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Cochran In Snedecor (1956)  c i tes  sevexal examples of sampl ing  
problems ~ n e l u d l n g  a study of v i t amin  A con t en t  of butter 
produced by creameries; a study of the protein con ten t  of 
wheat in t h e  wheat  f i e l d s  of an area;  a study of red blood 
cell counrr in a popu la t ion  of men aged 20-30; a study of 
i n c ~ c t  xnfestation of the leaves of t h e  trees in an orchard; 
a n d  a study of the number of defect ive  t e e t h  in t h i r d  grade 
chi ldxee ln schools of a large c i t y o  He goes on to p o i n t  Out 
t ha t  I n  each of z h e s e  examples a n a t u r a l  unit suggests i t se l f ,  
t h e  creamery, t i le  field of w h e a t ,  t h e  i n d i v i d u a l  m a n ,  the tree 
and the school ,  Furthexmore each of t h e s e  units can, and in 
t h e  f x r s r  t h r e e  cases must, be sub-sampled instead of being 
measured completely, 

This type  of sampling is c a l l e d  3 : i i n q  i n t w o  staqes or 
5ub-samplinq, Ihe f i r s t  stage ,  p x ~ m a r y  sampllng is t h e  -- 
select~on of the creameries, wheat f ie lds etc, The second 
stage is the t a k i n g  of a sub-sample of second stase units from 
each se iecr  ed pr unary u n i t .  

T h e  n a t u r a l  extension of t h e s e  i d e a s  to three staqe samplinq 
and indeed to many staqe samplinq is obvious. 

In t h i s  paper these ideas axe developed in pract ical  t e x m s  w i t h  
special reference to the sampling of vegetat ion but the 
principles a r e  common to all s i t u a t i o n s  in which sampling by 
stages can or must be employed, 

Tn the c o u r s e  of productivity studies on rnlxed p l a n t  communities 
it is f r c s u e n t l y  required to estimate t h e  contributions by 
weight of the various components, The components may be 
indiv idual  species or recognisable part s  of species. Acommon 
procedure is to c l i p  quadxats of a size appropriate to the 
vegetat ion? Milner and Hughes (1968) re fer  to a number of 
papers which  deal with t h i s  p o i n t .  The i n v e s t i g a t o r  is then 
faced w i t h  the task of separat ing  the m a t e r i a l  derived from 
each of t h e  quadrats i n t o  t h e  components he requixes.  He has 
several alternatives and it is t h e  objec t  of t h i . s  paper to 

I describe a method of finding t h e  one which wrll provi.de th e  
most i n fo rma t ion  f o x  t h e  least effoxt .  

METHODS 

The primary units adopted in t h e  example used here were 
treatment p l o t s  w i t h i n  blocks of a randomized t w o  block 
expeximent , Each block conta ined  severa l  s u c h  plots  
but o n l y  one treatment was used tn th1.s example, The 
reason f o r  t h e  chafce was t h e  purely prac t i ca l  one of 
hav:ing to sample the plots and t o  do t h i s  so as e f f i c i e n t l y  
as poss ib le .  Fxameach  of the  p la t s  5 quadrats wexe 
selected at randomi and clLpped to ground l e v e l *  



2. Laboratory sampling 

The method suggested f o r  tak ing  representative samples f r o m  
w i t h i n  each quadrat is dealt with here in de ta i l  because 
it is o f t e n  a point of d i f f i c u l t y  . ''Quarteringt' is oqly  
one of several possible methods but is xecorded because it 
is an accepted way of sub-sampling powdered or other 
divided materials in chemist x y  , part i c u l a x l y  in t h e  absence 
of a mechanical sample divider .  

All the  clipped vegetation from each quadrat must f i r s t  
be made as homogeneous as i s  compatible w i t h  i d e n t i f y i n g  
indiv idual  species or t h e i r  parts in a subsequent sorting 
procedure. T h i s  may mean cutting the  samples intolengths 
of about 2 inches ,  

The next step is to m i x  the material thoroughly and in the 
method recommended here the  effectiveness of t h i s  mixing 
is a key factox in the  reduction of variation between 
sub-samples. 

The mixed material is quartered, one h a l f  (B) (combined 
opposite quarters)  being set aside, the  other half (A)  
being quartered again successively until a sample of 
workable s i z e  for soxting is obtained, T h i s  s ize  is a 
matter for  judgement but will be govexned by the  
proportions of species occurring in small amounts. In 
the example 1/32nd of the quadrat was taken. The other 
h a l f  of t h e  sample (B) is treated in an ident ical  way. 

The t w o  r e s u l t i n g  sub-samples (A )  and (8) are sorted by 
hand into t h e i r  components each of which is dried to 
approximately constant  weight in the usual way, i . e .  the 
loss of weight on further s imilar periods of drying at 
1 0 5 ~ ~  does not  exceed 1%. 

/ - ~ o t e :  The sub-sampling procedure might preferably --  
have consisted in taking two sub-samples 
randomly from a previously separated whole 
popula t ion  of sub-samples but t h i s  is a 
laborious procedure and l i t t l e  would be - ga-ined_7 

3 .  Calculation of duplicate component weiahts pex sample 
(quadrats) 

This can be done manually and a worked example is pxovided 
in t h e  Appendix. The ca lcu la t ions  are simple but 
l abor ious ,  A PDP 8/I pxograme has been written in 
FQRTRAM D c a l l e d  SBSM and is available e i t h e r  from the  
authox or f rom the D i g i t  a1 Equipment Coxporat i o n  User 
Society (DECUS) Librarim,  Maynard, Massachusetts, U . S  ,A .  



4. Analysis of vaxiance 

D a t a  from t h e  preceeding c a l c u l a t i o n  f o r  any one component 
at a time is analysed using a s i n g l e  classification 
a n a l y s i s  of variance procedure. Steel and T o x r i e  (1960) 
p .  121-128 or Snedecor (1956) p,  2& provide examples 
which are relevant, A PDP 8/I programme AVSC has  been 
w r i t t e n  in FORTRAN D and can be used f o r  t h i s  purpose. 
A copy of t h e  programme is available from The Director, 
Merlewood or f r o m t h e  DECUS Libra r i an ,  Any similar 
programme or its manual equivalent w i l l  suffice of course,  

The variance estimates for  t h e  between gxoups of samples 
(primary units - p l o t s ) ,  between samples (quadrats ) 
w i t h i n  groups, and between sub-samples w i t h i n  samples 
(quadrats) are illustrated in Table 1. 

Table 1, Eriophorum vasinatum - Live parts only  

Source d,f. S . S .  . M . S .  MS is an estimate of 

Plots (Groups 
of quadrats ) 

Quadrats w i t h i n  8 8,581,8 1,072.7 plots 

Sub- samples 
w i t h i n  quadrats 10 2 , 7 5 2 . 8  

Est imate  of t h e  variance due to quadrats = 

E s t i m a t e  of t h e  variance due to p l o t s  = 

S* = 10,788.9 - 1,072.7 = ( s 2  + 2s2 + 10s') - (s2 + 2s2)- 
P 10 q 10 p q 

Note: If, as occas iona l ly  happens the  estimate of 

r2 + 2r2 is greater than r2 + 2r2 + lor2 then tho 
9 q P 

va lue  of S* is taken as zero since it cannot be 
F 

n e g a t i v e  as the  c a l c u l  at i o n s  would i m p . i  y , 



2 2 Having es tab l i shed  S , S and 5' (estimates of the separate 
¶ P 

7 
- - L  v a r i a n c e s )  it 5s possible  t o  estimate ( S p )  t h e  variance of 

the plot  mean, f o r  any numbex of sub-samples per quadrat and 
number of quadrats. 

where d = k x n x m = 2 ( p l o t s )  x 5 (quadrats) x 2 eub-samples) 

These can be p l o t t e d  graphically as in F i g u r e  to i l l u s t r a t e  
c l e a r l y  the pxoportionate effects of di f ferent  combinations of 
quadrat and sub-sample numbers. From this it is possible to 
judge the best use of t h e  avai lable  xesources ,  Worked 
examples of t h e  individual stages are provided in the Appendix. 

In the  case of living Eriophorum vaq ina tum illustrated on the 
left side of Ffquxe a, the main source  of variation i s  
between p l o t s  and re la t ive ly  l i t t l e  work on the component 
selected is necessary to approach the minimum variance, In 
fac t  three  samples (quadrats) w i t h  only one, 1/32nd sub-sample 
would provide an estimate whose erxor was only 2,0% of the 
mean greater t h a n  a sirnilax estimate based on 10 quadrats each 
sub-sampled 5 times ( i , e ,  50 samples or over 16 t i m e s  as much 
work). 

It must be appreciated t h a t  n o t  all components w i l l  behave in 
the s a m e  way and it w i l l  depend on t h e  requirements of the  
study as to the number of samples and sub-samples decided upon. 
For illustration, in the example c i ted  Calluna vulgaris formed 
a much small propoxtion of t h e  vegetat ion and v a r i a t i o n  about 
t h e  plot mean w a s  gxeater than in t h e  Exiophorum vaqinatum 
component, T h e  right side of F i g u r e J s h o w s  t h i s  quantltat~vely. 
FOX emphasis on Calluna it might be considered wor th  t h e  trouble  
to take a s i n g l e  sample f r o m  each of 10 quadrats  but in any 
case a suitable compromise between the sanpling chaxacteristics 
of the specses present is xationally poss ib le ,  C l e a r l y ,  these  
proceduxes can be improved fuxther by f u l l y  xdtomating the 
calculations,  but axe presented at t h i s  stage as an i n t e x i m  
report. 
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1 . Exampl-e * calcu Iati  on
we igh t  da ta

APPENDIX

of duplicate sub-sample values f!orl  prjnary dry

Code_
P\ot,/

Qaadr^I/
9trb-

s ampl e

1 /7 . /  (A \

Spee:!es
Part

E .  vag .
l i ve

dead

D.  f l ex

lotal (1. )

Bulk

lo ta l  (2  )
Moss

Mi.sc.

To ta l  (3 )

E .  vag .
l i ve

dead

D,  f l ex

To ta l  ( 1 )

Io ta l  (2  )
Mos s

Ca l l una

Misc .

l o ta l  ( 3  )

To ta l  (4  )

Sampl e
wt (s )

Sub-sub-
s anples
as%o f
To ta l  ( 1 )

Calcul at ed
wt of sub-
sub -samp le

o r  t o ra r
(2)  (e)

Components Calculat ed
wa as % wt of each
of Tot al component

(3  )  (9 .  quadr  a t  
-  r  )

o.37  40

1  .3324

t t " ^

71  .9232
t3 .5852

3 .2263

o .2745

1 .1419

ra.23ro

o,3991

1 .  O3a1

o,  0889

1 .526r

!-9-,.S!2
12 .1720

3 ,79c4

o .1400

1  . 2942

16  , 7926

602 .95

634  "74

2t .23

75 .64

100.  oo

2 .Aa 15 ,8O

56  .33

2  . 36

L7 .70

1 "  54

6 ,27

100 .  oo

18 ,  94

49 .34

4 .2  3

19 "  OO

o.  B4
7 .64

100 ,  oo

100.  a  o

359.39

15 ,  06

712 .93

9 .76

39 .94

r20 ,44

314 .  60

26 .98

727 .22

49. 02

13 .  58

r / r /  (B\

100.  oo
o.7L

*Ihis one of 10 sinr"lar calculations used in the examples cited on p. 2



- 6 -

Exal[ple calculation of
of the plot nean (S,;)z
g i ven  i n  Tab le  1 ,  E  3 ,
coDbinations of numbers
quadtat.

APPENDIX (continued )

different estiDates of the variance
using the ana_lysis of variance data

togethet with diffetent
of quadrats and of sub-sanPles Pel

^2

^2

^2

i .

, ^ ,2
'P '

275 .3

394.7

8 -  I10 7aa o72.7
10

1 sub-sanDle. 1 quadlat

275 ,3+399 .7+97L .6_ / =  822 .4

_  24 .7-  
(ox  29 .6% of nean )

i i .

(s-- )-

I  sub- saDDle, 5 quadrats

ro-
275 ,3  +  398 .7  +  4 ,858 .0_ /  =

23.6
(o r  24 .3% of nean )

iii. E-jg!:s3gPlsg,-4-sgggrg!s

= 7  / :2?s .3  +  r ,gg3 .7  +  4a ,5AO3 7  =
100

-  
(o r

5  0a .5

22 .6
23.2% of 0'ea'r)
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