : Podr :

: ?'Tet &dry meadows : Poor to:
: Mt. grassland : fair :

: (Wyethia) : Poor
: Bitterbrush : Poor : August 1 -12
: Ponderosa pine- : Hi -fair:

: bunchgrass : .

: California annual : Good :

: type (near Berkeley):

: i,_t. grassland :Lovr-fair : August 15 -26

.

:Fair
:Good

: Big sagebrush-grass :Poor to : September L2-
: fair : 16 .

grama -oak

: savannah
:Poor" "

:Fair

:Good

: October 3 -7

. *Associate. Director Talbot and Director Tebbe each spent about a week
working with ,the group and had many valuable comments regarding the work.
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Table 5. - California anneal grass type- -field data on the same transect
line for three men.

Man 1 Ean 2 E'en 3

Avena fatua 7 7 10
Bromus moll is 49 54 52
Festuca mcgalura 5 1 2

Lolium multiflora 13 11 10
Hordcum guseonianum 4 3 6

B rorlus rigidus 4 1 2

Unknown (weed) 0 , 1 1
Litter 18 22 17

Bare soil 0 0 0

be 2 feet or more above the ground surface,' necessitating that observa-
tions be made by "plumbing" the wire loop. A similar situation obtains

'with other shrub types such as bitterbrushgrass. In measuring such
types for the purpose of eventual determination of trend, it is-important
that the overstory vegetation be recorded as well as the understory cover.'
Both stories of ve ;etàtion nay be recorded on the specially devised form
presented in Figure 3. Frora the standpoint of determining trend in browse
types, this is an important record because there is a marked difference in
potential trends between a brash stand with grasses beneath the crowns of
the shrub and one with no grass at all. As will be discussed later, there
was no significant difference between mon in the measurement 'of browse and
grasses in, the Wyoming trials. As shown previously in Table 2, the crown
density measurements of sagebrush in California obtained by the loop method
closely parallel those obtained by the line intercept method.

*;
II :, TIT.",!; L002 1 .Er } OD WAS -ESTFD

The tests were conducted in each region in much the same pattern. Two or .

moro days were spent by the group at the beginning in initial training witI'
the discussion of the 3 -Step Hethod -- particularly Step One . Fallowing this
initial training period a minimum of two transect lines were located by
iron stakes within each of the various sites selected for sampling. All
transect lines were 1C0 feet long. nere only one range type Bras involved,
all condition classes available were sampled by the loop method. In
'California seven distinct range types were sampled --most of which had only
one condition class readily available.

Each of the transect lines was measured by each member of the group Who
repeated his measurement on the same lines a day or so. later after replace-
ment of -tape. No reference was made to previous notes, but occasional
consultations were necessary on certain standards of measurement. For
example, it was found that prior consideration and agreement was needed
on how some growth forms should be measured and recorded. Growth forms
of weeds and shrubs are especially variable: These may vary from open,
scraggly, difficult to define forms t,- ,, -ice, compact crowns that arc
easily defined .' nd mcr sur od, s cc1.al definition in
order to attain a of uniformity between men in measurement.
Specific definitions for .,vat l for; a. c iff .Cult to measure have as yet

to be determined more preciecly.
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The necessity of measurement standards to fit certain growth forms is
not peculiar to the loop method alone but is an essential attribute
of all sound methods of measuring vegetation.

Tests conducted with the loop method as a moans for securing information
on range -trend were concerned primarily with the following major sources
of variation.

1. Chahgo due to trend in condition ^s influenced by grazing use and
weather. To be obtained by roimated meacurcnent of essentially the same
lines over a period .f time. In the field tests,broad changes that might
be erected within a period of time were simulated by deliberately select-
ing different sites in the sane range type that were judged to be different
with respect to range condition.

2. Measurement error arising from different man taking the records. It is
important that this error be small, because on most rapper districts it is
unlikely that the same man will ramie the measurements of the same plots
over a long period of time. If the error is large and not recognized as
such, then conclusions may be drawn with respect to trend that are highly
erroneous.

3, reasurement error due to replacement of tape when transects are
remeasured. It is important that as exact replacement of the line as is
possible be made, otherwise a new error of sampling is introduced. This,
if large, may also lead to erroneous conclusions with respect to trend.

4. :easuremert - error of same man. Unless the plots-are to be remeasured
by the s.:me man, this error is not as important as 2, above.

It is likely that this error will be smaller than 2, but it will increase
if mon tend to develop a bias within themselves by constantly changing
or adopting new standards or different criteria of measurement, This
would also influence the difference between men. As for example, measur-
ing the perennial crown of a shrub by ignoring current annual twig growth
and the next time recognizing it.

It is especially important that errors 2 and 3 or 3 and 4 be small,
otherwise, a great and probably prohibitive number of transacts will be
required to accurately measure the variation resulting from change in
range condition. Accordingly, the data obtained in each region by the
loop method were subjected to regular analysis of variance procedures
to determine differences between men and the combined variation due to
men and line replacement. There the range type had two or more condition
cl s$es represented, the record obtained by the loop method was subjected
to further analysis to determine which data might be most meaningful for
depicting trend. Inasmmuch as all pleats were identified and recorded as
to species, it was possible to group them as to growth form (grasses, weeds
and browse) and as to special indicators of various successional stages
.rc.ultinr fro:,. r razir !: 2rocrc,z.'rc was followed in order to

f-iC i -state analysis of day! a ünd to permit comparison between cafforcnt
ran. c, t-pes encountered within the regions.
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DIFFERENCESP?CES ARISING FRG" LINL REPLACE=

Differences arising from replacement of the tape, as would be neces-
sitated in rcmeasuremcnt of permanently located transect lines at
periodic intervals, wore for the most part not significant in the tests
conducted in Oregon, Colorado, aziifornia, and Lontana. (Data are lack-
ing for "'yor.iing and Arizona, since the time scheduled for making coripinte
remeacuromcnt of all lines was insufficient.) A measure of this source
of error was obtained by comparison of \the first trial and second trial
data for all lines. An example of the method of analysis carried out for
t'i.is determination is presented in Table 6 (utilizing data from the
Vigilante on climax species, involving thirteen transect lines, four men
and each man repeats his measurement after line replacement). Since the-
tape was removed and stretched between the same stakes a day or so later,
the mean. square error t rm e (listed as 5.0366 in Table 6) includes error
due to line replacement plus any individual bias of the man making the
reme^ surements.

Table 6. - Example of Analysis of Variance procedure used in the analysis
of data (Vir;ile.r_te data for climax species)

Analysis of Variance
r

. S.S.J M.S.' Lr Sig.

Trials 1 5.0866 . 5.0866 -
Lines 12 3126.5385 260.5449 4H;

!:en 3 1.2597 .4199 -
Line X lien 36 1021.6153 28.37$2
Error l 1026.4134 20.1258

Total 103 5178.9135

**Significant at the 1 percent level.

A summarization of the differences arising from line replacement for
various elements of the site for the four regions in which this could
be tested is presented in Table 7. It is readily-apparent that . in the
bulk of these tests there was no significant difference due to line
replacement. The few instances where there vas a significant difference
due to line replacement are difficult to explain. In the case of 'litter
this was-determined by means of the frequency point method in Oregon and
Colorado, and in California and ?."ontana by the loop method. This would
indicate the latter as a superior method in that differences due to line
replacement are not significant. However, in due fairness to the frequency
point method, it is worthy of note that at ! anitou in Colorado heavy rains .

occurred between the initial and repeat measurements so that litter on the
areas in Unsatisfactory condition was washed together into bunches or
riffles from its former ..iva.. O. Hcnco, r:;eaS:ÀrCnor'ir.. S =do On

Litter in the initial trials be repeated with confidence in the
fo lo; -up trials.

r
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Table 7. - Summarization of differences-due to line replacement for
various elements of the site, as detcrzined by analysis of
data from four reáions.

OREGON : CCI,(. ADO : CALIFORNIA: ::0ìv 'ANA

Element measured : Starkey : Manitou : Tahoe : Vi!i laute

Climax grasses
Total grasses
Weeds
Browse"
Rock-bare soil
Litter

N. S.

N. S.
No test
N. S. (FP)
,;:... ,;

N. S. No test
N. S. N. S.,
N. S. No test
No test N. S.
N. S. (FP)N. S.
,, ,,'' (FP ) N. S.

N. S.
,, ,,. _-
N. S.
T.. S.

N. S.
N. S.

Significant at 5% level.
* Significant at 1% level.
FP _ Frequency point method.

Replacement of the tape and remeas rament involve the question of whether
or not it is . possible to return to exactly the sane points for observation.
It is obvious that the chances for doing this accúrately are minimized as
the point to be observai decreases in size. One good reason for this is
tue coefficient of thermal expansion of steel. Lath a tape 100 feet long
the variation in total length arising from fluctuatiòn in te.,perature
could be 11.03 feet or more. Thus, the chances for returning to the sane
point as in the loop method with a 3/4 -inch diameter' circle are much
greater than in the case of a fine point as with the frequency point method r

The record obtained in all tests ( except those in Arizona) was a simple
"dot" record on transact lines 100 feet long with 100 observations made

'at 1 -fbot intervals. This type of record did not permit examination of
the data to see if exactly the came loops were being recorded on reine :sure -
ment. In other words, it is possible that differences due to line re-
placement were obscured by compensation, i.e., an observation missed at
one point on the line in the first measurement may be picked up in the
second, and vice versa. In Arizona the specially devised form shown in
Figure 2 for recording each observation was utilized to help answer this
question.

In Arizona, permanently staked lines 100 feet long measured in early
October were remeasured by the same man again in February, without
reference to the data obtained in the first trial. As shorn by the data
presented in Table 8, the observations are partially compensating. Thus,
for four lines the average total vegetation was 29.4 (oui of 100 loops)
which was comprised of 22.2 (75.5 %) loops with identical readings for
vegetation and 7.1 loops (24.1 %) with records made at different points
on the line. Transccts 1 and 2 were in a high density, shortgrass type
of curlymesquite n.n:--ri) and --rama outckua rraciïis B.
hirsuta) ;,hLrc the t,,? hf: t-;round surf ace. Transects 3 and
4 v;cre in a tall banc.. ; .. ; ( ^.a;;,4+,,,,,-;d largely of beardgrass (Andropogon
sp.) and sidcoat s gram a (74. e urf inc ,, -) where the tape was frequently as
much as a foot above the .> ;. :,aL..r- : In spite of this, the data from

.,

,,..
. ..,
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transacts 3, and 4 compare favorably with lines 1 and 2 with respect to
line replacement and Observation of the same loops. It would seem,
however, that with tall vegetation such as sagebrush the number of
identical points' ór' loops on a' line that could be observed would
decrease because of the .greater height of the tape above the ground'
surface.' Whether or not this is true is not known. It is' possible,
too, that if lines shorter than l00 feet in length had been utilized
the lines could be retraced with a greater degree of confidence.
Differences due to movement within the center part of the transect
line can be overcome to some extent by the 'placement of witness stakes
at one or more points between the end stakes. Proper length of line
yet remains to be determined.

Table 8: - Arizona data on four transect lines with 100 loop observations
taken on different dates by the same vlan on the same lines and
on the same lines but at different points on these lines.

: : Number of ob- :Number of ob- : Total : Total
Transact : Date :servations with:servations with:vegeta- : vegeta-
number :measured :vegetation in :vegetation in : tion : ..tion

identical loop :different loops: M . B*

1 Oct. 1949
Feb: 1950

36
' 36

4
5

40
41

2 Oct. 1949 25 11 36
Feb. 1950 25 9 34

3 Oct. 1949 1/ 2 16
Feb. 1950 14 5 19

4 Oct. 1949 14 12 26
Fob. 1950 14 9 23

Average 22.2
' 7.1 29.4

42

37

20

23

. 30.5
A = same line and attempt to record same 100 loops.
B = same line as in A but all 100 loop observations different from A. -

Fro.. the standpoint of observing .trend and reducing error due to line
replacement, it is important, if possible to do so, to retrace the same
identical lines and points because of the greater confidence that can
be placed-in the data. This would be particularly true where vegetation
was. sparse and the floristic composition varied greatly. In fairly
uniform vegetation of relatively high density, it may not make much dif-
ference vihether or not the same points are observed from one measurement
period to the next. In order to ans qr this question, the same four. lines
were remeasured aS described above but the 100 loop observations were -
deliberately spaced half way between. As shown in column B, Table 8, the
readings for total vegetation closely paralleled those shown in column A
where an attempt was r:aàe to rctraco the identical loop readings. The
average of the four lines was 30.5 compared to 29.4 and the readings
for individual lines compared favorably in all cases.

-24-
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UNIFORMITY BETWEEN MEN

The question of whether or net different individuals can mcacure range
vegetation alike is highly important in the determination of range trend.
If differences between mon are lige, it is likely-that erroneous con-
clusions will be drawn from the data. For example, if one person is
inclined to make "low" readings and 'another "high" on the same transect
lines, the difference between tho two measurements will be ascribed to
change when actually there may have been little or no change.

Analysis of the data obtained by the loop method ir. the six western
regions was carried out by the variance procedure summarized in Table 6.
Summarization of "f" t able results from the individual regional analyses
for the differences between men in the use of the loop method for re-
cording various elements of the site are presented in Table 9 (also see
Appendix for analyses by individual regions) . It will be noted that the
error between men was not significant in 17 out of 30 cases where this
could be tested. On the other hand, there were 13 instances where the
error was significant at the 1- percent level and 2 cases where it was
significant at the 5- percent level. If we eliminate the items measured
by the-frequency point method and consider only those obtained by the loop
method, we find 16 cassas out of 26 where the differences between men were
not significant. The results from these trials are considered to be very
encouraging. This is especially true when appraised in the light of the
well -known discrepancies between men in the use of other range measure-
ment techniques.

Table 9. - Su narization "f" table results for differences between men
in use of the loop method for recording various elements of
the site Ca2.21.22smdix for individual regional analyses) .

Element
measured

: ORECO N : COLORADO :CALIFORNIA: ONTANA : ", O..:ING:ÀPJZON4

: Starketr . I`anitou : Tahoe :Vr ' L tc:Brid_er :Coronado

Climax grasses
Total grasses
;;reeds

Browse
Rock-bare soil
Litter

,.,,., ,,

N. 0

No test
N.S.(FP)
;:;:(FP)

N.S.

N.S.

;

No test
**(FP)
* (FP)

No testr
No test

N.S.

N.S.
.

N.S. N.S. N.S.
it* N.S.
-_;-,. , 1,%S: No test
,, _: N.S. No test
N.S. ' N.S. *;:

N.S. J N.S. N.S.

,;, Significant at 5% level.
** = Significant at l% level.
FP T. Frequency point method.
i,,5.= Not significant.

The "f" table results shove in Table 9 for differences between men arc not
entirely indicative of the level of reliability of the loop method oven
thou;h the analysis of variance 1117.y ln. ;- e ; fa can` i, srcncCC : no 3r U d I1 e.

It the mean s ',uare Jí,vA,E: leteraction raen X lines are
insignificant Shen compared with puro error, it might merely indicate
poor technique, This wou' , i~ L true whenever the pure error term was
large. The pure error ..,Eti.,, .. jt.a_ c: in al1,anal.ysts for all regions Zres S

r.
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small in comparison to the expected error between lines. An example
of this type of comparison is presented in Table 10 for measurements
of total grass by the loop method in all regions. Although deliberate
selection of sampling sites increased the error term ibetv:een lines, it
is believed that it would still be proportionately large in conparison
with the pure error term if the lines had been randomly placed. This
indicates the loop method to be a reliable method of measurement, regard-
less of whether or not the "f" term is significant.

Table 10. - C omnari son of expected mean square error term of differences
between lines in total .brass and pure error term.

Location
of trials

Between Lines
Fear Square Value

Pure Error
Mean Sauare Value

Oregon
Colorado
California
Montana
Ï Tror"i ng
Arizona

3430.106
1310. 245
4043.974
352.054
119.060
210.089

11.965
13.;342
5.528
6.203
9.806
1.989

In the conduction of the tests with the loop method, every precaution was
taken to achieve a mini= disturbance of vegetation and soils. In spite
of this care, some disturbance of plants, litter and loose rock did occur.
Hence, part of the differences bdc,ween men can be ascribed to this cause
and not to failure to measure alike. Io the Oregon trials another source
of error arose from the use of both an engineer tape and, a wire transect
line with balls of solder spaced at one foot intervals. The latter was
later found to have the balls incorrectly spaced. Hence it is advisable,
to use steel tapes because they aro standard instruments.

Error between men in. the a7Aication of the loop method may arise from
a number of sources, na ,.cly:

1. .Failure. to adhere to the same standards or criteria of measurement,
For ,example, the definition of litter 2o11ov ed. in the tests was any dead
vegetative material, rog.rdless of origin. In one series of tests one
individual adhered to this definition at the start of the tests but
changed his concept afterwards to record only perennial grass leaves and
sterns, ignoring pine needles which were abundant.

2. Improper plant identification i's an error inherent with any method
and can only be reduced through constant training. (There is an especial
need for training in the recognition of plants by vegetative characteristics).
This error is apt, to be large at the beginning of growth or at the end of
the season when either the plants have dried up or have been heavily
utilized.

3. Poor eyesight or failure to thé ground surface closely for
plants of cxtrc: :.ely small size.

26

4. Failure to straddle the tane line at allitimes and to rake the measure-
the _ F.. ^ }..,.»1:r1iJ from tLie s r... 1.. f +.. t.all..l .~i' ,4

,-
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5. Failure to properly plumb the loop from the tape - particularly
when the latter is a foot or more above the ground surface. Improve-
ment of the wire loop by weighting or other means, to secure mere
accurate plumbing, is considered to be highly desirable.

SENSITIVITY OF THE 1_ETHOD

Of equal importance'to securing uniformity between men is the requirement
that the method be sensitive in reflecting changes in range condition.
Obviously it was not possible in these tests to await a year or more for
ktrten changes (i.e., 'as arising from drought) to take place on the transect
lines established in connection with the study. However, it is possible
on the basis -of the nr:e data (collected primarily to determine uniformity.
between men),- to exa..r_ii.ne this material from the viewpoint of sensitivity
of the method. It will be recalled that in selection of sampling sites
within a range type, whenever it was possible to do so, theca were de-
liberately placed in different condition classes. Among the best data
collected in this ranncr are those from the Starkey Experimental Range in
Oregon. Accordingly, these data will be examined for their value in
indicating. pc.csibl broad changes as might occur from one condition class
to another' and as to senller changes within a condition cl.a ss.

The tests in Oregon were conducted on the Pacific bunchgrass range. In
this range type the item of "climax" grasses is of especial importance
because of its value in the delineation of range condition classes.
Furthermore, increases or decreases in this group of choice grass species
are an iraportant indicator. of the direction of trend in condition. Changes
with respect to clierex species from the poor to the fair condition class
have been observed to. occur on the S tarkey. within a 10 -year period. In-

spite of significant differences' between men in making the measurements,
the record obtained by each of the six men as shown in Table 11 indicated
a clear -cut difference between three condition situations -- poor and fair
-- and the intermediate stage listed as "hi- poor ". The data presented for
each condition class are the averge of three transects located as a
"cluster" in each condition class in much the same fashion as they would
be if applied on a range unit basis.

Thus the simple arithmetic cluster averages indicate sharp differences
between the three condition situations: This is likewise true of the
individual lines, although the variation between individuals is apparent.
For example, as shown in Table 12 the readings on transect line 2 ranged
from 1 to 6. In spite of this variation there vas only a single case
where the readings overlapped. This was between Man 3 en-line 2 in the
poor condition site i,dth a reading of 6 and Man 6, line S, in the high
poor condition with a similar reading of 6. Apparently the loop method
is sufficiently sensitive to pick up broad changes as r.r occur in the
relative abundance the cl . c :pecios shown in Tables ll and 12.

- 27 -
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Table 11., - Transect clustcr averages of climax species (Agsp, Kocr,
Feld, Daun) as determined by six rlcn with the loop method
in three different range condition sites. Starkey Experi-
mental man= o Orenon

Man
i r'fe condition

Poor Hi-cor Fair
Av., linos Av. 3 linos Av. 3 linos

1 2.7 ' 10.7 39.3
2 3.7 12.3 37.3
3 2.7 12.0 37.0
4
5

3.0
3.0

8.3
11.0 '

34.3
42.3

6 1.7 9.0 32.0

Now as to the sensitivity of the method within a single condition class,
the s ^ame data on ell= species may be further analyzed to determine: (1)
The minimum n u:ber of lines necessary to sample each condition situation;
(2) the r...C,nitude of change that t uld be necessary before it could be
picked up by different men and by the same man. These determinations may
be accomplished by carrying out separate analyses of variance from the
data presented in Table 12 for each condition situation. The mean square
error terris so obtained are summarized in Table 13.

Table 12. - Fi.elc?, data on clin= species
six mon in two trials on the
throe condition situations.

. 3
:'a._c.^.n No. l :Man á:17 2 :i..:1 !.'i0

obtained by the loop method by
sanie nine transect lines in

Long. Starkey Experimental Range, Oregon,
.Man No. 4 :.:an No. 5 : ,Nan No. 6

Transact: Trials : Trials : Trials : Tri21s :Tr" Trials : Trials
il o. : 1: 2: 1-. 2: l i 2 - : 1 . 2 : 1 : 2 : 1: 2 --

FAIR CONDITION
4 3$ 34 37 32 37 36 33 36 41. 45 31 28

5 44 . 54 41 50' 41 51 39 32 50 52 36 45
6 36 31 34 32 32 34 31 36 36 39 29 32

. HIGH -POOR .CONDITION

.7 12 '11 " 15 12 14 12. 8 8 . '12 12 12 8

8 10 11 . 12 8 il 7 8: 8 - 7 9" 6 6

9 10 10 . '.10 - 10 11 11' 9 9 14 10 9 11

P0L^ CONDITION

1 ,3 3 4 3 3 3 4 4 3 2 2
2. 3 3 4 5 2 6 2 5. 3 3 1 4
3 2 2 3 2 3 3 4 3 2 2 2 3



Table 13 . - Summarization of r. o n square error terras determined from
data ar escntcd in Table 12.

Source of
variation

:

:

Degree of : R^ngo condition
freedom : Fair : Hi -poor : Poor

Trials 1 30.25 8.03 2.78
Lines
lien

2

5

144.08
'82.92

23.25
9.32

2.19

1.71
Interaction (I'xL) 10 15.25 3.22 .49

Error 17 14.90' 2.09 1.01
Total 35

Front the mean square error terms presented in Table 13 it is possible to
calculate (not shown herewith) the number of lines necessary to adequately
sample each condition situation for trend. This analysis indicated the
following: 12 lines for the fair condition class, 22 lines for the high -
poor, and 3 lines for the poor. The average magnitude of differences on
these lines that would have to be attained for significance where different

- mon ,Hake the measurement s would be as follows:

Fair condition with 'a present mean of 37.95, a change in average loop
reading in either direction of 9.5 or 25 percent;

High poor condition =with a present mean of 10.10, a change in either
direction of 2.83 or 28 percent;

Poor condition with a present mean of 3.05, a change in either direction
of 1.27 or 42 percent.

There the same :man could repeat the measurements the minimum difference
necessary to show change would be much smaller .than where' different men
made the readings. 'Fer example, in the fair condition class an average
change of 3.15 or 8.3 percent would be shown as significant.

Although the data utilized in the above calculation are for climax species,
it is believed that similar relationships obtain with other factors of the
site. 'This is of importance because the climax species night be entirely
lacking on a range in very poor condition and increase lithe secondary
species would have to be relied upon as a measure of improvement. As a
matter of fact in any condition situation, changes in the amount of the
litter cover, bare soil, and rock would also be important considerations
in determining the direction of trend.

Elsewhere in the other regions, the loop method yielded reasonably sound
information for detection of differences of varying magnitude. In Table 14
are listed similar calcul,tions as earned out with the Starkey data but for
other site factors. The method appears reasonably sensitive with respect
to these other site factors. It is especially sensitive to changes in
browse. For example, in, C alifcrnia where the average loop reading on the
lines with browse (big sagebrush) was 32.3, the magnitude of difference
necessary was only 2.0 and could be picñ od up with a minimum of 12 lines.
The de r eo of confidence in a'.í i 2f z.+'v ;i::c be .at odds of 19 to 1.

- 29 -
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Table 14. - larynitude of differences, for several site factors, that
could be detected by the loop method, with confidence at
odds of 19 to 1. (By Roy Chapman - Washington Office)

Average : ?:agnitude of: Number of
Location : Site F meter :Loop Index : Difference : Lines

:of Densit Re uired : R uired

.

Colorado :

:

:

California:

Fontana :

ti yoming :

:

.

Arizona :

- ;

.

Secondary grass .pccies:
Poor condition 35.2
Fair condition 34.8
Good condition 29.2

Browse : 32.3
Litter 2$.3'

Total gras ses : 41.4

Total grasses 14.2
Browse 27.4

Total 7rass;.s 27.4

: Plus or minus)

:
;

: 3.0
: 2.0 : $
: 6.0 : 5

: 2.0 : 12
: .0 22

3.5 : 22
: :

:

:

2.0

2.0
:

:

.

.

: 4.0 :

7.
5

6

Theso analyses indicate the loop method to be reasonably sensitive in
picking up changes that ray occur within a range condition class. They
are sufficiently promising to warrant further field testing as to
sensitivity. In or: motion on the magnitude of changes in condition that -.,

can be expected during periods of tine a s short as 3 year within the majo
range types should also be concurrently collected.

OPTLm°: N'tTi.23F3 OF ODSERVATIOiIS OI'3 A LIrIE

The loop method, as initiated and upon v:hich all trials in all regions
were based, involves the recording of 100 observations made at '1 -foot
intervals along the edge of a steel tape. The selection of 100 points
for observation was purely arbitrary aid was done for convenience in the
summarisation of the data. The ouestion arises, would' halt" this number,
for example, be sufficient or. do we need more than 100, say 200, observa-
tions for the sake of accurcy?

A test was conducted or.' the Corcnc:',e, `rational Forest in southern Arizona
on the mixed grama type, in ord,. r L': :: ,:cu.'o an estimate of the accuracy

involving different n rnbcro of observa,,ions per transect line. in this
test, 20 transect s, each 100 f cot . for , deliberately placed in different
densities of assL nd vcLet.%ion, were measured by one man. On each
line, 200 points were Obe rvcd hy the loop method and recorded as they
occurred on the transect line, `i`;, s . et Zed of recording permitted later

- 30 -
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Table 14. - Lagnitude of differences, for several site factors, that
could be detected by the loop method, with confidence at
odds of 19 to 1. (By .1?ovv Chan man - Washmn(rton Office)

. : Average . 2a gnitude of : \+ e r of
Location : Site Factor :Loop index :
_.._..... : :of Densit

Difference
Reauir. ed

: Lines
Rcauired

- .Plus or rime)

Colorado : Secondary grass epecies: :

: Poor condition 35.2 : 3.0 6
: Fair condition 34.8 : 2.0 : $
: Good condition 2 .2 : 6.0 5

California: Bro wse : 32.3 : 2.0 12
Litter 2$.5-

L1.1

:

:

5.0

3.5

22

22

'

...ont .ia : T otal grasses

Wyoming : Total grasses : 14.2 2.0 . 7 .

: Browse : 27.4 : 2.0 5

Arizona Total srassee 27.4 : 4.0 6

These analyses indicate the loop r; :chod to be reasonably sensitive in
picking up changes that may occur within a rargo condition class. They
are sufficiently promising to warrant further field testing as to
sensitivity. Infor ation on the magnitude of changes ir. condition that
can be .erected during periods of -Linea s short as 3 years. within the rlajo
range types should also be concurrently collected.

OPTL: NïJ..ER OF ODSr'.WATIOi`IS 'JI+. A LIT1E

The loop method, as initiated and upon which all trials in all regions
were based, involves the recording cf 100 observations made at 'l -foot
intervals along the edge cf a steel tape. The selection of 100 points
for observation was purely arbitrary and was done for convenience in the
summarization of the data. The Question arises, would-half this number,
for example, be sufficient or do we need more than 100, say 200, observa-
tions for the sake of accurácy?

A test was conducted on- the Coronado National Forest in southern Arizona
on ho !,r.^.ree. t7-3e, Lti 3rdc:r to secure an estimate of the accuracy

.V tra sc ,:t line. In this
test, 20 transacts, each 1UJ fect'Long, deliberately placed in different
deneitios of ,'a ssJ.i nd veLetZtion, were measured by one man. On each
line, 200 points rcre by t.;c. leap method and recorded as they
occurred on the transeet y1 :c. This method of recording permitted later
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analysis by 6-inch,-1-foot, and 2 -foot intervals, representing 50,
100, and 200 points, respectively.

The optimum 'number of points por transect line was determined by
utilizing the followinz: equation in the analysis of the data from
each treatment:

wherein P = percentage loops with vegetation
q - 1 -P or percentage misses
N = number of points observed

The error torr.: secured is then expressed as a percentage of P.

Results of the analysis are presented in Figure 9. As might be expected,
accuracy increases as .the number of points per transect increases with
200 loops the most accurate, 50 the least, and 100 intermediate. Lines
with 50 observations por lino are inadequate since the percent mean
term is high, exceeding 20 percent on all densities of vegetation below
32 percent. The curves for 100 and 200 observations per line flatten
out rather rapidly wherever the index of density for vegetation exceeds
20 percent. At this point, the percent mcan error terms are 20 and 14
percent . Since the index of vcr ;etation density obtained by the loop
method usually exceeds 20 percent, it is thought that 100 observations
per line is a fairly sound base for sampling. From a practical viewpoint,
this is also an optimum number because of the greater ease in record -

compilation than with either 50 or 200 loops. The time required in field
examination is irarkedly less than with 200 loops.

PLACEMENT OF TRANSECTS IN CLUSTERS

There a .re several sound reasens for the placement of two or more transects
in a cluster at each site selected for sampling. It affords a larger
sample of the vegetation azd helps prevent the overlooking of rare species
which may be valuable indicators of trend. It provides a measure of the
variation within a sracplirì site .nd helps smooth out the differences in
r..ea sure ment between ¡non. From Ira. ctica1 viewpoint, placement of tran-
sects in clusters is desirable because of the greater an unt of information
obtained per man hour. The question of how many transects' that should be
placed in a cluster rill bo 5overned by the variance in density of vegeta-
tion -both within tra i.`_ic ,.;t eJ.ust,r. _ . ::a between clusters. In addition to
this,, the rum :),..r of : :,

.. will he governed in part by the
case of travel. If trav,,i is ca_ sy, it is better to have fewer transects

a cluster and more. c: _ ostablished for sampling the range. If
travel is cli.fficu'.t, CC-3Z in terms of time becomes a lir::itin g factor and
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tore units in a cluster, v'.ith fewer clusters will be required.

Sin tar problems of sampling are encountered in the Forest Survey.
Haseî .of the California Station has (levoloped a method of statistical
analysis for determining the optimum number cf plots to place within a
cluster. This method was followed in the analysis of data obtained on
the Coronado National Forest in Arizona, involving 16 transects, repre-
senting 8 clusters of 2 transects per cluster. The 8 clusters sampled
areas varying from good to poor range condition. Results of this
analysis are presented in Table 15 and are presented as an illustration
of how the method :Light be used elsewhere.

Table 15. - Analysis for the determination of optimum number of Iran-
sects per cluster (Arizona- Coronado N. F. data).

Source DF - : Sum sgtz-:ros :I e r, s uarc : Desimation

Between clusters - 7 97.0 13.857 KA + B
?-'ithin clusters 8 84.0 10.50 B

Total .15 181.0 A r B

* K plots in a cluster (2 in this erample)

Tò determine A:

KA * B . 13.857
2A t B - 13.857 and B = 10.50

2A a 3.357
A = 1.678

Tl or average travel tune between transect clusters `35 minutes.
Tp or average time rccuireci for each transect _ 19.85 minutes.
R or cost ratio - Ti = 35-.- 1.76

, .p 19.85
Syr - 10.á = 2.501
Sb V 1.618

Then N or nurnber.'transect s required = 2.501 ' -\ 1.76 3.326 or N = 3.

The abóve analysis indicates that for the conditions encountered on the
Coronado three transécts at a sampling site would be sufficient. The
relative sampling efficiency of transects placed in clusters as compared
to independently located transect lines may also be computed. This
calculation indicates that 8 clusters of 3 lines each (total 24. lines)
:would be equivalent to 19 transact. lines separately located. The saving
in travel time from one sampling; sirde to the next is apparent. This
saving would no doubt be increascd in follow up remcasurements when the
sampling sites would have to be relocated, perchance by personnel
u ~ìî mi liar with t11cdr I.acrï.icn.

The tirée data used in the an lysis was the tie required (ay. 19.85 minutes)
to accomplish Step One of th. 3-Stop :: thod. Re- analysis, 'with 40.5 minutes

1
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per transect, the time required for all three steps, indicates that a
mininLun of two lines per cluster would be required. However, for
greater confidence, a guarantee against loss of a transect through
destruction, assurance in picking up key indicator species, and in order
to meet unforeseen eventualities it is suggested that a minimum of three
trcnsects per cluster be utilized as the sampling unit,. At least this
number per Bluster should be utilized until experience and analysis of
data prove otherwise.

AD VANTAGES AND U I TATIONS OF LOOP :fETHOD

Results of the 1949 field tests indicate the loop method to have much
promise as an administrative tool for securing information on trends in
range vegetation. It is simple, readily understood, and men can be easily
trained in its use. It provides reasonably accurate indices of density,
of vegetation, -floristic composition, amount of litter as it occurs
between plants, bare soil and exposed rock. Equipment required is extremely
sirple. The measurements rt ; be obtained oy one ran within a reasonable
period of time. Data obtained are readily interpreted and are subject to
statistical analysis if that appears desirable at any time, Differences
between men in many of the 1949 trials were not significant and, where they
did occur, were not prohibitive. Additional testing for uniformity between .

men is probably not necessary. Sensitivity of the method in reflecting
wide changes as from one range condition class to another is adequate.
Likewise, the method appears to be reasonably sensitive for detecting
smaller changes within a condition class, although this would justify some
further testing. Accordingly, the method is believed to be technically
sound and that it will be met with acceptance and approval of range
ecologists.

The loop Method has certain limitations which should be recognized. These
limitations may be segregated into two groups: those which can only be
overcome or reduced by adoption of proper precautionary measures and those
which may be corrected for by further refinement of the method.

First of all, the loop method is not a mcthod to be applied without insturc-
tion. Careful 'and thorough field training of personnel must be carried out
prior to actual application. The sample obtained is so small that, in
order to determine trend, the utmost care and precision must be observed
in obtaining the initial and subsequent measurements. Like any other method
plants with unusual grarth forms will have to be specifically defined and
the definitions carefully adhered to in order to achieve the greatest uni -_
fortuity between men. Personnel gathering the data must be able to identify
or recognize the .more important range plant species. If rangers collect the
data, they may need assistance and guidance in its analysis and interpreta-
tion..

Features of the loop method which should be further investigated in order
to achieve necessari,- refi_.c,,. , include:

1. Additional testing on the sensitivity of the loop method for reflecting
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minor chances in vegetation. To carry out this evaluation on the
magnitude of changes that may be detected will require assembly of
certain information. This would be with respect to the magnitude .

of changes and the rate with which they may occur in the more
important range types, as determined by other methods.

ti

2. Loop method readings do not express forage or herbage production.
The only indication of this would bu in the appraisal of vigor as called
for in the check list of Step Two and the reflection of the loop index
of density and plant composition on forage production. Information on
the trend in herbage or forage production would be of great value. This
will be followed up.

3. Additional testing is needed in several other important range types
not encountered in 1949, including aspen, mountain brush, and the high
mountain grassland of the Intermountain region. -

4. The index of litter cover tells nothing as to its volume or depth.
Information on the latter might be obtained by recording the litter
readings in depth classes.

5. The present size (3 /4" diameter) of the loop app.,ars adequate for
most situations. However, it is possible in special cases that loops
of two sizes right be used, including the present size in combination
with a larger one to pick up rare but iiportant indicator species. The
use of .different size plots or "double sapling" is standard practide
in the Forest Survey .for recording tree seedlings, pole size reproduc-
tion, and volume of timber.

6. The present length of transect lino is 100 feet. It is not known
whether this -is the ::,ost efficient length of line for sampling. It is
possible, too, that lines of shorter length would afford ,greater ac-
curacy in making the measure: cnts.

7. The possibilities of improvement' of equip .cnt 'in order to secure
greater uniformity between men should be followed up. ,As, for example,'
improvement of the plumbing quality of the loop 'and finding a better
means for stretching the tape.

S. Exact specifications for staking out transect lines, witness stakes,
. metal' tags for marking the sampling areas, close -up frames for photo -
plots, simplified 'forms for recording all data, etc., should be Z corked
out.

APPLICATION OF 3 -STEP 1.:ETKOO ON AN ALLOT_TNT BASIS

' Apl)l catin of the d for :&asuring rango trends on an 'allot -
ment basis was a tt c, í r locations (Tahoe, sri j,cr, Coronado)
during the field sct., ;c.:: _f , T'e;sults were not too satisfactory
largely because cf ti :.o, lack of range condition score cards
or check sheets (in most ro ipn0 for Step Two, and the more urgent need



6346

for securing adequate tests in connection with Step One (the intensively
measured line tr ansect) . However, the 1949 field work pointed out
several needs with respect to personnel requirements and sampling
procedures which must be fulfilled to make the work most effective on
an allotment basis.

Here are the more important needs which pertain to personnel:

1: Training in the field of all personnel expected to take pert in '

establishment and subsequent record taking by the 3 -Step Method must
be accomplished prior to initiation of the work on a range unit basis.
In addition to instruction in methodology, training is needed in ecolo-
gical perception and plant identification.

2. The initial installation of sampling sites should be under the
direction of a technician familiar with sampling techniques. However,
the ranger should take an active pert, both in this initial establishment
and in all subsequent record taking by the 3 -Step Method. After all, he
is the land m'nager responsible for action taken, and it is he who must
put to use-the information that is gained from the records. l. oreover,
the ranger, because of his familiarity with the range, can be of in-
'valuable assistance in the location of key areas. It is believed that
tlhc; averc.se ranger can secure the subsequent records called for in-the
3 -Step ':ethod. ,This is c3i;ccially true of the record on condition, trend
and utilization as required in Step Two. Some rangers may need help in
retaking photographs. `.any of them will probably require the assistance
of a specialist-in the interpretation of data and the significance of
certa ß.ìn . changes, as in composition of flora.-

Just how large a part the average ranger can take is a moot question.
It will probably vary greatly- between ranger districts. There is
general complaint in all regions that the ranger! s work load is now
so great that time is not available for adequate yearly range inspec-
tions and the maintenance of necessary allotment records. This is of
real concern because it poses a practical question to the administrator.
Tho nill make thcb initial installation, secure the subsequent records,
and interpret tige results once we have devised a method or methods for
following trend in condition on a range -unit basis? The answer will
need to be forthcoming at the completion of the condition and trend study.

As to sampling procedures that mast be either fulfilled or recognized in
the practical application of the 3- Stop :.ethod on an allotment basis, the
following remarks are pertinent:

1. In the administration of national- forest range, we are atter oting to
manage such vast aror.s that the question of that wo would like to do in
the way of record taking on condition and trend is largely colored by
what can do with the l:! _r uL .eC; funds a r r p o rSO!n ,l ,Vallablc. The ap-
plic:. 1,17, of the ,1 ; v i iC.r meth: )d, for that natter, at
an acceptable st,,.tictic 1 1.,-ík1 c.1. ca:,ipling for each and every en e of the
some 10,000 grazing , _i tr. :,- . . ]Y is not feasible. The problem
becmes simpler if we roc, t :-,- t ;., r Lc.s t national forests and ranger
districts, allotments r.:i; :,ht be c,,rc,7ated into three or more groups. For



example: one group of allotments; where range conditions are generally
satisîàetery. á;ßd' there is little rend for. anything more than routine.
inspections; a second group whore range condition is unsatisfactory and
trendets uncertain and where more detailed information is needed than
mould be supplied by the ordinary inspection; and a third and usually
small group of allotments where condition and trends are highly contro-
ve.rsiel and where the most factual record attainable is required. To

meet these three situations, the method applied for following trend
must be flexible and supply inforrmation whose continuity will not be
broken by later adaptations, Some allotments listed now as noncritical
may later become so, necessitating a more careful check. The 3 -Step
?.:ethod appears to meet this requirement of flexibility. On most allot-
ments, the intensity of sampling that is possible is limited. The method
that is utilized must combine precise methods of measurement with ex-
tensive wide -scalo esti rtes. The precise method should provide bench
narks for repeated measurement and as definitely marked .points to which
we can constantly return to check personal judgment of the general condi-
tion within a largo extensive type. Use of the 3 -,Step Method anticipates
this need.

In the first group of allotments mentioned above, it would seem advisable .

to apply the 3 -Step to a very few, carefully selected representative allot-
ments, including any which may be designated as demonstrations of good
management. It would also be a means of eventually providing information
needed f er the development of sound condition and trend .standards. In
the second group of allotments, a larger number of representative allot -
ments would be sampled by all three steps and a still larger number by
Step Two or possible Step Three alone. In the third group, all three
steps would be applied and the range units intensively sampled. Even
here the number of allotments selected will be limited.

2. In following trend on a range unit basis, re are interested primarily
in two things: (1) The initial range condition at the. time of sampling;
(2) collection of subsequent data as from permanently established grazed
range plots or transacts which will indicate trend in condition after the
initial examination. The intensity with which the sampling should be
carried out to attain these objectives will vary with the cor^plexity of
range types and different condition classes encountered. Sampling units
should. be confined to usable range, excluding areas that ere: waste, '

barren, dense timber, and inaccessible to livestock because of steepness.
The best method of distributing the sampling units in the usable portions
of the range has as yet to be determined. On the basis of the experience
attained during tho 1949 field season, the sampling units should be con-
centrated largely within the key areas of the allotment. Several methods
of application of the 3-Step :"ethod on a range unit basis have been sug-
gested and will.be discussed in the following section on plans for
continuance of the range condition and trend study in 1950.

PLANS FOR CON"DIf"rC7 0:' L'ORI{ IN 1950

The main field jobs ahead in 1950 are further refinement of the loop
method and application of the 3 -3tep 2:etho d on an allotment basis.
Inasmuch as both types of jobs c;..., :got be effectively carried out within.,r r-
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a single region because of the time: scheduled within- each region,
it seolas best to segregate the work by regions. Accordingly, it is
planned to . continue the tests with the 3 -Step I ethod in ragions 2 and
4 and tc stud;; its application on a range unit basis in the remainder
of the regions.

In all regions one or two days will be spent at the beginning of the work
to determine what information is now available by major range types as to
the magnitude of changes in range condition that can be expected during
3, 5, 10 and 20 -year periods. For example, changes will be considered
that have been appraised quantitatively by other methods for the measure -
ment of decline in condition brought about by king continued heavy graz-
ing use, or improvement on deteriorated range resulting from desirable
mana gement , or changes resulting from fluctuations in weather. If

specific information is available, mays and means will be considered to
chock the loop method against the method by which the information on
changes was collected; i.-e., the procedure utilized to determine the
relationship of the loop indices of vegetation with those obtained by '
other methods as followed in Arizona. If such checks do seem highly
desirable, the plans set. up in the following sections will have to be
modified in order to provile sufficient time for effective carrying out
of the field work. This is especially true in the regions where it is
now planned to proceed on an allotment basis.

CONTIITA,NCE OF TESTS

Tests to be conducted to achieve further refinement of thé loop method
will be centered. on the features previously listed as needing further
investigation. Menever possible, tests will be combined in order to
obtain information on more-than one feature.

1., Additional testing for sensitivity of the loop method. The work mill
be carried out in Region 4 and will require four men (Ellison, Phinney,
Parker, and one other) .. 'Procedure to be followed will be permanent
location of 3 transect clusters (3 lines each) in the following range types
found on the :. anti National Forest: aspen, sub - alpine grassland and

mountain brush. (A crested wheatgra s s p! a ntng should if possible be

included becaúse\ of the increasing need for information on changes which
may occur in reseeded stands) . One cluster should be- located in each of
3 condition situations in each ' type, Complete record, by each of the 4
men will be made at each cluster are s by means of the loop method; the
Ellison point analyzer csti-nto ^.n;_ the line intercept. Seven field days
will be required for securing the data.

Analysis of the data will be by r o »lar analysis of variance procedure
for each range type to rig: t ermine t. e uniformity between men, ,thethe magni-
t do of changes t ldtt ^.y b detectt , y c r,, t d, and the m ninelac.. th IL V >>: U VG J'.l_ litem. yY r l ll. J jl 1.L.lli,l.im

of Lrans';ct linos nccr.cs ^i';% %I r . ord these changes. Correlation analysis
of data will be carried throut for cor.p:',rison of methods in order to
evaluate the quantitative aspects cf the 3-Step Method in terns of area -
estimates made by the point-an1 ",.cr r.nd intercept methods.



6346

If feasible to do so, a photo -transect established some five years ago
will be re-examined to appraise the magnitude of change that may have
taken place on each photo plot during this period. Ways and means will
be considered in the field to determine if these changes can be expressed
in the indices of ground conditions as measured:sured by the loop method. For
example, this might be done by taking 50 loop readings, with 10 readings
recorded on each of '5 lines spaced mechanically across each of the ten
31 X 3' photo plots. Ocular comparison in the field, with photos taken
five years previously would ,permit grouping plots that wore closely
similar as to vegetation and ether characteristics and in accordance
with change or lack of change; Then with repeat photos taken at the
tiro of the loop measurements, later comparisons within those groups of
photo plots might be made which would indicate the degree to ,which the
loop method might reflect these changes.

2. Egression of herbage production, It is proposed to determine the
feasibility and practicability of supplementing the information obtained
by the loop method with data on weight or volume of herbage. Tests will
be conducted in Colorado and will rag irc 3 nén (Schwan, Costello, -Parker).
A fourth man, if available, will facilitate the work.

Three methods will be tested. The first was suggested and demonstrated by
Costello during the 1949 field season. This consisted of dropping a wire
frame 12x 24 inches at 20 -foot intervals along a 100 -foot transect. At .

each location the herbage is clipped, segreg .ted and weighed into five
groups as follows: (1) single stemmed grasses or grasslike species; (2)

bunchgrasses; (3) sodgrasses; (4) weeds; )5) browse. Littèr is also
collected and weighed. Tho second r:.ethed is the volume -w :eight estimate

of Pechanec and Stewart and would be used on the same plots above, prior to
clipping. The third riethcd is that developed in California by ?"good. A
wooden fie. 6 -5/$" x 37" which is laid on the ground surface, with a white
scroén end scale, marked in tenths of a .foot in the background. One plot
per transect would be established. Wreight of the herbage is then estimated
by the degree to mhich the screen is masked. Permanent record of this can
be made by photographing the plot with the screen in the background. Esti-
:aatcs may be checked by clipping and weighing in ounces the herbage from
the plot and multiplying by a factor (1632) for conversion into pounds per
acre. Litter :ray also be gathered and weighed.

The procedure to be followed will be to locate 2 transect clusters (3 lines
per cluster) within a minimum of three condition situations of the ponderosa
mine bunchgrass range type. These will be sarDled for herbage production
by the three methods described. above. I:easurcrncnt of the s We lines will
also be made by the loop oeld the line intercept methods for further deter -
mination of the realtionship to indices of density obtained by the two
methods. Correlation analyses will be ride between weight of different
classes of forage plants, and the loop and line intercept indices of
abundance. It is estimated that the field data can be secured in seven
dn;rs i time, Breathor per: itti,, etc,) Tm and Three will be carried out
on tic sarse tr L 3;:cí3 ; :, oh established on so= allot -

ment where they will be of value for later study.
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It is fully appreciated that sampling carried out for herbage production
if carried out prior to the end of the growth season, will not reflect
the ma: .un: and that if .lone on grazed range will be influenced by
utilization. The work in Colorado is planned for the first two weeks in
Auust at the height of growth. It is believed that an estimate of
herbage production ebtcined at that time or at similar times in the season,
regardless of stage of growth and utilization, should be of value in de-
pictin trend in production. Such figures, if obtained yearly may reflect
either buildup or breakdown in herbage production over a period of years;
The influence of dry or unusually favorable weather conditions would have
to be recognized in considering such data over a period of years.

3. Inforr.,ation on further evaluation of the 3 -Step Iethod on a range type
basis SriL1 be forthcoming from all regions, since it is anticipated that
different; types will be encountered in application of the method to a
range unit, as well as from tho specific tests described, in 1 and 2 above.

4. Reliability of the index of litter cover. The advisability of group-
ing data into depth classes, and ;:ether or not it is best to record by a
partial or full loop will be determined by utilizing the weight data
cbteined on litter in 2 above, These data will be correlated with those
obtained by the loop method which will be segregated as to various depth
classes such as: trace, consisting of occasional straws or needles;
light, less than w inch deep; =federate, - to z inch deep; and adequate,
more than 2 inch deep. Readi ,-s by the loop on litter will also be made
by the usual estimate of more than half the loop being occupied and by
the requirement that it be fully occupied. Correlation analyses on these
data can then be made with the litter weight data.

5. Information on the possibilities of double sampling will be obtained
in the study outlined in 2 above.ove. The clipped sanplin plots will be _.

used for listing rare but important indicator species not likely to be
picked up by the loop method.

6. To determine the most eff is i.ent length of line in sampling, one cluster
of transact lines from each condition situation established in the study
discussed in 2 above will be utilized. The initial data on these 9 lines
will be recorded on the foam shown in Figure 3 by 3" intervals for the
first 25 feet, 6" intervals for the next 25 feet, and at 1 -foot intervals
for the remaining 50 feet for a total of 200 observations. This will
permit comparison by 25, 50 and 100 - foot -long lines, with 100 loop observa-
tions per line. Then, by computing the standard errors and the percent .

mean errors for each set o2 lines, the number of lines necessary in each
instance for attaining the 10 ' percent level of accuracy in sampling may
be determined.

To determine the. effect of line l on -;th on the error arising from replace-
ment of the tape, the sanie linoc 7.b-vo :ri l be remeasured and the read-
;s:us .^_.g1i:1 entered o:: the s,...,, ;;rpE: of forn. These data for the two trials'
can be readily grouped %.LffLrcht intervals-for comparison; for example,
the first 5 feet Trom each end of each transact, the next 10 feet, etc.
Since the chances for ret% rnin;:; ::e same loop reading-spots are greatest
at tie two ends of L ..c " `~ th.: r :rcat est variance should occur at the
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center of the line. It is believed that these comparisons will be
indicative of the proper length of line necessary to assure greatest
accuracy in remeasurerlcnt.

The length of line that is necessary for most efficient sampling
probably varies by range types. 'This may also be true of the effect
of lino length on sampling error of line replacement. Hence it would
seem desirable to replicate these tests in other types. It' is believed

that similar tests to these can also be carried out in cone ction with
the work now planned for region 1, i`ontana, which will be described
under the section, Application on an Allotment Basis. In addition, if
possible and advisable, additional tests on proper length of transect
will be carried out elsewhere.

7. Ideas for improvement of equipment will be-solicited during the
field season and if considered worthy of trial, will be tested at the
first opportunity. In addition, it is ,planned to consult several
instrument. rakers as to the feasibility of improving the plumbing'
quality of the loop, as by weighting, use of small leveling tubes,
shortening the wire shank and attaching to a cord, etc.

a. Enact specifications as to staking lines, numbering, etc. will be
prepared at the end of thé field season incorpora +.ing ideas and sug-
gestions from all regions.

AT'PLICAmI0:1 ON AN ALL OE.MIT BASIS ,

Actual application of the 3 -Step Liethod on an allotment basis will be
conducted in, four regions (1, 3, 5, .and 6). Eajor objectives of this
wort will be:

1. To determine the meet efficient . distribution of samples to =sire
condition and trend on a range allotment. 3fficiency will be determined
by a combination of cost and variation. 'The sub -sampling procedure by
range types will be utilized in regions 5 and 6,. In reeons 1 and 3
sampling areas will be stratified by range condition classes and key
arcas within range types. In all regions the possibility of double
sampling, i.e., use of the 3-Step ?:ethod on clusters and Step TS :u_ at
points between clusters in order to obtain a better sample of the range
unit will be studied. In each instance, the needed intensity of sampling
to determine condition and trend will be determined.

2. To further determine the advantages and limitations of the 3-Step
:method for mcasure.acnt of condition and trend. Part of this objective
will be the further evaluation of the method as to sensitivity and .uni -
forníity between men in judging condition and trend.

3. To specify, using the conclusions from (1) and (2) above recommenda-
tions as to how the condition ::x d trend work my be best applied generally
and how best' to carry it out in special problem situations.

-
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In carrying out these tests, specific study phase plans are being prepared
for each regional study prior to the fieldwork. In each .region it is
planned to spend a minimum of 10 work clays with 2 days devoted at the
start to necessary training. Personnel have been selected and allotments
have been definitely decided upon. In region 1, an' allotment on the Lewis
and Clark; region 3, probably on the Gila; region 5, Harvey allotment on
the Lassen; and region 6, Flagtail allotment on the :Malheur. On both the
Harvey and Flagtail cooperative studies between research and administra-
tion are being carried out to convert these units into demonstration
allotments.

In order to meet the major objectives outlined above, each regional study
phase elan will provide specifically for procedures to be followed, records
to be taken and types of analyses to be made of the data. The following
Excerpts taken from the study phase plan , for the Pacific' Northwest are
illustrative of this essential' preliminary planning.

Procedure in conc'.ucting the study:

One hundred and twenty plots were laid out on the Flagtail Allotment
using-the subsampling procedure in the fall of 1949. Ten clusters of
3 plots each were located in each of the 4 types. These plots were
established for the determination of utilization during 1949 and 1950.
Since cluster locations are strictly at random and chosen from aerial
photographs, the same locations lend themselves to use in this study
on condition and trend...Each cluster is 400 feet long and 300 feet
wide. This will give 12 plots each 50 feet wide and 200 feet long
from which three will be drawn at random...

The center stake for the plot" used in utilization estimates should mark
the beginning of the line transect to be used in the 't3- StepIt meth&d.
In addition it should mark the middle of the north side of a plot on
which the individual descriptions of condition and trend are to, be
written up.

Before cattle enter the allotment or shortly after the beginning of the
grazing season, records of condition and trend will be taken on all plots
and line transects using the "3- Step" method...

Tentative condition and trend standards for each of the four types will
be developed prior to starting the study. The f oùr types present are the'
meadow, sagebrush- grass, ponderosa- pine- pinegrass and bittérbrush- grass.
In addition to the standards, to facilitate training, instructions for
the judging of criteria of condition and trend and the completion of the
score card will be prepared prior to the start of the study...

Two 2 -mart crews will be used in the trial. Each crew will take all of
the records, except the photora?hs; on all of the plots. To prevent
personal error between :0..1 :'.,..: au ii of the crew from entering into either
tile within cluster or between clu. :t,;r variation, it would be advisable
if one individual of the all of the line transects and one
individual made all of t'..L cc;-.,..t,:.on and trend writeups. The difference
between the two crews will be used as a measure of personal error...
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Only one crew, or an individual that is not a member of either crew, will
take the ,photographs required by "Step 3"...

Records to be taken:

In "Step 1" records of basal area of vegetation, species composition,
amount of ground covered by litter, rock and bare ground will be secured
by each 2-man crew along the line transects using the loop method...
These data will be recorded on Form

Under "Step 2" records of condition and trend will be secured by each
2 -man crew on the plots in each cluster associated with the line trans -
sect...Specific criteria of condition and trend observed on each plot,
and the observer's summation of these in a score card form will be
recorded on Form . Pace transect data will also be recorded on
this same form...

Under "Step 3" records should be -takentaken for each photograph' carefully
describing the camera point, etc...

Records of time required to perform each of the individual jobs in the
3-Step Method should be recorded by each crew. The following specific
records of time required will be needed: time required to locate and
walk to each cluster; time required to locate and walk between plots
within the cluster; time required to measure each line transect; time
required to make each condition and trend writeup on each plot; and
time required to take photographs. Since all of the jobs except the
last are being done on the basis of a 2-man crew records should be
recorded in man- minutes required. This will permit a study of most
efficient crew organization. -

Other general time records that should be made part of the file on this
study are as follows: time required to lay out the' random locations of
plots and clusters on the allotment; time required to select random
locations in the office; and time required to analyze the data (confined
to that estimated to be needed for analyzing the data from the permanent
sampling system and not all of the analyses involved in this study) .

Such records will be very helpful in planning and analyzing the over -all
cost-of this approach to condition and trend analyses.

Analysis of data:, .

1. To determine the most efficient distribution of samples using the
subsampling procedure, there are many groups of data that might be used.
Only those that can be expressed numerically can, however, be analyzed
statistically. The most mec.nin ,fun data for determining the optimum
number of plots per cluster, clusters per type and clusters per allot -
mònt will be those index of total density of all vegetation, density
index of desirable p :;r.;.. :, :.. ,x., :. -; crownspread of desirable shrubs,
percent of ground covered by litter, n, .n r ical index of condition,
numerical index of trend (if one can be worked out), and the time require-
ments for the various jobs. The analysis of variance for any, type using
any one of the first six groups of data listed above will be as follows:
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Between clusters
Within clusters

Degrees of
freedom

9
20

Total 29

Between crews (personal error) 1

Crew x cluster interaction .9) error for testing
Crew x within interaction 20) personal error

Total 30

To determine the most efficient number of line transects or plots per
cluster the variance between clusters and between plots within clusters
plus the cost data are used...

This analysis should -be conducted on the basis of time requirements
for a 2 -man cress and also the estimated time requirentna for
one man working alone. There may be considerable difference in optimum
number of plots per cluster using the two sets of time requirements s . .

2. To determine the advantages and licitations of the 3 -Step Method one
of the most significant items will be the degree of reliabilit;- with-
which different individuals can measure the line transects and arrive at
comparable numerical expressions on. condition and trend...

The final step in determining advantages and limitations of the 3 -Step
Method will be to compare the reliability of the data secured with the
cost involved in each of the three steps, and the costs involved in
securing the records on an entire allotment. This analysis must be
quite largely based on judgment, 'together with the costs involved to
achieve a desired degree of sampling error, Costs should include not
only field costs but those involved in compilation and analysis.

3. To devise a practical system of sampling condition and trend for use
on an entire allotment, if from the analyses in (1) and (2) above the
3 -Step Yethod proves sufficiently accurate and not too costly, will require
'Skillful use of the conclusions from the analyses above together with
careful notes taken on costs; and various phases of crew performance noted
during the conduct of the study. Some of the items to be considered are
as follows:

a. Optimum number of plots per cluster, clusters per
type, or clusters per allotment can be determined .

from t::e analyses above.

b. Number of rien per crew can be determined in part front
the analyses of the data plus knowledge of equipment
to be carried and other similar phases of the job.

c. The need for cc. 61.(ti_ig tho pace transect can be

determined from t:le analysis of data.

d. How many photographs should be taken must be based
largely on juds c. "

- 44 -
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The procedure to be followed in the case of the work in regions 1 and 3
will differ from.that proposed for the Pacific Northwest (and California).
The first step in sampling an allotment will be to prepare a map of range
condition within the various major rangé types encountered on the allot -
ment as an overlay to the range survey map. The basis for the condition
classes shown on t. -is map will be the preliminary standards prepared in
advance by administration and research. It is thought that the overlay
map may be- quickly prepared from information on subtypes shom on the
survey limp, together with the ranger's and grazing staff man's knowlcdye
of the allotment with necessary followup field checks.

Sampling sites for transect clusters will be randomly located and
stratified by range type and condition class. Analysis will be carried
out in accordance with the usual procedure for proportionate sling.
Two crews of 2 men each will be utilized and differences between men in
making the measurements will be determined.- Data on costs, number of
clusters necessary for each condition class, number-of linos per cluster,
etc., will be handled much in accordance with the procedure outlined in
the Pacific Northwest plan.

In consideration of the data obtained, questions will. be considered as: ..

How should transect data be handled (by individual clusters or grouped
together) for the most effective analysis of data for depicting trend?
For example, what happens when the information from all transects is
avereged together and what is the picture when stratified and weighted
as to area of condition classes or as to range types? What range types
and condition classes should be most intensively sampled, and how many
permanent transect clusters will be required adequately to follow trend?
Mat is the optimum number of transects per cluster, the proper number
of clusters per range type or condition class, considering variation
within'and between clusters and the relative costs? What standards can
be set up to define key areas and to distinguish usable range from un-
usable? We will want to know the degree of confidence that can be placed
in the overlap maps --in other words, what errors are involved in mapping
and how great a change in condition must be expected to overshadow these
errors? Are the errors of mapping range condition classes any different
than would be the case in mapping sub -types by the range-inventory method?
In the case of all methods careful estimates of the time, personnel, and
equipment required will be needed to determine practicality of the method
before final recommendations for application on an allotment basis. '



PACIFIC NORTHVEST RMION
RANGE CONDITION SCOPE CARD

(Bunchgrass Range)

CONDITION - FORAGE (RATING)

Den si y of Perennial Herbage Cover
Excellent op 10-9 Good co 8 -7 Fair - 6 -5
Poor 4-3 Very Poor a 2 -0

Denses of Annuals (Check only)
Excessively Abundant Abundant. Sparse Trade

Composition
Kocr, Feid, Agsp predominate but with many other
perennial grasses (Pose, Daun) and weeds present such
as Hisc, Sior, Arso = 10 -7

Agsp predominates with Feid, Kocr, and Daim as
relics = 6 -5

Pose and Ada predominate with Agsp as relic = 4-3 .

Annual weed and grasses predominate T. 2-0

`Vigor of Kocr, Feid, Agsp, Daun
Excellent = 10 -9 Good = 8 -7 ' Fair = 6 -5 Po or =
Very Poor = 2 -0
(Subtract 1 to 3 for hedged browse specres, i.e.
prunus, Crataegus, Syraphoricarpus )

Accessibility of Kocr, Feid, Agsp
50`x, or more accessible ( check only)___,
50 -25_% accessible Subtract 1
Loss than 25% accessible Subtract 2 : Total score Fl

CONDITION - SOIL

APPE1:DIx A

(Front Page l)
Enter Rating
in Block and
Add. '

4-3

Amelanchier

STABU,ITY OF SOIL SURFACE (Check list)

f = stability V s not exceptional - instability

Erosion pavement on bare surfaces
Amount of litter cover on soil surface
Rill marks ' (miniature gullies)
Alluvial deposits (mater deposited sediment)
rind deposits (wind carried soil)
G-ul li e s
Effectiveness of vegetation and litter in pro-

tecting soil surface
Bare soil (not covered with moss or litter)
Recent rodent activity
Trampling displacement or soil slippage caused

by grazing animals



APPENDIX A (Cont.)
(P;- ack Page 1)

Plant pedestaling on Kocr, Feld, and Agsp
(steep sided or slopi sided and
stabilized with moss?)

Compaction by grazing animals and its effect
on water infiltration

SOIL STABILITY (RATING)

No Evidence of Soil rim ent - run -off is clear, density of vegetation
good, spaces between plants well covered with litter. 30 -27

Soil r:`overlent Slight but difficult to recognize; may be detected by
occasional spots with litter dammed against vegetation, forming minia-
ture alluvial fans; sediment deposited on leaves; there may be evidence
of past accelerated erosion but soil mantle is now stabilized by vege-
tation and litter; gullies, alluvial deposits, and rills completely
healed; rodent activity normal; trampling displacement slight, no
noticeable compaction. _ 26 -21

Soil rov°ement Yoderato - definitely discernible, may be accelerated in
spots and stable elsewhere; on stony soils erosional pavement forming
with occasional exposed pebbles; occasional alluvial deposits and rills
may be present; gullies, if present, not raw; effectiveness of plant
cover and litter in controlling soil movement is questionable; rodent
activity may not be noticeable; compaction present but not excessive;
occasional pedestals; run -off murky.. = 20 -15

Soil Movement Advanced stony soils with noticeable erosion pavement;
rills, alluvial deposits, and plant pedestals may be numerous; raw gullies
maybe present, rodent activity may be excessive; trampling displacement
and compaction may be common; plant cover and litter definitely not effec-
tive in preventing soil movement; run -off is muddy. = 14 -9

Soil °.ovement Severe - subsoils exposed, erosion pavement may be complete
on stony soils; litter lacking; rills and alluvial deposits may be nun -
erous; gullies, if present, are raw; desirable forage plants occur only
as relics; rodent activity generally severe; plant pedestals have largely
eroded away; run -off from summer storms flashy and muddy. = 8-0

SUM ARY OF RANGE, CONDITION SCORES

Adjective Interpretation FORAGE SOIL

EXCELLENT z 27 or more
GOOD =21to26
FAIR = 15 to 20
POOR _ 9 to 14
VERY POOP = 8 or less

(Enter score card rating in proper space above)



TREND IN FORAGE CONDITIONS

GOOD i3OR EXCELLENT) CONDITION

AP PEDIX A (Cont.)

(Front Page 2)

Circle pertinent
item and balance

Plus Trinus

Agsp, Kocr, Feid reproducing they stand 2
1

Utilization not over 50% on Agsp, 40á on Feid, I

.25% on Kocr . . l

Drowse. in healthy condition. .. .. ; .. ; .. .... 1

Death loss or breaking .up of Agsp, Kocr, Feid, noticeable. . . .1 . . 2

Pose, Stipa, Daun, Br*na invading ''

Utilization of Agsp, Feid, 'Kocr excessive I I
Browse hedged and ding. ! 1

FAD'S CONDITION z

Agsp, Kocr, Feid invading bare spots and replacing
undesirables such as Pose 2

Utilization not over 4Cp on Agsp, 30% on Feid, $

20% on Kocr- . 1.
Browse recovering from- past grazing damage 1
Low value species Pose, Anlu reproducing markedly 2
Utilization exceeds standards for fair condition ! 1

. Browse hedged, dying, dead and inferior species,
if present, closely grazed. 1

POOR CONDITION

#Agsp, Kocr, Feid, Daun invading bare spots and
coming in on and replacing Pose, Anlu, and other less
desirable plants - 2

Utilization not over 25% on Agsp, 20% on Feid, 10% -

on Kocr, 10% on Pose 1 I

Browse recovering from past grazing damage 1
t

Low value species including Anlu and annuals repro-
ducing markedly 2

Utilization exceeds standards for poor condition- t . 1
Browse hedged, dying, dead, and inferior species, if

pre sent; closely gra zed i 1

+

VERY POOR CONDITION_....

Pose, Stipa, Brma, I:Ielica, Daun definitely becoming
established 2

Utilization deferred no use by livestock and game. . . 1

-14.8-
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(Back Page 2)

TREND IN SOIL CONDITIONS

GOOD OR EXCELLENT CONDITION

Circle pertinen
item and balanc

Plus 1 Minus

Normal cover of litter is being replaced each year 3 i

No visible accelerated erosion .............. . . . 2

No trampling displacement occurring . . 1

Rodent activity normal or below 1 i

Litter is not accumulating
r

3

Plant cover breaking up and exposing small spots of bare soil 2

Trampling displacement occurring 1. 1
Rodent activity increasing i. . 1

FAIR AND POOR CONDITION

Litter is building up' and covering bare spots between
grass clumps 2 1

Gullies, if present, healing, with sides well covered -
I

with perennial grasses 2 -

Rills and alluvial deposits being stabilized with
perennial grasses . . . .. . . . . . . . 2 t

Trampling displacement insignificant 1

Pedestals of Agsp, Kocr, Feld healing on sides 1 I

Litter is not accumulating and soil surface is being exposed: L . .2

Gullies not healing over with perennial grasses /..,. .2.

Rills and alluvial deposits not being stabilized with
perennial grasses. . . . . ... . . . . . . . . . 2

Trampling displacement. noticeable I
lî

Pedestals.of Agsp, Kocr, Feid, steep sided. . t I

VERY POOR CONDITION

Anlu, Acla, Pose, Sihy, Yelica, Erma, annuals and mosses
are increasing and covering up bare soil surfaces 2

This score card does not measure the rate of trend but is intended only
to indicate the direction of change within the previously determined forage
and soil condition classes. An excess score in the plus column indicates
upward trend, whereas an excess score in the minus column indicates downward
trend. A close balancé indicates there is no marked trend up or down. Do
not grade items which do not apply.

SWi;1'1 RY OF RANGE TREND RATINGS

FORAGE

UP
STATIC
DO.; id

UP
STATIC
DOWNi

- 49 w

SOIL



. 6346 APi}L.:JIX .i

(Front f Sheet)
. FIMD CHECK SHEET Clust er No .
FOR RANGE CONDITION AND TRENDS*

National Forest Ranger District____
Range Unit Examiner .. Dat e
Location of area sampled '

(Name and indicate by cross reference to map if possible

GENERAL IN OP AT ION :

Range t Condit ion Arm
Apparent trend Slope percent
Aspect Elevation
Type of vegetation bordering area a amined
Distance to permanent water Distance to salt ground
Past utilization (avg. past 10 yrs.) None Light
Moderate Heavy Excessive
Avg. Current Utilization - Key species . ,___

Indicate percent volume removal i

. Kind of animal covering bulk of use !

End of grazing season, date

DENSITï': Paced transect
- -- (Paced transect preferred; if not possible, use ocular) .

CO- POSITION OF VEGETATION: Paced transect
r ansect note additional species not encountered on
line as trace)

Grasses Weeds : : Shrubs : ó
: .. ..

.. .. .. ..

.. .. .
.. ..

:
.
.

. ._ . ..
_

.
.

..
.,

: . .

.._
.

.. .. . . .

=11.11.001111.
. . .

-

.-- --
._.

. ---- .
_

.---- -
.

Total

List the species; which determine aspect
to st abundant _Provide bulk of forage

Undesirable species
Species which appear to be increasing
Species occur as: Mixture Patches Pure stand
Timber species reproducing

(Yes or no)
Species: Approximate age:

Apprex. no. par acre ;

*Developed in Région 2.
- 50 --
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6346
APPLiD:iL L ot ..

(Back of Sheet)
VIGOR:

1 x'asses (Write in key species in proper space): Excellent
Good Fair
Poor Very Poor

Name .tufted grasses breaking up or dying
Average diameters of tufted grasses
Average spacing; of tufted grasses_
Age classes (nàme species) : seedlings old plants only

all age classes present
Browse (write in species name in proper space): vigorous

recovering (new sprouts, seeding or filling in) ; damaged
hedged ; part dead .. ; dead

AIM

MULCH OR LITTER - On soil surface botweon plants.

Complete coverage ; deep _ ; shallow
Partial coverage.__ . ; sparse ; none
Is litter accumulating?

t Ye s or no

. SOILS

DAth (record in inches) : deep ; shallow ' thin
Drypth of organic layer ir, inches
Fertility.: High ; moderate ; low
rodibilit--: Hitch ; moderate .; slight .

Sheet Erosion: local litter movement
erosional pavement present. ;___ absent
Deep fibrous rooted perennial s pedestaled (name

Gulley Erosion: No gullies Deep (cutting through subsoilT------
Shallow (cutting surface . coil onl--- . ; active ,; healing

Gullies occasional (less than 305 of drainages classed as gullies)
. Gullies frequent (more than 30% of drainages classed as gullies)

. Stream banks: Slopes grass (name) covered_ Bare
Yes or no)-

Shrub ( name) covered Bare . _Bank caving Channels
Zes or no) t?cs or no)

clogged with sediment
e s or no

AND:AL INDICATOR

Rodent and rabbit populations (name) :
Abundant
Big game populations nani; None
Moderately stocke _y

Apndrently normal or below
Excessive

; lightly stocked
excessive numbers
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: ield Data onClim.ax S*ecies

. eid, .";sp, ocr,- Daun.

ÁPn - )l.ti ,-:a.'

Table 1

Starkey- Oregon

.Man rTo.l .:an No. 2 Ilan No. 3.%:311 No. Mari No. 5.Ean 1VTó,_ 6

Transect Trial- Trials Trials ; Trials ÿ Trials Trials_.
HrIo 1'.._2 l :2 lw :2 ' 1 : 2 1: 2 1 : 2.. - ..__...,_..__- --- __. .-.- -.-- _._ _._...._ _._.

. . . .. . . . . .

1 3 : 3 ' 4 : 4 3: 3 :3 : 4;1+ : 3 i2 : 2
2 ..3 : 3 4 : 5 2 : 6 : 5 ' 3 : 3 . : 4
3 '2:2 -3 2 3:3,4:32':2 2:.3
4 38 : 34 37 : 32 37 : 36 :33 : 36 ':41 : 45 31 :28
5 '44 : 54 `.41 : 50 .41 : 51 !39.- : 32 i50 : 52 36 : 45

6 36 : 31 :34 : 32 32 : 34 '31 : 36 ;36 :.39 ;29 : 32
7 .12 : ll '15 : 12 14 : 12 8 : 8 .12 : 12 12 : 8
8 10 :11 :12 : '8 11 : 7 ; 8 : 8 7 : 9 ' 6 : 6

: 10 __10 : 1G lI : 11 I 9._`.... :11 10 9.._._.._._ _..

Analysis of Variance

Trials

Limes
:en

Lx:.:

Error
Total

Dig

1
8

5

40
53

107

Sal ;. Mean Sg. F

1.027
'492.9078

7.0363
1.6643

5..

..,:-,.
,., .í

6,2593
25351.6297
226.1552

433.1451
340.7404

z6357.' 630

6.2593
3168.9537
45.2370
10.8257
6.4291
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Table 2

Starkey-Cregon

Field Data on All Grasses

......_

ii.an No. 1 1:an No. 2 ii:an No. iTf4 n Lo. 5 ,an No. 6

Transect 1 Trials :Trials ' Trials ! Trials Trials 1 Trials

No. 'I-J.--":-.Y-* 71. --: -- 2 1 2 I 1 2 7 1 2 , 1 2____ .... :- ........_ ...,.... _ ____.t.... ...............

: *
. : : '

.
-

1 !21 22 16 : 16 25 :. 28 :27 : 19 23 : 21 ,18 : 20

2 !20 : 17. 19 : 22 17 : 23 19 : 25' , 23 : 19 15 : 23

3. 12, : 20 i20 :20 20 : 20 :27 :24 23 : 21 13 : 22

4 60 : 59 54 : 50 55 : 58 .51 :,52 67 : 70 43 : 47

5 66 : 76 52 : 63 59 : 69 57 : 42 69 : 71,,54 : 62

. 6.. 55 : 53 48 : 46 50 :'56 53 : 54 61 : 65 :4:5 : 56

7 i29 : 29 130 : 30 26 : 32 122 :'26 27 : 32 .24 : 23

8 i25 : 26 i26 : 23 23 : 23 22 : 22 23 : 27 119 : 18

- . 9
i

30 : 28 126:._ 29 27 : 29 27 : 25 _4.32 : 29 122_1 24

Trials 1

Lines 8

i:en 5

I: 40
Error 53

Total 107

4142.sis ofyarianee

49.342

1Teeala. F

4.124

1711.S.'

*49.342
27840.852 34n,106 290.857 -.A*

, 874.157 174.831 14.612 **

1186.926 29.673 2.480

634.158 11.965

30585.435
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Indicator weeds
t LxLtuT-

Anall*s _s of Variance

Ji Sum Sa. S

Trials 1 7.2593
Lines 3 495.3334
::en 5 11.6667
L. 40 122.1666
Error 53 126.7407
Total 107 770.6667

Table 3

star'tiey-Crezon

a .

7.2593 3.0357
61.9792 25.9166

3.7333 1.5612
3.0542 1.2772

2.3913

Fock
( By f rescuer cs- point)

Analysis of Variance

Si a

Trials 1 3.704 3.704 1.513
Lines 8 5710.074 1088.759 532.922
Men 5 . 8.630 1.726 1.154
LxE. 40 65.03'7 1.626 1.256
Error 53 103.296 2.043

Total 107 $395 .741

Litter
( J frectuencc- point)

Anal7sis of , ari.:ìce

Trials 1

...__...W

154.083 154.053 5.609

Lines 8 2451, x.630 306 3.579 113.303
I:en .5 326.157 165.231 6.101

L.&: 40 1273.926 31.973 1.131 WOMB

Error 53 143 5.417, 27.083

Total 107 28243.213

- 54 -



Line
No.

1

2.

3

4

5

6

Table 4

á nitou- Colorado
Fizld Data on Climax_- Srecies.__._

( sc,' Far, I:cr, Shy, bain, Asm toJether)

._._... __.__ - - -------.___....._._ _.r._. _
::.-an No. î :'an No. 2 'Tar. do. 3 ran ,1o. 4

Trials Trials Trials Trials__
1._ 1 : 2_r ...r w

4: 4
2: 6,

. 4 : 4
,

2: 0
0 0

0 : 0

1

0

: 2 1 2+w+..r

2: 4 2: 4
2: 6 0 : 6

6:6. 5.: 4
.2: 3 1: 0

: 0 0: 0
0: 0 1: 1

1 : 2.....wf
3: 3
3: 8

. 9.: 4

2: 0
0 : 0

0 : 0

7 27 :29 12. :16 23 :17 13 :14

5 ;_.4 ± _..._ 4 ...._...___.__5_ 1°...

Ana1rsi of Variane

Dr Sur.t. Sq. :_:ean S. F S,.._. .._ . ._.. ._.__.._ _ .

Trials 1
Lines 7
"I'en 3
Lxl? a
Error 31
Total 63 '

0.390 '0.390 10.267 --
, 2059X59 9 294.266 73.493 'x"`

'20.046 6.682 1.669 --
, 21;4.079 13.528 3.379 444

124.110 4.004
2488.484
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Field Data on Secondary Grass Species

ï. án No. 1 . 1 "an No. 2
Line

No . 1 2, 1: 2___._.___,____
.

Trials . Trials Trials
r_an :Ìo. 3

_1 2 1
.

1

2

3

4

5

6

7

2
2$

31

52

13

52

20

38

.

:
.

:
.

:
.,

:
.

:

.

:.

:
..
:

AP? NDI..

Table 5

ou -Colorado

_.. .._._. ..--._.__.
'ar. No. 4

Trials
' 2-

s

, .

30 27 30 26 : 36 31 : 41
. .. .

:

. .

36 33 3 3 34 : 32 34 : 29
. . ... . .

33 31 : 3 2 25 : 23 27 : 27
. .

44 37 : 4 8 55 : 48 50 : 46
.

:

. .

18 12 17 14 :19 13 : 19

54 54 : 56 ' 54 : 52 60 : 56
.. ..

21 :1 18 ' 22 : 18 : 2ri : 28
. . -.

:

. . .

36 38 : 33 38 35 42 . : 36

DF

Trials . 1
Lines 7
L'en 3
L:l : 21
Error 31
Total 63

Ànalt-sis of Variance

Sw-l?. Sc. e, án R3. F S.
.

6.8 90 - ' 6.890 1.936
9171.734 1310.248 98.205.

91,797 30.559 2.293
343.828 16.373 1.227 "
413.610 ; 13.342

10027. ;59
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Table .6

I:ánitou-Colorado
Indicator .,reeds

:afr toget'ner)

. nai -si s of Variance
- ...__.._._.

., , , .,;.. Sum S. ...e:an Sg. . Siz.

Trials 1 1.850 1.S50
Lines .7

555.109 79.301
I:en 3

. 44.922 14.974
LA: a 200.203

.
9.533

Error .31 90.613 2.923
Total 63 892.737

Dare (around
(r;y * f requel ycpoint)

Analysis of VVariance...._ _...._...
Trials 1 27.563 27.563
Lines 7 2271:688 324.527
Lien 3 486.688 .162.229
L.;:.: 21 495.062 23.574
Error 31 936.437 30.208
Total 63 4217.438

1.547 : --
27.130 ',-*

5.123 ;:::

3.261 .**

1.996
10.743

5.358
- 1.281

Total Litter
(Grass e: p ine needles b y frequency point )

Ani ,'si.s of Variance-

Trials 1 . 669.062 685.062 9,456 ";81'

Lines 7 31263.25C 446.6.178 61.291 -`*

?,!en 3 .1896.500 632.167 8.675 **
Lx.: 21 966.000 46.000 1.504 --

Error 31, 2250.938 72.869
Total 63 37073.750

- 57 -
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Table 7

Tanóe-O:lifornia

Field Data on Total 'erennial Grass ?- srasslike P ants

:::an No. 1 . -7.:c.n :To. 2 : :an No. 3 T.:an vo. 4
Line : Trials Trials . Tri J. s Trials_
No. : 1 : 2 1: 2 1: 2_ -- 1: 2

.

1 35 : 36. 41 : 39 35 : 35 37 : 32

2 41 :.55 64. : 53 50 : 56 61 : 63

3 1:I. 2 : 2 2: 1 3 : 2

5 6:, 6 8:,7 5: 5 4: 6
6 23 : 19 14 : 17 20- : 19 ;. 17 : 17

7' 79 : 75 78 : 74 72 : 73 73 : 74
8 24 : 24 25 : 27 21 : 24 27 : 26
9 . 18 : 17 14 :'17 17 : 21 25 : 26

10 5: 6 : 4 4: : 5 . 6: 8
11 16 : 14 1C :1919 17 : 17 17 : 16
12 15 : 16 20 : 19 17 : 19 15 i 15
13 0: 0 O. : 0 0 : 0 1 : 1

Trials
Lines
!"en

Lx.:

Error
Total

:2,r.al*,sis of Variance

DF__... !ban So.

1 0.1666 0.1666

11 444 .7053 4043.9735
. 5.6.2033 18.7361

33 471.0417' 14.2740

47. 259.5334 5.5254
95 . 45270.9 553

- 58-

33.154

731.491
' 3.359

2.552.
.
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Table 8

Tahoe- California

Field Data on Browse
7 Livin: plus dead

r_.____-__._. --._..., ____.
: ;'an No. 1 ::an 2 I.:an No. 3 :.:an No. 4

Line :. Trials Trials `trials Trials_.._.._._... ._._._._ _.._.
No. 1: 2 - 1 :? 1: 2 1: 2...._..__._..___.__ ___.. _.______..__ __ _.__.__._....___ ___._..

. . .. . .

32 : 31 32 : 32 32 : 32
. .
. . .

33 :35 :36 : 37 .36 : 35
. .

28 : 27 32 : 33 31 : 32.
-

24 : 25 21 : 22 25 : 25,
. . .. - . .

? : 9 5 : 4 6 : 5
. . .

6: 6 ' 5 : 4 7 : 7
. . .

43 : 41 36 : 41 38 : 45 .

3

4

35

36

.

:' 33
.

:33
.

5 28 : 33
.

6 22 : 22
.
.

9 6 : 4 '

10 5 :"
.

5

13 39 : 40

Anal'rsi s of Variance

DF attrt Sc . .fean Sg, -
Trials 1 .. 2.5714 i . .2.5714 1.030
Lines 6 9375.9286 1562.6518 625.713
:'en 3 11.5714 -3.8571 1: 544

LZ : 1F`.s 87.9286 . 4.6849 1.956
avror 27 67.4286 2.4974
Total 55 9545.4286
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Table 9

Tahoe-California

Field DaLa on Soil Tlus Rocks

:Tan
Line :

T 1o. _

No. 1
Trials

..-_. ,---
:an TTo. 2

Trials
::an Yo.

Trials
ar, ITo.3 .. 4
Trials

.,._ 2 1 : 2 : 2
..._. 1: 2

. .
..

1 10 : 14 9 : 14 13 : 14 16 : 12
2 21 : 21 21 : 18 20 : 21 29 : 17 ,

3 38 : 39 41 : 42 42 : 41 38 : 40
4 40 : 39 45 : 46 45 : ' 44 43 : 46
5, 32 : 32 2E3 : 30 31 : 29 .. 32 : 27
6 28 : 26 23 : 25 28 : 26 28 :' 29
7 0 : 2. 1 : 1 0 : 0 1: 0
0 30 : 27 21 : 24 26 : 27 27 : 31
9 45 : 39 43 : 44 46 : 46 40 : 39

10 45 : 43 41 : 43 44 : 43 45 : 45
11 41 : 43 45 : 43 40 : 41 46 : 45
12 30 : 32 41 : 36 33 : 32 36 : 39
13 28 : 24 31 : 28 26 : 26 35 : 27

Anal7s is of Variance

DF Su-t .Sç;,. _;PILL. , F Si-g.

Trials 1 12.4616 12.4616 2.557 ---
Lines 12 16532.6154 ' 1402.7180 287.839 -x-K

; "en 3 39.3077 -13.1026 2 .659 ---
L::.: 36 329.6923 . 9.1581 1.879 *
Error 51 ' 2.48.5384 4.8733
Tota]. . 103 17462. 6154 ,
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1ieid Data on Litter

Table 10

Tahoe -California

: 1.-an No. 1 L_a- No. 2 :-an Mo. 3 :.:an No. 4
Line : Trials Trials " Trials Trials.... ..._... _.... ...._..._ _........__...__.__...._._.___._«___.___

:To.
. . .

1 42 : 38 34 : 34 43 : 35 34
2 32 : 19 11 : 24 25 : 1£3 6
3 26 : 27 25 : 25 24 : 26 27
4 23 : 27 19 : 17 16 : 18 20
5 31 : 25 33 : 33 26 : 27 29
6 26 : 32 33 : 32 30 : 32 29
7, 15 .: 10 . 19 : 22 20 : 19 19
ß 40 : 43 46 : 47 45 : 42 43
9 13 : 22 17 : 17 17 : 16 13

10 34 : 38 32 : 34 32 : 33 22
11 40 : 40 33 : 34 40 : 39 34
12 40 : 36 27 : -33 42 : 40 30
13 27 :

.
30 23 :

;
29 34 :

.
31 22

Analysis of Variance

.

: 3 S
: 15
: 26

- a 9
: 31
: 28
: 19
:, 39
: 15

: 28
: 35
: 31
: 25

Dr Sun 7m. : -ea-ri Sq. F

Trials 1 7.0096 7.0096 1.378 -
Lines 12 6791.9615 . 565.9968 58.612 '%
Len . 3 . 253.4134 64.4711 8.747 -I:*

LM : 36 795. 9616 22.1100 2.290 it*

a': or 51' 492, 4904 9. 6567
Total 103 8340.8365
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Table 11

Vigilant tana

_Field Data ón- Climax Soecies
: eid, .s , ;.ocr, Cano,

:an
Trials

.___.____...

Line,
, l'o.

_,_._._
an Fo . 1
Trials -

_

:'an Ió. 2
Trials

::o . 3

1: 2 1: 2 1: 2
.

..._..._.
...

1 33 : 32 31 : 31 17 : 21
2 27 : 20 30 : 18 14 : 16
3 21 : 15 12 : 13 18 : 19
4 14 : 18 9: # 14 í 17
5 31 :34 ' 29 : 30 30 : 39
6 30 : 30 29 : 30 ' 23 : 36
7 22 : 19 19 : 21 24 : 21
3 13 : 22 22 : 22 23 : 26
9 25 : 23 26 : 22 A - 25 i 23

33 25 : 15 33 : 27 26 : 24
14 31 : 30 34 : 31 35 : 35
15 19 : 19 20 : 25 26 : 19
16 28 : 22 25 : 27 27 : 24

ána1-sis of Vari.rice._...

Earl :lo. 4
Tr iá.ls

1 : 2_....._.._

"39 : 30
37

i
I.F3

16 30
10 5
23 : 30
20 : 27

$ : 27
.17 : 22
23 : 29
22 :: 24
36': 27
23 .; 20

. 29 : : 22

Trials
Lines
:."en
L L:
Error
Total

F

1
.12

3
36
51

103

§1.12,221a.

5.0866.
3126.5385

1.2597
1021.6153
1026,4134
5178 9135

?:ean SS:

3.957
12.946
47.930
1.410

5.0366
260.5449

.4199
2.3732
20.125$.'

.

,.

:
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Field rata on Total Grass

Line
TTo.

:::an. ?`ro.. J.
: Trials

Lan Zio. 2
. Trials: 12.._.. r......-1: 2

1
2
3

4
5
6

7
8,

9
13
14
15
16

45

40
49

5
37
39

41
41

41
4i-

44
26
34

.

: 46
: 49
: 1w"

: 6z
: 43
: 36

: 37
: 42
: 42
: 39
: 47
: 30
: 33
.

...

43

42

46

4
34
38

37
'6 .

3 7

47
47
29

30

__. __

.

: 3
: 43

: 47
: 50
: 3
: 41
.: 39

: 41

: 41
: 44
: 46

: 33

:.32

. ...____

APP=:IDi

T b1e 12

Vigilant e-Lontana

t.an :;o. 3 iain No. 4
Trials Trials

--.1: 2 1: -------
2

Anal.,rsis of Variance

. .

48 : 52 43 : 43
44 : 51. 44 : 4

ii i

52 51 : 52
55 57 : 55

43 40 :
34 : 40 34 : 39
41 : 38 29 : 41
36 : 39 32 : 3a

41

i

40 36 : 41

44 43 3 : 39
47 52 49 : 44

36 : 33 ' 33 : 30

33 : 33 33 : 32
.

,._. .__._.____ _

Tri al s '
Lines
1:en
L2'
Error
Total

llr

. 1
12

3
. 36

51
103

Surf,. S. :-eán Sg.

7i.1635
352.0545

33.9840
13.4562
6.2027

12.279
56.758

5.479
2.169

Sig.

..,.w_
_.

**.,s.,c

76.1635
4224.6539

101.9 519
484.4231
316.3365

5203.5289



0.3 40

Total_
.

ieeds....... _...._

Analysis _of Variance

DFi S u,: Sq..r

Trials 1 .4712 .4712

Lines 12 6904.5654 575.4054
Een : 64.1527 21.3942
Lx:: 36 221.4423 ' 6.412
Error 51 261.0288 5.1182
Total . 103 7451.9 904

Trials ' 1

Lines 12
Ken

, ' 3
Lxì: 36

Error 51
Total 103

Trials 1
Lines 3
:en 3
L ::: 24
Error 35 '

Total 71

-

Drowse
(ornad")

Analvcis of Variance

.3462 .3462
421.0962 35.0914

55.5462. - 19.6154
144.9035 4.0251
95.6535 1.9344

723.5462

Bare Ground "::Zoc'_c

Table 13

Viz:.l.ant e-i :ot:tana

10.862
112.423

4.150
1.202

5.588
15.141
10.140
2.051

Anal-rsic of Viziance

11.6806 ' 11.6806 1.350
3616.5275 1077.0660 114.455

43.0417 14.3472 1.655
120.5 33 5.0243 1.722
302.5194 0.6520

9094.6523 .,

Litter Plus Selaginella or i:oss

Anal - ;.s of Variance

i

Trials
Lines
á :en
Lx.a.

Error
Total

1 ,

12

3

36
51

103

2$.0354
5442.9035

57.5354
731.7116
609.9615

6570.153 5

25.0354

453.5753
19.1795
20.3253
11.9600

2.344

37.924
1.604
1.699.

-
-X-X-

- 64
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Line
No.

Field-Data on Clirkz Grasses
r eov.-Stco. Ada, A tr, Held.)

_r..;.._..._ ____------
± :an :.an ::an z :an Total.
No.; No. No. No.1_2 3 4

1 . 3 ' 2 8 21
2 10 10 16 6 42
3 10 13 13 15 , 56

4 20 16 15 2+. . 75
5 20 19 20 22 81
6 18 16 24 21 79

10 10 10 13 43
Total 91 86 111 109 . 377
I:lean 13.0 12'.3 15.8' 15.6
LSD s 3.2 at, il._.. _

Field Data on Total Grass

Line
No.

l :an izan Ean Lan Total
No: No. No. No.
_1 -2 _____ - 4

1 14 14
2 23 28
3 21 27
4 28 24.

5 25 26
6 24 26
7 15 16

Total 150 161
::ean 21.4 23.0
LSD - 3.5 at 5%

13 12 , 53
24 16 91
26 25 99
26 21 99
23 27 101
27 33 110
13 17 61

152 151 614
21.7 21.6

Field Data on reeds

. an . Han I :an l :an Total
Line No. No. No. No.

Pdo: 1

1 10 10 .8
: 7, 35

2 8 9 10 10 37
3 10 7 7, 6. 30
4 10 12, 9 9 40
5 11 10 15 15 s 51
6 , 9 9' 10 8 36

' 8 15 8 .7X

Total 66 70 63 63 267
: :ean 9.4 10.0 9.7 _9 . 0 ,

LSD - 2.0 at 5%

/.nal- si s-

Source r' sum cal,!.

Lines
::en

Error
T otál

Sourc e

Lines
1-en
Error
Total

Table 14
Bridger:; 'S*orling

of Variance

F, Sig,

6 775.357. 129.226 15.862
3 68.107 22.702 2.786 No

18 146.643 8.11+7
27 990.107

Ur? ur:. S,. i.:ean Sq. F SiE;

6 714.357 119.060 12.142
3 11.000 3.667 2.674 No

18 176.500 9.306 .

27 901.857

., Source S u._.:. 2. F as. .

Eines 6 62.714 10.452 3.113
en 3 3.821 1.274 2.635 No

Error 18 60.429 3.357
Total 27 126.964

.. 65 -
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Field Data on Browse

n r
r

Table 15
Br idg er-"ycrai nr,

Lan I:an I.:an :.:an Total Analysis of Va'rianc e
Line No. No. No. No.
No. 1

.

2 3 4 T.-
1 17 ].B-

'2 13 143. 27 24
4 22 23
5 26 29
6 13 13.7 __ 20_ _

20 19 74
15 16 . 58
23 23 1 97
28 26 99
27 27 ' 109
12 11 49

19_ 25 BZ
] 137 141 1414. 145 5 67

Hem 19.6 20.1 20.6 20.7
LSD _ 2.0 á._

Field Data on rare Ground F_ Foci.

._.... _ ......
. _ Í an ';:zn :"an Total

Line 110. No. ;To. No.
lb, 1 2 2_4 .

l 12 18 8 6 44
2 6- 4 '2 1 13
3 11. '$ 7 13 .39
4 5 2 4 2 13
5 1 1 2 4 $
6 21 14 16 14 ' 65
7 26 23 21 20 90.

Total 82 70 60 60 272
'::ean 11.7 10.0 ü.6. C.6
LSD ,= 3.2 at 5i;

Field Data on Litter

.- . --
:_an ï.:an. '.':an :.:an Total

Line No. No. No. No.
r1° . 1 r 2 _.......
1 25 22 X 33 108
2 28 2£3 25 33 114
3 1C 23 24 ; 21 86
4 34 39 3fi 38 149
5 3/4 32 33 24 ' 123

, 6 2^ 33 30 2,1 119
._7 _. 25 _ 3C 31 125
total 1% ' 202 216 208 824
`ean 28.3 28.8 30.0 29.7

, r.,LSO -t,.4ati5;

Source DF aun Sa. 'lean . 17 S1F,.

Lines 6 741.5C0 123.563 39.572 **'.;
`

.1 `en 3 5.536 1.G45 1.693 No
Error 18 56.214 . 3.123
Total 27 83.250

Source DF SLIM Suy. I "eazi SG,. .^ Sl,at

Lines 6 1403.714 233.952 29 .833 ;*:
''en 3 46.857 15.619 1.992 No
Error 18 141.143 7.842.
Total 27 1591.714 ,

Source Dr' Sun Sá. ;:ear a F Sig

Lines .6 543.857 90.643 5.983. 11*
:.:en 3 26.285 C .762 1.729 No
Error 18 272.715. 15'.151
'Vota]. 27 842.357 1

,
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Field Data on Climax Gasses

::an ran Fan
Line No.. No. .:lo.Jo.___:1 2 3

4 4
3 . 3.

7 7
,11 12

3 , 4
4
34

5.0 5.7

1 4
2 3 .

3 8

4 9

15 5

6 4

Total 33 30
I :ean 5.5
LSD -1.13 at 5

Table 16
Coronado- Arizona

____
Total

Anal -reis of Variance

Source DF Sus:: 1. :can Sc. F Si'.

12 Lines 5 136.273 27.256 31.841 -í *

9 lien 2 1.445 .722 1.186 No
22 Error 10 3.555 ' .856
32 Total 17 116.278
12
10
77

Field Data on Total Grasses

Iran I:an

Line No. Po.

Mo. 1 2

1 39 36

2 36 .35

3 16 16

4 26 21

5 26 25

6 25 22

Total 168 155

i.:ean 2î..0 25.8
LSD - 1.81 at 5

Van Total
No.

3

39' 114

38 109
15 47
25: 75

26 77
25 '72

171 494
28.5

Analysis of Variance

Source DF Sural Sg. Mean Sq. F Sim.

Lines 5 1050, 444 210.089 105.625 **
Hen 2 24.111 ' 12.056 6.061
Error 10 19.889 1.989 -

Total 17 1094.444



Field Data on Bare Ground

Lían Ian 'ran
Line No. No. No.

No. 1 2 3

1' 32 36 31
2 52 52 48

3 31 38 28
4 20 24 25

5 '57 59 54
6 60 64 . 53

Total 252 273 241
'Mean 42.0 45.5 '40.2
LSD - 3.0 at ,g,

PPS, rDIX
Table 17

Coronado - Arizona

DF

Anal-rsis of VarianceTotal

Source Sum Sq. Mean Sq. F Siz.

99 Lines 5 3407.777 681.555 120.501 **
152 Men 2 88.111 -44.056

7.759,
97 Error 10 56.556 5.656
69 Total 17 3552.444

170 .

179
766

Field Data on Litter

Source D.n Sur, S. I leanSc . F S i.
in Nan :.;.an Total

Line No. ,;o. No. Lines 5 5082.667 1016.533 101.319
?o. 1 2 3 2 19.000 9.500 1.056 No

Error 10 100.333
1 28 27. 29 84 Total 17 5202.000
2 : 12 10 13 35

3 53 46 55 154
4 54 55 47 156

5 15 15 1$ 48

6 13 13 19 45
tal 1?5 166 181 522

Mean 29.2 27.7 30.2
LSD - 4.1 at 5%

- 68 -
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