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Abs t rac t  

B i g  sagebrush (Ar temis_ia t r i d e n t a a )  was sub jec ted  t o  a double sampl- 

i n g  procedure t o  o b t a i n  r e l i a b l e  phytomass es t imates  f o r  leaves, f l o w e r i n g  

s t a l k s ,  1 i v e  wood, dead wood, va r i ous  combinat ions o f  t h e  preceeding, and 

t o t a l  phytomass. C o e f f i c i e n t s  o f  de te rm ina t i on  (R2) between t h e  indepen- 

dent  v a r i a b l e  and va r i ous  phytomass ca tego r ies  ranged f rom 0.45 t o  0.93. 

T o t a l  phytomass was approx imate ly  69 + 16 (+ S.E.) g/m2. Reduct ions i n  

t h e  variance, o f  t h e  phytomass es t imates  ranged f rom 33% t o  80% u s i n g  

double sampl ing assuming optimum a l l o c a t i o n .  



This paper presents the r e su l t s  of a double sampl ing procedure t o  , 

obtain r e l i ab le  phytomass estimate of leaves, flowering s t a lks ,  l i v e  wood, 

leaves .t 1 I ve wood, dead wood, 1 ive wood + dead wood, .Plowerlng stalks + 

leaves, miscellaneous fragments, and to ta l  phytomass for  big sagebrush, 

Artemisia t r identa ta ,  the most abundant shrubby species in. the shrub- 

steppe region of southeastern Washington. 

Study Area and Methods 
; 

This study s i t k  i s  contained within the Arid Lands Ecology ( A L E )  
i 

Reserve on the United States  Energy Research and- Development Admini s t r a -  

' i  t i o n ' s  Hanford Reservation. !*pi Topographically, the s i t e  i s  located on the 
:- . ,. 

east-facing slopes 'gf the ~ a t t l e s n a k e  Hil ls  a t  an elevation of about 1300 
. < 
1 ,  

a f e e t  above mean se?ilevel. The vegetation of the area i s  representative 
:. C 

of Artemi s i a  t r i  den$ a t a l ~ ~ r o ~ ~ r o n  spicatum association (Daubenmi re,, 1970). 
.k ' 
:;. 

Prior to  the in i t i a t ion  of the study reported here, there had been 1 i t t l e  

or no grazing by c a t t l e  since 1943 (Rickard -- e t  a1 . , 1975). 

In November, 1974, a total  of 20 ( n )  sagebrush (Artemisia t r iden ta t a )  

shrubs were selected within a 300 x 300 meter area. The shrubs were not 

selected in a s t r i c t l y  random manner b u t  attempts were made to  obtain a 

cross section of shrubs according t o  general s ize.  For each of the n 

shrubs the following dimensions were measured: (1)  longest diameter of 

the canopy, ( 2 )  longest diameter of the canopy measured a t  r ight  angles 

to  the. above dimensions, and (3)  maximum heights. The individual shrubs 



were then cu t  o f f  a t  ground level and oven dry weights obtained f o r  the 
I 

f o l l  owing hand-separated categor ies :  1 eaves, 1 i ve wood, flowering s t a l  ks, 

dead wood, dead leaves,  and miscellaneous par t s .  W i t h i n  the  300 x 300 

meter study area ,  t he  above dimensions were taken on a l l  sagebrush shrubs 

( n l  ) w9thYn  c lghe  randomly l o c a t e d  15 x 30 rnetep p l o t s .  

The sampling procedure involved double sampling i n  conjunction w i t h  

1 inear  regression (Cochran, 1963, pp  327-354). The object ive  of t h i s  

sampl ing design was t o  minimize the  variance of t he  estimated mean phyto- 

mass fo r  each category .for a f ixed cos t .  Double sampling i s  a combina- 

t ion  of two methods f o r  estimating phytomass: (1 ) cl  ipping, separat ing,  

and obtaining dry weights, and (2 )  taking height,  length ,  width, o r  volume 

(length x w i d t h  x height)  I:;..: dimension measurkments on'shrubs ( including 

those harvested).  #Bauble sampling can be e f f ec t i ve  in reducing t he  
: i 3  

variance of mean ph$tomass ;,* estimates i f  t he  1 i near co i re l  a t ion p between 
I c . . 
..i. 

phytomass and dimeikion measurements i s  s u f f i c i e n t l y  near 1 ,  and i f  the  . . .A(: .. , 
I 3: 

cos t  ( c n ,  ) dimensi6n measurements on a shrub i s  subs t an t i a l l y  l e s ?  than 

the  cos t  ( c n )  of cl ipping and obtaining the  dry weight biomass of the  

shrub. Cochran's (1963) Figure 12.1 (page 338) gives t he  r e l a t i on  between 

c n / c n ,  and p for f?xed values of the  r e l a t i v e  precision of double and 

s ing le  sampl i ng . 
As indicated above, both dimension measurements and oven dry weights 

were obtained f o r  t h e - n  clipped shrubs. These data were used t o  es t imate  

a l i n e a r  regression ( ca l i b r a t i on )  equation r e l a t i ng  phytomass (dependent 

var iab le )  w i t h  shrub dimensions (independent va r i ab l e ) .  A separate  equa- 

t ion  was estimated f o r  each phytomass category. The addit ional  informa- 

t ion  contained in  the  dimension measurements obtained on each of the  n '  



shrubs within the eight 15 x 30 meter plots  were used in conjunction with ' ,  

the regression equation t o  estimate the mean phytomass per shrub (yds; ds 

stands ' for  -. double - sampl ing) f o r  each -:category. , The equation i s  . ' ' 

where yn i s  the mean biomass per shrub based on the n = 20 clipped shrubs, 
- 
Xn i s  the mean volume of the 20 clipped shrubs, b i s  the estimated slope 

of the regression _of biomass per shrub on volume per shrub, and xn, i s  

the mean volume per shrub of the n'  = 568 l ive  shrubs i n  the eight  plots.  
. . 
i ' 

Volume was usual l i  chosen a t  the independent variable because i t  usually 
' ?  

had the highest estimated correlation 6 with a l l  biomass categories.  
; G 

The varianc? . if  yds was estimated using the approximate formula 

where s2 i s  the residual variance about the regression 1 ine,  
Y . X  

S2y i s  the 
2 0 - 

variance of thc 20 biomass data points,  C (XI - x n I 2  i s  the sum of 
i =l 

squared deviation of the 20 volume measLirhm&ts from'their  mean xn, n i s  

the number of shrubs fo r  which both biomass and volume measurements were 

made ( n  = 20),  and n'  i s  the number of shrubs fo r  which only dimension 

measurements were taken (n '  = 568). 

The average biomass per shrub yds i s  multiplied by the average 
- 

number of shrubs per square meter, Z ,  t o  approximate y, the average bio- 

mass of sagebrush/m2 as shown by the following: 



The' standard e r r o r  of T i s  approximated by t he  following (Kempthorne and 

A1 lmorus, 1965) : 

Double sampling i s  an e f f ec t i ve  technique i f  t he  variance of yds i s  

l e s s  than t h e  variance of t he  mean biomass est imate Ts (gms/bush) t h a t  . 

one would obtain i f  the  e n t i r e  e f f o r t  had been devoted t o  c l ipping shrubs 

and obtaining dry weights, with t o t a l  co s t  c remaining t he  same a s  f o r  

the  double sampling procedure. The r a t i o  of var(TdS) t o  ~ a r ( $ ) ,  assuming 

the  optimum number of samples n and n '  were used in t he  double sampl ing 

scheme, can be estimated usjng the  equation ( see  Cochran, 1963, pp 337- 

L n ' L 

- +  2 .  v v n ' 
~ ~ ~ ( ' d s  (op t ) )  - 

v n  + V n l  

- n dn n '  

where V n  i s  estimated by SZyeX,  V n l  by SZy - S2y.X 

The optimum r a t i o  of n '  t o  n can be estimated using 

a s  given by Cochran (1 963, equation 12.9).  For comparison purposes, we 

assumed t h a t  c n / c n 1  was equal t o  1/120, i . e . ,  a clipped est imate of phyto- 

mass was 120 times as  expensive t o  obtain a s  a r e  the  dimension measurements 

on a shrub. 

I 



Resul t s  and Discussion 

Dimension data col lected on the  568 l i v e  and 275 dead shrubs contained 

within t he  e igh t  15 x 30 meter. p lo t s  (Table 1 ) i nd i ca t e  t h a t  dead shrubs 

a r e  sm3ller on the .average f o r  length,  width, height ,  and volume ( length  x '  

width x height)  on the  ALE s i t e .  This area i s  characterized by having an 

estimated t o t a l  of 2,342 + 246 shrubslha of which 1,577 + 261 and 765 + 100 

a r e  l i v e  and dead, respect ively .  Dimension measurements obtained on the  

20 clipped shrubs a r e  given i n  Table 2. The average dimension measurements 

in Table 2 tend t o  be g rea te r  than those i n  Table 1 .  Since these  20 shrubs 

were not chosen a t  random, there  may have been a se lec t ion  bias  toward 

1 arger  shrubs. 

Phytomass est imates obtained via c l ipping and drying were highly 

(1  i near ly)  cor re la ted  with vol ume and 1 ength (Tab1 e 3 ) .  Various .combi na- 

t ions  of length,  width, and height were corre la ted t o  t he  various phyto- 

mass categor ies .  Only those t h a t  showed the  highest  cor re la t ions  a r e  

presented here. For most ca tegor ies ,  volume ( length  x width x height)  

had t he  highest  cor re la t ion .  In est imating phytomass, the  var iable  volume 

( V )  was chosen a s  t h e  .independent var iable  f o r  a l l  biomass categor ies  

except f o r  flowering s t a l k s ,  and a miscellaneous category when the  inde- 

pendent var iable  length was used. The R 2  (square of the  1 inear  cor re la -  

t ion  coe f f i c i en t )  values ranged from a low of 0.45 f o r  miscellaneous t o  a 

high of 0.86 f o r  t o t a l  phytomass. 

The es t imates  of phytomass obtained i n  t h i s  study using double sampl- 

ing a r e  presented in Table 4. Equation 1 was used t o  es t imate  the  mean 

phytomass on a per-shrub basis .  These were converted t o  g/m2 using equa- 

t ion  3 .  These res111 ts ind ica te  t h a t  wood makes up approximately 62% of 



the  t'otal phytomass of sagebrush. Dead wood accounted f o r  11% of t he  

phytomass, while 1 eaves and f l o r a l  pa r t s  made u p  14 and 8% of the  t o t a l ,  

respect ively .  

O u r  main object ive  in  using double sampling was t o  minimize o r  re-  

duce the  var lance e f  t h e  est4mate OT mean phytemass TOP a Fjxad  e e g t .  

Doubl e 'sampl i ng was e f f ec t i ve  i n  t h i  s regard because the  cl  i pped phyto- 

,mass . ( Y )  can be determined more p rec i se ly  than dimension measurements 

( X ) ;  X i s  much l e s s  expensive t o  obta in  ( r e ca l l  t h a t  we est imated the  

cos t  r a t i o  c n / c n ,  t o  be 1/120). Table 5 shows t h a t  reductions i n  the  

variance of phytomass est imate ranged from 33% t o  80% f o r  t he  vari.ous 

ca tegor ies .  Hence, i t  appears t h a t  double sampling a s  used here was 

e f f e c t i v e  in  obtaining more p rec i se  es t imates  of sagebrush phytomass 

than would have been the  case i f  the  usual c l ipping and drying had been 

used. 

For the  f ixed cos t  r a t i o  c n , / c n  = 11120, the  r a t i o  n ' / n  of sample 

s i z e s  i s  presented in Table:5. The r a t i o  ranges from 28:l t o  l 0 : l .  f o r  

the  various t i s s u e  categor ies .  The various categor ies  with 1 ower r a t i o s  

require  a g r ea t e r  proportion of cl  ipped plots:. For example, i f  one ex- 

amines a t o t a l  of 100 shrubs, a r a t i o  of 10:l ind ica tes  about 9 shrubs 

would be cl  ipped (dimension measurements a l s o  being t aken) ,  and 91 

shrubs would be measured f o r  dimensions only. Having a r a t i o  of 20:1 

would reduce the  cl ipped number of p lo t s  by approximately one-half so 
A 

t h a t  t h e  overal l  time required t o  ob t a in ' an  es t imate  of Y would be re-  

duced. 

Concerning t he  designs of f u tu r e  sampling plans fo r ' e s t ima t i ng  sage- 

brush phytomass, we can see  from equation ( 2 )  t h a t  var(Tds) can be reduced 



i f  xi and xn, ( the mean dimension measurements on the 20 and 568 shrubs, 

respectively). a re  i n  close agreement. In these data,  the two means are  

rather  f a r  apart  (Tables 1 .  and 2 )  which may be due to  a biased selection 

process fo r  the 20 shrubs. This bias may have' been reduced had the 20 

shrubs been sel eeted by us4ng oeme kfnd a pandem g&eee.ten preeerk. 

We a lso  note tha t  the variance of double sampling will decrease i f  

i s  large,  i . e . ,  i f  small as well as large shrubs a re  included in the 20 

selected shrubs. By random selection of shrubs f o r  clipping and volume 

measurements, we would have to  take whatever shrubs were randomly selected 

so tha t  a large sum of squared deviations would not necessarily r e su l t .  

Double sampl ing i s '  an effect ive technique i n  reducing the variance 

of the mean phytomass estimates of the various categories of big sagebrush. 

The accuracy achieved with time and costs  i s  s igni f icant ly  lower than by 

harvesting shrubs only. The resu l t s  of t h i s  study apply to  generally, 

short-statured shrubs of big sagebrush and may not apply to  other areas 

where large s tatured shrubs a re  found. 
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Table 1. Dimension measurements (cm) o f  l i v e  and dead sagebrush shrubs. 

- Dead (n  = 275) - L ive  ( n  = 568) 
Dimension x + SE Range C V ~  x + SE Range C V  

Length 53 L 1 10 - 128 3 7 71 2 1 14 - '119.9 4 1 

Width 35 2 1 10 - 88 4 2 48 + 1 10 - 131 4 5 

He igh t  36 + 1 12 - 73 31 49 + 1 12 - 017 4 1 

2 / Vol ume- 86248 ? 5796 2310 - 739200 11 1 238848 2 '1 281 7 2880 - 2190384 128 

l / ~ o e f f i c i e n t  o f  v a r i a t i o n  

' vo lume  (cm3) = l eng th  x w i d t h  x h e i g h t  



Tablc 2. Dimension measuremints (cm) f o r  20 l i v e  sagebrush shrubs. 
' 

, 
- 

Dimension X .e 'SE Range C V ~  

Length 

Width 

Height 

2' Vo 1 ume- 

L'toeffi c i en t  of  va r ia t ion .  

L'volume (cm3) = length x width x height  



  able 3 .  Estimated r e g r e s s i o n  equa t ions  f o r  e s t i m a t i n g  phytomass , 

(grams/shrub)  us ing  volume (V) measurements ( l e n g t h  x width x 

h e i g h t )  o r  l eng th  (L) .  

Dependent Var-iabl e Equation 

Leaves 

Li ve wood 

Leaves + l i v e  wood 

Flowering s t a l  ks 

Dead wood 

Live wood + dead wood 
A 

'ds = 127.80 +0.0008108 V .77** 
A 

Flowering s t a l  ks 1 eaves 'ds = 58.58:+ 0.0001934 V .66** 
A 

Mi sce l  1 aneous 'ds = -11.40 + 0.3482 L .45** 

Tota l  phytomass 



Table 4.  Estimated average phytomass of sagebrush using double 

sampl i ng .  

I 

Dependent Vari abl e n 1/ 21 n '  g/shrub + SE- 31 g/m2 + SE- 

Leaves 

Live wood 

Leaves and 1 ive wood 

Flowers and seeds 

Dead wood 

Miscel 1 aneous 

Live wood and dead wood 
. . 

Flowers, seeds, leaves 

Total phytomass 

Yn = clipped shrbbs + dimension measurements; n '  = dimension measure- 
:] 

. . ments only . . 

2/obtained using equation (1 ) 

3/obtained by using equation (3)  - 



Table 5. Estimated optimum r a t i o  n ' / n  of sample s i z e s  and the  

estimated reduction i n  variance obtained using doubl e sampl i ng. 

Reduction i n  
~ s t i r na t ed  Optimum Variance (%)  Unde 

iilatjs nl/nY opt~iT~um AI 1 &BEJ ~ i i  2.l - 

Leaves 16:1 5 8 

Live wood 

Leaves and 1 i ve wood 

Flowers and seeds 

Dead wood 

M i  scel 1 aneou s 

Live wood and dead wood 21 :1 

Fl owers, seed, 1 eaves 16:l 

Total phytomass .28:1 

l1obtai ned using equation ( 6 )  , 

' lobtai ned using equation (5 )  - 




