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1. P b j e c t i v s  
To demonstrate t h e  r e l a t i o n s h i p  between p r e c i s i o n  and 
r e l i a b i l i t y  of popula t ion  assessment and t h e  i n t e n s i t y  
of t h e  sampling e f f o r t .  

This  e x e r c i s e  c o n s i s t s  of two p a r t s .  A l l  s t u d e n t s  
should complete t h e  f i r s t  p a r t ,  and t h e  second should be 
c a r r i e d  o u t  by those  who a r e  i n t e r e s t e d  i n  a  more 
in-depth a n a l y s i s  of t h e  r e l a t i o n s h i p  between nematode 
popula t ions  ( t h e i r  d e n s i t y  and d i s t r i b u t i o n ) ,  t h e  number 
of s amples  t a k e n ,  and e x p e c t e d  p r e c i s i o n  of t h e  
popu la t ion  e s t ima tes .  The second p a r t  of t h e  e x e r c i s e  
w i l l  i n t e r e s t  s t u d e n t s  who a r e  motivated t o  do t h e  
suggested background read ing ,  have some background i n  
s t a t i s t i c s ,  and have a  s p e c i a l  i n t e r e s t  i n  problems 
r e l a t e d  t o  sample s i z e  and p r e c i s i o n  of popu la t ion  
e s t ima tes .  

2. m a t h  of 
2  x  3hr l a b o r a t o r y  pe r iods ,  and some homework. 

Sampling: 2  h r  
E x t r a c t i o n :  2  h r  
Counting: 2  hr  
Analys i s  : 2  hr  

P a r t  I: 
a )  Locate a  f i e l d  of 5-10 a c r e s  i n  s i z e ,  e i t h e r  i n -  a  

p r e p l a n t  f a l low cond i t ion  o r  w i t h  an e s t a b l i s h e d  
crop.  

b )  The c l a s s  d i v i d e s  i n t o  groups,  wi th  two s t u d e n t s  per - - - 
group. 

C )  S t r a t i f y  ( d i v i d e )  t h e  f i e l d ,  s o  t h a t  each group works 
on  a  p o r t i o n  of e q u a l  s i z e .  Note  a r e a s  of 
homogeneous s o i l  t e x t u r e ,  s o i l  mois ture ,  p rev ious  
cropping h i s t o r y ,  c rop  performance p a t t e r n ,  e t c .  

d )  Each group samples a  d i f f e r e n t  ( s t ra tum)  s e c t i o n  of 
t h e  f i e l d ,  removing 10 bulked samples t o  be analyzed 
s e p a r a t e l y  f o r  popula t ion  dens i ty .  Each sample 
should c o n s i s t  of a t  l e a s t  1 2  subsamples (cores). ,  
t a k e n  with  a  1 " d i a m e t e r  Oakf ie ld  tube  t o  a  depth of 
12"  below t h e  s o i l  s u r f a c e .  The 1 2  co res ,  o r  
subsamples ,  of each sample u n i t  a r e  d i s t r i b u t e d  
across the whole stratum,. s i m i l a r  t o  t h e  zig-zag 
p a t t e r n  diagrammed i n  Fig. 1. i 



Fig.  1. Recommended p a t t e r n  f o r  c o l l e c t i n g  s o i l .  co re s  i n  a  
f a l l ow f i e l d  o r  e s t a b l i s h e d  row o r  f i e l d  crop.  

- 
NUMBER OF SAMPLE UNITS 

F i g .  2 .  R e l a t i o n s h i p  be tween  p o p u l a t i o n  a s s e s s m e n t  
p r e c i s i o n  and number of sample u n i t s  ( d a t a  from example 
p rov ided ) .  

e )  A l t e r n a t i v e l y ,  each group may work i n  t h e  same 
s t r a t u m ,  b u t  remove samples of d i f f e r e n t  u n i t  s i z e  
(number of c o r e s ) .  

f )  Return t h e  s o i l  samples t o  t h e  l a b o r a t o r y  and e x t r a c t  
nematodes ( t h i s  may be performed a s  t h e  s u b j e c t  of 
l a b o r a t o r y  e x e r c i s e  1) . 

g) Count and i d e n t i f y  t h e  number of i n d i v i d u a l s  o£ one 
o r  more genera  of nematodes i n  each sample u n i t . .  
*Note: Th i s  p resupposes t some p rev ious  expe r i ence  .in 
nematode i d e n t i f i c a t i o n .  t 

"2 h ) F o r  your 1 0  sample u n i t s ,  de te rmine  t h e  amount of 



change i n  t h e  popu la t ion  d e n s i t y  e s t i m a t e  (AZ) a s  t h e  
number of sample u n i t s  i nc reases .  Graph t h e  a b s o l u t e  
v a l u e  of  t h e  change  i n  t h e  popu la t ion  d e n s i t y  
e s t i m a t e  a g a i n s t  number of sample u n i t s  a s  i n  Fig. 2. 
Example of c a l c u l a t i o n s :  

- 
Popula t ion  d e n s i t y  P rogres s ive  AX 

Sample # Spec ie s  A mean ( 8 )  Absolute  

i) From t h e  graph,  determine t h e  number of sample u n i t s  a t  
which i n c r e a s e  i n  sampling i n t e n s i t y  is n o t  warranted by 
i n c r e a s e  i n  assessment p r e c i s i o n .  Observe t h e  l a c k  of 
r e l i a b i l i t y  of  low numbers of sample u n i t s  a s  an 
e s t i m a t o r .  I f  d i f f e r e n t  groups removed sample u n i t s  of 
d i f f e r i n g  co re  number, observe t h e  e f f e c t  of sample u n i t  
on  p r e c i s i o n .  C a l c u l a t e  an approximate c o s t  per  sample 
u n i t  based on t ime involved i n  o b t a i n i n g  t h e  d a t a .  
Comment on t h e  r e l a t i o n s h i p  between p r e c i s i o n  and c o s t .  

P a r t  I1 
a )  For any sample u n i t  s i z e ,  c a l c u l a t e  t h e  mean and t h e  

v a r i a n c e  of t h e  popula t ion  e s t i m a t e s  f o r  a  s inq le -  
spec i e s .  Use a l l  i0 sample u n i t s  i n  your c a l c u i a -  
t i o n s .  

-: 
S p a t i a l  d i s t r i b u t i o n s  of many s p e c i e s  of p l a n t - p a r a s i t i c  
nematodes a r e  of t e n  adequate iy  descr ibed  Ly t h e - n e g a t i v e  
binomial model ( F e r r i s ,  1984) . Popu la t ions  occur i n  
aggrega tes ,  and c h a r a c t e r i s t i c  of t h i s  type of d i s t r i b u -  
t i o n ,  t h e  va r i ance  of t h e  popu la t ion  e s t i m a t e  i s  g r e a t e r  
than the  mean. 

Based on t h i s  model, t h e  number of samples r e q u i r e d  t o  . 
e s t i m a t e  a  popu la t ion  d e n s i t y  with  a s p e c i f i e d  l e v e l  of 
p r e c i s i o n  v a r i e s  d i r e c t l y  with t h e  d e n s i t y  of t h e '  
popula t ion ,  and can be determined according t o  t h e  
fo l lowing  equa t ion :  



n = ta2 ( l / x  + l / k ) d 2  ........... (i)  
where n  = t h e  number of sample u n i t s  require,d 

- 
x = t h e  mean popu la t ion  d e n s i t y  i n  t h e  f i e l d  

d  = t h e  a c c e p t a b l e  d e v i a t i o n  of t h e  popu la t ion  
e s t i m a t e  from i t s  t r u e  va lue ;  i f  it is 
a c c e p t a b l e  t o  measure t h e  popu la t ion  w i t h i n  
25% of i ts  t r u e  va lue ,  d  = 0.25. 

a = t h e  propor t ion  of p r e d i c t i o n s  which w i l l  
n o t  f a l l  w i t h i n  t h e  d e s i r e d  conf idence 
l i m i t s .  

t = s t u d e n t ' s  t - v a l u e  a t  t h e  r e q u i r e d  
conf idence  l e v e l ,  wi th  s p e c i f i e d  degrees  of 
freedom (d . f . )  

k = t h e  d i s p e r s i o n  parameter of t h e  n e g a t i v e  
binomial .  (This m u s t  be known b e f o r e  t h e  
equa t ion  can be s o l v e d ) .  

To use  t h i s  model t o  determine n, use  your mean and 
v a r i a n c e  e s t i m a t e s  t o  e s t i m a t e  k ,  which is s p e c i f i c  
f o r  t h e  d i f f e r e n t  s p e c i e s .  I t  can be approximated 
by : 

.......... k . =  F2 / (s2 - x) ( i i)  

From t h e  f i e l d  d a t a  s e t :  

k = ( 1 2 9 3 ) ~  / (443816 - 1293) = 3.78 

Once k has been determined,  you m u s t  s e l e c t  a  v a l u e  
f o r  " tn which enab le s  you t o  c a l c u l a t e  t h e  sample 
s i z e  necessary  t o  e s t i m a t e  R t o  w i t h i n  0.25 of ( t h e  
t r u e  mean popu la t ion  d e n s i t y )  . (Equat ion [ i l l  . - 
Again, based on t h e  f i e l d  d a t a  s e t ,  w i th  t f o r  d . f  .= - 
(an in£  i n i t e l y  l a r g e  sample set and a = .05) : 

n = ( 1 . 9 6 ) ~  (1/1293 + 1/3.78) / ( 0 . 2 5 ) ~  

n  = 16 

An i n i t i a l  va lue  of an i n f i n i t e  number of d . f .  is 
o b v i o u s l y  u n r e a l i s t i c  b u t  it g i v e s  u s  a  f i r s t  
approximation of n. We can improve t h i s  approxi-  
mation by r e p e a t i n g  t h e  c a l c u l a t i o n  us ing  t h e  e a r l i e r  
r e s u l t  as  t h e  d . f .  f o r  s e l e c t i n g  a  t -va lue .  
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Example: Where d . f .  = n  - 2  = 1 4 ,  t . 0 5  = 2.145. 

T h i s  i t e r a t i v e  p r o c e s s  s h o u l d  be r e p e a t e d  u n t i l  
r e p e a t e d  e s t i m a t e s  o f  n  a re  v e r y  c l o s e .  

T h i s  c a l c u l a t e d  n-va lue  i n d i c a t e s  t h e  number o f  
s a m p l e s  r e q u i r e d  t o  e s t i m a t e  a  mean p o p u l a t i o n  
d e n s i t y  t o  w i t h i n  25% of  i t s  t r u e  v a l u e  a t  a  95% 
con£ i d e n c e  l e v e l .  

b )  From background r e a d i n g  (McSorley and P a r r a d o ,  1982;  
T a y l o r ,  1984)  comment o n  t h e  i m p l i c a t i o n s  of t h e  
magni tude  of  k i n  terms o f  p o p u l a t i o n  d i s t r i b u t i o n .  

c )  E x p l o r e  and d i s c u s s  t h e  impac t  of r e q u i r e d  p r e c i s i o n  
(d v a l u e )  o n  t h e  number o f  s ample  u n i t s  f o r  t h e  
species f o r  which  you  o b t a i n e d  mean and v a r i a n c e  
d a t a .  E x p l o r e  t h e  e f f e c t  o f  k  v a l u e  magn i tude  o n  t h e  
number of  sample  u n i t s  r e q u i r e d  f o r  a  g i v e n  l e v e l  of  
p r e c i s i o n .  

d )  R e w r i t e  e q u a t i o n  ( i )  a s :  

t o  d e t e r m i n e  t h e  p r e c i s i o n  o f  p o p u l a t i o n  e s t i m a t i o n  
a s s o c i a t e d  w i t h  removing 1 o r  2  sample  u n i t s  f rom t h e  
f i e l d .  
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