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RZPORT ON 3-STEP }ETHOD

FOM.

- ca—

KEASURING CONDITICH .'\’-'0 TRUKD OF FOREST RANGES

By Kenneth W, Parkez_', Range Conservationist (Research)

INTRODUCTION

The range condition and trena study i3 western-wide in scope, Begun
in July 191,8, it is being carricd out through the cooperatlon of tne
six weslern regions and e;mcrlmx.nt stations,

The study was brought about by a reallzatlon that one of our greatest
nceds in range management planning is a method for the detemmination

_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 necessery for a bectter understanding of our aims in- the
administration of forest range watersheds by the general public as

well as rangc users, Wec 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 vwill give us this information.

In appraising range condition and tread, we are- dealing with a complex
sct 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 intercsted in whether these changes are in’the
direction‘of improvemeat or in a dowrward trend of deterioration, We
vant to know how much of the charnge is due to current weather and how.
mich to grazing use, azd in 'special situations, how much is due to such
c¢isturbance factors as: fire, wildlife, 1ﬂsects, rodents, and logging.

As prov1dcd for in tl'u. Yorking Plaal‘/ orcoored in 1948, the study has
four main objectives, Briefly, these are (l) 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 cordition
standards; (3) to check the suitability of record maintenance on range
allotmonts as a means of following trends; and (4) to ascertain what
«usc is being made of photographs.in recording range condition and trend.
The results of the cooperative effort between Rescarch and Administra-
tion in-meeting these objectives during the first, year of the condition
and trend stug*' were brought together in a mimeographed report issued
in April 191;,9 Among the moré significant findings pertaining to a
ncthod for following trend were: :

1/ Preliminary Working Plan suomitted with the Chief's RR-SUPERVJ.SION

Adm.nlstratlve Studies (Condltlon and Trénd) letter of .June 16, 1948 to
‘estern Regional Fercsters and Directors,

_/ For analysiu of mecthods cuncidercd, sec "Report on Methods and

Techniques for Mcasuring Conditioca and T. c¢td of Forest Ranges'" submitted

with the Chicf's RR(G)-SUPEIVISION, Administrative Studies (Condition and

Trerid) letter of April 27, 1247 Lz western Regional Foresters and Directors.
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1. No region or station cndoresed any onc method for recording range
trend as the method for testing and ultimate western-wide applicaticn.

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

3. That the initial step toward dcvelopment of a methed for following
trend should be in the peremlL gras.,lands and open timber-grassland
types in various stages of condition., These types arc generally re-
garded as the most importart for range and usually comprise the key
arcas on an allotment. .

7

L. All regions and stations were in accord that to follow trend most
efficiently on a rangc-unit basis, permanently located open-range plots,
transects, or "benchmarks" must b¢ established within the allotment.
Trend would be detormined by ropeated measuremert of these plots at
periodic intervals.,

‘The most logical approach and the first .step toward salution 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 pcrmencntly located sampling sites. Some of the factors for
judging trend on thesc sxtes, such as density and floristic composition,
can bc measured with a reasonable degree of accuracy. . Other factors,

such as.plant vigor and crosion rates, must be recorded largely in
descriptive terms. Both types of information arc essential for-a complete
picture of trend in condition. In addition to this requirement, the method
or methods which are develonced for following trend must be simple,'re—
liable, rapid, require a minimwm of equipment, and the information obtained

asily summzrized and interpreted. It must be largely a one-man mcthod
which the average ranger can rcadily apply or at least a method wherein

the ranger can play an important part. With the foregoing 'requirempnts
in mind, the mejor portion of the 1949 field work was devoted to develop-
ing and testing a method for gathering the essential information for
recording trend. The method cvelved and testcd is tentatively designated
as the 3-Step lkcthod. '

.

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

1950,
T

3

3-5TEP MITHOD

The 3-Step liethod incorporatss tie test features of several measurement
nethods., As the name implics, it consists of three steps. Step one is
an adaptation of the New Z¢-*ar! TF ~zint method (similar to Ellison's
point analyzer and the Soulhmecwce. Tril-cy-point methods) and the line
intercept as used in the Southirest., Step Lo is based on methodology
involved in usc of the Soutliiestern Range Condition and Trend Score Card,
Step three is derived from the photo-transcet method of the Intermountain

region,
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The method va's presented to the field as a preliminary step in the
evolution of a method or mcthods for measuring range trend. It was
not regarded as a final method for adoption by Administration, but
simply as a concrete, specific proposal for field testing, This
proccdure was followed in order tc stimulate thinking in the develop-
ment of methods for measuring trend,

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

Step One. A metal tape 100 feet long is stretched tetween two permanent
iron' stakes located-in the site selccted for sampling,. An Enginecr's’
tape, 1/Lk-inch wide, which has chaining pin notches at the foot. marks,
appears to be most suitable. Along onec edge of the tepe 100 observations
(at 1-foot intervals in the caze of a 100-foot transect) ere made at
rechanical intervals by mcans of a 3<h-inch diameter wire loop attached
to a long wirc shank (about 16" long) for convenience in holding and for
plumbing from the tape when the latter is obove the ground surface.
(Firure 1) :

As the loop is droppcd to the ground surface, a rccord is mede of whatever
plant species is encountercd within the loop. Perennial and annual gras-
scs and weeds must have the root crown or a portion thercof definitely
within the loop in order to be recorded as an observation. Crown spread
is ignored in order to elimincte errors or seasonal differences in vegera=-
tion arising from utilization and nlant development, In rare cascs, two
plants of different specics may occur within the same loop, in which event
the dominant plant is recorded and the other is mcerely listed, i.e. a
perennial would be récorded in proference to an annual. With browse
specics only the perennisl portion of the crown is considered, current
anmnual twig growth on the outer periphery being ignored, As in the case
of surface vegctation, this is deiie in order to climinate seasonal dif-
ferences arising from utilization and plant development., If over-half
the, loop is covered with litter and there is no vegetation within, it-is
recorded as litter. If tho loop is less then half occupied by litter,

as vith o fow occasional grass stoms, it is rccorded as bare soil, or
rock (including pebbles above l-inch in dicmeter), or crosional pavement,
whichever the case may be. Xosses and liciiens are observed .as in the case
of litter. Thus litter, moss, and ground surface devolid of vegetation '
require estimationk wherecs vegetation rejuires only the simple decision
of vwhether or not it is absunt or present within the loop. Rodent
activity, such as gopher casts or digzings, is recorded by line-intercept
measurement , '

The ficld record, usually by dot or check tally entered on forms such as
shown in Figure 2, is radidly cutained, regardless of plant density, and
by one man working alone, The cl.0d rocord is o conpleted sumizry with
no additionnl cumpilatica recisunry of ricsonssly reliable indices of (1)
vegetation density, (2) CXounto evzpostticn by frequency for both amnual

and perennial specics, (5, Litww..ooe of litter, when a plant is not recorded

(4) mosses and lichens—-if Hoaact, {3) bare soil, (6) rock and erosionz

- -
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Form Record of Permanent Line Transect
Allotment . - Cluster No, ——
Date measured  __ ______ Observer __
i o o o~ =
Transect Ho. ; Transcet Ho. Transcct HMo.
’ ’
Snecies Hits Total | . Hits __ Total __Hits Total
T H
i i
Agsp = ;12 g =
R , ; ;
Pose Eﬂ w *j ‘28 } ;
. ; |
:
\ 1 |
i f B
; :
; | :
1 i H
| H . H
! ; | )
: : z !
e ' P !
i ; * i i
: g ' , i
. 1
1 i 1 ! i
N T v +
i . i ' .
3 1 [ : |
{ ! D l
.Bate l ) . |
1 j H i
: ]
| 0
E : i
Bare ground : {
" ' ; . ‘
Litter i ! i
; ! |
Rock ) . ;
; | i
toss { ; y
i i
Annuals ! )
Desirable grasses 12 { ]
Total perennial grasses !_120. — —_—— e —
. ) ' !
Desirable weceds LA —— -
|
B i

Figurc 2, Fora for recording data obtained by the lo

1 rrasgland vegetation.

- .. 3
ST s (‘

op method or Step One.

For use
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pavement, and (7) rodent activity (obtained by line intercept).

tThere two-storicd vegetation 15 encountered, as with sagebrush, a

specially devised form (Fisure 3.) mey De utilized to record the
observatioftls, Although use of this form requires some cxtre time

"for compilation, it has the advantzge of . showing at a glance the

cxtent to which browse species have an understory of herbaccous
vegetation, If repcated observations should be made periodically

on it, it will quickly reveal whether or not shrub species are
increasing, With single-storicd vegetation its use is reécommended

in training personncl because of the easc 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
concZtion class and (2) range trend itess made by means of score cards
or cucck lists, Score cards are used as guides to determine the range
condition class and probable trend wherever specific criteria are
availsble, An éxample of such is shovm in Appendix A for the Pacific
Burensrass type. Whenever specific criteria are not aveilsble, the
cheek list alone must suffice Appendix B. The reocrd on condition and
trond is made in the vicinity of the permanently staked lines utilized
in Step One. If thesc lines are grouped together in a cluster, as on
ail gcre plot, the record will be made within this plot: If the cluster
is long &nd lirear, as by placing the lines end to end, and in line, the
record will be made in a strip, i.e.; two 160-foot transcct lines 200 -
fect apart would designdite an area 100 X 400,

Step two is quite independent from Step Onc. The completed field record
includes estimetes or information on the following: (1) Density and
cemposition 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 specics 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-
prctetion and cxplanation of the causes of trend., (5) Soil features—-
drdicators of crosion and other characteristics. The record obtained is
interpreted into separate adjective ratings of condition classes for
vegetation and for soil by means of properly designed score cards
(Appondix A). Current trend within the condition class as judged in the
field is likewlisc appraiscd by, means of the same score card.,

Step Threc. Consists of two key photographs (Figure 4) which form a

visual rccord, in part at lecast, of the elemcnts measured and observed
in Steps Oné and Two. The photcgraphs consist of:

1. A general type photogriph, talen from one end of the permanently
located transect line with tiic otiner end stake centered. in the background,
This photograph is necesscry for showing general changes (when the photo
is repcated) wiich may “# . place in tic aspect of the type. It is also
very helpful ir rclocabtion of the samling area,

2, Close~up of a 3 X 3 pl

izken obliquely and also loccted on one cnd
of the permanently staked .

ot
Hia Tuis clos-up forms a good record of plant

]



Record of Pemmanent Line Transcct
(By loop method)

Allotment | District Cluster No.__

Nat. For. Date By Transect No.

¢ Total

L 5 677 8 91011 12 13 1415 16 17 18 19 20 21 22 23 24 25: hits

.
. . . .

. . . . . . . . . . . . . .
[} 3 . (3 . . . 3 » . . . . . . . . . . . . .
. * . o . * - . . . o . o . » 3 . . . 9
. . ] . I3 3 3 3 3 . . - ] . . 3 . 3 ] . . . . .
. . .o 3 . . . . . . - . . . .
. . ] . . . . . . . . . . . . £ . - .
° . . . « . . . . . » . . . o . o

26 27 28

.
.

29 30 3 32 33 34 35 36 37 38.39 L0 LI 42 L3 Li 45 k6 LT 48 L9 50

51:52.53 5L 55 56 57 58 59 60 61 62 A3 bl 45 66 67 68 69 70 7L 72 73 Th 75

. .
. . . . . . . L4 .
.
. . . . . . . . . . . . . . - . . . L4 . .
. . . . . . - . . . . y 3 . H . < .. . . s
. . . . . . . . . - . . . - . . . . . . L4 .
. . . . . . . . - H . . . . . . . . . . .
13 . . . . 3 . . . ° . . . . e . . . s e . . -
. . . . . . o H . H . . H . . . . b H . . . .

76 77 7879 80 81 82 83 8L 85 86 87 83 89 90 91 92 93 94 95 96 97 98 99 100

Total Density
Note: Check overstory browse species on top square of each block, record understory

species on bottom square.
I,  Litter; R = Rock or pavemont; Blonk = Bare soil
(Plant symbols with ccrplcte name should be recorded below)

No., iHits by Species Scedling or Annual Species

Litter

Yoss

Bare ground

Rock

Rodent Activity

(fotal line intercept)

Figure 3 - Form for recording informetion cbtained Step One in two storied vegeta-
tion or for rapid cross checking of mon urin~ wraining.

Developed in Region 3
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Figure 4, - Step Three of the Z-Step Method consists of
a generel ty, - photo and an oblique close-up
of a 3x3 plot, each of which are taken from
onc end of the Htrunsect lines Mlixed gramae-
oax savannan wicdlend, Coronado Ne.Fe,Arizonae
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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 featuress

Initial photographs and the retakes, although a l-men. job, require
special training and aptitude.

The time required: for record takinz by the 3-Step Method 1s considered
to be extremely low. For Step Cne (the loop method) the time required
in all regions varied from 10 to about 35 minutes per transect linee
The time required generally increases with the comploxity of the
vegetation. For exemple, in Oregon the average time of six men on
transect lines located in a site rated as "high-fair" was 283 mine
utes, whoreas on a poor condition site, the time required averaged
1548 minutese In Arizona tho aversge time for all three steps on

20 trensects was 40,7 minutes per transect, representing 19.8 minutes
for Step One, 13.1 minutes for Step Two (renge condition rating), end
7.8 minutes for Step Three (photos)., Although these times are for
men with long experience in record teking, it is believed that afler
proper training most individuals could install and’ obtain-the com-
ploto record on ono transect within an hour's time, oxcluding travel
time

During the 1949 field tests it was not possible;to test each of the
thrce steps involved in the methode This was largely because of ine
sufficient time and the lack in many regions of well-devcloped score
cards required in Step Two. Howevcr, tho soundnéss of the last two.
steps of the method is considercd %o have been adequetely demonstrated

"durihg the past several yearse The ronge condition and trend score

card, devoloped and tested in the Southwest, has been adopted by Ad-
ministration for useé -on all national forests in the region. Experi-
ence with tho photo-transect method in the Intermountain region indi=
cates the general photo and the oblique closcup to be most suitable
for showing changes in condition. Accordingly, the major effort in
1949 was spont in testing Step Cne = the loop method,

". RESULTS OF 1949 TRIALS WITH STEP ONE - THE LOOP METHOD

" HOW THS LOOP METHOD ORIGINATED

The original study plan for conducting the 1949 field tests contem=-
platcd intensive testing in all regions of the frequency-point method
for measuroment of the importent elomonts of the sites The froguency=
point method consisis slimlyr of dr-zring a swall diemoter rod sharpened
to a {ino point (similer in dimensions to 2 hat pin)'at mechanical
intervals along onc edgo of o s%cocl tape or transect wire fitted with
100 balls of solder, In the tosts 100 observations were taken at
l-f'oot intervalse
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At the onset of the summer fisld work on the Starkey Experimental
Range in Oregon it was readily apparent to the seven men toking pért
that the frequency-point method had scveral important limitations,
namely: (1) As shovm in Table 1, thére was no sherp difference be=
tween two distinet condition classes, fair and poor, with réspoct to
Agropyron spicatum (Agsp) and in total vegetation, In faot, the
frequency point density wes slightly greater on the poor with 12 hits
as compared to 10 hits on the fair condition range. And yet, it was
clearly ovident to all that Agropyron spicatum was moro sbundant and
the density was greater on the fair in comperison to the poors (2) -
Single-stemmed species such as Agropyron spicatum (it often assumes

a single-stemmed habit of growth in Oregon), although often common,
were seldom recordod by the frequency-point methode (5) Being the
record of an extremely fine point, there was much chance for large
differences between men, particulaerly where any of the men had poor
eyesighte And (4) being a fine point reading, it would always be
questionable as 4o how accuratoly the line might be replaced in follow=
up measuremontse This discrepanocy would introduce a now error of
sampling, '

Table 1l Ficld data on vegetation by frequency point
method from two sites in different condition
on Starkey Lxperimental Ranges

Species Fair Condition Poor Condition

Nog Of hits Noe of hits
Agsp 3 4
Feid 4 *
Koer * "
Daun * *
Pose * s
Total grasses 7 9
Acla 1 ®
Anlu - 1
Trifolium * - 0=
Podo . * 1
Sedum - 1
Lup 1 -
Bate 1 *
Total woods 3 _ 3
Total vegetation 10 12

* Present as a sisnifican% component of tho vegetation
but not rcoordece

-10 -
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Bocouse of the above limitations, it was apparent that the frequency-
point mothod would not bo suitable for use in the Pacific bunchgrasss
type=-although previous tests in the shortgrass type of Colorado and
the Southwest indicated the method to have possibilities. The next
stap in Oregon was to test’s stem count method involving the use of
wire fromes of three sizes, ono frome containing an area of 2 squore
inches, another 4 square inches, and enother 6 square inchcs. Tests
with theao framcs, which were spaced mechanically et 25 intervals
elong the transect, soon indicated large differenccs between indivi=-
duals, These differences arocse 1argely from inability of the men to
recoghize & similar nunber of plant scgments within a frame; in othef
vrords, the unit of woasurumcnt was difficult to define, Furthermore,
it was difficult to summarize the fisld data followlng its collectione
It was apparent that what was necded for rcducing these differcnces
betwoen mon wes a method which would combine the advantages of tho
frequenoy point (with its easily defined unit of ncasuroncnt) and o
plot that was estimated (thh Y 1arger sample of <She vegetation).
Accordingly, a virc loop 3 / 4«inch in diamoter, made from l4-gauge
welding rod, was tcstod, at the suggestion of Fred Kennedye Tha
first tests revealod that it might have possibilities for roducing
differcnces between men, snd for yiclding information desoriptive

of what oould be secen with the cyee The simple tally of 100 obser=-
vations was in itsclf a summarization of the field datae

Tho 3/4-inch wire loop is thus a combromise between a record obtained
by a point and a plot that is o§timﬁted--and tho roadings for vege=-
tation in most instances requirc only the simple decision of whether
or not the loop is occupied by a part of the root crovn in grasses
and weeds or tho period erovm of shrubs. As previously mentioned,
two plants of different species muy rarely occur within the same
loop. Fubure tests may indicate tho desirability for discarding

_the arbitrary rulc recording the dominant plant and “the placing of

both plant specios in the record of vegetation,

The frequency point vms 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-
torse But it was discarded in.all later tests for several reason$,.
First of all, adoption of the. loop for all readings on vegetation,
soil, and litter has a big advantage in thot the information obtained
is from one method alone. Frequency point readings on litter tended
to be too high with that which could be sesn on the ground, since a
single straw or pine necdle might be recorded as an observation on
litter. Although uso of the loop for bare ground. and litter involves
en estimate as to whether.or.not the loop, is half" covered with litter,
tho results in subscquoent tests indicate a botter eppraisal of litter,
and the differences between men erc not prohibitive. Future study
may indicate the desirability of sotiing up the requircmont that the
locp bo complotely occuplcd by litsur in order to be rocorded as an
obsorvation. Alsc, i% mey bs ndvouiageous in some rango types to
group litter obsorvatisns into depth classese
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COMPARISON OF LOOF METHOD WITH OTHER METHODS

'As previously indicated, the loop method is essentially & compromise

between frequenty and area-estimate methods. During the course of
the 1949 trials, several questions concerning the use of the loop
method aroses These related mainly to the density index obtained

of vegetation (i.es, 40 lodps with perennial vegetation = 40 percent
donsity) and littur. A4lso, the expression of composition largely in
terms of frequency of occurtence in the 100 observations recorded is
questioned, In other words, how do the measurements obtained by the
loop method oompare with those obtained by other measurcment methods?

An informal test conducted in Colorado in the ponderosa pine-bunchgrass:
type comparod the floristic composition recorded by the loop method
with that indicated by 10 l-squarc-foot plots spaced at 1l0-foot in-
tervals on the same transect line.,” Data on the latier were recorded

by plant species, numhor of plants, and ereae Composition based on
aroa oompared favorably with that indicated by the loop methode

A morc intensive study conducted in the mixed grama-oak savannah type
of southorn Arizona compercd four measurement methods, namelys (1)
the lino interccpt, (2) the fregueney point, (3)-the 3/4-inch diemeter
loop,” and (4) tho paced transects The tests involved the measurcment
by the first threc methods of 20 transcet lines (100 fect in length)
pleced in 10 difforent sampling sites, varying in range .condition
from good to poor. The paced transcet was madc on a rectangular plot
(150x100 fcct), cuclosing the 100-foot transects Data were then suba
Jjectod to corrclation analysis with respecet to donsity of vegetation,
amount of litter, and floristic compositions

Comparison as to Density of Vogetations

The density figurcs obtained by tho line intercept method in the
Arizona tests were uséd as a base for comparing the other methods
because line intereept density is gencrally considered as a reliable
index of the actual percentage of ground occupied by vegetatione The
density figurcs obtained by tho line intercept method closely parallel
thoso securcd 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 gencral administrative use,

: ]
"Corrolation of the figurcs on donsity obtained by the three other

methods with those sccurcd by the linc intercept method was satis=
factory in all cases, As showvm in figure 5, whorc the actual date ~
for oach method are plottcd against the respective regression lines,
the variance from each rigression line is not great where the line
intorcopt density is less than 4 percent and not prohibitive above
this point. For the irequcscy pu.at & = ,9388; for the paced tran-
soct r = (9544, and for “uc loon meth-d the correlation is best with
r = ,9719. Sinco the relationsnip is linear and the line intercept
is a measure of actual density, one must coneclude that the data ob=-
tained from the thrce motheds in Arizona are likewiso good indices

«12-
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of the aree occupicde. Howover, line intercept density is much lower
than that indicated by the other methods, i.e., where line interoept
oguals 2 perocnt, the froquency point will be 9 porcent, tho paced
transect 13 percont, and the loop method 15 percont.

The Arizona mothods tests wore conductod in grassland types varying
from high density sod covor and a good covor of large coarsc bunch-
grassos to a sparso stand of smeller bunchgrasscse It is unfortuncte
that rurgoe types with singleestemmed species (such as western bluestom
wheatgrass) predominating wore not available. It is possible that in
such typcs totally differcnt rolationships betwoen frequency index of
aroc and orea by intercept would obtain, such as showed up at the
Starkoy Experimontal Ranges 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 speciess

Another question which arises with respect to tho 3-Step Method is: .
How does density obteined by tho loop method in Step One compere with
donsity indicated by the paced transect in Step Two? This is of in=
terest because aftor tho initial installation of transeots on an
allotment, wherein-a complete rocord is obtained by all 3 steps of
the method, subsequont complote remeasurcment (because of lack of
poersonnel available for doing the job) might be limited to 3 or 5

or even 1lO-year intervals, but with accomplishment of Stop Two possible
on a yearly basise The correlation cocfficient betwocn the loop and -
poeced tronsect methods in Arizona vms also high, r being 49371s 4&s
shovm in figuro 6, where the actual ficld data for the 20 transcct
lines aro plotted against tho computed regression line of the two
nmcthods, therc are few discrepancies, Accordingly, the paced tran=
seot method appears to fit nicely into the 3-Step lethod, since the-
data closely parallel those obtained by the loop methods It is doubt-
ful if the paced tronsect in itself would be adegquate for use on
allotments wherc tho highest level of accuracy obtainable is desireds
Mcrecover, it is not suitable for shrub typese The uniformity between
mon is loss then with the loop method and the sampling orror in re-
measurcment shculd be larger, since the same identical step points
cannot be repoated,

The Arizona trials comparing four methods were confined %o grasslard
vegetations For browso, loop mecthod density apparently is very close
to that obtained by the line intcrcept density. “As shovm by tho
Tahoc National Forest data, presented in table 2, the loop measurec=
monts on sagebrush (Artemisia tridentata and A, cana) (for four men
on fivo difforent transoct lines wherc the same lines were remeasured

again) with but few exceptions closely approximated those obtained

by the line intcrcopt methode Comparable rccords were obtained in
Wyoming on big sagebrush by four men on seven trensect lines. Howr-
ovaer, there were no repeat measurements in tho latter trials. Thus
for crown density on shrubs, the srcentage plant cover index ob-
tained by the loop rothed apnears wu be very close to the density as”
measured by the line intercept method. Although not formally tested,
experience indicates that tho frocquency point is not so roliable an
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indox of -orovm density bocause tho point can easily slip through the
crowvn of a shrub without being recorded as a "hit,"

Tablo.2e - Ficld data on sagebrush meusuremont by loop method end -
aotual moasuroment by line intercept method (Tahoe N.F.,
Calif,)

Man 1 3 rn 2 : Man 3 s Man 4 :
First :Second:First :Second:First :Second:First :Second:Actual line
trial striel strial strial :trial :trial :trial :trial-: intercept

T Z z 2 2 & %z Z Z
22 23 22 22 24 25 ‘16 . 16 25420,
"22 -7 19 21 . 23 22 23 - 18 ° 20 - 20.25
27 30 28 27 28 29 27 28 28,45
21 22 24 25 20 22 ° 25 25 21.60
7 7 6 5 5 5 4 . 4 580

Comparison as to Littcr Covere

Correlation analysis of the data cbtaincd in measurement of litter in
the 4rizona tests indicated a fairly close relationship between three.
rethodse (Dota on litter cover were not obizined by the paced tran=-
sect methode) The correlation coefficient for loop vs. line intercept
wes ¢8995 and for loop vse frequency point it was about the same, r
being .908le The regrocssion lines and ectual field date are plotted
in figure 7, As in the case of donsity of vegetation, the relation-
ship between indices of the percontage litter cover obtained by the
frequency point and loop method appeers %o be linear when compared

to cctual aroa as dotermined by the line intercept methode

Floristic Compcsition.

As shorm in figure 8, floristic composition, based on the density
indicos of each method end weighted aécording to the plant species
cncountered in meking tho mcasurement, was quite comparable far five
nethodss Woighting was accomplished by grouping the plants into four
groups according to their ecological status, securing a floristic
composition figurc for ocach group bascd on the density index of each
method, multiplying this by an arbitrary factor for cach group and
adding the rosultant.figurcs for each group of plants, The weight-
ing procedurc was necessary in order to summerize the date in a con-
venient form for corrclation analysise The total weighted figure

for each method on cach iransect wr.s usod in the correlation analysis,
Ln oxamplo of the mcthod used irn sccuring a weighted figure for com=-
position is presented in table 3+ The arithmetical mechanics of
veighting arc similar”to that folleowed in range surveys for foreage
ccro feetore Group 1, given a weighting factor of 10, included mostly
tho tall grass dominants, <o cliruz :rasres such as beardgrasscs
(4ndropegon sppe) sidecocts groue, anl $all throeavm; Group 2, with

a woighting fastor of 7, included spocios which cormonly replace the
tall dominants under heavy grazins use, such as curlymesquite grass
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and ‘bluo grame; Group 3, weightcd as 3, was made up. mostly of
Rothrock grama, e short-lived porennlal which replaces tho rore
dosirsblc perenniels under long continued overuse, Group 4, weight-
ed by 1, includes species characteristic of great disturbance or
poor site such as fluffgrass (Triodia pulcholla)e -

Teble 3.. - Exumple of method uscd for obteining welghted flgures
on floristic composition,

o A . Plant group - :
) : Groupl : Group 2 : Group 3 : Group 4 :Total
Item ‘.ctor..lO)‘ﬁf"ctor n7)_(factor =3):(factorsl) :weight
omp, : %10 Bcump . £ £x7 :Zeamp., : #x3 :Zcamp. : Zxl s

Lino intorcept 15:3 153 80.2 561 4.5 14 0.0 O 728

Loop 15.8 153 73.7.516 10.5 32 _ 0.0 O 706

Frequenéy point 20.0 200 80.0 560 0.0 0 .0.0- O 760

Paced transect 1.1 111 8€.9 622 0.0 0 0.0 0 733 .
(hits only) o ' : e

Paced transect 7.0 70 85.0 595 7.0 21 0.0 0 636
(corp. on 100 o Co )

The correlation coefflc...ents obtalned from analysis, of"the data on
floristic composition indicated ‘a close relatlonshlp for all methods °

wh 21 compared to that obiained by the line intercept method. Thus, in
line intercept vs, loop r = ,9482, for frequency point r = .9859, for .

paced transect (hits oniy) r = .988, and for paced transect (composition
by 100 paces) r = .9305, The distinet tion between paced transect (hits
only) and paced transect (composition by 100 paces) is that the former -~ a
records only those plants actually hit by the-toe, vhereas in the latter “°
method specie's are recorded at the end of each pace regardless of whether ™
or not they are."hit", The latter meuhod is used in actual field ac-
f'orpllsment of Step Two. -

Sunnarizing, the Arizona tests indicated a fairly close and consistent
relatlonshn.p betweéen the indices of density of vegebation, 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 miethods appears to
be linear with the latter method, which is generally recognized to be

an area estimate, Thlo was lJ..‘-'emse true of the frequency point method,
It will be recalled that “his method was not suitable for‘measurement in
the Pacific bunchgrass tvr as encountered on the Starkey, in Oregon.

The condition and trend studv is5 aimed at securing a method that will
have western-wide ap plication on forést range types. The 3-Step lethod,
vhich utilizés the loorz net,noa in Step Onc and the paced transect in

Stap o meets this romil-.unt bebtier than the frequency point., BEoth
the loop and paced traccret "cum”b ‘are cssentials of the 3-Step liethod
and, as will be discusu.d labor in actual application on a range unit
basis, orie or both may oe uscd, dzpending on the level of accuracy
desired in mecasurement.

- 3’:}";\ -
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HERE THE LOOP NETHOD #WAS TESTED

The loop method of neasuring various elements of the sitt.a, as §hown

in Table 4, was tested in a wide variety of range types in various
stages of condition, Attention was focussed primarily on thc? 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 pramise 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 differcnces in growth characteristies 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 intercst because of its similarity in cover characteristics
to cheatgrass which is of wide occurrcnce. The California annual type is
espccially difficult to measurc because of the single-stemmed growth of
the many specics involved, énd 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 c¢An mcasure the California
annual grass type is indicated by the data presented in Table 5. It is
fully appreciated that one transect liné with measurements by three men

is an inadequate test. However, it is thought that the data presented do
ihdicate uniformity between men and together vith data from other range
types indicate the wide latitude of types to vhich 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 uscd by Huffaker and Holloway..ﬁ/ Their method consists of
a sampling frame which covers 1/4 square mcter and utilizes 28 brass rods
or point designators. The species of gréatest development within a radius
of 1 inch was recorded at each brass rod. The method was used successfully
in following changes in vegctation during a two-year period as brought®
about by the biological control of Klamath weed with certain introduced
insccts.

The big sagebrush-grass type was encountered in California and Wyoming,
It is of importance becausc of its widc distribution on forest ranges.
The vegctation is uswally two-storied with grasses'and weeds growing:
beneath the crowns of the shrubs.. The transect tape, vhen stretched, may

3/ HuifTaker, C. B., and J. ... Holloway, 1949, Changes in Range Plant
Pecpulation Structurc Associatud with #Feeding of Imported Bncmics: of
Klamath Weed (Hypericum perforsm:wm L,), Ecology, Vol. 30, Mo. 2, pp.
167-175. g
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Table L. - Location of 1949 tests, personnel involved, range tvpes and '
condition classes, and time of year when tests wecre .onducted,

: 3 : . :Condition:
Location .: Personnel: Range tvoe iclasscs  *Timc of year °

Region Six— . :Kennedy :Pacific bunchgrass in: Hi-fair:

Whitman N.F, :Iverson : "biscuit-swale" : Fair ' : Junec 20-26
Starkey’Exp. ' :Pechanec :Topograph T DPoor
Range, Orcg. Holscher : . : g
:Harris 8 g ]
:Garrison . g 2
sParker 5 :

Region Two-- :Schwan :Ponderosa pine=- : Good : June-27 -
Pilze N.F, :Cramer : -bunchgrass s+ Fair ':.July 15
¥anitou Exp. :Costello : : Poor :

Rargre, Colo, :Paorker : : :
« 3t e . e

Region Five--  :Wood : Big sagebrush-grass : Podr @

Tahoe M.F, :Saarni ¢ '"let &.dry meadows : Poor to:

Sierraville RP:Hormay : Mt, grassland - : fair

California :Parker : (Wyethia) : Poor : | ’

: : : Bittcrbrush : Poor : August 1-12
8 ¢ Ponderosa pihe- Hi-fair:
: ¢ bunchgrass g :
: : California annual ¢ Good :

—_ : : _type (nesr Berkeley: - :

Region One— :Johnson : Mit, grassland :Lov~fair : August 15-26
Beaverhead N,Fi;Lanmasson :Fair g c
Vigilantc Exp, :WWoolfolk : :Good g
Range, lontana:Pcterson : g :

: Parker : 7 :

Region Four-- , :Phinney :Big sagebrush~grass :Poor to :

Scptember 12-

Bridger N.F. .-:Zllison : fair : 16
Cokeville R.D.:Houston : : H :
yoming sParkcr :

Region Three—-" :Traugh tizixed grama-cak tPoor” © i October 3-7
Coronado N.F, :Bostick ¢ savannah :Fair : -
Nogales R.D. :Pearse 8 : "sGood 3
Arizona :Parker . : :

#Associate.Director Talbot and Director Tebbe each spent about a weeck

working with the group and had many valuable comments regarding the work,

-19 -



Table 5. - California annval grass t,/pe--ﬁeld data on the same transect
~__line for three men,

: Man 1 tan 2 Man 3
Avena fatua 7 7 10
Bramus mollis L9 : 55 52
Festuca mcgalura 5 ’ 1 2
Lolium multiflora 13 . 11 10
Hordeum sussonianum I 3 6
B rorus rigidus . L 1l 2
Unknown (weed) 0 .1 1
Litter 18 22 17
Bare soil S 0 i 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 othar shrub typos such as bitterbrushgrass., . In measuring such
types for the purpose of eventinl determinztion of trend, it is-important
that the overstory vegetotion be recorded as well as the understory cover,:
Roth storics of vegetation mny be recorded on the specially devised form
prcsented in Figure 3., From the standpoint of determining trend in browse
typcs, this is an important rccord because there is a marked difference in
potential trends between a brush 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 men in the measurement of browse and
grasses in the Wyoming trials, As shown previously in Table 2, the crown
density measurcments of sagebrush in California obtained by the loop method
closely perallcl those obtaincd by the line intercept method,

I{Oyv ru; :' I‘OO—) 1 "'TI!OD ?’As T:‘S D

The tests were conducted in e'ac'n region in much the same pattern, Two or .
morc days were spent by the group at the beginning in initial training with
the discussion of the 3-Step lethod--particulerly Step One. Fallowing this
initial training period a miniium of two transect lines were located by
iron stakes within each of the various sites selected for sampling. All
transect lines wecre 100 fect long. Where caly one range type was involved,
all condition classes available were sampled by the loop method, In
‘California scven distinct rangc types wers samnled--most of which had only
onc condition class recadily available. .

! * -

Zoch of the transect lines was measured by each ncmber of the group who
repeated his mcasurcment 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 mcasurcment, For
example, it was found that prior consideration and agrceinent- was needed

on how somec growth forms should be mcisured and recorded. Growth forms

of wecds and shrubs are especially variable: These may vary from open,
scraggly, difficult to definc forms t» 4. ice, compact crowns that are
easily definod ~nd mcasured, The o . orqvdre special definition in
order to attain a higsh doves of unifomty between men in measurcment.
Specific definitions for growth formos- cifficult to measure have as yet

to be determined more precisely.

-
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The necessity of measurement standards to fit certain growth forms is
not peculiar to the loop method zlone but is an essential attribute
of all sound methods of measuring vegetation.

Tests conducted wiith the loop mithod ©s o mcans for securing information
on range-trend were concerned primarily with the following major scurces
of varieation,

1. hg.ngl. duc to trend in conditicn as influenced by grezing use and
veather. To be obtaincd by repeatcd measurcrnent of csscntially the same
lines over a period of time. -In tie ficld tests broad changes that might
te expected within a pariod of time were sinudated by delibcrately sclect=-
ing different sites fn the seme range type that were judged to be different
1":mh respect to range condition.

2, Measurement crror crising from different me taking the records. It is
inportant that this crror be small, because on most ranper districts it is
unlikely that the sam2 nan will moke the mecasurcments 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
erroneocus, .

3., feasurement érror due to replacement of tape when transects are
remeasured, It is importent that &s exact replecument of the line as is-
poscible be made, otherwise a new error of sampling is introduced, This,
if large, may also lead Lo crroncous conclusions with respect to trend.

L., ilcasurement’ error of samc man., Unless the plots-are to be rameasurcd
by the sume man, this error is not as important as 2, above,

It is likely that this crror will be smallcr than 2, but it will increase
if men tend to develop a bias within thomscelves by constantly chenging
or adopting new standards or dhfercnt criteria of measurcment, 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
ond the next time recognizing it, '

It is especielly important that errors 2 and 3 or 3 and 4 be small,
otherwisc, a great and probably prohiibitive nurber of transccts will be
required to accurately measurc the variation resulting from change in
range condition, Accordlnvly, the data obtained in each region by the
loop method were subjccted to regular analysis of variance proccdures -
to determine differences between men and t'ne combined variation due to
men and line replacement, Vhere the range type had two or more condition
classes represented, the reccord obtained by the loop method wes subjected
to further analysis to determinc which data might be most meaningful for
depicting trend. Inasmuch os 21l »irnis were identificd and recorded as
to species, it was nossible to group them as to growth form (grasses, weeds
and browscj and as to special indicators of various successional steages
resuiting Srom mrazing nc.. Tiws procadurce was followed in order to
fuci.dtute amlysis of data crd to permit comparison betiwieen difforont
ranse tepes encountercd within the regions, :



DIFFERENCES ARISING FRG LINE REPLACE!IENT

Differences arising from rcplacement of the tape, as would be neces-
sitated in nemeasuremcnt of permanently located transect lines at
periodic intearvals, were for the most port not significant in the tests
conducted in Orcgon, Colorado, (lifornia, and liontana. (Data are lack-
ing for Vlyoming and Arizona, since the time scheduled for making complete
rereacuroment of zll lines wns insuf flg,lent ) A measure of this source
of error was obtained by compt.rlson of ‘the first trial and second trial
data for all lines., An examplc of the method of analysis carried out for
t1is determination is pﬁcscutcd in Table 6 (utiliziag data from the
Vigilante on climax species, involving thirteen transect lines, four men
and cach man repeats his mecasurerient ‘after line rcplacement). Since the-
tope was removed cnd stretched bhetween the same stakes a day or so later,

_the mcan. squarc crror term (listed as 5.0866 in Table 6) includes error

due to line replacement plus any individual bias of the man making the
remecasurcment s,

~ Example of Analysis of Variance procedure used in the a:xa1J51s

Table 6.
‘ of date (Vieil ante data for climax svecies)

Annlwsis of Varinnce

J.F. S.S. .S, Sig.

Trials 1 5.0866 . 5.0866 -

Lincs © 12 3126.5385 260,549 s

on 3 1.2597 4199 -

Linc X Yen ’ 36 1021.6153 28,3782 -

Zrror .51 1C26.413Lh  20.1258 -
5178.9135 '

Total 103

**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 prescented in Table 7, It is readily av»parent that.in the
bulk of these tests there was no significant difference due to line
replacement, The few instances where there was a significant differerice
due to line replecement cre difficult to explain., In the case of 'litter
this was detcrmined by mecans of the frequency point method in Oregon and
Colorado, and in Califerniz ond Yontana by the lqop method, This would
indicate the latter as a superior method in that differences due to line
replacement are not significant. IHewever, in due fairness to the frequency
point method, it is worthy of notc that ut ¥anitou in Cclorado heavy rains.
occurrcd botwcm the initial and rcpecat measurcments so that litter on the
‘arcas in unsatisfactory condition vas washed together into bunches or
rifflecs from its former Clopirsed state. Henee, measurcments made on
Litter in the initial trials o:uid Lol be repeated with confideace in the
follow-up trials.
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Table 7. = Sunmrization of differences due to line replacemoent for
various clemcnts of the site, as detcriined by analysis of
data from four regions.

: OREGON : CCLU.ADO @ CALIFCRNIA: ITGHTANA
Element measured :  Starkev : HManitou Tahoe ¢ Vigilente
Climax grasscs N. S. N. S. Mo test N. S,
Total grassecs %* N. S. M. S.. e
Teeds N. S, N. S. o test N. S,
Browsc* No test No test WN. S. M. S.
Pock-bare soil K. S. (FP) N. S. (FP)N. S. ¥. 8.
Litter (FP) #%(FP)  N. S. N. S.

# Significant at 5% level,
#+ Significant at 1% level,
FP = Frcquency point method,

Replacement of the tape and remeasurcient involve the question of whether
or not it is.possiblc to return to exactly the same points for observation.-
It is obvious that the chaices for doing this accuirately arc minimized as
the point to be observod decrecses in size. One good reason for this is
thc cocfficient of thermal exponsion of steel. With a tape 100 fcet long
the variation in total lengta arising from fluctuation in tesperature

could be %,03 fect or more, Thus, the chances for returning to the same
point as in the loop method with a 3/4-inch diameter circle are ruch 5
grcater than in the case of a finc point as with the frequency point method,

The record obtained in all tests (except those in Arizona) was a simple
"dot" record on transect lines 100 fcet long with 100 obscrvations made
rat 1-Toot intervals, This type of record did not permit examination of
the data to see if excctly the same loops were being recorded on remcasure=~’
ment. In other words, it is possible that differences dus to line re~-
placement were obscured by campensation, i.c., an observation missed at

one point on the line in the first mcasurcment may be picked up in the .
second, and vice versa, In Arizona the specially devised form shown in
Figure 2 for rccording cach observation was utilized to help answer this
question, .o '

In Arizona, permancntly staked lines 100 fcet long measured in early
October were rcmeasurcd by the same ian again in February, without
reference to the data obtained in the first trial, As shown by the data-
presented in Tablce 8, the obscrvations are partially compensating, Thus,
for four lines the average totcl vezetation was 29.4 (oul of 100 loops)
vhich vos comprised of 22.2 (75,5%) loops with identical readings for
vegetation and 7.1 loops (24,1%) with rccords made at different points

on the linc. Transcets ) and 2 were in a high density, shortgrass type

of curlymesquite (Hil~ris belans-ri) and grema (Soutcleun gracilis; 3,
b_i_;s’.ut'l) where the trpe vis 27a-c o the ground surface, Transects 3 and
L wore in a tall burchiives 1 7o eniapo.cd largely of beardgrass (Andropozon
sp,) and sidcoats grama (T, curtincndii-) where the tape was frequently as
ruch as a foot avove tic ool uurdiew, 1o spite of this , the data from
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transccts 3. and 4 comparc favorably with lincs 1 and 2 with respect to
line replacement and cbservation of the seme loops. It would scem,
however, that with tall vegetation such as sagebrush the number of
identical points® or"loops on a’ line that could be obscrved would
decrcase because of the .grcater height of the tape above the ground-
surface.” Vhether or not this is true is not known, It is possible,
too, that if lines shorter than 100 feet in length had been utilized
the lines could be retraced with a greater degree of confidence.
Diffcrences due to movcnent within the center part of the transect
linc can be overcome to some extent by the placcment of mtness stakes
at one or more points betwcen the end stakes. Proper length of line
yet remins to be determincd.

TobYe 8, ~ Arizona data on four transcct lines with 100 loop observations
taken on different dates by the same man on the same lines and
on the same lines but at diffcrent points on these lines.

g :Number of ob- :Mumber of ob- : Total : Total
Transcct Datc :servations with:scrvations with: vegcta- : vegeta-
number :measured :vegctation in  :vegetetion in : tion : ..tion
: identical lcop :differont loops: A : B*
1 Oct., 1949 36 L L0
Fcb, 1950 " 36 5 41 L2
2 Oct. 1949 25 1 36
Fcb, 1950 25 9 34 37
-3 Oct. 1949 1 2 16
Feb, 1950 14 5 19 20
L Oct. 1949 14 12 26
Feb, 1950 1L 9 23 23 -
Average . 22.2 BE 5] 29.4 . 30,5 .

#* A = some line and attempt to rccord same 100 loops.,
B = same linc as in A but all 100 loop observations different from A.

Fro.. the standpoint of Obscrving. trend and reducing error due to line
replacement, it is important, if possible to do so, to rctrace the same
identical linecs and points because of the greater confidence that can

be placed in the data. This would be particularly truc where vegetation
was. sparse and the floristic composition varied greatly. In fairly
uniform vegetation of relatively high density, it may not moke much dif-
ference vhether or not the same points are obscrved from one measurement
period to the next. In order to answcr this question, the samc four. lines
were remcasurcd ad described above but the 100 loop observations were-
ctehbcratcl,,r sprced half woy between, As shown in colwn B, Table 8, the
readings for total vegetation closely parallcled those shovm in column A
where an attempt was midc to rctrace the 1denu:.cal loop readings, The
average of the four lincs s 30,5 compered to 29,4 and the readings

for individual lincs comprred favorably in all cascs.
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UNIFORMITY BETWEEN LEN

The question of vhether or net different individuals can measure range
vegcetation alike is highly important in the determination of range trend.
If differences between men are large, it is likely that crroncous con-
clusions will te drawn from the data. For example, if one persen is
inclined to make "low" rcadings and anothcr "high" on the same transcct
lines, the difference betwcen the two measurements will be ascribed to
change when actuzlly there may have been little or no change.

Anclysis of thie deta obtained by the loop method in the six western
regions was carricd out by the variance procedure summarized in Table 6.
Summarization of "f" ¢ able results from the individual regional analyses
for the -differences between men in the usc of the loop method for re-
cording various clements of the site are presented in Table 9 (zalso see
Appendix for analyses by individual reglons) It will be noted that the
crror between men was not siznificant in 17 out of 30 cases where this
could be tested., On the otner hond, there were 13 instances where the
crror was significant at the l—percent level and 2 cases where it was
significant at the 5-pcrcent level. If we elimincte the items measured
by the frequency point method and consider only thosc obtaincd by the loop
ncthed, we find 16 cascus out of 26 where the differcnces betvween men were
not significants The results from these tricls are considered to be very
cncoureging. This is c¢specially true when appraiscd in the lisht of the
well=known discrepancics between men in the use of otner r..nge measure=
nent tcchnlques.
Teble 9. - Summarization " table results for differences between nen
in usc of the loop method for recording various elements of

the site (sce Appendix for individunl regional analjses),

Element+ @ ORECCN  : COLORADO :CALIFORKIA:EONTANA:Y/YOLINC:ARIZONA

neasurcd Starkey : Fanitou 3  Tohoe :Vigilante:Bridger:Coronado
Climax grasses 8% N.S. . No test N.S. MN.S. H.S.
Tctal grasses i N.S. ¥* i WeSs %*
Weeds N.S. Lo No test = N.5. Ho test
Browse No test No test ...S. e N.S. MNo test
Rock-bare soil N.S.(FP) %(FP) N.S. N.S., ' -N.S. s
Littoer i(‘*(FP) J"ﬁ‘('(FP) . .)' 3 N.S. . NoSa NeS.
# = Significant at 5% lcvel,
% & Significant at 1% level.

FP = Frequency point method.
H.S.= Not significant.

The "f" table results chovn in Table 9 for differences between men arc not
entircly indicative of the lcvel of rcliability of the loop method cven
thouzh the analysis of varinnce may irdicate o significant difference,

It the mean siuare biwvweon wead cns the interaction men X lines arc
insignificant vhen compared with purc errcor, it might merely indicate
poor technique, This would 2 true vhencver the purc error tem was
large., The pure error tmecn squerc in gll ,analyses for all regions was
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small in comparison tec the expected error between lines., An example

of this type of conparison 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 termbetween lines, it

is believed that it rrould still be proportionately large in corparison
with the pure error verm if the lines had been randomly placed. This
indicates tlie loop method to be a reliable method of measurement, regard-
less of whether or not the "f" term is significant.

Table 10, - Comparison of exgected nmean square crror tern of differences
betveen lincs in total grass and nure error tera.

Location Between Lines Pure Error

of trials FFean Squere Value Mean Sauare Value

Oregon - 3480.106 - 11.965

Colorado 1310,248 ' 13.342 -
California LOL3.,974 : 5.528 '
Montana : 352.054 6.203

Thoming : 119,060 9.806

Arizona 21¢.0359 1.989

-

In the conduction of the tests with the loop method, ‘every precaution was
taken vo achieve a minimm disturbance of vegetation and soils., In spite
of this care, some disturbance of plants, litter and loosc rocl did occur,
Hence, part of the differences betwicen men can be ascribed to this cause
and not to failure to measure alike. In the Oregon trials another source
of error arosc from thc use of both an engineer tape and a wire transect
line with balls of solder spaccd at one fcot intervals, The latter was
later found to have the balls incorrectly speced. Hence it is advisable,
to use stecl tapes becausc they are standard instruments.

Error between men in the apvlication of the loop mcthod may arise from
a number of sources, namely:

1, .Failurc to adherc to the same stenderds or criteria of measurcment,
For .cxample, the definition of litter Jollowed in the tests was any dead
vegetative meterial, rosjordless of origin, In onc serics of tests one
individual achcred to this definition at the start of the tests but
changed his conccpt aftermards to record only peremiial gress leaves and
stems, ignoring pinc needles which were abundant, .

2, Impropcr plant identification is an crror inherent with any mcthod

ond can only be reduced throuch constant training, (Therc is an cspecial
nccd for training in tho rccognition of nlants by vegetative characteristics)
This crror is apt.to btec lorge at the beginning of growth or a2t the cnd of
the season viicn cither the plants have dried up or have been heavily
utilized, S

3. - Poor cyesight or failurc to axc.uince tie ground swrfacc closcly for
plants of coxtreiely smell size,

’
v

4. Failurec to straddle the tone line ot all,times and to make the mecasurc-
awnts From the same ol :

() & -
. '3 3

W8 LT,

o+

SOKR]
-

- 26 -
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5. Failure to properly plumb the loop from the tape - particularly
vhen the latter is a foot or morec above the ground surface. Improve-
rnent of the vire loop by weighting or other means, to sccurc rwre
accurate plumbing, is considered to be highly desireble,

SENSITIVITY OF THE }ETHOD

0f equal importance to securing vniformity between men is the requirenment
that the method be sensitive in reflccting changes in range condition,
Obviously it was not possible in thesc tests to await a yeor or more for
%ova changes (i.c., y as arising from drought) to take place on the transcct
lincs cstablished in connection with the study. However, it is possible
on the basis‘of the mme data (collected primarily to determine uniformity
between men), to examine this material from the viewpoint of sensitivity
of the mecthod, It will be rccallcd that in selection of sampling sites
within a ronge ’cypc, whencver it was possible to do so, thesc were de-
}iberately placed in diffcerent condition classes, Anmong the best dota
collected in tiis manncr are thosce from the Starkey Experimental Range in
Oregon, Accordingly, these data will be examined for their value in
indicating putsiblé bread changes as might occur from onc condition class
to another and as to smaller changes within a condition class,

The tests in Oregon werc conducted on the Pacific bunchgrass range. In
this renge type the item of "climix" grasses is of especcial importance
teeause of its velue in the dcllnutlon of range condition classcs.,
Furthermore, increascs or decrcasces in this group of choice grass species
are an inmportant indicator of the dircction of trend in condition., Changes
with respect to climeox spceies from the poor to the fair condition class
have been observed to-cccur on the Starkey within & 10-ycar period. In-’
spitc of significant differcnces between mén in mnking the measurcments,
the record obtained by each of the six men as shown in Teble 11 indicated
a clear-cut differcnce between three condition situations -- poor and fair
-- and the intermcdiate stage listed ns "hi-poor®, The data presented for
each condition class are the covern -£e of three transccts located as a
"cluster' in each condition class in much the saize fashion as they would
be if applicd on a range unit basis,

Thus the simple arithmetic clustcr averages indicate sharp differences
between the three condition situations: This is likewise true of the
individual lincs, ulthouph the variation between individuals is apparent.
For example, as shown in Table 12 the rcadings on transect line 2 ranged
from 1 to 6, In spitc of this variation there was only a single case
where the readings overleoprcd. This was between Man 3 on'line 2 in the
poor condition site with a recding of 6 and Mon 6, line 8, in the high-'
poor condition with a similer rcading of 6. Anp"rently bhc loop mecthod
is sufficiently sensitive to picx up broad changes as noy occur in the
relative abundonce of the clim~v sowecics shown in Tables 11 and 12,

- 2 -
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Table 11. = Transect clustcr averages of climax species (Agsp, Kocr,
Foid, Daun) as determined by six men vith the loop method
in threc diffcrent range condition sites, Starkey Experi-
mental Rance, Orcgon :

5 - Ranrc conditicn

Yan : Poor s Hi-pcor : Fair
Ave 3 lincs Ave 3 lires Av. 3 lincs
1 2.7 10,7 39.3
2 3.7 ‘ 12,3 37.3
3 2.7 12,0 37.0
L 3.0 " 8.3 34.3
5 3.0 11.0 . 423
6 1.7 " 9.0 . 32.0

-

Now as to the scnsitivity of thc mecthod within a single condition class,
the snme data on climx specics rny be further analyzed to determine: (1)
The minimum nuwber of lines necessary to sample each condition situation;
(2) the mognitude of chonge thoat would be necossary before it could be
picked up by different men ond by the same man. These determinations may
be accorplished by carrying out separate analyses of variance from the
data presented in Tablc 12 for each coadition situction, The mecan square
crror torns so obtaincd are swmmcrized in Table 13,

Teble 12, - Ficld data on clinmax specics sbtained by the loo;ﬁ ncthod by

six men in two trials on the same nine transect lines in
hrec condition situations. Starker Experimcntal Range, Oregon.
:ziflan No, 1 :lon Moo 2 :ifen No. 3 .Han Mo. 4 :lfan No. 5 : lon No. 6 .
Transect: Tricls : Triels : Trials : Trials : Trials- : Trials
Mo, ¢ 1 ¢ 2 : 1.: 2 & 31 ¢ 2 -+ 1: 2 ¢ 13 2 =+ 1 2-+

. . FAIR COMDITION
38 3, 37 32 37 36 33 3 L 45 31 28

b

5 by .54 41 50 sl 39 32 50 52 36 L5
6 36 31 34 32 32 3% 31 36 36 39 29 32

' > HICH-POOR CONDITION - -
7 2117 15 12 u 12 & 8. 12 12 1 8
8 loun .12 g 11 7 8- 8 "7 9 6 6
9 10 10 "10-10 "1 17 9 9 W 10 9 1
o POCR CONDITION ~

1 3 3 4 4 3 3 3 4 L 3 2 2
2= 3 3 .4 5 2 -6 2 5 3 3 1L 4
3 2 2 3z 3 3 L 3 2 2 2 3

-0 -
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. Taole 13, = Summarization of mcan squore error terms deterriined from
dota vrescnted in Table 12,

Source of : Dcgrece of Range condition
variation : frcedom ¢ Fair : Hi-poor : Poor
Trials . 1 30.25 8.03 2.78
Lincs 2 144.08 23,25 2,19
Interaction (I%%L) 10 15.25 3.22 49
Error 17 14.90" 2,09 1.01
Tetal 35

Fron the mean square crror terms presented in Teble 13 it is possible to
calculate (not shown herewith) the number of lines necessary to adequately
sanple each condition situction 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
rmen make the measurements would be as follows:

Fair condition with ‘a present mecan of 37.95, a change in average loop
reading in cither direction of 9.5 or 25 percent;

High-poor cordition with a ort.se nt mean of 10.10, a change in ecither
dircetion of 2,83 or 28 percent;

Poor condition with 2 present mcan of 3.05, a change in cither direction
of 1.27 or 42 perceut.

There the same man could rcpeat the mcasurcments the mininum difference
necessary to show c. ange would be much smeller -than where different men
made the rcadings. Ter oxaasle, in the fair condition class an avera ge
change of 3.15 or 8.3 percent weuld be shown as significant,

‘Although the data utilized in the above calculation are for climax species,
it is beclieved that similar relationships obtain with other factors of the
site, This is of importance becausc the climax species might be entirely
lacking on & range in very poor condition and increase in the secondary
specics would have tc be relied upon as & 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 dire t.Lon of trend.

Eisevwhere in the othcr rcgions, the loop methed yiclded rcasonably sound
information for detection of diffcrences of varying magnitude., .In Table 14
are listed similar calcul-:tions as carrcd cut with the Starkey data but for
other site factors. The method cppears rcasondbly sensitive with respect
to these other site factors, It is especially sensitive to changes in
browse, For cxample, in,Califcrnia where the average loop rcading on the
lines with browse (big "agcbrush) was 32,3, the magnitude of differcnce
ncccss‘..ry was only 2.0 and cculd be pickcd up with a minimun of 12 lines,
The acgrec of confidencce in SLis Ailfcicice woild beat odds of 19 to 1.

-29 -
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Table 14, - Lagnitude of differences, for scveral site factors, that
could ve detected by the loop method, with confidence at
odds of 19 to 1. (By Rov Chapmon - Washington Office)

: Avercge Pagnitude of : Numbeor of

Location : Sitec Feeter ~ tLocp Index : Difference : Lines
! :of Density 3 Required : Roguired
1 3 :(Plus or rinug
Colorado : Secondary grass spocles: : s
: Poor condition : 35.2 3.0 . : 6
g Fair condition : 34,3 2.0 : 8-
: Cood condition : 29.2 6.0 : 5
California:  Browse ;323 : 2,0 i 12
- Tittex : 28.3° -5.0 : 22 ¢
llontana : Total grasécs .hl.h 3.5 22
Viyorning : Total grasses : 14,2 2,0 7. .
, : Browse : 27.4 = 2,0 : 5
: \ s 3 * s
Arizona ¢ Total grasscs : 27.4 s 4.0 : 6

These analyscs indicate the lcop method to be reasconcbly sensitive in
picking up chonges tiet oy occur within a range condition class, They
are sufficiently promising to warrant further ficld testing as to
sznsitivityr., Inlormation on the magnitude of changes in condition that

can be expected during periods of timcas short as 3 years within the majo -

range types should a&lso be concwrrently collected,

OPTLUL” NULTXER CF OBSERVATIONS ON A LINE

The loop method, as initiated and upon which all trials in all regions
were based, involves the recording of 100 observations made at ‘1-foot
intervels zlong the edge of o steel tape., The selection of 100 points
for observation was purely arbitrary and was done for convenience in the
summarizotion of the data. The question arises, wculd holf this number,
for example, be sufficient or.de we need more than 100, say 200, ocbserva-
tions for the sake of accuricy?

A test was conducted on the Corcnado Mational Forest in southern Arizona
on the mixed grama type, in crdir btz cicure an estimate of the accurcey
involving diffsrent numbers ¢f obscrvacions por transect line, In this
test, 20 transeets, each LU0 fect-lorng, deliberately placed in diffcrent
densitics of gressland vegeincion, wore measured by one man, On each
line, 200 points woere choervad by the loop method and recorded as they
occurred on the transcet lint. 7his uothod of recording permittced later

- 30 -
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Teble 14, - Xagnitude of differecnces, for scveral site factors, that
«could be dotected by the loop method, with confidence at
odds of 19 to 1. (By Rov Chapman ~ Washington Office)

: Averege Hagnitude of : Numbor of

Locaticn ¢ Site Faoctor ‘ tLoop Index : Difference : Lincs
! - :0f Density @ Required : Roguired
f 3 :(Plus or rinug
Colorado : Secondary grass sxcies: :
' | Peor condition : BOECI: 3.0 : 6
g Fair condition : 348 ¢ 2.0 : 8-
: Cood condition : 29,2 6.0 : 5
California:  Browse : 323 ¢ 2,0 12
S Iitter : 28,3 5,0 : 22
T'ontana : Total grasécs : L4 : 3.5 22
Wyoring ¢ Total grasses : 4.2 2,0 £ 7. .
+ Browse : 27.4 2 2.0 : 5
: \ : H S
Arizona ¢ Total grass.c : 27.L 4.0 3 6

These analyses indicote the lcop reohod to be reascnably sensitive in
npicking up chnnges that rmay occur within a range condition class. They
are sufficiently promising to warrant further ficld testing as to
sonsitivity, Inforiction on the magnitude of changes in condition that -
can be expected during periods of timea s short as 3 years within the majo
range types should 2lso be concurrently collected.

OPTL ULl BULT:ER CF OBSERVATIONS ON A LINE

The loop method, as initiated and upon which all trials in all regions
were based, involves the recording of 100 observations made at 'l-foot
intervels along the edge of 2 stcel tape. The selection of 100 points
for observetion was purcely arbitrary and was done for convenience in the
surmarization of the data. The question arises, vwiculd - holf this number,
for exemplc, be sufficient or de we need more than 100, say 200, cbserva-
tions for the sake of accuricy?

A test was conducted on’ the Coronado National Forest in southern Arizona
on ‘he wixed sranz trope, In arder to securc an estimate of the accuracy

drvatulos glfdorent numlovs D elourett s por transceet lire. oo this
test, 20 trensects, each LU0 feot-long, deliberately placed in different
deneitics of gressland vegctation, wirce neasured by one man, On each
line, 200 points were orvcevel by tac lucp method and recorded as they

™

occurred on the tronscet lisc. Tids mebhad of recording pomitted later

- 30 -
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enalysis by 6-inch, 1l-foot, and 2-foot intervals, representing 50,

100, and 200 points, respectively,

The optimum number of points per transect line was determined by
utilizing the mllomnv cquation in the analysis of the data from
cach treatmcnt-

3
\

S
pe VP

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

The error tern sccurcd is then cexpressed as a percentage o P.

Results of the cnalysis are presented in Figure 9. As might be expected,
accuracy increases as .the mumber of points per transect increascs.-with
200 loops the most accurate, 50 the least, and 100 intecrmediate. Lines
with 50 observations pecr line are inadequatc since the percent meon

term is high, excecding 20 nercent on all densities of vegstation below -
32 percent, The curves for 100 and 200 observations per line flatten -
cut rather ropidly whercver the index of density for vegetation excecds
20 percent, At this point, the perccent mcan crror terms arc- 20 ard 14
percent. Since the index of vezetation density cbtained by the loop
method usually excceds 20 percent, it is thought that 100 obscrvations -
per line is a fairly sound base Ior sampling. From 2 practical viewpoint,
this is also an optimum nunber becausc of the greater case in record -~
compilation thon with cither 50 or 200 loops. The time required in field
exanination is mrkediy less thon. with 2C0 loops.

PLACELENT OF TRANSECTS IN CLUSTERS

There are several sound rcascns for the placcment of two or more transects

in a cluster at each site sclected for sampling, It affords a larger
sam.plg of the vegetat:.ow zad helps prevent the overlook.mg of rare specles
which may be valuable indicators of trend. .It provides a ncasure of the

variation within a sarpling site :nd helps smooth ocut the differences in

reasurcment botween men., From a proctical viewpoint, placement of tran-
sects in clusters is desirable OCC"uoC of the greater amcunt of informetion
obtained per man hour. The gucstion of how many transects that should be
placed in a cluster will be zovérned by the variance in density of vegeta-

tion-both within transcct clustzsr nnd botween clusters. In zddition to

tnds, the number of crmli-in Lo sror will be governed in part oy the
cose of travel. If trav.l is casy, it is better to have fewer transccts
in a cluster and mere ci:. .05 established for sampling the range, If

travel is aifficnli, ¢~3¢ in terms of time boccmes a llm.u:m" factor and

- 31 -
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mqfe units in a cluster, with fewer clusters will bé reqidred,

Similar problems of sampling are encountcred in the Forcst Survey.
Hasel of the Californioc Station has devcloped a method of statistical
ocnalysis for deternining the Opt:..num number cf plots to place within a
cluster. This method was followed in the analysis of daota obtained cn
the Coronado National Forest in Arizona, involving 16 transects, repre-

senting 8 clusters of 2 transects per cluster. The & clusters szmpled
arcas varying from good to poor range condition. Results of this
analysis are presented in Tablc 15 and are presented 2s an illustration
of how the method might be used clsevhere, :

Table 15, = Analysis for the determinoticn of optimum number of tran-
sects per cluster (Arizona-Coronade N. F, data).

Source : DF - : Sum sguzies :llean square : Designation
Betveen clusters: 7 97.0 13.857 * KA +B
Y'ithin clusters 8 ) 84.0 10,50 . B

Total L 15 181.G . J S LA+ B

¥ X = plots in a cluster (2 in this oxrplo).

Td determine A

KA+ B = 13.857 .
2A + B = 13.857 and B = 10,50
2k = 3.357

Tl or averz‘..ge travel time bebween transect clusters =35 nminutes.
Tp or average time rocquired for cach transect - 19.85 minutes.
Ror cost ratio = Il = 2 - 1.76

Swa= =/10.5 . 2 501 .

So </ 1.618

Then N or number “transects reguired = 2.501' \/1.76 = 3. 320 or N =3,
The "bove cnalysis indicates that for the conditions cncountered on the
Céronado three transects at a sampling sifc would be sufficient, The
rclative sampling efficicicy of transects placed in clusters as compared
to indepcndently located transect lines may also be computeu.. This
calculation indicates that 8 clusters of 3 lines each (total 24, lJ.nes)
would be equivalent to 19 transcct. iines separately located. The saving
in travel time from one sampling sitc to the next is opparent. This
&ng viould no doukt be increcascd in follow up remeasurcments when the

sampling sites would have to bc reclocated, perchance by pdrsonncl
u.m""ub.\xr vith their location,

The time data used in the anclysis was the time required (av. 19.85 minutes)
to accomplish Step Cne of tic 3-Stop licthod, Re-analysis, 'with 40.5 minutcs
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per transect, the time required for all three steps, indicates that a
minisum of two lines per cluster would be required. However, for
greaver confidence, 2 guarantee against loss of a transect through
destruction, assurance in picking up key indicator spec1cs, and in order
to meet unforeseen eventualities it is suggested that a minimum of three
tronsects per cluster be utilized as the sampling unit. At least this
number per cluster should be utilized until expérience and analysis of
data prove otherwisc,

AD'VANTAGES AND LI!TTATIONS OF LOOP METHOD

Results of the 1949 fiecld 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 reasoncbly accurate indices of density, -

of vcgetation,'florlstlc composition, emount of litter as it occurs
between plants, bare soil znd cxposed rock, Equipment required is cxtremely
sirples The measuraucnts ma- be octeined by one man within a reasonable
period of timc., Data obtoined are readily interpreted and are subject to
statistical analys is if thot appears desirable at any time, Differences
betwecen men in mony of the 19L9 trials were not significant and, where they
did occur, vere no‘f prohibitive, Additional testing for uniformity between.
rmen is probably not necessary. Sensitivity of the method in reflecting
wide changes 2s from one range condition closs to another is adequate,
Likewise, the method appears to be reasonably sensitive for detecting
smaller changes within a condition class, aithough this would justify sone
further testing. Accordingly, the mcthod 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
linitations mey be segregatid into two groups: those which can only be
overcome or rcduced by adoption of proper precautiomry measures and those
which may be corrected for by further rcfinament of the method.

First of all, the loop method is not a mcthod to be applicd without insturc~
tion, Careful and thorough ficld training of pcrsonnel nust be carried out
prior to actual application., The sarple obtained is so smell thet, in
order to determine trend, thes utnost care and precision rust be obscrved

in obtaining the initial uzd cubsoqucnt measurements. Likc any other ricthod
plarkts with unusuﬂl growth forms will have to be specifically defined and
the ‘definitions carefully adhered to in order to achieve the grectest uni-
formity betwecen-men. Personncl gethering the data nust be able to identify
or recognizethe morc important range plant spec:.es. If rangers collect the
data, they may need assistonce and guidence in its analysis and interpreta-
tion, .

Features of the loop method which should be further 1nvost1g¢_ted in order
to achieve nccessary refinca i _u.\,.l.uuc'

1. Additional testing on the scnsitivity of the loop mcthod for reflecting
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"Application of the 3-8tcn
1

minor changes in vegetation. To carry out this evaluation on the

magnitude of changes that may be detected will require asscmbly of

certain information, This would be with respect to the mognitude .

of changes and the rote with which they may occur in the mre
important range types, as determined by other methods,

2, Loop netiod readings do net express forage or hertage prcduction.
The only indication of this would bo in the appraisal of vigor as called
for in the chocik list of Step Two and the reflection of the locp index
of density and plant composition on forage production. Informetion on
the trend in herbage or forage production would be of grest value, This
will be followed up, o :

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

L. The index of littcr cover tclls nothing as to its volume or depth,.
Informction on the latter might be obtained by recordlng the litter
readings in depth classes,.

5. The present size (3/4" diameter) of the loop appzers adequate for
most situntions, However, it is posziblc in special cascs that locps
of two sizes might be used, including the prescnt size in combination
with a larger one to nick up rare but irportant indicctor specics. The
use of ‘different size olo+s or "double sampling" is s~and_rd practice
in the Forest Survey “or recording tree sccdl:mgs, pole size rcproduc-
tion, and volume of timber,

6. The present length of tronsect line is 100 feet. It is not known
whether this ds the iost efficient length of line for sappling., It is
oss:.ble, too, that lines of shorter length would afford gredter ac-

curacy in moking the measurcments,

7. The possibilitics of umrovenont of cquipment in ordcr to secure

greater um.for*uty tetween men should be followed up. .As, for example,’

J::prove'..er*t of the plwmbing quality of the loop and fmdlnc a better
cans for ‘stretching the tape.,

8, Exact specifications for staking cut transcct lincs, witness. stakes,

.mectal-tags for marldng the sampling areas, close-up frames for photo-

plots, simplified forms for recording all data, etc., should be sorked
cut,

APPLICATIbN OF 3-STEP (XTHOD ON AN ALLO’I'.IENT BASIS

el for r'easamng range’ trends on an ‘allot-

ment basis was attemptod u os.osco.i locations (Tzhee, 3rideer, Corcnado)
during the fieclc sccacsd <f . ,'-',’,‘. "Pesulis vere not too satisfactory
largely because ci i.cuifici tirng, lack of range condition score cords

e b
or ciieck sheets (in most rogions) for Step Two, and the more urgent nced
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for securing adequate tests in connection with Step One (the intcns:.vcly
measured line transcet). However, the 1949 field work pointed out
sever2l needs with re...pnct to perscnnel requirements and sampling
procedures which rust be fulfilled to mnke the work nost cffective on
an 2llotment baosis.,

4

Here are the more importcont negds which pertain to personnel:

1, Training in the field of alil ‘pcrsomcl expected to teke port in -
establishment ond subsequent record toking by the 3~Step licthod must
be accomplished prior to initiztion of the work on a range unit basis.

addition to instructicn in methodology, troining is needed in ecolo-
glcul perception and plant identificztion,

2. The initial installation of samllng sites should be under the :
dircction of a technician familiar with s_mllr‘g techniques, However,
the ranger should take on active prrt, both in this initial establishment
and in ail subscquenrt record tcking by the 3-Steo ¥ethod. Aftcer 211, he
is the land monager responsible for action taken, and it is he who rmst
put to use the informetion thet is gained from the records. Ilorcover,
the renger, because of his famill"rlty with the range, can be of in-

‘valuable asolst:'.nce in the location of key arcas, It is belicved that

the avercge raanger can sccure the subscquent receords called for in‘the
3-8te» icthod. .mr is c*‘"c.z.al..y truc of the rccord on condition, trend
ana utilization as réquired in Step Two. Socome rangers ney nced help in
rctaking p.\otorrruobs. i"any of them will probably require the assistance
of 2 specinlist  in the interpretation of data and the significance of
certain.changes, as in composition of flora.

Just how large a pg.rt the average ranger can take is a moot question.

It vill proba ‘)JJ vary grectl: between renger districts, Thare is

general complaint in all regions that the ranger!s work load is now

s0 great that time is not aveilable for cdequate yearly ronge 1n°pec—
tions and the maintenonce of nccessory allotment records. This is of
real concern beecouse it poses a practical questlon to the administrator.
Ytho will moke the initial installotion, secure the subseguent records,
and interpret tihe results once we hove devised a method or methods for
following trend in condition on a2 range-unit basis? The answer will

need to be forthcomlng at the conplctlon of the condition and trend study.

As to sampling precedurcs thot rust be cither fulfilled or reccognized in
the practical application of the 3-Step iicthod on an allotrent basis, the
follom.ng remorks are pertinent:

1. In the adiinistration of notionnl~forest range, we ore “ttcmptl 1Z to
manage such vast arcas that the guestion of vhat we would like to do in
the way of rccord taking on con.btlon and trend is largely colored by

what we can do vith the limited funds ord rorsonncl-aveiloble,  The ap-

plicotisn of the )—..s. o , - fay wanr mebhod, Tor thet metter, ot
oan acceptable stotistical l\*fcl of . eamnling for cach and cvery cne »f the
seme 10,000 grazing ~liotir . Ir ¢ Tlst is not feasible. The problen

becomes simpler if we roec. ‘;:g thot oo mest natiomnl forests md ranger-
districts, allotments rizht be scrresnted into thrce or more groups., For
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example: one group of allotmerts; where range conditions are generally
satisTactory and Chere is little peed for anything more than routine.
inspections; a sccond group where range condition is unsatisfactory and
trend-is uncertain and wherc more detailed information is needed than
would be supplicd by the ordinary insnection; and = third and usually
small group of allotments where condition ard trends are higaly contro-
versial and where the nmost factual record attainable is required, To
meet thiese three situations, the methed opnlied for following trend

must be {lexible and supply infommation whose continuity will not be
broken by later adaptations, Some ollotments listed now as noncritical
moy later become so, necessitating a more careful check. The 3-Step
liethod appears to mcet this requirenont of flexibility. On most allot-
ments, the intensity of sampling that is possible is limited., The method
thet is utilized nust corbine precise methods of measurement with ex~
tensive wide-scalc estimates. The precise method should provide bench
mrks for repeated mecsurement and as definitely marked: points to which
we can constantly return to check personal judgment of the general condi-
tion within a lorge extensive tyme., Usc of the 3-Step Method anticipates
this necd.

In the first group of allotments rentioned above, it would scem 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
manggement. It would also be a means of eventually providing information
needed for the development of sound condition and trend .stondards. 1In

the sccond group of allotments, a larger number of represcntative allot~-
ments would be sammled by all thrce 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 sanpled. Even

here the number of 2llotments selected will be limited.

2, In following trend on 2 range unit basis, we are interested primarily
in two things: (1) The initial range condition 2t the time of sampling;
(2) collection of subsequent data as from permanently established grazed
range plots or transects which will indicate trend in condition after the
initial examinaticen. The intcensity with which the sampling should be
carricd out-to attain these objectives will vary with the corplexity of
range types and different condition classes encountered. Sempling units
should be confined to usable range, excluding areas that are: 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 ronge has as yet to be determined, On the basis of the experience
attained during the 1949 fiecld season, the sampling units should be con-
centrated largely within the key areas of .the allotment. Scveral methods
of application of the 3-Step  ‘ethod on a range unit basis have been sug- .
gested and will.be discussed in tiic following section on plans for
continuance of the range condition and trend study in 1950,

PLANS FOR CORTINVUMNCR OF OPK IN 1950

P

The main field jobs zhcad in 1950 are further refinenent of the loop
method and application of tns 53-8tep Method on an 2llotment basis,
Incsmuch as both tipes of jebs cauob be effectively corried cut within

- 3 -
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a single region because of thc limited time .acheduled within- each region,
it seews best to segregatc the work by rcgions. Accordingly, it is
planned to.continue the tests with the 3-Step liethod in regions 2 and

4 and te study its application on 2 range unit basis in the remainder

of the regions.

In 211 regions onc or two cars will be spent ot 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 thot can be expected during
3, 5, 10.and 20-year periods. For exemple, changes will be considered
that heve been aopralscd quantitatively by other methods forthe measure-
ment of decline in condition brought cbout by long continued heavy graz-
ing use, or improvement on deteriorated range rcsult.mg from desirable.
mancgenent, or changes resulting from fluctuations in weather. If
specific- information is available, ways and means will be considered to .
chock the. loop method ‘2agoinst the method by which the inforration on =
changes was collected; isc., the nrocedure utilized to determine the
relationship ef tihe loop indiccs of vegeotation with those obtained by -
other methods as followed in Arizona, If such checks 'do seem highly
‘desirable, the plans set-up in the following scctions will have to be
nodificd in order to proviic sufficient time for effcctive carrying out
of the riecld work, This is cspnceiclly true in the regions where it is
now planned to procecd on an 2llotment basis,

CONTIIUAKCE OF TESTS

Tests to be conducted to achicve further refinemont of the loop method
vill be centered on the fe'n wres previously listed as need:mc, f.urther

investigations %henever possible, tests will be conb.med in order to

obtain inforration on more than one feature,

1., Addltlon..l testlng for sensitivity of the loop mcthod. Thc work will
be carried cut in Region /4 and will require fcur men (Ellison, Phinney,
Parker, and one other). Procudurc to be followed will be permanent
location of 3 transcct clusters (3 lines each) in the following range types
found on the anti Netional Forcst: aspen, sub-alpine grﬂ ssland ond
mountain brush. (A crested wheatgrass planting should if possible be
included because of the increasing nced for information on changes which
may occur in resseded stands). One cluster should be-located in each of
3 condition situstions in ecach- 1;:,’00. Complete record, by each of the 4
men will be mrde at each cluster arel by means of the loop method; the
Ellison point anclyzer estim tc ~n the line intcrcept. Seven fleld days
will be requircd for securing the data, : !

+
.

Analysis of the dota will b‘, v resular analysis of Variance procedure

for each ronge type to dstermine tie Lnlmmlty betwzen men, the magni-
tude of chm{vcs that mhy be detectad by cach nethod, and tic minirwm

of trans—ct lines nccrss~ir B rmeord tncse changes. Correlintion onclysis
of dota will be corricd throusi for comporison of methods in order to
oveluate the quantitative ""!:»ccts of the 3~Step ifethod in terms of arca=
estmates made by the po:mt-*ml" =r ~.nd intercept methods,

- 4 -
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If feasible to do so, a photo-transect estoblished some five years ago
will be re-exumined to appraise the mognitude of change thot mey hove
taken nlcce on cach photo plot during this period, Ways and menns will
be considered in the field to determine if these changes can be expressed
in the indices of ground conditions as measured by the loop method. For
example, this might ,be donc by taking 50 loop recdings, with 10 readings
rccorded on each of 5 lines spaced mcchanically across each of the ten
3t X 3' photo plots, Oculaer comperison in the field, with photos taken
five yeors previously viould »permait grouping plots thot were closely
similar as to vegectation ond cther characteristics and in accordance
with change or l:xck of change: Then with repcat photos taken at the
time of the loop measurements, later comparisons within these groups of
photo plots might be made whlch would indicate the degree to which the
loon method might rcflc ct these ch‘.nges.

2, Expross:Lon of herbage oroductlon, 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 herboge. Tests will
be conducted' in Colorado and will rcquire 3 mén (Schwan, Costello, -Parker).
A fourth man, if availcoble, will facilitate the work.

Thrce methods will be tested. The first was subgested and demonstrated by
Costello during the 1949 ficld scason. This consisted of dropping a wire
frame 12 & 24 inches at 20-foct intervels along a 100-foot transect., At .
ercin location the hervoge is clipped, scgreg ted and weighed into five
groups as follows: (1) single stemmed grasses or grasslilic species; (2)
bunchgrasses; (3) ood'm..sses' (&) weeds, )5) browse, Litter is also
collceted and weighed. Tho sccond rethed is the volume-weight estimate
of Pechance and Stewart and would be used on the same plots above, prior to
Cllpplng. The third methed is that developed in California by YWood. A
vooden frame. 6-5/8" x 37" which is laid on the ground surface, with a white
screen 2nd scale, merked in tenths of a.foot in the background. Onc plot
per transeét would be established. Weight of the herbage is then estimated
by the degrece to which the screen is nmasked, Permanent record of this can
be nmade by photographing the plot with the screcen in the background, Esti-
mtes oy be cheeked by clipping and weighing in ounces the herbage fron
the plot and multiplying by a factor (1632) for conversion into nounds per
acre, Litter aay also be gathered and weighed.

The procedure to be followed will be to locate 2 transect clusters (3 lines
per cluster) vithin a minirum of threoe condition situations of the ponderosa
pinc bunchgrass range typc. Tihesc will be sampled for herbage productlon
by the threec methods described zbove, Measurcmert of the same lines will
also be mode by the loop ~nd thc line intercept mcthods for further deter-
minotion of the rea r1tionship to indices of den31ty ovtained by the. two
methods, Correlation wmlyscs will be made betwecn weight of different
classes of forage plants, and the loop and line intercept indices of
obundance. It is estimnted thot the field data can be secured in seven
c’a.f"' time, wenther nermittin-, 3tepy Twe ard Three will be carried out

oa tic swac transcets wviilon will be nrr."r..mth cstablished on some ullot-
nent where they will be of vaiue rfor loter 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 grovith season, will not reflect

the maxdmum and thot if done on grazed ranze will be influcnced by
utilization., The viork in Cclorado is planned for the first two weceks in
August at the height of growth., It isbelieved that an estimate of ‘
herbaze production cbteined ot that time or at similar times in the season,
regerdless of stage of growth and utilizetion, should be of veluc in de-
picting trend in production, Such figures, if obtained yearly may reflect
cither buildup or breakdown in herbage production over a period of yearsq
Thie influence of dry or unusually favoroble weather conditions would have
to be recognized in considering such data over a period of years.,

3. Inforration on further evaluation of the 3-Step licthod on a range type
basis will be forthcoming fram all regions, since it is anticipated that
differcnt’ types will be encountered in cpplication of the method to a
roenge unit, as well as from the specific tests described, in 1 and 2 above.

4. Relinbility of the index of litter cover. The advisability of grcup-
ing data into depth claosscs, and whether or not it is best to record by 2
partial or full loop will be determincd by utilizing the weight data
cbtained on litter in 2 abeve., These data will be correlated with those
obtained by the loop method wiiich will be segregoted os to various depth
clrsses such as: troce, consisting of occasionzl straws or needles; -
light, less than 3 inch deep; moderate, % to 4 inch deep; =nd adequate,
more than 4 inch decp. Readings by the loop on litter will also be made
by thc usual estimate of morc titan half the loop being occupied and by
the roquirenent thot it be fully occupied. Correlation analyses on these
data can then bc mede with the litter weight data, C

5. Information on the possibilities of deuble sempling will be obtained

in thc study outlined in 2 above, The clipped sampling plots will be -
uscd for listing rarc but important indicator species .not likely to be
picked up by the loop method,

6. To deteruine the most officient length of line in sompling, cne cluster-
of transcct lines from cach condition situation established in the study
discussed in 2 above vill be utilized. The initial data on these 9 lines
will be recorded on the form shown-in Figure 3 by 3" intervels for the

first 25 feet, 6" intervels for the next 25 feet, and ot 1-foot intervals
for the remaining 50 feet for a total of 200 cbservations. This will
wermit compcrison by 25, 50 and 100-fcoot-long lines, with 100 locp obscrva-
ticns per line., Then, by computing the standard errors and the percent
rean crrers for each set ol lines, the nuiber of lines necessary in each
instance for attaining the 10 percent level. of accuracy in sampling moy
be deterinined, .

To determine the  effect of line lenzth on the error arising from replace-
nent of the tope, the seme lines tbrve will be remecsured and the read-
ings agein catered on tho soac uvype of form, These data for the two trials’
can be readily groupcd intu difforcid ihtervals-for comparison; for example,
the first 5 feet from cach end of ecach transcct, the noxt 10 feet, etc.
Since the chances for returning %~ vic samc loop reading-spots are greatest
at thie tw cenls of tle *une, the preatest variance should occur at the

~ 40 -
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center of the linec. It is believed that these comparisons will be
indicative of the proper length of linc necessary to assure greatest
accuracy in remeasurement.

The length of line that is necessary for most cfficicnt sampling
probably varies by renge types. This nay also be true of the effcct

of lino length on sampling crror of line replacement, Hence it would
scen desireble to renlicate these tests in other types, It'is believed
that eimilar tests to these can also be carried out in connsction with
the work now plenned for region 1, ilontana, which will be described

under the section, Application on an Allotment Basis. In addition, if
possible and advisable, additicnel tests on proper lenrrth of transect
m.ll be carricd out elsewhere., - ¢

7. Ideas for impruvement of equipmert will be' solicited during the
field scason and if considered worthy of trial, will be ‘tested at the
first oppertunity, In addition, it is plenned to consult several
instrument. makers as to the feasibility of improving the plumbing’
quality of the loop, os by weighting, use of smll levéling tubes,
shortcning the wire shank and attaching to a cord, etc.

.

8. Exact specifications as to staking lines, numbering, etc. will be
prepared abt the end of thée field scason incorporating ideas and sug-
gestions from all regions, .

Y

. APPLICATION ON AN ALLCT:ENT BASIS,

Actual p')llcat.Lon of the 3-Stcp cthod on an a2llotment basis will be
conducted in. four regions {1, 3, 5, -and é), _J.Jor.object:wes of this
work will bes . 56

1. To determine the most efficiont.distribution of samples to measurc
condition and trend on & range allotment, ZEfficiency 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 regions 1 ard 3

sampling areas will be strotified b v range condition cl._.sses and ey
arcas within renge tynes. In 211 regions the pessibility of douwble .
sampling, i.c., use of the 3-Step llethod on clusters and Step Tvo_at
points between clusters in order to obtain a better sample of the’ range
wnit will be .studied., In each instance, the necded intensity of sampling
to determine condition and trend will be determined,

2. To further determine the a'dvaritages and linmitations of the 3-Stecp
:iethiod for measurcment of condition and trends Part of this objective
will be the further evcluction of the method as to sensitivity and .uni-

formity between men in judging condition and trend.,

3. To spectify, using the conclusions from (1) and (2) above recommenca-
tions as to how the cenditicon =rd trond work may be best applied generally

cand how best to carry it ocut in specicl problem situations,
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In carrying out these tests, specific study phase plans are being prepared

. for cach regloninl st udy prior to the ficld work. In cach .region it is
planned to spend a nminimum of 10 work days with 2 days devoted at the
start to necessary training, Persomnél have been selected ond allotments
have been definitely decided wpon. In region 1, an-allotment on the Lewls
and Clark; regicn 3 s provably on the Gila; region 5, Harvey allotment on
the Lassen; and region 6, Flagtail allotment on the ifalheur.. On both the
Harvey and Flao"ba:\.l cooncrat:.ve studies batween researcn and administra-
tion are being carrlod. out to convert these units into deronutrata.on
allotnents,

In order to meet the major objectives outlined above, cach regional study
phase plan will previde specifically for procedures to be followed, rccords
to be taken and types of analyses to be mode 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 conducting the study:

One hundred and twenty plots were loid out on the Flagbtail Allotment
using -the subsampling procedurc in the fall of 1949. Ten clusters of
3 plots ccch 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
rhotcgraphs, the same locations lend thenselves to use in this study
on condition and trend,..Zach cluster is 40O feet long and 300 feet
wide., This will give 12 plots cach 50 fect wide and 200 feet long
from which threc will be drawn at randcf. . .

The genter stake for the plot’ used in utilization estimates should mark
the beginning of the line transect to be used in the "3~Step" method.
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
vwritten up.

Before cattle enter the allotmert or shortly after the begimning of the
grazing season, records of condition ard 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 stuc’cy The four types present are the’
meadow, sagebrush-grass, ponde osa~pine-pinegrass and bitterbrush-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-man crews will be used in the trial, Each crew will take all of
the records, except the o..oto"r ohs, on all of the plots. To prevent

perqonal error between individuals f the crew from entering into either
tihe witain cluster or oetx.\,e,n Cluste v'\rlatlon, it would be advisable
if one irdividual of the ar.w miacurud all of the line transects and one

individual made all ol t!.2 conu ulon 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 rot a member of either crew, will
take the photographs required by "Step 3Meee .

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 “es

Under MStep 2" records of condition and trend will be secured by each
2-nan crew on the plots in each cluster associated with the line tran-
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 taken for each photograph careful‘ly
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 requircd. This will permit a study of most
efficient crav organlzatlon. - C .

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 permancnt
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:

l.‘ To determine the most officient distribution of samples using the

.subsampling procedure, there are many groups of data that might be used,

Only those that can be expressed mumerically can, however, be analyzed
statistically, The most mecningful data for determining the optimum
number of plots per clus’ccr, clusters per type and clusters: per allot-
mént will be those 1ndex 01 total density of a&ll vegetation, density -
index of desiieble paruaudal vrices, crownspread of desirable shrubs,
percent of ground cowred by llt‘mr, numsrical index of condition,
numerical index of trend (if orne can be worked out), and the time rcqulre-
nents for the various jobs, The analysis of variance for any. type using
any one of the first six groups of data listed agbove will be as fcllows:

- L3 ~



6346

Degrees of
freedom
Retween clusters 9
iithin clusters 20
Total 29
Between crews foerso*xal error) B .
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 requircments
for a 2-man crewr and &lso the estimated time roquiremtns for
one man working alone. There may be considersble difference in optunum

number of plots per cluster using the two sets of time requirements:.

2, To determine the advantages and limitations of the 3-Step Method one
of the most significant items will be the degree of reliability with-
which dlf“erent individuals can measure the line transects ar'd 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 éach of the tiwee steps, and the costs involved in
securing the records on an entire allotment. This analysis rmust. be
quite largely based on judgnent, ‘together with the costs involved to
achieve a desired degree of sampling dérror, Costs should include not
only ficld costs but those inwlved in compilation and analysis,’

3. To devise a practical srtan of sampling conditlon and trend for use
"on an entire allotment, if from the analyses in (1) and (2) above the
3-Step Xethod proves smi’x iciently accurate and not too costly, will require
‘skillful use of the conclusions frem the analyses above together with
careful notes taken on costs, and various phases of crew pcrformance noted .
‘during the conduct of the study. Some of the items to be considered are '
as follows: .

a. Optimum number of nlots pcr cluster, clusters per
‘type, or clusters per allotment can be deteruined
from tie analyses above,

b, Number of men per crew can be determined in part from
the analyses of tihe data plus knowledge off equipment
to be carried and other similar phases of the job.

¢, The need for ccaducting the pace transect can be
determined from thz aunlysis of data.

d. How many photographs should be taken nust be based
largely on judgwont M

- Ll -
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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 bc to prepare a map of range
cordition within tho verious major range types encountered on the allot-
rment as an overlay to the range swvey map. The basis for the condition
classes shown on tiis map will be the preliminary standards prepared in
advance by administration and research., It is thought that the overlay
mp may be quickly prepared from information on suwbtzpes shovm on the
survey map, together with the ranger's and gracing staff man's knowlodse
of the allotment with necessary followup field checks,

_Sampling sites for transect clusters will be randemly located and

stratified by range type and condition class. Analysis will be carricd
out in accordance with the usual procedure for proportionate sampling.
Two crews of 2 men each will be utilized and differences between men in
maldng the measuroments will be determined.- Data on cdsts, number of

-

. clusters necessary for cach condition class, -number-of lines 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
averaged togethier and what is the picture when stratified and weighted
as to area of condition classes or as to range types? %hat range types
and condition classes should be most intensively sampled, and how many -
permanent transect clusters will be rcquired adequately to follow trend?
¥hat is the optimum numbcr of trarisects per cluster, the proper number
cf 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 arcas 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 arc involved in mapping
and how great a change in condition must be expeccted to overshadow these
errors? Are the errors of mapping ronge 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 nedded to determine practicality of the method
before final rccommendations for application on an allotment basis. ’
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PACIFIC- NORTHWEST REGION APPTIDIX A
RANGE CONDITION SCOFE CARD (Front Page 1)
(Bunchgrass Range) - Enter Rating
in Block and
COMDITION - FORAGE (RATING) Add. '

Density of Perennial Herbage Cover '
Excellent = 10-9 Good = 8-7 Fair = 6-5
Poor e 4=3 Very Poor = 2-0

Density of Annuals (Check only)
Excessively &abundant__ . Abundam .___Sparse Trace

Corrpo sition
‘ rocr, Feid, Agsp predominate but with many other
perennial grasses (Pose, Daun) and weeds presemt such

as Hisc, Sior, Arso = 10-7

Agsp predominates with Feid, Kocr, and Daun as

relics : . = 6-5

Pose and Acla predominate with Agsp as relic = 4-3
= 2-0

Anmial weed and grasses predominate

Vigor of Kocr, Feid, Agsp, Daun
Excellent = 10-9 Good = 8-7 " Fair = 6-5 Poor = 4-3
Very Poor = 2-0 ) ) .
(Subtract 1 to 3 for hedged browse species, i.e. Amelanchier
prunus, Crataegus ’ Symphoricarpus)

Accessibility of Kocr, Feid, Agsp
503 or more accessible (c!‘eck only)
50-25% accessible Subtract 1
Less than 25% accessible oubtract 2 . | = Total score

CONDITION - SOIL.

STABILITY OF SOIL SURFACE (Check list)

# = stability / = not exceptional - instability

Erosion pavement on bare swurfaces

Amount of litter cover on soil surface

Rill marks (miniature gullies)

Alluvial deposits (wmter deposited sed:.ment)

¥Wind deposits (wind carried goﬂ.)

Cullies- T

. Effectiveness of vegetation and litter in pro-

tecting soil surface .

Bare soil (not covered with moss or litter)

Recent rodent activity

Trampling displacemcnt or scil slippage caused
by grazing animals

L)

. .



03k : APPEKDIX A (Conzt.)
(B- ack Page 1)
Plant pedestaling on Kocr, Feid, and Agsp
(steep sided or sloping sided and -
stabilized with mossn%
Compaction by grazing animals and 3ts eff‘ect
on water infiltration

SOIL STABILITY (RATING)

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

Soil Movement Slight but diffiecult to recogrmize; 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 rnow stabilized by veze-
tation and litter; gullies, alluvial deposits, and rills completely
healed; rodent activity norrml; trampling displacement slight, no
noticeable compaction, = 26-21

Soil lovement ioderate - definitely discernible, may be accelerated in
spots and stable elsewhcre; on stony soils erosional pavement forming
with occasional exposed pebbles; occasional alluvial deposits and rills
my 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;
occasiorial 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
may be present, rodent activity may be excessive; trampling displacement
and compaction may be common; plant cover and ln.t.ter definitely not effcc-
tive in preventing soil movement- run-off is muddy. : o= 149

Soil ¥ovement Scvere - 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 severc; plant pedestals have largely
eroded away; run-off from summer storms flashy and muddy. = 8-0

SUMMARY OF RANGE CONDITION SCCRES

Adjective Interpretation . " FORAGE SOIL

EXCELLENT <= 27 or more
GOOD = 2 to 26
FAIR w 15 to 20
POOR = 9 to 14
ViRY POOR = 8 or less

(Enter score card rating in proper space above)

-7 ~
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TREND IN FORAGE COMNDITIONS

GOOD (OR EXCELLENT) CONDITION

.

Agsp, Koer, Feid reproducing the'stand . « « ¢ ., .
Utilization not over 50% on Agsp, 4O% on Feid,
25%onKocr..................
Browse.in healthy condition, . « & ¢ ¢ ¢ & o+ ¢

Utilization of Agsp, Feid, Kocr excessive. . . . .
Brmsehedgedand(b'irlgcooitocnooo

[ ] L] L4 L]

FATR CONDITION

Agsp, Kocr, Feid invading bare spots and replacing
undesirables such as Posee v "¢ ¢ s 4 o o % ¢ &
. Utilization not over 4O% on Agsp, 30% on Feid,

20% On KOCr; [ L] [ ] LN L ] L] . L] L] L] . L] L] [ ] e L] L)
Browse recovering from past grazing damage . . . .
Low value species Pose, Anlu reproducing markedly.
Utilization exceeds standards for fair condition .

. Browse hedged, dying, dead and inferior species,

if present, closcly grazed '« + « ¢ o ¢« o o o o o

\

POOR CO‘JDITICN

’

Agsp, Kocr, Fe:.d Daun invading bare spots and

coming in on and replacing POoG, Anlu, and other less *

desirable plants . . . . . .
Utilization not over 25% on Agsp, 20% on Feid, 10%
On‘Kocr, lO%onPosc. s o o o 0 6 o o 6 & 0 o 0 0
Browse recovering from past grazing damage . . . . o
Low value species including Anlu and annuals repro-
ducingmarkedly,....-...-.......-
Utilization excceds standards for poor condition-. .
Browse hedged, dying, dead, and inferior species, if
present, closely grazeGe o o o o o o o o 0 0 o o &

" VERY POOR CONDITION

Pose, Stipa, Bma, Melica, Daun definitcly becaming
est&l-ished' L] (] [ ] L d ] L] [ ]

e ¢ o o s 2 ¢ v, .0 o o

Utilization deferred no use by livestock and game. « . =

- I8 -
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APPENDIX A (Cont.)
(Front Page 2)

Circle pertinent
item and balance

Death loss or breaking.up of Agsp, Kocr, Feid, noticeable. .
Pose, Stipa, Daun, Brma invading « s ¢ ¢ ¢ o o ¢ o o o o o o

Plus | Minus

|
f

2
|
l 1
l '
"'. "i
D DA
.‘..".l
]
i
.2 :'.
. )
!
. * e l'..z
...‘,..l
i
'-
3 O "
2_ 1
1 l
.l ‘
...."’.2
.oo-'ol
;..‘3.1
| i
]
[]
I
2
1 |
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TREND IN SOIL CONDITIONS

GOOD_(OR EXCFLLENT) CONDITION

Normal cover of litter is being replaced each year.
No visible accelerated erosion .....e-e.0-0.9 o .o
No trampling displacement oceccurring « « « « « ¢ o o
Rodent activity normal or below . . . . « ¢ o o o o

APPENDIX (Cont.)

(Back Page 2)

Circle pertinen
item and balanc

* L] L] .

Litter is not accumulating. . . oo v v v o o o v 0 0 00w .
Plant cover breaking up and exposing small spots of bare soil
Trampling displacement OCCUrring. o o ¢ o o ¢ o s o 4 o o

Rodent activity increasing. . . « ¢ ¢ ¢ ¢ o ¢ ¢ o o o0 o &

FAIR AND POOR CCNDITION

Litter is building up and covering bare spots between
,..graSS'ClumpS..'........,..-..'....
Gullies, if present, healing, with sides well covered
with perennial grasses « « ¢« ¢ ¢ o ¢ o o o « o o o o
Rills and alluvial deposits being stabilized with. -
perennial grassSeS. . ¢ v . e 0 s e 6 o e 0 0 0 e o
Trampling displacement insignificant. . . ¢ ¢ ¢ ¢ o « &
Pedestals of Agsp, Kocr, Feid healing on sides. . . . .

.

’
o
’

Litter is not accumulating and soil surface is being exposed.
Gullies not healing over with pereruiial grasses « « « o o o

Rills and alluvial deposits not being stabilized with
-perennial grasses. s o ¢ o sc0 0 v 0 oo g 0 o0 .
- Trampling displacement noticeable . . « & ¢ o ¢ o o o o
Pedestals of Agsp, Kocr, Feid, steep sided. . « « « ¢ &

VERY POOR CONDITION

- -Anlu, Acla, Pose, Sihy, Melica, Brma, annuals and mosses
: are increasing and covering up bare soil surfaces. .

L]

L d

This score card does not measure the rate of trend but is int

Plus | Minus
.3 !
. 2
o1
] l |
o "o o [} 03
L ] [ ] . E L] 02
L ] L] * L[] .l
[ o L[] ’; . ol
!
{
' I
.2 |
2 .
: |
e 2 |
. 1
.1 | .
[ ] ... L ] L L] .02“..
oo a2,
| .
L ] L ] L] [ ] ‘2
L] * 0'[ O .l
l ?.‘
L] L] . l. L d L ) )
i
|
|
° 2 ‘

ended 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 balance indicates there is no marked trend up or down.

not grade items which do not apply.
SUMMARY OF RANGE TREND RATINGS

FORAGE

, S0IL
P UP
STATIC STATIC
DOWN — DOV

- 49 -
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. 6346 | APPMMDIX B
: . (Frart of Sheet)
FIZLD CHECK SHEET Cluster No.
FOR RANGE CONDITION AND TRENDH °

National Forest ) Ranger District

Range Unit ' xaminer " .Date
Location of area sampled :

(Name and indicate by cross reference to map if possible)

Range type . e Condition

Apparent trend Slope percent
Aspect Elevation

Type of vegetation bordering area examined

Distance to permanemt water Distance to salt ground

Past utilization (avg. past 10 yrs.) None . Light

iodérate -Heavy Excessive
Avg. Current Utilization - Key species ’ i

Indicate percent volume removal i
{

. Kind of animal covering bulk of use

End of grazing scason, date

. DENSITY: Paced transect
(Paced transect preferred; if not poss:l.ble, use ocular)

CO: POSITION OF VEGETATION: Paced transcct ) i
(Wt paced transect note additional specics not cncountered on
line as trace) ~

2%

Grasses Weeds

Sﬁru_lgs

°e [s0 [se lee [so fre [se l-c Yod e oo ]se
oo po fo oo feo oo }o o0 foo fao [oo |oo
@0 lao oo foo foo lso fen [ov fao [eo feo [oo

ee oo Joe Joo Too iee foo Jao foo Joo [oo oo
.

ee foo Joo Joo Joo |-

Total

List the species; which determine aspect

¥ost abundant . Provide bulk of forage |

Undesirable spccies

Species which appear to be increasing

Spec:Les occur as: Hixture Patches Pure stand_.
Timber species reproducing

(Yes or no)
Species: Approximate age:

(Approx. no. per acre) .

*Developed in Région 2,
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APPENDIX B (Cont.

(Back of Sheet)
© VIGOR: .
=Grasses (Write in key species in proper space): Excellent
Good Fair__
Poor - Very Poor

Name tufted grasses breaking up or dying

‘Complete coverage 3 deep ; shallow
* Partial coverage _
. Is lltter accunmlatmg"

. S0ILS

Average diameters of tufted grasses
Average spacing of tufted grasses ~
Age classcs (name species): seedlings only ¢ld plants only
‘all age classes present
Browse (write in species name in propcr space): vigorous
recover:mg (new sprout.s, secding or [illing in) 3 damaged
hedged part dead . s dead

e we

MUICH OR_ LITI‘ER - On soil ..;urfaco ootueon olanus.

; sparse 3 none

PN |
5 - -

* (Yes or no) ‘ . .

Dopth (record in inches): deep s shallow " thin
Depth of organie layer in inches G
Fertility: Righ ;3 noderate ; lowr

@;odi’oiliﬁ;: Hich______  ; moderate 3 slight

Shect Erosion: local litter movement 28 ¢

erosional pavement prescnt 3 absent
Deep fibrous rcoted porennials pedestaled (name)

Cullcy Erosion: No gullies_ | Deep (cutting through subsolli
Shallow icuttmg surface soil onlyj ; active 3 healin
Gullics occasional {less than 309 of dramaces classed as gu]_lles)
Cullies frequent (more than 30% of drainages classed as gullies)

Stream banks: Slopes grass (name) covured, ‘ Bare
. . (Yes or no)
Shrub (name) covered .. Bare _ . - Bank caving ' Channels
' (Yes or no) g-(Y-cs or no)

clogged with sediment - - :

(Yes or no) . S

ANT'AL INDTCATORS

* Rodent and rabbit populations (name): Ap'p:(rontlymrmai or below

e

Abundant : ; Excessive
" Big game populations (name); None s lightly stock 3
‘ }oderatelj stocked " _ s cxcessive numbers .

[y
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e

et te e eed wamm-

ield Data on'Climax Species

(Feid, Azsp, wocr, Daun

o aemia oo ®

dan No. 1 1fan Lo, 2 Han no. 3

APPIINLX

Table 1

Starkey-Cregon

3an o, 4 :¥on No. 5 .lan No. 6

Transect _ Trials Trials Trials Trials ! Trials . Trials
Mo 1 :02 1 : 2 Lo:.2 1 3.2 (1 :.2 +1: 2
1 3 3 L+ b 323 i3+ 4 otk 3 P2 02
2 .3 3 L : 5 2 : 6 2 ¢ 5 '3 :+ 3 i1 4
3 2 : 2 -3 2 3 : 3 4 ¢+ 3 ,2°: 2 2 : 3
L 33 234 37 :32 37 :36 33 ¢ 36 1 A5 31 :28
5 b2 5L 1 250 AL 2 51 (397232 {50 i 52 36 : A5
6 i36 : 31 34 : 32 32 :34 31 : 36 036 -39 29 : 32
7 J2 11 15 12 14 o 12 : 8 : 8 12 :12 12 : 8
8 10 :11 12 :°8 11 : 7 '8 : 8 7T :9 ‘6 : 6
__9 310_:10 10 :10 11 11 9 : 9 A4 :10 9 11 .
Analwsis of Variance
by Sun £q. ilean Sq. E sig..
Trials 1 (34,2593 6.2593 1.027 -
Lines 8 25351.5297 3168.9537 ' 492,9076  F
ien 5 220,1552 45,2370 7.0363 **
Ix: 40 433.1461 10,6287 1.6643 <
Zrror 53 340,7404 6.4291
107 :

Total

26357.5630

. =52 -
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Table 2
Starley~Cregon

Field Data on All Grasses

i‘an No, 1 No. 2 fian No. 3 Tian No. &, 'ian 1o.5 ,.an No. 6

an
_Tiials Trials Trials__!° Trials . Trials
1

4

Transect Trlals ‘i ;
; 2 1 : 2 ‘12 201 . 211: 2
¢ N - . . :

i
L.
Mo, [C1:2

2 2716116 . 25:2 127 119 |2 :21 18 :20
(R G- R BRI AN R l1s 2 23
123+ 20 zzo :20 .20:20 27 12k B :2A 113 :22,

60 :59 15, :50 |55:58 .51 552 |67 :70i43 : A7
t76 152 163 \59:69 |57 12 |69 : LSk : 62
55 :53 (M8 :4b | 50:56 53 154 .6 :65 45 :56

129 129 |30 :30 i26:32 i2 2 {27 :32.2 :23
i25 :26 20 :23 +28:23 +22 :22 !23 :27,19 :18
)30 : 23 126 :29  27:29 27 :25 32 :29 ({2 12k

e b

oM~ ‘v, wnH
o~
o

inalysis of Variance

Trials 1l 49.342 L9.342 L.124 *
Lines 8 Z”PAO 352 3480,1C6 290,857 3
ilen 5 874,157 174.831 14.612 e
L L0 1180 .9.:.6 29.573 2.480 e
Error 53 634.1 11,965

Total 107 30535.&35
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Table 3
Jtarkey-Cregon
Indicator Meeds
(Aelz, znlu) .
Analvsis of Variance
oF Sws $q.  eamSa. - . Sig.
' friale 1 7253 T.2593  3.0357 -
Lines 8 L95,8334 61.9792 25,9166 **
Zen 5 13,5567 3.7333 1.5612 -
LA Lo 122,1666 3.0542 1.2772 -~
Error 53 126.7407 2.3913
Total 107 770.6567 .
(3y frecuency noint)
Analysis of Variance
Trials 1 3.704 3.7C4 1,613 -
Lines 8 8710,074  1088.759 532,922 o
Men 5 8.630 1.726 1.184 -
Lk Lo 65,037 1.626 1.256 -
Error 53 108,296 2.C43
Total 107 395.741
Litter
(35 frequenc: point)
Analrsis of ‘!a;riance
Trials 1 154,083  154.033 5,629 *
Lines 8 24;543,630 3068.579 113.303 i
lien 5 826,157 165,231 6,101 ek
L)d‘.;. ho . 12760926 31.973 lolsl -
Zrror 53 1435,417 27.083 .
Total 107  28243,213
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Table 4
) ranitou-Colorado
‘Field Data on Slimax-Snecies:
(isc, Far, Ler, Shy, Dain, Asm together)
. “iian Mo, I “Van No. 2 ian No. 3 Tan No, &
Line . Trials Trials __Trials . _Trials
No, l ¢ 2 1 2 1 : 2 l : 2
1 Lok 2 1 4 2 & 4 3¢ 3
2 2 1 6 2 : 6 0': 6 3 : 8
3 VAT 6 : b 5.: &4 9. s 4
L 20 2 : 3 17: 0 2 1 0
5 0 : 0 0 0 0 : 0 0 : 0
6 0 :-0 0 : 0 1: 1 0: 0
7 21 29 12. : 16 23 17 13 : 14
R 5. b Les 5 5 3 10 ¢ 3
Analvsis of Variance
DR Swm, Sa.  ieanSq.  E  Siz

Trials 1 0.390 0,390 10,267 -
Lines 7 059,359 294,266 73.493 . **
i'en 3 20,046 6.682 1.669 ==
Lok pl V264,079 - 13,528 3.379
Error 31 124.110 4.004
Total 63" 24,883,454

- 55 -
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Table 5
'lianitou-Colorado
Fleld Data on Secondary Grzss Species '

—Tan Fo. 1 . Van fo. 2 Tan . 3 Tan No. &
Line Trials __Trials Trials Trials .
No, 1 : 2 l ¢ 2 'l o+ 2 1l : 2
1 2 30 2 30 2 136 - 3 : Al
"2 728 :36 33 133 3% :32 3 129
3 31 :33 31132 - 25 :23 27 27
Lo52 il 3.t 18 55 : 18 50. 1 L6
5 13 18 12 : 17 14 £19 - 13 : 19
6  52-:54 5k ;56 ‘5L 1 52 60 : 56
7 ® A - W :18 2 :18 ‘% : 28
8 38 :36 38 133 ‘38 :35 . 42.:36

Analvsis of Variance

IF Swsc. © remsy. . E  Sig
Trials 1 . 6.890. St 6.890. 1.936. - .—
Lines 7 ©SI71.734 1310.248°  98.205. . e
Ven . 3. 51,797 30,599 2,293 .-
Ld: 2 . 343.828 16.373 1.227 -
Zrror 31 ~ 413,610 © 13.342 ; -
Total 63 10027,859

‘
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Table. b
‘ Ianitou-Colorado_
- Indicator Teeds

——

(3£1, ANT, Afr togetier)

Analysis of Veriance

E - . Sum ._S_q'. " lean Sq. . F. Sigz.
Tz"ials 1 1.690 . 1.890 L 547 ¢ ==
}._:mm 7 555,109 ) 79.301 27.130 ¢
"~a£ ) 3 . RN III& « 922 ul»o97ll» 5e 123 bkl
Lg: a4 - : 200.203 © 9,523 3,261 **
Error 31 . 90,613 2.923 '
Total 63 €92.737

zare Ground

(3y frequency point)

Analvsis of Variance

Trials l 270563 27.563 10 996 -
Lines 7 271,685 C2RL.527 10,743 **
i"en 3 486,688 162,229 5,358 ¢
g 2 495,062 23.574 © 1,281 -
Error 31 936.437 30,208
Total 63 4217.438 :
Total Litter
(Crass &:pine needles by frequency point)
Analyvsis of Variance, -
Trials 1. 669.062 669,062 9,456 3t
Lines 7 31263,25C L466.178. 61,291 **
Hen -3 . 1896.500 632,167 8.675 **
I A G66,000 46,000 1.584 -~
Zrrar - : 2258,938 72,669 :
Total: 63 ) 37073.750

-57 -
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APPTHDIN
Table 7

Tahoe-Celifornia

o 5
o o - o -

Field Data on Total Peremnial Grass 7 Grasslike Plant

sian No. L . . .an Yo, 2 .an Nc. 3 an 5o. &
Line :__Triels - _Triels. Tricls __Trials
lio, : 1l s 2 ) 1.: 2 DI
1 35 : 36 41 : 39 35 :35 . 37 : 32
2 Bl 555 6L : 53 .. 5 356 ° 61 : 63
3 1 : 1 2 :+ 2 2 : 1 3 :+ 2
5 6 : 6 . 8§ .7 6§ : 8 : L : 6
6 23 :19 U : 17 2 :19 ;. 17 :17
7 79 75 78 U T2 273 73 * Th
8 2, 24 28 1 27 21 : 2 27 :+ 2
9 - 13 17 1 17 ST s 2 25 : 26
10 5 ¢+ 6 5 + 4 L : 5 6.: 8
11 16 14 g 19 17 17 - 17 : 16
12 - . 15 :16 20 :19 17 :19 , 18 : 15
13 0 : 0 0.: 0 o : 0 B Y B |
inalysis of Variance
Trials 1 . 0,1666 .. 0,1666 33,164 =
Lines n - LLLS3 . T083 WOL3.9735 731491
Yen - 3 . 56,2083 18,7361 - ‘'3.389 3+
1x: 33 . 471.,0417: 14,2740 2,582
Zrror < . TN 259.6334 5.5284 o
Total . 95 . 45270.9%83 -

- 58
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Table 8
Tahoe-California
Field D2ta on Brovse
—TLivtin_'; plus dead
: 1.an lic, 1 Tan Jo, 2 Tan #o. 3 Tan lo. &
Line :__Trials _ Trials Trials rials
Noo & Y : 2 1 . 2 .1 : 2 1l 2

3 7 3 :33 .32 131 . 32 :32 32 32

.
.

436 :33 . 33 :35 13 :37 .. 36 :35
5 26 : 33 28 :21 | 32 :33 31 132
6. 22 122 24 :25 2 i 2 Y25 ;25
9" 6 v 4 7T :9 5 ¢ & 6 : 5
10 5 ¢ 5 6+ 6 5 14 7 : 07
130 39 10 43 ikl 36 ik 38 145
Anal,;,rsi.s of Variance »

IF SumSg. liean Sq. F Sig.
Trials | 1 L 2,571 . 2,571, 1,030 . ==
Lines 6 9375.9286 1562.6545 625,713 . .
Iag: 16 87.9286 . L6849 1.956 o
Zrror 27 674206 2.4L97L
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Table 9
. Tahoe-Calii:Brnia
Ficld Data on Soil Plv.é Rocks
TiiEn No. 1 . iam 1o, 2 Tan No. 3 Tan o, &
Line :__Trials ___Trials Trials Tricls
Mo, 1_:.2 _ 1 _: 2 i : 2 1 _: 2
Sl 10 ;14 9 : 14 13 : 1 . 16 : 12
2 21 : 21 21 :18 2 : 21 29 17 .
3 38 : 39 K1 ¢ 42 42 ’ 38 : 40
L 40 ¢ 39 L5 46 LS5 44 W3 : L6
5. 32 : 32 28 : 3 . 31 : 29 -~ 32 : 27
6 28 : 26 . 28 : 25 28 : 26 T2 29
7 - 0 : 2 ° l ¢« 1 o : 0 1l : O
3 30 27 21 : 2, 2 : 27 27 31
9 45 :39 S : L4 L6 : 46 - L = 39
10 L5 ¢ 43 N 43 LYy 43 . L5 : 45
n L1 : 43 L5 : 43 0 L1 46 s 45
12 30 32 - 36 33 : 32 . ... 36 : 39
13 28 ¢ 24 31 : 28 26 : 2% 35 : 27
Anal-sis of Varisnce
“Trizls 1 12,4616 12,4016 2.557 g
Lines 12 165632,8154 ° 1402,7150 267.839 by
i"en s 3 39.3077 © +°13.102% 2.659 —
San © 36 ‘ $329,6923 . ©9.,1581 1.879 ®
Error 51 * 248,538 L.G5'733 < -
Total . 103 17462,6154 "
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Table 10
Tahoe-California
-7ield Data on Litter
T T Tan Vo, 1 Tah Yo, 2 TR an o, L
Line : Trials  Triels ~~ __ Trids __ Trials
o, Y T2 1 @2 T2 1 :
1 K2 £® AU : o3 13 ¢35 3% 35
2 32 :19 11 : 24 2 :18 - . 6 ¢ 15 ;
3 26 27 25 : 25 2L, : 26 : 27 : 26
4L 23 27 19 :17 - 16 : 18 20 19
5 31 : 25 33 :33 26 127 . 29 :31
6 26 : 32 33 : 32 3230 ¢ 32 . 29. : 28
7. 15 : 10. 19 : 22 20 : 19 o 19 : 19 °
8 D 13 Wbt W7 L5t k2 L3 1,39
9 13 : 22 - 17 2 W7 17 "« 16 13 : 15
10 3, : 38 32 : 34 32 33 22 28
11 L0 40 33 ¢ 34 40 : 39 34 2 35
12 O : 36 27 +-33 L2 : 10 30 : 22
13 27 : 30 23 : 29 34 31 2 25
Analysis of Va;'iance
Trials 1 7.0096  7.0096 1,378 -
Lines 12 6791.9615 . 565.9668 53,612 e
Li: 36 795. 9616 22,1100 2,290 34
Error 51" L92. 4504 9.6567
Total 103 8340.8265 .
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Table 11
Vigilante-iiontana
Field Data on-Climax Species
(Feid, Agsp, rocr, Camo
Tan Yo, 1 ian fo. 2 “TmTe, 3 tan o, &
Line, " .- _Trials - Trials Trials : rials
.. Ho, 1l : 2 1 : 2 l : 2 ol s 2
3! 33 : 32 1 i3 17 2 L7391 30
2 27 : 20 30 : 18 14, : 16 ) 37 :18
3 2 15 12 :13 18 :19 ¢ 016 -2 20
N L s 18 9 :+ 8 U :17 10 : 5
5 31 ¢34 7 29 : 30 . 30 : 39 28 130
6 30 : 30 - 29 :30° 25 "2 36 20 : 27
7 2 :19 19 24 2L, 21 - 8 27
8 18 22 2 22 - 23 26 17 s 22
9 25 : 23 2 ¢+ 22 .25 i 23 23 : 9
13 25 115 33 127 26 : 2 22 : 2
1, .3 :30 3 :31 . 35 ¢35 36 s 27
15 19 :19 2 :25 © 26 119 23 : 20
16 B 22 25 .+ 27 27 : 2 - 29 .2
Analvsis:of Varidnce
oF Swa 5q. . Iean Sq, F - Sig.
Trials 1 5.0866 | 5.0866 . 3.957 - = -
Lines 12 - 3126,5385 -, 260,549 12,946 i
en 3 T 1.2597 4199 k7.930 - .=
Ly . 36 1021.6153 .37€2 1.,10 jm—
Error 51 10264134 20,1258 Iy
Total 103 - 5176.9135 . R
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Table 12
Vigilante-liontana
Field Data on Total Crass
- ¢ lan Mo. 1. - Tan No. 2 lan flo. 3 ian No, 4
Line :__ Trials . Trials : Trials ___ Trials
Mo, ¢ 1 3 2 l 2 1 : 2 : 1 : 2
1 15 W6 . . 13 i3 8 52 13 : 13
2 4O : 49 L2 43 My 51 - L4 2 L8
3 L9 : 18 L5 s 4T 52 :'52 51 52
L 58 :62 L3 : 50 L9 : 55 57 : 55
5 37 43 34 ¢ 38 36 : 43 - O 40
6 ¢ : 35 38 11 3L -2 4O 34 .2 39
7 Lno: 37 37 39 L1 £33 - 29 )
8 Ko 42 % 1 3% : 39 32 : 30
9 11 : 42 37T + 11 4 2 L0 36 :
13 L 39 INEERIVA L : A3 38 : 39
1, W 2 47 L7 o+ 46 L7 : 52 I IR YA
15 . 2 : 30 : 29 : 33 36 :33- - "33 : 0
16 34 : 33 30 332 33 : 33 33 : 32
Ana];,;sis of Variance
E ‘swSq.  Iean Sa. F siz.
Trials . . 1 - 7%6.1635 76.1635 12,279 s
Lines - r . T -4224,6539 - 352,0545 56,758 L3
Yen 3 . 101.9519 " 33,9840 5.479 3
12: . 36 4844231 13.4562 - 2,169 -
Error 51 316.3365 - 56,2027 )

Total 103 5203.5289
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Table 13

. . Vigilante-i’ontana
Total eeds

Analysis of Variance

DF SwiSq.  KeansSq.  F  Sig
Trials 1 4712 4712 10.562 ——
Lines 12 69%.865& 575.4054 112,423 s
I'en 3 64,1827 2L.3942 1,160 . ®
Lar 36 21,4423 6.1512 1.202 —
Irror 51 261.0255 5.1182 B
Total . 103 T451,9904 )
Drovse
(Omit '"dead")
Analwvsis of Variance

Trials 1 3462 3462 5,588 5 —-
Lines i 12 21,0962 35.0914 18,141 ek
tlen 3 3.8462. © - 19,6154 10,140 R
Lt 36 14,9038 4,0251 © . 2,081 *
Total , 103 - 723.8462

Bare Ground * Rock

Anal;rsi_s of Variance
Trials Sl 11,6806, ~  11.6806 1. 350 —
Lines 3 3616.5278  1077.0650 154,483 e
L 2 120,5533 5.0243 1722 -
Srror . 35 302,819, 8.6520
Total T 9094,,6523 - ‘

Litter Plus Selaginella or iloss
. Analveis of Variance

Trials . 1. . 23,038 26,0381, 234 .-
Lines 12 544,2,9038 L53.5753 37.92, ¥
ilen 3 57.5384 19.1795 " 1,604 —
Lag 36 731.7116 20.3253 1,699 *
Error 51 609,615 11,9800
Total 103 657Q.,1533

- bl -



o34
g APDIEIIDIZ

Table 14

Field-Data on Clirs Grassss Bridger-yoning

(Feov.~Stco, hgda, Astr, Held)

Lnal-sis of Variance

LSD - 2,0 at 5%

- 65 ~

' jan :.an ian ian Total
Line No.. No., No. No. Source 3ZF Sum SN iean Sq. F . Sig.
No, 1 2 3 L .
. ‘ ‘ ' Lines 6 775.357 129.226 15,662
1l . 3 2 8 ] 21 ilen 3 68,107 22,702 2.786 Mo
2 10 10 16 6 42 Crror 18 146.643 G147
3 10 13 13 15 . 56 Total 27 990,107
4 0 11 2 7
5 20 19, 2 4
6 13 1. 2 2 79
7 - 10 10 10 13 43
Total 91 8 11 109 - 397
Hean 13.0 12.3 15.8° 15.6
1SD = 3.2 at 5% -
Field Data on Total Grass
ian ilan ian [Lan Total Source ¥ Sum Sg. leanSq. F Sig:
Line Nos FWo, No. Mo, - ) )
No. .1 2 3 L Lines 6 714.357 119.060 12,142 %,
B _. _ len 3 11,000  3.667 2.67L, lo
1 1 14 13 12, 53 Error 13 176.500 9.206 . ‘
2 23 2 24 % 91 Total 27 90%.857
3 pal 4 26 25 99 :
4 2 2 2% pal 99
5 25 p. ) 23 2 101
6 2 p. S 27 33 110
1 15 16 13 17 6l -
Total 150 161 152 151 61k
- llean 21.4 23,0 24,7 21.6
13D = 3.5 at 5%
Field Data on Teeds
ifan . lan !lan llan Total *© §_oy;x;c;_e_ DF Sw: Sq. lean Sq.° F Sig.
Line  No. No. No. ¥o. ' S '
No, 1 2__..3 L Lines 6 52,714 10.452 3.113 %
E Ten -3 3.620 Ll.27h  2.535 Mo
1 10 00 . |17 35 Srror 18  60.429  3.357
2 & 9 10 10 37 Total 27 125.964 -
/3 10 7 7. 6. 30 '
L 10 12 9 9 4O
-] 11 10 15 15 - 51
6 . 9 9 10 8 36
2 g _13 9 8 58
Total 66 70 63 63 207
ilean 9.4 10.0 9.7 9.0,
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Field Data on Browse-
) Tan lian  .an  Lan Lotal
Line I\b [] NO. NO ) MO o .
Ho, 1 2 3 4 - Source DF
1l 17 18 20 19 7% Lines 6
‘2 13 1 15 16 - 58 i'en 3
3 2 24 23 23" 97 Error 18
L 2 23 28 26 .99 Total 27
5 % 2 21 21 109
6 13 13, 12 11 L9 .
1 19 20 19 23 81
Total 137 141 144 145 567
Hean 19.6 20,1 20,6 20.7
1SD = 2.0 at 59 .
Field Data on Pare Ground & Rocic
san. :an an ilan Total
Line lio, No. Ho. No.
1o, 1 2 3 L Source IF
1l 12 15 8 [ Ll Lines 6
2 & L 2 1 13 “en 3
3 11 k) 7 13 39 Zrror 18
L 5 2 1, 2 13 . Total 27
5 1l 1 2 & 8 h
6 -2 R VA ¥ 14 65
7 26 23 21 20 920 __
Total 82 70 60 €0 272
liean 11,7 1.0 8.6. 8.6 :
1SD = 3,2 at 5% ’
Field Data on Litter -
ilan !an. Yan iian Total
Line No. No. No, No.
Mo, 1 '2 3. .4 Source DF
1l 25 2 b} 33 108 Lines 6
2 28 - 28 25 33 114 ilen 3
3 13 23 .2 22 86 =rror 18
L 34 39 38 33 149 Total 27
5 3L 32 33 2 ‘123
. 6 23 33 30 25 119
7 AL 25 38 3 125
Total 19¢ ° 202 216 208 &2,
;.ean 2803 28.8 30 08 2907

4
AR VIR B

Ao Y]
el diridsean

Table 15
Bridger~' yoming

Anelvsis of Variance

272.715. 15.151
842.357 !

Swn Sg. iean Sq. £ Sig..

741,500 123.563 39.572 %
5.536 1.845 1,693 Lo,

802.250

Sum Sq. leanSq. F . Sig,

1403.714 233.952 29.833 #%;

141,143 7.542. -

1591.70

Sum 8. ilean Sq. F  Sig.

543.857 90,643 5.9¢3, s

26,285 38,762 No
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Table 16
Coronado=-irizona

Field Data on Climax Grasses

Analwsis of Variance

}an i‘an Ian Total
Li}'le NOQ. No . '.HOc
Yo, 1 2 3 Source DF Sum Sgq. :ean 8¢, F  3ig.
1l 4 L 12 Lines 5 126,278 27,256 31.8i1 ¢
2 3. 3. 3 9 Len 2 1.445  .722 1.186 No
3 8 7 7 22 Lrror 10 8,555 856
4 9 1 12 32 Total 17 146.278
+5 b 3 .4 12
) L 2 L ‘10
Total 33 30 34 91
I eaﬂ : 505 500 5.7
LsD - 1,16 at 5%
Field Data on Total ‘Grasses
. . Analvsis of Variance
ian . lan "~ lian - Total
Line No. No, No.
Mo ~ 1 2 3 . Source DF  Sum Sq. Mean Sq. F Sig.
1 39. 36 39° 114 Lines 5 1050.444 210,089 105.625 #*
2 3% 35 38 109 Hen 2 24,111 12.056 6.061 *
3 16 16 15 L7 Error 10 19.889 1,989 !
L % pil 28 75 Total 17 094,44 ©-
5 2 25 26 N '
6 25. 2 25 72
Total 168 155 171 LS4

1’ean 2,0 25,8 28.5
LSD = 1.81 at 513' K

- 67 -
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Field Data on Bare Ground

APPEIDIX

Table 17

Coronado-Arizona

‘1.SD = 4.1 at 5%

. cmn e B w8 e v 4 St SE——

- 68 =

Hean Sq. F Sig.

681.555 120.501 **
-1‘100056 70789'

Mean Sq. F Sig.

9.500 1.056 No

Man lian "lian Total Analwvsis of Variance
Line ilo, Mo, Mo.
Ho, 1 2 3 Source DF Sum &g.
1l R 36 31 99 Lines 5 3407.777
2 52 52 L5 152 Men 2 gg,111
3 31 38 28 o7 Error 10 56,556 5.656
L 20 2L 25 49 Total 17 . 3552.444 )
5 57 59 54 170 .
6 60 6L 55 179
Total 252 273 241 766
Yean 42,0 45.5 40.2
" 1LSD - 3,0 at 5%
Field Data on Litter
Source DF Sum Sq.
lzan lan izan Total
Line No, o, Ho. ILines 5 5082.667 1016.533 101,319 ¢
o, ALS 2 3 Men 2 19,000
‘ ) Error 10 1C0. 333
1 = 27 29 8L Total 17 5202.0C0
2. 12 10 13 35 .
3 53 L6 55 154
L 54 55 L7 156
5 15 1 18 18
_6_ 13 13 19 L5
Total 175 166 .181 522
Mean 29.2 :’-7-7 30.2
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