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A STUDY OF INTENSITIES IN RANGE SURVEYS 
BY TITE SQ.IJARE-FOOT-DENSITY IvEThOD 

INTRODUCTION 

Surveys of range land vegetation have been conducted 

for approximately thirtj-five years and the methods of 

malcing these surveys have undergone gradual but signifi- 

cant changes durin that time. The estimation of vege- 

tation density has always been an important factor of 

range survey procedure. Early surveys were conducted on 

a system very similar to the reconnaissance method which 

is now corrmonly used for preliminary and extensive in- 

vestigations. Recently a more Intensive method has been 

developed by Stewart and 1-lutchings (8) and Is known as 

the Point-Observation-Plot or Square-Foot-Density Method 

of range survey. 

The principles Involved in this square-foot-density 

method are not restricted to the estimation of vegetation 

density alone, but may be adapted to several range re- 

search investigations. These may include the study of 

changes In vegetation owth, the weIcht-estimate method 

of determining forane production (5), and the ocular- 

estImate-by-clot method of determining percentage utili- 

zation of range grasses (4). 



Pickford (6) points out the fact that these adap- 

tations all involve the same principle, that of "(a) 

employing a plot small enough that it is possible to 

see and to make a conscientious estimate of the forage 

or forage use on each plot and (b) repeating the esti- 
mates on a sufficient number of plots taken at random 

so that the average of all the estimates on all plots 

will be e. reliable estimate of the forage or utilization 
of the forage on the entire area". 

The square-foot-density method of range survey is 

now an accepted method in all Government agencies dealing 

with grazing (3) and Is becoming more and more popular 

partly because of the various adaptabilities it possesses. 

PURPOSE OF STUDY 

In making use of this method of range survey it is 

very Important that a sufficient number of plots be taken 

so as to obtain an adequate sample of the entire area. 

In the present accepted instructions for range surveys 

(3) a minimum of ten plots per section (640 acres) is 

stipulated, with an optional increase of plots depending 

upon the apparent heteroeneity of the area. It is not 

definitely known, however, whether that number of plots 

is sufficient to give reliable determinations of grazing 

- capacIty for any one type of vegetation. 
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This emphasizes the need of specific information on 

sampling intensity for vegetation types as shown by the 

number of plots required for an estiiiate within given 

limits of accuracy. 

The purpose of this study is: (a) To obtain some 

factual information upon which to base the number of 

plots necessary to adequately sample range lands for both 

research methods and range surveys on High Desertu Sage- 

brush and Juniper types or similar conditions to those 

found ori the Squaw Butte Range and Livestock Station in 

central Oregon, and (b) To determine the accuracy of the 

existing range a.rvey on this Station for purposes for 

which this Station has been set up. 

LITERATURE REVIEW 

Costello and Kiipplo (2) in their study of sampling 

intensities of all the major range vegetation types in 

Colorado, Wyoming, and the Black Hills region of' South 

Dakota, worked with a great mass of range survey data 

obtained by the square-foot-density method. From this 

study it was found that the necessary intensity of 

sampling is not proportional to the area of the vege- 

tation type to be sampled but is dependant upon the 

degree of variation occurring between vegetation types 

and within portions of types. The variations between 
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types and portions of types result from the different 

degrees of heterogeneity in the vegetation that occurs 

from site to site. 

It was also concluded that tye heterogeneity, range 

condition, and both seaslal and yearly fluctuations in 

vegetative composition influence the sampling intensity 

necessary to obtain a given degree of accuracy on an 

area. Preliminary surveys or samples taken er±odically 

from survey data provide a satisfactory basis for de- 

termining the required intensity of sampling and plots 

can be saved by less intensive sampling of very large 

vegetation types or grazing units and applied toward mcre 

intensive sampling of small vegetation types or units. 

Pickford and Reid (6) in l937 made a study of 

sanlirig intensities by the square-foot-density method 

on alpine grassland range in the Elkhorn Mountains of the 

Whitman iational Forest and continued the study In 1938 

(7) on alpine grassland and Ponderosa pine ranges in the 

Wallowa Mountains of the Wallowa ational Forest, both in 

northeastern Oregon. On these intensive studies it was 

found that the necessary intensity of sampling a broad 

range class, such as the two previously mentioned, de- 

pends upon the variability of the forage production with- 

in that range class. By segregating, with limitations, 

the vegetation types and subtypes, such as wet sedge 



meadows or sagebrush, from within a broad range class, 

the necessary intensity for sampling a definite subtype 

should be less and more consistant because a subtype 

consists of sirilar species occurring on similar sites 

and probably having more homogeneity than would a range 

class containing numerous types or subtypes. 

It was also found that of the nine subtypes studied 

(Tables 2 and 3), alpine meadows had the highest degree 

of heterogeneity and therefore required more plots to 

sample forage acre factor to a given degree of accuracy. 

It was farther concluded that it would be irrrnossible 

economically to adequately sample Individually all sub- 

types occurring on an area; that the possibility of ob- 

taining dependable forage acre factors for even the most 

uniform subtypes at the intensity ot twenty piots per 

section would be limited to those at least three sections 

In size; that aerial photographs, when available, should 

be used to predetermine approximate type boundaries so 

as to adjust the intensity of sampling for the area, 

eliminate waste areas usually traversed, and in general, 

Increase the accuracy and efficiency of the survey. 

SOURCE AND NATURE OF T} DATA 

In 1935 during June and July, a range survey by the 

square-foot-density method was made of the Squaw Butte 



Range and Livestock Station in 1-larney County, Oregon, 

the Oregon Agricultural Experiment Station, Grazing 

Service, a-id the Soil Conservation Service cooperating. 

This station consists of 16,265 acres of spring-fall 

range of Sagebrush and Juniper types, and lays within 

the area commonly known as the High Desert of Oregon. 

It is entirely fenced and divided by fence into severi 

main use units or Ranges. 

Each Range was sampled separately at the intensity 

of thirty-two plots per section, the plots being perma- 

nently located for further study by compass and chain 

ten chains apart, and in four grid strips twenty chains 

apart through each section. The crew consisted of four 

men who viere frequently checked on their estimations and 

estitions were made to the nearest quarter of a toot 

density on all spec±es. Palatabilities or proper use 

ratings were taken from the standard Western Range Sur- 

vey palatability or proper use table for Oregon and 

Washington. 

The vegetation on the area consists of two types. 

Type 4 Sagebrush (o) covers the greater part of the area 

and is characterized by a uniform predominance of two 

species, Big sagebrush (Artemisia tridentata) and Sand- 

berg bluegrass (Poa secunda). The type in general has a 

low carrying capacity due to a relatively sparse vege- 
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tation of low to moderate palatability. Type 9 Juniper 

occupies the higher elevations and is characterized by 

having a scattered Juniper (Juniper occidentalis) aspect 

with Sagebrush and Sandberg bluegrass as the two pre- 

dominating species. This type has forage of greater 

density and palatability than does Type 4, possibly be- 

cause of the slightly higher elevation and because it is 

farther from water thus having received less utilization 

by livestock prior to the establishient of the Station. 

Type 4 Sagebrush, covering 10,103 acres in the 

seven major Ranges, contains a total of 502 plots. Type 9 

Juniper, covering 4,914 acres in the major Ranges, con- 

tains a total of 242 piots. 

LTH0D 0F ANALYSIS 

The data resulting from the survey of the seven 

major Ranges form the basis from which this study was 

made. Although the survey data of each range was kept 

separate from the others, as is the general practice 

when surveying several different use units, this analy- 

sis was made using the total number of plots in each 

vegetation type. This was done so as to obtain a greater 

degree of reliability from the greater number of samples. 

Pickford (6) states that "theoretically, there is only 

one standard deviation and mean for each population, and 



by sampling at random an estimate of the standard devi- 

ation and mean is obtained. Further, as the Intensity o1 

the sampling increases, the more reliable the estimate of 

the standard deviation and moan become until with 100 

per cent sampling, the true standard deviation and mean 

should be obtainedtl. 

The forage acre factor of each plot best expresses 

the feed production of the plot as measured by density 

and was therefore used as a basis for comparing density 

estimates (6). The forage acre factor also expresses 

the forage acres per surface acre and is a relative 

figure which may be used to compare different areas 

without reference to crazing capacity expressed in ani- 

mal unit months. The forage acre factor for each plot 

was figured in the usual manner (3) by multiplying the 

density of each species on the plot by Its percentage 

proper use or palatability and adding the products thus 

obtained. 

Numbers of plots required to sample forage acre 

factor within riven accuracy limits were determined by 

the standard formula N (1) in which 0 is the 
SEZ 

standard deviation of a single plot and SE Is the 

standard error (or accuracy) of the sample expressed In 

per cent of the mean value of all the plots in the sample. 

The fact was accepted that Pickford (6) had sufficiently 



established the normality of distribution of forage 

factor for the continued use of the formula with this 

tyte of data. 

The forage factors for all plots occurring within a 

vegetation type on the entire area were grouped by that 

type and the standard deviation of the forage acre factors 

and the number of plots required to sample each of the 

types were computed. Computations in the same manner 

were also made on all the data, regardless of type. Plots 

within a type viere grouped in this manner in order to ob- 

tain the greatest number of samples with which to work, 

thereby increasing the reliability of the estimate of 

standard deviation and mean. It was thought that the 

variation occurring between each of the Ranges within the 

same type would not be dissimilar to the variations pos- 

sibly occurring within as large a type not divided by 

Range units, since the predominating vegetation or sub- 

type of each type varied only slightly between Ranges. 

As has been previously stated, a total of 502 plots 

were taken in Type 4 Sagebrush, and 242 plots in Type 9 

Juniper on the seven major Ranges of the area. 

RESULTS AND DISCUSSION 

In making a forage inventory of an area by sampling 

vegetation there are numerous factors which influence 
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the desired intensity. Prominant among these is the 

question of whether the survey is for range research or 

for the determination of the relative grazing capacity 

of the area. 

When sampling vegetation for intensive studies such 

as is necessary in range research, it is quite Important 

that a reliable estimate be obtained. If the examiner 

knows that there is a b per cent probability, or one 

chance out of twenty, that the sample means will be 

greater than the allowable error, for all practical 

purposes he should feel that the sampling is adequate 

(6). FIgure 1 was drawn and Table 1 was computed to 

show the number of plots necessary to sample forage acre 

factor on each of the two vegetation types in this study 

and also for the entire area disregarding the types, 

when such limits of allowable variation were stipulated. 

In this paper when the probability of variation greater 

than the limits of error is one out of twenty, it may be 

called the 5 per cent limit. 

When sampling vegetation on a range survey where it 

Is desired to determine the relative carrying capacity 

of the area and where follow-up inspections and ad- 

justments are conducted, it is not as important to ob- 

tain as intensive sampling as where more reliable esti- 

mates are necessary. Under such practical conditions if 
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TABLE 1 Number of plots required to 8alnple the forage acre factor using the square 
foot dersity method of sarnplirg. (Probabiflty of 9reater variation 18 33 
or i in 3 trials and 5 or 1 in 20 trials) 

Squaw Butte Range Experiment Station 

Number of Flote 

Sampling 
Error i/ - 

Type t4 2/ Type 9 3/ Both Types 

33 Limit 5% Limit 33 Limit 5% Limit 33% Limit 5 Limit 

5 1487 1,869 1914 7147 1406 1,559 

10 122 1467 149 188 102 390 

15 514 208 22 83 145 173 

20 30 117 12 147 25 98 

25 19 75 8 30 16 62 

30 114 52 5 21 11 143 

140 8 29 3 12 6 214 

50 5 19 2 7 14 16 

Per cent of Mean Forage Acre Factor 

/ Sagebrush Type 

Western Juniper Type 
C) 
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there is a 33 per cent probability, or one out of three, 

that the sample means will be eater than the allowable 

error, the sample should be acceptable (6). In this 

paper when the probability of variation greater than the 

limits of error stipulated is once out of three times, 

lt may be called the i5 per cent limit. Figure 2 was 

drawn and Table i was computed to show the number of 

plots necessary to sample forage acre factor on each of 

the two vegetation tTpes in this study and on the entire 

area regardless of types, when such limits of allowable 

error were stipulated. 

Table 1 shows that in order to sample a given area 

of either type to the intensity required by research 

work (5 per cent limit) and to any desired degree of 

sampling error, approximately four times more plots are 

required than if the estimate was to be on the practical 

range survey basis (33 per cent limit). For example, 

using Table 1, an area of Type 4 SagebrusLl could be 

sampled to obtain a relative carrying capacity figure 

with the acceptable probability of exceeding a 10 per 

cent sampling error once out of three times, by taking 

122 plots. In order to sample this same area for in- 

tensive research with the probability of exceeding 10 

per cent sampling error only one out of twenty times, 

467 plots must be taken. 
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The data in Table 1 also show that more plots are 

required to sample forage acre factor on a given area of 

Type 4 Sagebrush than Type 9 Juniper under similar ac- 

curacy stipulations. The nuniber of plots required to 

sam1e forage acre factor on an area Is dependant on the 

variation occurring within the area and not upon the size 

of the area(7). Since Type 4 requires more plots than 

Type 9 it evidently has greater variability, and in- 

spection of the individual plot forace acre f actors proves 

this to be true. The Type 4 contains numerous scattered 

eroded areas upon which no palatable forage exists and 

which gives a forage acre factor of 0.0000 to a plot 

falling within such an area. Thi$ tyne also contains 

areas in which the palatable forage equals that of the 

best in Type 9, giving a wide spread of variation in this 

one type. Past use as well as site influence has proba- 

bly had a great deal to do with the wider variation 

found in Type 4. Type G occurc farther from water and 

would probably not receive the degree of use by livestock 

gazing the area, and Type 9 occurs at the higher ele- 

vations where precipitation conditions would be more 

favorable. Typo 4 has a lower mean forage acre factor 

with a greater ratio to standard deviation (.00Sl±.0089) 

than does Type 9 (.Ol92±.O14), Tables 3 and 4. The 

degree of variation in any type is expressed by this 

relationship of the mean forage acre factor to the 
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standard deviation. 

The minimum number of sample3 stipulated in the 

standard instructions for rance survey (3) is ten pr 

$ection, regardless of Sampling an individual 

section of High Desert Type 4 Sagebrush on this minimum 

basis would give an estimate that could be expected to 

deviate as much as 36 per cent from the real value one 

out of three trials and much over 50 per cent one out of 

twnt trials (Figures 1 and 2). Tpe 9 Juniper esti- 

mates would have considerably lower percentages of error. 

If, however, a sampling intensity of ten plots per section 

w__s used on twelve sections (7680 acres) of the Type 4 in 

a use unit, tho estirate could be expected to deviate 

not more than 10 per cent of the real value in two out 

of three trials nor more than 20 per cent in nineteen 

out of twenty triais. For the same accuracy and intensity 

of sarnplin, five sections of Type 9 Juniper would have to 

be included in a unit. 

Doubling this minimum number of plots per section, 

which is frequently done on rough topography or when sur- 

veying individual use units, would halve the number of 

sections required to attain the sane deree of accuracy. 

It can readily be seeil from Table 1 that sampling 

the area disregarding vegetation types would require more 

plots than required for Type 9 and fewer plots than re- 
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quired for TylDe 4. Figures 1 and 2 clearly show this 

relationship and bring out the evident influence of Type 4 

on the data for both tyoes combined. The reason for the 

number of requ!red plots in the combined tyes more 

closely approaching the data for Type 4 than Type 9 is 

the influence of eater acreage of Type 4. Tyìze 9 

constitutes only 33 per cent of the area which would 

therefore give the data for the combined types a higher 

variability from the greater influence of Type 4. 

Pickford (7) states that attempts to determine the 

number of plots necessary to obtain dependable estimates 

on broad range classes (Conifer tinber or Alpine grass- 

land range) my be subject to considerable errar due to 

the possibility of local ut important differences in 

forage composition. For example, some timber range may 

have frequent occurring meadows of very hih forage value 

with the remainder of the area producing relatively low 

valued forage. Because of this great variation, such an 

area would require more plots to sampie forage acre factor 

to a desired degree of accuracy than if the meadows were 

not there. This example is true in sampling the broad 

rai.lge class High Desert, with which this study deals. 

The variations on the High Desert are not so obvious but 

the principle is the sanie. 

Vegetation types and subtypes, such as Sagebrush, 



Juniper, Sedge meadow, and Bunchgras, are Integral parts 

of broad range classes and each one constitutes a more or 

less homogeneous variation In the vegetation with much 

the same species and sites throughout. Because of the 

homogeneity, sampling forage acre factor within a defi- 

nite type or subtype should require fewer plots and remain 

more constant than might be the case in uniformly sampling 

broad range classes made up of various types or subtyes. 

There is a definite limitation, however, on the 

degree of typing or subtyping in the field. In actual 

survey work, care must be taken to not segregate the types 

or subtypes on too fine a basis. Rather, they should be 

kept as broad as possible and still include the general 

major variation of the forage. Subtyping on every minor 

change in the vegetation villi reduce the area surveyed 

and increase the cost of the survey. This was illustrated 

in the example previously given where one section of a 

Type 4 required 120 plots per section for a desired accu- 

racy, whereas, if that type had been broadened out from a 

specific to a generalized vegetation change six sections 

in size, only twenty plots would have been required per 

section. On the other hand, however, the opposition to 

typing may be as emphasized in the following example. An 

area is to be sampled so that the mean forage acre factor 

is desired within 10 per cent limits of accuracy with a 
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probaLility of greater error occurrinG once out of three 

;rias. Disregarding forage types, it will require 102 

plots to saiìaple the area (Figure ). If as accurate corn- 

pansons are made on each of the two types, a totaj. of 

170 plots would be neeaed (122 for Sagebrush, and 48 for 

Juniper). At a sampiing intensity of twenty plots per 

section, the accuracy desired would. be reached on an area 

of five sections disregarding types, but in separating 

the tyPes, 8.5 sections would have to be covered in order 

to adequately sample both tyPc2. 

After viewing the problem from both sides it is quite 

obvious thaL sampling ajl subtypes occurring within axi 

ordinary use unit is entirely out of question from the 

taudpoint of cost. In order to get a dependable forage 

acre factor as possible, typing and subtyping will have 

to be kept on a broad range scale with changes in type 

designation coming only when a major change occurs over 

a general area. 

The foregoing discussion illustrates the importance 

of designating type or subtype boundaries and sampling 

the forage within eaci type or subtype rather than coLa- 

bining all types within a given area, unless the types 

are so small, Insignificant, and/or intermingleu as to 

make typing impractical. 

Knowing the approximate variability of different 
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tyres when making range surveys by the square-foot-density 

method has several distinct advantages. For exmpie, 

Range 7 of Squaw Eutte Station consists of 1768 acres of 

Tye 9 JunIper and 365 acres of Tye 4 Sagebrush. To 

samp.Le forage aere factor on this Range within 10 per 

cent limits of accuracy wita a probability of greater 

error occurring once In three tria1, it .ou1d require 

forty-eight piots in Type 9 and 12 plots In Type 4 

(Figure 2 and Tabie 1). In all probability lt would not 

require one plot per three acres on Type ' to auequateiy 

sA.xnple such a xnal1 area bec.ue of the increased horno- 

geneity rdsuliing from considering only a small concern- 

trated area. The actual samoling of Range 7 shows a 

total of ninety-tv:o plots In Type 9 and seventeen olots 

in Type 4. Without going further, this is an example of 

hoy: oversampling and undersarnpling could be avoided If 

the necessary number of plots is known beforehand. Ex- 

cess lots from the Type 9 could be placed in the Type 4 

without appreciably increasing the cost or time of survey. 

However, in this example Type 4, constitutIng 17 per 

cent of the area of Range 7, only supports 13 per cent of 

the carrying capacity which obviously would limit the 

amount of Intensive sampling on this type. It would be 

doubtful If the estimate accuracy of such a small amount 

of the total carrying capacity should be Increased at the 
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sacrifice of accuracy on the remaining 87 per cent of the 

carrying capacity. In this case the 26 per cent sampling 

error on the Type 4 (Figure 2) would be equalled by only 

0.04 per cent change in sampling error on the Type 9 in 

terms of animal unit months of carrying capacity. 

If this example were reversed and the smaller type 

was of very high forage value, the forty-six plots over- 

sampling on the large type could very profitably be ap- 

plied on the smaller area to raise the estimate accuracy 

on the greatest carrying capacity source. Thus, the 

accuracy of the entire survey would be materially in- 

creased at presuiab1y no additional expense. 

From the foregoing discussion it appears that the 

intensity of sampling forage acre factor on any area by 

the square-foot-density method of survey depends upon 

the accuracy desired in sampling, the probability limit 

of greater variation, the designation of well defined 

types or subtypes in the field work, the number or types 

or subtypes on the area, the size and homogeneity of 

these types or subtypes, and the relative importance of 

the type or subtype as to carrying caDacity. Costello 

(2) also includes seasonal and yearly changes as affecling 

the intensity of survey and has shown that vegetation 

does actually vary in density from year to year and even 

from season to season. 
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APPLICATION 

As has been previously stated, an arbitrary number 

of plots per section cannot be expected to sample forage 

acre factor of all types with a uniform degree o ac- 

curacy. The purpose for which the survey is intended, 

as well as the variation occurring in the vegetation, 

stipulate the necessary sampling intensity on various 

vegetation types. For example, in an instance where an 

agency like the Agricultural Adjustment Administration 

uses an average relative grazing capacity figure for the 

basis of State or Regional planning, sampling on the 

basis of broad range types may be justified. In a case 

where the relative carrying capacity of individual 

ranches is wanted, the sampling must necessarily be 

more intense. Further, In the case where management 

plans are prepared for each ranch or use unit as is 

done by the Soil Conservation Service, C-razing Service, 

and Forest Service, the adequacy of sampling in each 

use unit is highly Important and must be given con- 

sideration in order to obtain as accurate data as is 

necessary for the basis of the management plan. 

In the preparation of planning a range survey on an 

area, a preliminary or sample intensive survey can be 

made Including the major vegetation types of the area. 

The area sampled may vary from one to several sections 
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CHECIK LIST 

of 

SPECIF SYMBOLS, SCIENTIFIC, and COMMON NAMES 

SYMBOL SCIENTIFIC AMF 

Grasses 

COMMON NAME 

Asp Agropyron spicatum Bluebunch VTheatgrass 

Cru Calamagrostis ruhescens Pine grass 

Fyi Festuca viridula Green fescue 

Pse Poa secunda Sandberg Blueørass 

Sie Stipa lettennannil Letterman's needlerass 

CAR-W Carex spp. Sedge (wet) 

Cge Carex geyeri Elk sedge 

Forba 

FÖ Eriogonum spp. Buckwheat 

Hab Hydrophyllum aihifrons White faced waterleaf 

LEN Leptodactylon app. Prickly gifla 

LTJP Lupinus app. Lupine 

Aph Aconoronum phytolaccaefolium Pleece flower 

Vorn \Teratrum californicum False hellebore 

Shrubs 

Atr Artemisia tridentata Ri sagebrush 



TATLE 2 Nunher of' plots recuired to sample forare acre factor on several vegetation types within 
various limits of accuracy and with probability of greater error occurring in i of 3 trials. 

type Subtype 

Average estimate of 
forage acre factor 
with standard 

Number 
of plots 
e8tiinated 

Error in%q_veage forare acre factor 
S I 10 

I i51 20 1 25 I 30 1 O 50 
Number of plotB required to sample forage 

deviation acre_factor_to_required accuracy ________ 

i 
!' 

___________ 

Fvi-Sle .0200 .O22S 

___________ 

310 506 125 56 31 20 iIi. 8 5 

i 
! Sle-Aph .0109 -.ol67 386 282 71 31 18 10 8 t. 3 

2 CAP-W .0583 ±.0681 36 552 137 61 3L. 22 15 8 5 

2 
? 

Hab-Vcm ,0685 .097l 22 818 20! 88 50 32 22 12 8 

3 
! 

LEN .0119 t.0130 113 t7l 117 52 29 18 13 7 5 

i/ Alpine rassiand on the Vailowa Nat'l Forest, Wallowa Wountains, Oregon () 
/ Alpine grassland on the Vhitinan Nat'l Forest, Fikhorn Mountains, Oregon (2) 

3_/ Alpine meedow on the Whitman Nat'l Forest, Fikhorn Mounteins, Oregon (2) 
E / Montane meadow on the Waliowa Nat'l Forest, Wallowa Mountains, 0reon (2) 
/ Perennial weed type on the Valiowa Nat'l Forest, Waliowa Mts., Orec-on (2) 

Note--Species symbols used in subtype designation found in Check List 



TABLE 2 Number of p1ot required to sBmple forape acre factor on several vegetation types within 

(Cont'd) various limits of accuracy and with probability of greater error occurring in 1 of 3 trials 

Average estimate of 

forage acre factor 
Number 
of plots 

Error in acre_factor 
5 J 

10 l5J 20 f 25130 I 1OJ 50 
Number of plots required to sample forage Type Subtype with standard estimated 

deviation acre_factor_to_required_accuracy _____ ________ 

L. i/ 

__________ 

ERO-LTJP .0180 .02014 

___________ 

128 515 128 58 32 20 114 8 5 

14 2/ Cge .0230 .01141 85 151 37 17 10 6 14 2 1 

14 3/ Atr-Pse .0081 ±.0089 502 1487 122 514 30 19 114 8 5 

6 14/ Cru .0172 ± .0196 385 1475 132 56 314 21 114. 8 5 

6 14/ Asp .0209 - .0176 72 303 60 31 17 11 8 14 3 

9 5/ Atr-Pse .0192 ±. .01314 2142 1914 149 22 12 8 5 3 2 

1/ Alpine Sagebrush type on the Wallowa Nat'l Forest, Wallowa Mountains, Oregon (2) 

/ Alpine Sagebrush type on the Whitman Nat'l Forest, Elkhorn Mountains, Oregon (2) 

3/ "Hih Desert" Saí-ehrush type on Squaw Butte Range Experiment Station, 0reon 
/ Ponderosa pire type on the Wallowa Nat'l Forest, Wallowa Mountains, Oregon (2) 

/ "Hirh Desert" Juniner type on Squaw Butte Pnge Experiment Station, Oreron 

Note--Species symbols used in subtype desicnation found in Check List 

(n 



TABLE 3 Number of plots required to sample forage acre factor on several vegetation types within 
various limits of accuracy and with probability of greater error occurring in i of 20 trials 

Type Subtype 

Average estimate of 

forage acre factor 
with standard 

Number 
of plots 
estimated 

Errorin of average forage acre factor 
5 1 iö1 15 1 20 1 25 1 30 j Lo I 

o 

Number of plot8 reouired to sample forage 
deviation acre factor to_reouired accuracy _____ ________ 

i 
./ 

__________ 

Fvi-Sie .0200 ±.0225 

___________ 

310 

_____ 

l,L5 506 216 121 77 5 30 19 

1 2, Sie.-Aph .O1C9.Ql67 386 1,089 269 121 67 W 30 17 11 

2 3, CAR-W .0593±.0681 36 2,116 529 23L 130 83 58 32 21 

2 L Hab-Vcm 0685±.CV71 22 ,l36 7814 3L2 193 123 85 147 31 

3 5, LEN .0119±.0l30 113 1,806 14149 202 112 72 50 28 18 

i/ Alpine rass1nd on the Wallowa Nat'l Forest, Wallowa Mounteins, Oregon (2) 
/AlDine grassland on the Whitman Nat'l Forest, Elkhorn Mountains, Oregon (2) 
/ Alrine meadow on the Thitman Nat'l Forest, Elkhorri Mountains, Oregon (2) 

E/ Montane meadow on the Wailowa Nat'l F'orest, Wallowa Mountains, Oregon (2) 
/ Perennial weed type on the Wallowa Nat'l Forest, Wallows. Mts., Oregon (2) 

Note--Species symbols used in subtype designation found in Check List 



TABLE 3 Number of plots required to sample forage acre factor ori several vec-etation types within 
(Cont'd) various limits of accuracy and with probability of greater error occurriri in i of 20 trials 

Tye Subtype 

Average estimate of 
forac-e acre factor 

with standard 

Number 
of plots 
estimated 

Error In ofaverage forageaçre factor 
i 10 1 15 J 20 1 25 I 30 ELjO I 50 

Number of plots required to sample forae 
deviation acre factor to re uired accuracy ________ 

14 !/ 

__________ 

ER0LT'P .l3O .02014 

___________ 

128 

_____ 

1,971 t93 21. 123 79 55 31 

_____ 

19 

1.4 Ce .0230 .0114 85 51 i)4. 6L. 36 23 16 9 6 

Atr-se .0031 ±..0089 1,86° L.67 208 117 75 52 29 19 

6 L/ Cru .0172 ± .0196 385 1,823 511 219 128 79 55 31 20 

6 I Asp .0209 ± .0l7L1, 72 1,163 262 121 66 LL 2Q 17 11 

9 5/ Atr-Pse .0192 .013L 2142 7L7 188 83 147 30 21 12 7 

1/ Alpine Sagebrush type on the Wallowa Nat'l orest, Wallowa Mountains, Oregon (2) W Alpine Sagebrush type the Thitman Nat'l Forest, F.lkhorn Mountains, 0re',on (2) 
/ "High Desert" Sac'ebrush type on Squaw utte Range Experint Station, Oregon 
/ Ponderosa pine type on the Na1lowa Nat'l Forest, Wallo'w'a Mountains, Oregon (2) 
/ "High Desert Juniper type on Squaw Rutte Range Experiment Station, Oregon 

Note--species symbols used in subtype desir-nation found in Check List 
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in each type and must be sampled intensely enough so 

that a fairly adequate sampling is obtained, approxi- 

mately 500 plots being recommended per type. From these 

data arid by using the previously discussed procedures, 

lt would be possible to determine the necessary number 

of plots to sample forage acre factor in each of the 

main types on the area, thereby eliminating the use of 

an arbitrarily selected figure which my or may not be 
correct. If a preliminary survey Is not feasible, data 

from the actual ranue survey may be used for this de- 

termination but would be less satisfactory. 

With the Increasing use of aerial photos in range 

survey work, information of this type is of especial im- 

portance to the chief of party of a survey crew. The 

use of aerial photos results in more accurate designation 

of type lines as well as increasing the accuracy of the 

entire map and the men in the crew are able to determine 

the approximate size of a type before sampling it. Since 

this Is possible, the chief of party can give the crew 

instructions as to intensity of sampling for the various 

major types and expect them to meet these instructions 

In their field work. Having such information to work 

with makes it possible to largely eliminate over or under- 

sampling of any area, especially where one type is of 

considerable more importance than another from a forage 
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production standpoint. Aerial photos also make possible 

the elimination of inaccessible or waste areas from 

sampling, thereby concentrating the sampling on the re- 

maining iiìiportant areas. Many other advantages result 

from the use of aerial photos but will not be discussed 

here. Such advantages, however, increase the accuracy 

and efficiency of the survey to the point where they 

should be major considerations in the operation of a 

range survey. 

Where aerial photos are not available, the chief of 

party can inspect the area and cçive instructions as to 

the approximate acreages of each major type that may be 

encountered and the apDroximate intensities of sampling 

for each. This transect method of mapping and sampling 

generally prohibits the correction of over ana under- 

sampling by the crew members at the time of survey but 

can be corrected for as part of the checking work on the 

survey. However, it does make it possible to properly 

sample certain major types furnishing the most forage 

on a unit at the expense of other types not so important 

in forage production. 

In either case, the crew members must be carefully 

instructed against typing or subtyping too fine and to 

designate the tyDe lines or boundaries as accurately as 

possible on the map. 
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After a preliminary survey has been made on an area 

to determine the nimber of plots required to sample 

forage acre factor to various degrees of accuracy, the 

data should be recorded permanently for future use. 

Graphs such as Figures 1 and 2 are very useful since 

lt is posib1e to determine the deree of accuracy of 

the survey on any portion of the type. Also the data 

of samplIng intensity should be added to the existing 

information such as represented in Tables 2 and so 

that al). efforts toward gathering these data will be 

presented in one group representing as many variations 

and studies as possible and made readily available for 

field use. For Instance, if a Preliminary survey and 

calculations on an area proposed for range survey show 

a vegetation type having a similar variability (repre- 

sented by the ratio between the forage acre factor and 

standard deviation) as an example already recorded as 

in Tables 2 and 5, it would not be necessary to go 

further in determining the necessary number of plots 

for each degree of accuracy. The data for the comparable 

type already recorded In the table would be applicable. 

Only by considerable additions to the data shown in 

Tables c and from further studies of various vere- 

tation conditions will the scope of available information 

cover the major situations found In a designated range 
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area. And only by continued, furtherance of such studies 

at every opportunity will the problem of sampling in- 

tensity change from an arbitrary estimate to a statisti- 

cally analyzed fact, based on vegetation type and the 

variability occurring within the type. 

Another advantage of having such a study of sampling 

intensity is brought out in the final report of a survey 

usually made by the chief of party. It is possible to 

include in this report a suni'iary showing the sampling 

error on each of the units surveyed. This is calculated 

by using a graph similar to Figures 1 and 2 and reading 

from it the sampling error of each type within a unit. 

An example of such information Is presented In Tables 4 

and 5. These tables are discussed in detail later under 

the Analysis of the Squaw Butte Survey and represent a 

practical example of reporting samplInr error or survey 

accuracy on each use unit of a ranch, grazing district, 

national forest, or other grazing area. 

Such information Is of value to the adiriinistrator 

of the area or to the person working out a management 

plan on the area. In case of controversy over the 

results of the survey on an area the administrator will 

benefit by owing whether the accuracy of the survey is 

reliable or whether the data gathered has such a high 

degree of error as to warrant a resurvey. This, of 
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course, is assurninr: that the controversy arises only 

after the survey results are checked and adjusted by 

actual past use records on the area. As is shown in 

Tables 4 and 5 and explained more fully later, the 

sampling error on a vegetation type is not of significant 

value to the administrator until that error is correlated 

with the relative carrying capacity of each tyDe within 

the use unit. 

ANALYSIS OF TI SQUAW BUTTE SURVEY 

As has been previously stated, a study of sampling 

intensity on an area can be used to advantage in re- 

porting the accuracy of the survey made on that area. 

From an administrator's vïewoint, Imowing the relia- 

bility of the survey data is of value in working out 

management plans. As an example of how the accuracy of 

a survey may be included in a survey report, Tables 4 

and 5 were calculated to show the accuracy of the Squaw 

Butte survey upon which this study is based. 

Table 4 was calculated to show the accuracy of the 

survey for practical range survey purposes of determining 

relative carrying capacity (probability of greater error 

is one in three trials). The acreage, estimated carrying 

capacity, and number of plots for each type wïthin a 

Range were taken from the original survey compilation 



TABLE t Accuracy of the Squaw Butte Range Experinient Station range survey for practical 
ranre survey purposes. (probability of greater error is 33% or i in 3 triais) 

Range Type Acres 
Carrying 
Capacity 
in ATJM / 

% of Range 
Carrying 
Capacity 

Number 
of 

Plots 
Sampling 
Error 2/ 

Error in 
of Carrying 
Capacity 

i ¿4 Sarebrush 3Q5.L. 35.L6 11.12 20 2L.5O 2,72 
9 Juniper l,7t3.O 273.c53 88.88 89 6.50 5.78 

2 1 Sarebrush l,3L8.5 l6L.26 8L.O9 ¶'6 11.25 
9 Juniper 3BLi.O 31.20 15.Ql 15 17.50 2.78 

3. 14 Sagebrush 2,137.3 67.02 100.00 99 11.00 ll.flO 

24 Ll Sagebrush 2,132.2 76.i 100.00 1i3 10.75 10.75 
5 14 Sagebrush 2,OQO.7 72.58 Q2.26 101 11.00 10.15 

g b.zniper 14.6 6.09 7.7L 2 L3.O0 3.33 
6 1 Sagehru8h 1,127.9 129.07 t8.91 56 15.00 7.3L 

1 Juniper 983.7 51.09 L8 10.00 5.11 

7 t Sagebrush 370.0 L2.82 15.68 17 26.50 L.i6 
9 Juniper 1,768.0 230.21 8L.32 90 6.50 5.L8 

All L Saebrush 1O,102.? 588.12 L16.53 502 Est. .00 2.33 
Seven . Juniper L1,920.3 675.87 53.L7 2L2 Est. L.75 2.5L 

i/ A.U.Y.--Anxnai Unit Months 
Per cent of mean forage acre factor (taken from Table 1 and Figures i and 2) 



TABLE S Accuracy of the Squaw Butte Rane Fxperiment Station rano-e survey for research 
purposes. (Probability of reater error is 5% or 1 in 20 trials) 

Range Type Acres 
Carrying 
Capacity 
in AIT!A 

2:/ 

% of Range 
Carrying 
Capacity 

Nnber 
of' 

Plots 
Sampling 
Error 2 

Error in % 
of Carrying 
Capacity 

i )4 Sagebrush 39.I 3'5.L6 11.12 20 L9.00 S.L5 
Q Juniper 1,7143.0 273.53 88.'8 89 1t.50 12.9 

2 14 Sagebrush 1,8L8.5 161j.26 8I.09 96 22.50 18.92 
Q Juniper 381i.0 31.20 15.91 15 36.50 5.81 

3 14 Sagebrush 2,137.3 67.02 100.00 99 22.00 22.00 

L 1 Sagebrush 2,132.2 76.°l 100.fl0 113 20.25 20.25 

s 14 Sagebrush 2,090.7 72.58 Q2.26 101 21.75 20.03 
9 Juniper 14.6 6.09 7.7L 2 st. P0.00 6.07 

6 14 Sagebrush 1,127.9 129.07 Lí3.°1 56 29.00 1L.l8 
9 Juniper 983. 13!.9t 51.09 L8 19.75 10.09 

7 L Sa'ebrush 370.9 142.82 1c.68 17 st. 55.00 8.62 
9 Juniper 1,7b8.( 230.21 8L.32 90 114.25 12.02 

All L. SaFrehrush lfl,102.° 598.12 L6.53 502 st. 10.00 L.65 
Seven 9 Juniper t,920.3 675.87 53.Li.7 2142 9.00 14.81 

i/ A.tJ.M.---Aniinal Unit Months 

2/ Per cent of mean forage acre factor (token from Table i and Figures i and 2) 



data. The sampling error of each type was read from 

Figure 2 and only in the case where a Range contains 

only one type does the sampling error Indicate the true 

sampling error on the Range. For example, In Range 1, 

Type 4 Sagebrush shows a sampling error of 24.5 per cent 

while the error on Type 9 Juniper is only 6.5 per cent. 

Since the Type 4 supports only 11.12 per cent of the 

carrying capacity of Range i this error must be corre- 

lated with the relative importance of the type and 

exoressed in terms of error in per cent of the carrying 

capacity. Therefore, the sampling error on Type 4 is 

only 2.72 per cent in terms or the carrying capacity of 

Range i a nd Type 9 has an error of 5.79 per cent in 

terms of the carrying capacity. The error in per cent 

of carrying capacity varies Irom 2.72 per cent on Type 4 

Sagebrush in Range i to 11.00 per cent on Type 4 Sage- 

brush in Range 5. 

It seern reasonable to assume that a 10 per cent 

error In sampling is acceptable on range surveys when 

other unavoidable errors are considered. The ability 

of an individual co estimate forage density cannot be 

expected to remain consistant but will vary probably as 

much as lo per cent (7). Costello (2) has also shown 

that there are seasonal as well as annual variations of 

considerable size occurring in the vegetation. With such 
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uncontrollable variations entering, into range survey 

data, it woulu not be practical to attempt to arrive at 

a sampling error lower than the error caused by these 

uncontrollable factors. 

Table 5 was calculated to show the accuracy ol the 

survey for research purposes (with a probability of 

greater error in one out of twenty trials). Each type 

within a Range was dealt with separately and the samDling 

error read from Figure 1. As in Table 4, the sampling 

error in per cent of the carrying capacity is the sig- 

nificant figure. The error in per cent of carrying 

capacity varios from 5.45 per cent on Type 4 Sagebrush 

in Range i to 22.00 per cent on Type 4 SagebrusI in 

Range 5. 

For research purposes whore it is stipulated that 

the probability of greater error in sampling must not 

exceed once out of twenty trials, this survey is probably 

not of sufficient intensity. However, where the research 

work 5.s ot an investigative nature in range and livestock 

management and is primarily to forward practical methods 

of management, it probably is not necessary to require 

standards other than those rulfillirig practical range 

survey requirements (a probability of greater error in 

one out of three trials). Using this assumption and 

considering a 10 per cent sampling error a au acceptable 
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accuracy, the Squaw Butte survey will fulfill accuracy 

requirements for practical range and livestock management 

investigations but is not accurate enough for research 

work demanding more exacting stipulations on sampling 

error. 

In both Tables 4 and 5 it is shown that the sampling 

error on each of Type 4 and Type 9, disregarding the 

Ranges, is very low and indicates an accurate over-all 

survey. However, it cannot be said that such a figure, 

disregarding individual use units on the area, is in- 

dicative of the accuracy of the survey. For such detail 

work as a management plan the sampling accuracy of the 

individual Range or use unit must be considered by 

Itself. The entire survey for this purpose is no more 

accurate than the individual use unit having the highest 

sampling error. 

The lower error on the entire survey disregarding 

use units also helps emphasize the need for designating 

type or subtype boundaries on a broad scale and discon- 

tinuing the practice of typing fine on every minor change 

in vegetation. 



SULARY and CONCLUSIONS 

A study of sampling intensities applicable to the 

square-foot-density method of range survey was made 

from the range survey data of the Squaw Butte Range and 

Livestock Station in Oregon. Analysis of this study 

followed methois previously used oy Costello and KlippJ 

(2) and Pickford and Reid (6) (7) and had the following 

purposes: 

1. To supolement the information a..Lready available 

from investigations of this nature. 

2. To broaden the scope of information of this 

nature on important range vegetation types in 

the Pacific Northwest. 

3. To determine the accuracy of the survey on the 

Squaw Butte Station. 

The following conclusions of previous investigations 

are corroborated by this study: 

1. The intensity of survey is determined by several 

major factors, among which appear (a) the type 

of vegetation to be sampled, and (b) the vari- 

ations occurring within the veetaton type. 

Size of area affects sampling intensity only 

insofar as area affects var±ability of the type. 

2. Vegetation types usually can be expected to be 

more homogeneous than are broad range vegetation 



classes and sampling by types will require 

fewer plots per type than would be necessary 

if types were disregarded. 

3. Type or subtype boundaries must be designated 

as broad as possible to lessen the necessary 

number of plots per section, thereby reducing 

the cost of survey. 

4. Oversampling of areas of low carrying capacity 

importance and undersampling of areas having 

high carrying capacity importance can largely 

be avoided by lmowlng beforehand the necessary 

number of plots. 

The following conclusions were made from the re- 

search of this study: 

1. Intensity of sampling is influenced to a major 

degree by the relative carrying capacity 

importance of the type or subtype. 

2. Future studies of this nature should be con- 

ducted on vegetation types of various con- 

ditions and importance so as to further 

broaden the scope of thïs information. These 

future data should be tabulated v,nith previously 

gathered data as a continuous attempt to re- 

place an arbitrary sampling intensity for all 

types vith specific data regarding specific 
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range types and variability within types. 

3. A study of sampiing intensity can be advan- 

tageously included in a finai survey report 

and analyzed to show the accuracy of the survey. 

4. Sampiing error of a tyPe or subtype is of more 

significance when correlated with the relative 

carrying capacity importauce of the type. 

5. The Squaw Butte survey is sufficiently accurate 

for a practical range survey app.Lication and 

also for research investigations of practical 

range and livestock management problems. It 

is not as accurate as imight be necessary for a 

highly intensive ecological study. 
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