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IBLOISAf4 t h e  computer progra , t h a t  simulates ~a~~~~~~~ o f  organisms 

o r  envSronmenta1 condi t ions,  i s  described. The p r o  r a m  has t h r e e  m a j o r  

components: ( 1 )  a s p e c i f i c a t ? o n  of t he  locat ion a n d  the  statistical 
c h a r a c t e r i s t l c s  o f  t h e  o r g a n l s m s  o r  condi t ions,  ( 2 )  a sampling, a n d  

( 3 )  a computatjon o f  s t a t i s t i c a l  t e s t s .  W i t h  PLOVSA , t h e  l o c a t i o n  o f  
t h e  organisms o r  s i t e  c o n d i t i o n s  can be specif ied as a systematic o r  

bivariate normal d i s t r i b u t i o n ,  and the  a t t r j b u t e s  can h a v e  a normal, 
1 9 ~ ~ ~ ~ ~ a ~ ~  u n i f o r m ,  o r  t r i a n g u l a r  d i s t r i b u t i o n .  Further ore p sampl i ng 

can be performed by p l a c i n g  quadrats randomly or syslernatically a l o n g  

one or" more t r a n s e c t s  i n  a square p l o t .  e s c r i p t i v e  s t a t i s t i c s  of t 

complete a n d  sampled d a t a  se t s  can be exa i n e d .  lhen s t a t i s t i c a l  t e s i r  

can be per fo rmed  t a  compare t h e  c o m p l e t e  and sampled  d a t a  s e t s ,  

The advantage o f  u s i n g  a s i m ~ ~ 1 a t i s r - 1  For sampling i s  t h a t  t h e  

sampled i n f o r r n 3 t i o n  can be compared t o  t h e  complete p r p u l a t i m  am! t h a t  

t h e  a r ~ ~ r a . c y  a n d  p r e c i s i o n  o f  t he  sampling method; thus can be t e 9 t e d .  

Knowledge o f  t h e  a equacy o f  :be samp11ng regime i s  o t h e r w i s e  d i f f i c u l t  

t o  nb?;ain i n  many e c o l o g i c a l  stuerdjei because the  pcpwlat ions a r e  

frequently so l a r g e  thhat c o l l e c t l r , g  a l l  o f  the  measurements i s  riot 

f e a s i  $1 e ,  
IJr ing PL0159M, r7 t e s t  i s  p ~ r f ~ r w e d  t o  examine t h e  e f f e c t s  r ~ i a  t b e  

~ $ t i m t r \ s  oh i h r  w a n  and t he  v a r - i i a n c ~   he^ t h e  nmbrti-  of ciaviglgs i q  

i ? t r " 3 S C d  a n d  :Iiffi.-crst d l s t r 3 b \ , ! ~  iccn., o f  t h F  a t . t r i b . A l t t  a r e  s i m l 3 t c d .  
I D i \  t e s t  v2.s p; t e r i  ~ i ' d  ui t h  v a l  ult75 0 b t 3  i ncd f r o m  a samyl : ~ i c j  o f  - 

3 v a i l a h l c  s o l 1  c~"It;-oqe:n a d t k  i c n  Fxchange  resirr bags .  The sinlul3tions 

s u g g ~ ~ - t  t-t";r*L t h e  incrprare i t ?  acruracy a r s o c i a t e d  ~ f i t h  dn incre3se in 

sample j a ~ m b e r  i s  r e l a t ed  t o  i h e  ~k-wness arid R w r t i a s i z  06 the t r u e  

population. T h e  s i n i t i l a t i ~ n s  shoks nia dffferences b e t a a ~ ~ n  t h e  randern and 

x i  



t h e  systemat ic  sampling designs. The ratio o f  t h e  standard e r r o r  t o  
t h e  mean c a n  be used as a gu ide  to indicate t h e  adequacy o f  t h e  sample. 

T h i s  documentat ion o f  PLOTSAM a l lows  o t h e r  u s e r s  to readily acce r s  

and I n t e r p r e t  t h e  sampling program. 

x i  i 



INTRODUCTION 

Sampling is a basic part o f  environmental sc9ence because it is 
difficult to obtain complete information about a habitat, community, or 
ecosystem. The prime obstacles t o  collecting complete ecological 
information are the large amount o f  potential data (e.q., number o f  
plants in an area) and the expense and difficulty o f  taking field 
measurements (e.g,, estimates o f  soil nitrogen avai7ability). After 
the data are obtained, it is often impossible to evaluate the degree to 
which the sample data are representative o f  the complete population. 

exploration of the adequacy o f  particular sampling schemes. First, 
PLQTSAEP generates the spatial location of species within a plot and 
their attributes or environmental conditions. An attribute m’ight 
represent the presence, age, size, or phenology o f  sessile organisms; 
the soil particle size or nutrient conditions; or another environmental 
condition. Second, PLQTSAM samples the attribute via quadrats placed 
systematically o r  randomly within the plot. 
test statistics are computed in order t o  allow the user to compare the 
sampled data and the true population conditions. 

The advantages of using a computer simulation are (1) the user can 
specify particular conditions of the system being sampled, ( 2 )  time and 
money required for collecting actual field samples are saved, 
( 3 )  replication o f  the sampling scheme can be repeated with changes in 
only one condition at a time, and ( 4 )  the true distribution of the 
population is known. Therefore, statistical comparisons can he made 
between the samp?ed population and t h e  known population i n  order to 
evaluate the adequacy of the sample. Computer simulations have proved 
useful in exploring the characteristics of particular sampling; designs 
(e.¶., Gauch 1973, Green 1979, Lirn and Khoo 1985) .  

PLQTSAM can be used to examine the effects that o f  the sampling 
scheme and the distribution and location of  the attributes have upon 
the sample statistics. The sampling design can be specified as quadrats 
either randomly or systematically placed, and various plot sizes and 

This report describes PLOTSAM, a computer program that allows 

Descriptive statistics and 
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numbers of samples can be simulated.  The distribution of the species 
or site attribute can be normal, lognormal, triangular, o r  uniform. 
The program is written so that fro one to five attributes can be 
sampled. The spatial location of the attributes can be specified 
as uniform or bivariate normal. Thus the location o f  individuals o f  a 
species might be established as random, clumped, or uniform. For a 
sail attribute, it is s t  reasonable t o  set up the program such that 
sail samples can be collected a t  any location in the p 7 a t .  

is used in this study to examine the effect on the adequacy 
e when the number of quadrats is increased, Sam 

the f ocus  o f  the exercise because I t  is frequently not given adequate 

attention in the design o f  experiments and field collections ( e - y . ,  see 
Croy and Dix 1984). This exercise was meant to simulate the sa 
of available nitrogen in the sail through t h e  use o f  ion exchange 
resin bags. The resin bag technique involves glacin cation and anion 

exchange resins in nylon bags beneath the forest f l o o r ,  removing the 
bags a t  specified intervals, chemically extracting t he  ions f r o  
heads, and analyzing the extracts for nitrate and ammonium (Binkley 
and Ratson 1983, Binkley e t  al. 1986, Hart and Binkley 1985). The 
resulting ion levels correlate with soil microtopography as well as 
p l a n t  distribution and abundance (Gibson 1987).  

improve the precision o f  the sample, b u t  at some sample s i z e s  the 
improvemenis in precision would be outweighed by the added expense of 
collecting more samples. For a normally distributed attribute, the 
decreases in precision that occur w i t h  increases in sample size are 

presented in power curves (e.g,, 5ee Qixon and Mass~ey 1969). The 

simulations suggest that .  t h e  increase in precision is related to t he  

kurtosis and skewness o f  the  distribution o f  the attribute. 

One would usually e x p e c t  t h a t  increasing the sample size would 
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METHODS 

DESCRIPTION OF PLQTSAM 

PLOTSAH, a TURBO PASCAL program (Borland Internat ional  19851, was 

created t o  simulate both systematic and random sampling f o r  one o r  more 

plant  species o r  s o i l  c h a r a c t e r i s t i c s .  PLOTSAM runs on an IBM PC o r  

compatible machine. The units o f  measurement a r e  not defined i n  

PLOTSAH; therefore ,  ne i ther  the  t y p e  of observation nor the s i z e  o f  the 

s t u d y  p lo t  and sample quadrat a r e  r e s t r i c t e d .  

PLOTSAM'S hierarch ia l  s t ruc tu re  i s  shown i n  F i g ,  1 .  Constant, 

type,  and var iable  dec lara t ions  a r e  made i n  the  main portion of the 

program. The maximum number of species o r  s o i l  cha rac t e r i s t i c s  

allowed, the  s i z e  o f  the  p lo t ,  and the number of individuals i n  the  

p lo t  a r e  declared constants .  T h e  user can determine whether the  

sampling wil l  be done systematical ly  o r  randomly. 

o f  each species i n  t he  p lo t .  RANDOM, the  bui l t - in  TllRBO PASCAL 
funct ion,  i s  used i n  t he  procedure URAND t o  generate the sequence of 

random numbers (ca l led  pseudo-random because they are chosen from a 

uniform d i s t r i b u t i o n  t h a t  may ul t imately repeat)  (Schi ld t  1986).  The 

cycle l e n g t h  o f  the  RANDOM numbers i s  very large and wil l  not repeat 

PLQTSAM uses a random number t o  assign the p o s i t i o n  and a t t r i b u t e  

w l t h i n  any PLOTSAM simulation. 

continuous runs o f  PLQTSAM unless the random number seed i s  changed. 

The main program of PLOTSAM c a l l s  the  following procedures t o  

simulate a sampling: I N I T A L I P E ,  SETUP, GENERATEPLOTDATA, SUHMARIZE, 
ZEROARRAYS, SAMPLEPLOT, ACCUMULATE, DOCUSAM, PRINTSTAT,  and TESTS. 
A source l i s t i n g  of PCOTSAH i s  presented i n  t he  Appendix. 

I N I T I A L I Z E  allows the  user t o  s e t  the random number seed; the  

number of  species represented i n  t he  p lo t ;  and the name, mean, and 
standard deviation f o r  the locat ion of  the  individuals  o f  each 

spec ies .  Furthermore, the  user can ind ica te  whether the r e su l t s  should 

be sen t  t o  a p r i n t e r .  I N I T I A L I Z E  references a f i l e  t h a t  contains the  

defaul t  values f o r  the length of the quadrat;  the t o t a l  number of 

quadrats;  and the  loca t ion ,  a t t r i b u t e s ,  and frequency of  each species .  

The same sequence w i l l  be generated f o r  
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,-- 
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SETUP c rea tes  a menu (see Table 1 )  t o  change t h e  sampling 

c o n d i t i o n s  so t h a t  t h e  use r  does n o t  have t o  access t h e  source code o f  
PLOTSAM. The user  can change t h e  c h a r a c t e r i s t i c s  f0r each species as 
i n  (Table 2) and save t h e  va lues i n  a f i l e  o r  re fe rence  a d i f f e r e n t  
f i l e .  In o t h e r  words, t h e  use r  needs t o  i n d i c a t e  t h e  l o c a t i o n  o f  

i n d i v i d u a l s  o f  each species,  as w e l l  as t h e  mean, s tandard d e v i a t i o n ,  
and range o f  t h e  species c h a r a c t e r i s t i c s .  

t h e  user  t o  make sure they  a re  o f  t h e  proper  type .  MENU w r i t e s  t h e  
necessary prompts on t h e  screen. IOCHECK makes sure t h a t  t h e  f i l e  
be ing  used i n  INITIALIZE and SETUP i s  access ib le .  

GENERATEPLOTOATA determines t h e  mean a t t r i b u t e  and t h e  x-y 
coord ina tes  f o r  each i n d i v i d u a l  o f  a species.  For  each ax i s ,  t h e  

a t t r i b u t e s  can have a normal, lognormal,  un i form,  o r  t r i a n g u l a r  
d i s t r i b u t i o n .  
o r  b i v a r i a t e  d i s t r i b u t i o n  (d iscussed below).  The parameter values 
MEAN, SD, MIN,  and MAX a r e  used i n  t h e  f o l l o w i n g  d iscuss ions  t o  

represent  t h e  average, s tandard d e v i a t i o n ,  minimum value, and maximum 
value o f  t h e  species c h a r a c t e r i s t i c s  as s p e c i f i e d  by t h e  user.  

The procedures GETINTEGER and GETREAL check a l l  values entered by 

The x-y coord ina tes  are  de f i ned  by e i t h e r  a sysun i fo rm 

Through a procedure descr ibed by Rub ins te in  (1981, pp.89-90), t h e  
normal d i s t r i b u t i o n  i s  c a l c u l a t e d  from t h e  sum o f  12  random numbers 

(RAN) rang ing  f rom 0 t o  1: 

12 
1 =I ( . E  RAN - 6) * SD + MEAN . 

Thus, t h e  s imu la ted  a t t r i b u t e  has a p o t e n t i a l  bound o f  s i x  standard 
d e v i a t i o n s  on t h e  e r r o r  o f  e s t i m a t i o n  o f  t h e  mean (F ig .  214). 

l o g  o f  t h e  MEAN and t h e  SD i n t o  t h e  exponent ia l  o f  t h e  normal 
d i s t r i b u t i o n  (Eq. 1)  ( F i g .  2149. 

The lognormal d i s t r i b u t i o n  i s  computed by s u b s t i t u t i n g  t h e  n a t u r a l  



Table 1.  Menu o f  choices for setting sampling conditions 

Set  Species A t t r i  butesa 

Set X-Y location Statisticsa 

Set Species ~requenciesa 

Define Sarnp?e Methods 

Input Parameters from Disk 

Save Parameters to Disk 

Run Simulation 

Quit Simulation 

aSee Table 2 f o r  further information. 
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Table 2. Characteristics o f  the species to be sampled, 
as determined by the user 

Species attribute 

Name Oistributionl Mean Sa !!in1 Max1 Frequency 

-- 2500 One norma 1 58.3 10 -- 

Species location 

Location on Axis 

Name Axis Distribution2 Mean SO Nin Nax 

One x sysuniform 25  0 50 -- 

Y sysuniform 25 0 58 -- 

aThe distribution of the species attribute could also be specified 
as lognormal, triangular, or uniform. The normal and lognormal use the 
MEAN and SD (not the MIN o r  MAX) t o  calculate the  distribution. The 
triangular and uniform use the MEAN, M I N ,  and MAX (not the SO) to 
calculate the distribution. 

the user as bivariate. The location i s  calculated using the MEAN, MIN, 
and MAX for the sysuniform and using the NEAN and SO for the bivariate. 

bThe distribution of  the x-y location could also be specified by 
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The uniform distribution ( F i g ,  2C) will generate values that are 

randomly placed between the H I M  and MAX,  

RAN * (MAX - ( 2 )  

following Rubinstein (1981, p. 410): 

The triangular density function (Fig. 20)  increases linearly up to 
the mean and decreases linearly for values o f  the random variable that 
are greater than the mean. First a uniformly distributed random number 
(URAH) is calculated using E q .  ( 2 ) .  Then the attribute for a 
triangular distribution is computed w i t h  

MAX - s q r t [ ( M A X  - HIN) * (MAX - MEAN) * (1 - UWAW)] , ( 3 )  

i f  UWAM >= MEAN o r  w i t h  

#IN +- sqrP[(MAX - MIN) * (MEAN - W I N )  * URAN’] , ( 4 )  

if URAN < MEAN. 

T h e  x-y location of the  individuals within the square plot can be 
specified by e i t h e r  a systematic or a bivariate normal djstribution. 
The function sysuniforrn places the number o f  individuals of each 

species (I) a t  regular intervals along transects i n  t h e  plot. The 
values for t he  x locations a re  incremeweed from 1 to PLOTSIDE using the 
remainder (from integer division) of IN/PLQTSIDE (where IN = 1 ,  ..., I 

and PLOTSIDE i s  the length a f  the p l o t ) .  The values for the y location 
of the individuals are incremented by 1 when IN is one more ~~~~ 

PLOTSIDE. The probability density function for sysuniform is the same 
as that for uniform (Fig. 28) .  but the computations f o r  sysuniform are  

different because: it does n o t  depend on R A M .  
The bivariate d i s t r i b u t i o n  is computed using Box-Nuller’s 

transformation modified to generate two independent standard normal 
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- Jn f(xl+i 
X 

MIN MAX 
IJ 

p - (6 *UQ) JJ + (6 *gcr) 

A. NORMAL C. UNIFORM 

f ( X )  

( X I  X 
MIN JJ MAX MODE Inp 

Inp - (6 * l n c )  Inp + (6 * Incr) 

B. log NORMAL D. TRIANGULAR 

E. BIVARIATE 

Fig. 2. User-specified probability distributions o f  input 
parameters used in PLOTSAM WITH v as t h e  population mean and c1; as 
the standard deviation. 
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random variables (Fig. 2E) (see Ru 11, p. 86-87 ) .  The x 
and y locations are generated by the equation 

NX i- (Zl * SOX) , 
Y = MEANy += (‘22 * SDy) , 

where ~~~~x~ SO,, HEA y ,  and SOy are the mean and standard deviation 
indicated for x and y, respectively. The values for zl and z2 are 
given by 

z1 = sqrt(-2 * ln R A N X )  * cos(2  w * RAMy) , 
22 = sqrt(-2 * In RANX)  * sin(2 VF * 8A 

where WAN and RAN are t h e  random numbers generate f o r  x and y, 
respectivejy (Rubinstein, 1981, p .  8 5 ) .  When soil properties are the 

focus o f  the research, GENERATEPLOTDATA should be used to create 
complete coverage by specifying a sysuniform distribution with the mean 
and the range o f  the species locations equal to the mean and the range 
of the plot-  because soil characteristics can be measured at any point. 

X Y 

ARHZE prints the total number o f  individuals, species, and 
samples; the size o f  the plot and quadrat; the plot ratio ( p l o t  area 
divided by the quadrat area); t h e  sum of  the mean attributes o f  t h e  
species; and the plot mean (the saim o f  the ean attribute divided by 
the total number o f  individuals in the plot). 

well as the minimum and maximum values and it initializes them to zero, 
1000, and -1080, respectively. 

randomly (Fig. 3 ) .  Sampler are systematically taken at regular 
intervals along transects. The number o f  transects laid (TM) depends 
on the truncated value of  the ratlo of the number of samples (NSAMS) t o  

ZEROARRAYS creates storage locations For the sampling’s su 

PLEPLOT generates samp?e points either systematically o r  
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QUADRATS ARE PLACED 
RANDOMLY USING RA 

F i g .  3. Diagram o f  systematic and random sampling methods. 



1 2  

the  length o f  t he  s i d e  o f  t he  p l o t  ( P L O T S I D E ) .  
multiple o f  PLOTSIDE, then 

I f  the WSAMS i s  a 

Btherwi s e ,  

The locat ion o f  each sam l e  (SM) i s  g i v e n  by t h e  truncated values 

o f  t he  coordinates X(Sr\l) and Y(SRJQ (where SN = 1 ,  2 ,  ... , N ) .  'The 
coordinates a r e  generated i n  t he  following manner. For the systematic 

sampl e ,  

X(SN) = SM - [(J-1) * PLOTSIDE]  , 

Y(SN) .= [ J / ( V N + l ) ]  * PLOTSIDE 

where J i s  t he  t r a n s e c t  be ing  sampled. For the  random sample, 

X(SM) RAW * ( P L O l S I D E  - SAMSIDE) , (131  

Y ( S N )  2 RAM * (PLOTSIDE - SAMSIDE)  , ( 1 4 )  

where SAMSIDE i s  t he  length o f  t h e  quadrat.  

DOCUSAM g i v e s  t h e  user t h e  option t o  p r i n t  t h e  sum of  t h e  mean 

a t t r i b u t e s  and t he  number o f  individuals  i n  each quadrat.  

ACCUMULATE computes the  sum, m i n i m u m ,  and maximum o f  t h e  sampling 

by u s i n g  the s torage locat'ions created i n  ZEROARRAYS t o  keep a running 

t o t a l  o f  t h e  mean a t t r i b u t e s  and t o  check f o r  t h e  m i n i m u m  and maximum 
value each time a sample point  i s  generated. 

t h e  r e s u l t s  (Table 3 ) .  From t h e  r e s u l t s  t he  procedure TESTS computes 

t h e  Studentas t - s t a t i s t i c  and t h e  variance-to-mean r a t i o  and t h e n  

compares them w i t h  the c r i t i c a l  values entered by t h e  user.  The 
Studen t ' s  t -d i s t r ibu t ion  t s  used t o  t e s t  t he  hypothesis t h a t  t he  sample 

After t h e  N samples have been taken, PRINTSTAT i s  used t u  p r i n t  
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Table 3. Summary tables prlnted by PLOTSAM wIth plot Information 
and results from sampling and statistical tests 

Information specified by user 

-----___----_-___- _---_ -----1- ~ ----- ----- 
No individuals = 2500 

1 No species - 
No samples = 500 
Plot size = 50 X 50 
Sample size = 0.99 x 0.99 
Plot ratio = 2550.76 
Plot sum = 145772.70 
Plot mean - - 58.3091 

- 

_ . ~  - ----- -- ---,-,-.."..------ 

Calculated attributes for species based on specjfication 
given above 

I_---- ---- ~ - -  - ~ I- ~ .-I- --- - --- ".-...---- ----- 
Mean sd Mi n Max cv 

Student T-test 

No o f  samples taken = 500 
Null hyp: Mean = 58.3091 
A 1  tn hyp : Mean e 58.3091 

with 499 degrees of freedom 
Rej region: ASS(T) > 1.965 

Test stat: T = -0.2802 

l-_-_____----l_-_---___________________I--- 
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mean i s  equal t o  t h e  t r u e  mean based on a two-sided t e s t .  She 
variance-to-mean r a t i o  i s  used as a d e s c r i p t i v e  s t a t i s t i c  o f  t h e  
p a t t e r n  o f  a v a i l a b i l i t y  gllf t h e  species (Pieloer 1969* p. 9 7 ) .  #hen 

compared t o  the  x d i s t r i b u t i o n  w i t h  W--1 degrees o f  freedom, t h e  
variance-to-mean r a t i o  descr ibes  t h e  amount o f  randomness o f  t h e  
p a t t e r n .  R e j e c t i o n  o f  t h e  hypothes is  o f  randomness i n d i c a t e s  t h a t  t h e  
d i s t r j b u t i o n  o f  t he  species c h a r a c t e r i s t i c s  i s  e i t h e r  u n i f o r m - o r  
contagious (F ig ,  lo). 

t h e  user  can choose t o  sample t h e  p l o t  aga in  o r  t o  s top  t h e  
s imu l  a t j  on. 

2 

A f t e r  t h e  sampling and s t a t i s t i c a l  t e s t s  r e s u l t s  have been p r i n t e d ,  

SAMPLING DESIGN FOR A TEST CASE 

A t e s t  case was s e t  up t o  examine t h e  e f f e c t s  on t h e  p r e c i s i o n  o f  
t h e  es t imate  when t h e  number o f  sa p l e s  i s  increased.  The t e s t  was 
meant t o  r e p l i c a t e  sampling f o r  a v a i l a b l e  s o i l  n i t r o g e n  w i t h  i o n  
exchange r e s i n  bags. Therefore,  t h e  s i z e  o f  t h e  quadra t  was n o t  
a l lowed t o  vary.  
samples that. adequate ly  cha rac te r i zes  s p e c i f i e d  p a t t e r n s  o f  a v a i l a b l e  

n i t r o g e n .  

The t e s t  was s e t  up t o  determine t h e  num 

Simulated sampling was conducted f o r  a 50 x 50 p l o t  g r idded i n t o  

p l e  p o i n t s .  Thus, t h e  l o c a t i o n s  o f  t h e  p o t e n t i a ?  s i t e s  f o r  

s o i l  c o l l e c t i o n s  were d i s t r i b u t e d  ( u s i n g  the procedure SYSUNIFORM) such 

t h a t  each quadra t  con ta ined s o i l  i n fo rma t ion .  The l e n g t h  o f  t h e  p l o t  
was s e t  a t  50 because t h e  COMPAC Por tab le  I1 computer used i n  t h i s  
exe rc i se  i n d i c a t e d  an o v e r f l o w  i n  me s r y  f o r  va lues g r e a t e r  t han  56. 

The mean o f  t h e  s o i l  c h a r a c t e r i s t i c  f o r  each s i m u l a t i o n  was chosen from 

a popu la t lan  mean (p) o f  58.3 (based on Bloss 1987) and a s tandard 
d e v i a t i o n  (a)  o f  10 (based on e v a l u a t i o n  o f  da ta  f rom Elloss 1987 and 
numerous s imu la t i ons  w i t h  d i f f e r e n t  va lues f o r  t h e  s tandard d e v i a t i o n ) .  
S ince and (r a re  c a l c u l a t e d  f o r  each  s imu la t i on ,  t h e r e  can be 

s l i g h t  d i f f e r e n c e s  between s imu la t i ons .  In a s e r i e s  o f  s imu la t i ons ,  

\ 
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Fig. 4. Diagram o f  l o c a t i o n  o f  individuals w i t h i n  a plot and t he  corresponding 
variance-to-mean ratio. 
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the: distribution of the soil characteristic was specified as normal, 

lognarmal, and triangular. The value of the soil 
nitrogen varied from 116 t o  250, depending on the distribution used, 
while the minimum value remained zero. Th number of samples varied 

2 t o  1600 (where N = 2 ,  5 ,  10, 25, SO, 100, 500, 1000). The 
quadrat was o f  s i z e  0.99 x 0.99, which can be interpreted as an edge 
rule that excludes sa ples which f a l l  on the margin o f  a 1 x 1 quadrat. 
Samples were taken using both systematic and r~~~~~ sampling methods. 
The Student's t-statistic and the variance-to-mean ratio were corn 
for each sampling method. 
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RESULTS 

For  a l l  d i s t r i b u t i o n s ,  o s c i l l a t i o n s  i n  t h e  sample mean decrease, 
and t h e  values become rough ly  e q u i v a l e n t  t o  t h e  s p e c i f i e d  mean as t h e  
sample number increases (see Fig. 5 t o  8 ) .  The r a t i o s  o f  t h e  standard 
e r r o r  t o  t h e  mean decrease when t h e  sample number decreases, as would 
be expected. The va lue  o f  t h e  standard e r r o r - t o - t h e  mean r a t i o  exceeds 

10% f o r  samples l e s s  than  500 f o r  a t t r i b u t e s  i n  t h e  lognormal 
d i s t r i b u t i o n ,  l e s s  than 25 i n  t h e  normal and t r i a n g u l a r  d i s t r i b u t i o n ,  

and l e s s  t h a n  10 i n  t h e  u n i f o r m  d i s t r i b u t i o n .  
The samples f rom t h e  lognormal d i s t r i b u t i o n  ( F i g .  7 )  c o n s i s t e n t l y  

under es t ima te  t h e  mean. Th is  b i a s  i s  expected from t h e  lognormal 
d i s t r i b u t i o n  s ince  t h e  mode i s  l e s s  than t h e  mean and s ince  t h e  
d i s t r i b u t i o n  i s  p o s i t i v e l y  skewed. 

o f  n i t r o g e n  a v a i l a b i l i t y  as t h e  sample s i r e  inc reases  f rom 2 t o  1000 
f o r  b o t h  sys temat ic  and random sampling methods (Tables 4-7). The 
decrease i n  b i a s  i s  accompanied by an i nc rease  i n  t h e  c o e f f i c i e n t  o f  
v a r i a t i o n  (CV%) which i s  used t o  measure t h e  r e l a t i v e  v a r i a b i l i t y  of 

t h e  sample. Fo r  some d i s t r i b u t i o n s ,  t h e  v a r i a t i o n  inc reases  as N 
i nc reases  f rom 2 t o  5 and f rom 5 t o  l o 9  ~ r o b ~ b ~ y  due t o  t h e  imprec i se  
es t ima te  o f  t h e  var iance f o r  smal l  N. 

f i v e  samples i n  t h e  sys temat ic  sampling o f  an a t t r i b u t e  w i t h  a 
lognormal d i s t r i b u t i o n  can be understood f rom t h e  graph o f  t h e  
lognormal p r o b a b i l i t y  d e n s i t y  f u n c t i o n  { F i g .  2 C ) .  A Few samples would 
n o t  be expected t o  rep resen t  t h e  t r u e  var iance around t h e  mean because 
t h e  lognormal d i s t r i b u t i o n  has a mode less  t han  t h e  mean. For t h e  
s i m u l a t i o n  i n  which two samples were taken, t h e  values were chosen, by 
chance, f rom a smal l  range (1.62 t o  6.60) t h a t  produced a low mean and 
a low va r iance  (Tab le  6 ) .  For t h e  s i m u l a t i o n  i n  which f i v e  samples 
were taken, g r e a t e r  v a r i a b i l i t y  occur red  because the p o i n t s  were chosen 
f rom a w ide r  range (12.02 t o  94.42) o f  t h e  a t t r i b u t e  (Tab le  6 ) .  Hence, 
acceptance w i t h  95% conf idence i n  t h e  es t ima te  o f  t h e  mean a v a i l a b i l i t y  

There i s  a general  decrease i n  t h e  b i a s  o f  t h e  s imu la ted  es t ima te  

The inc rease  i n  t h e  sample mean and t h e  va r iance  between two and 
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Table 4. Results f r m  sapling a nom1 distribution (where N gives the nundber of s les and I.L i s  the 
population m a n  as calculated frm a man of 58.31 specified by the user) 

Systemtic Hcthod 

10 25 50 

58.31 57.99 58.36 

57.06 57.29 57.81 

93.20 90.64 91.01 

N 2 5 

58.08 

66.19 

129.28 

100 

58.36 

58.87 

109.92 

500 

58.30 

58.18 

103.73 

lo00 

58.57 

58.72 

100.90 

Y 58.57 

X 58.69 
- 

2 
5- X 16.93 

HIPI 55.78 46. 10 

13.55 

1. 953a 

46.84 45.58 39.56 

75.52 80.6 79.08 

1 . 633a 1. 582b 1.514' 

32.35 

80.63 

d 1.867 

31.17 

89.59 

1. 783e 

23.60 

86.93 

d 1.718 

MA)( 61.60 

0.288 
2 -  

S,/X 

CV% 7.0 

I T 1  t-tesl 0.041 

17.2 

1.593 

16.9 16.6 16.5 

0.410 0.368 0.752 

17.8 

0.478 

17.5 

0.280 

17.1 

0.477 

Ra n d m  Hethod 

10 25 50 

58.31 57.99 58.36 

59.17 58.95 59.71 

65.05 78.73 80.31 

M 2 5 100 

58.36 

57.52 

500 

58.30 

57.87 

148.52 

1000 

58.57 

57.82 

141.95 

Y 58.57 58.08 
- 
X 55.16 55.82 

290.90 194.70 
2 

144.33 

MIN 43.10 38.72 50.37 39.30 33.89 

76.52 76.90 76.46 

1.099 1.335 1 . 345a 

0.00 

81.92 

2. 50ga 

0.00 

82.84 

d 
2.566 

0.00 

85.57 

d 
2.454 

M X  67.22 69.53 

s% 5.274e 3. 4mc X 

CU% 30.9 25.0 13.6 15.1 15.0 

0.331 0.538 1 .OS8 

20.9 

0.707 

21.1 

1.279 

20.6 

1 . 982b I T  I T-test 2.831 0.362 

aSignificance at p = 0.10. 
bsignificance at p = 0.05. 
CSignificance at p = 0.01. 
dsignificance at p = 0.0005. 
esignificance at p = 0.025. 
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Table 5. Results from sampling a uniform d i s t r i b u t i o n  (where N gives the nun-ber of samples and 1 ~ .  i s  the 
populat ion mean as calculated frm a mean o f  58.31 specified by the user) 

Systematic nethod 

N 2 5 10 25 50 100 500 1000 

li 57.57 58.19 57.49 57.68 57.35 57.24 58.64 58.27 

X 48.28 75.01 42.69 58.52 59.73 61.95 58.04 58.38 

2610.18 1195.21 762.98 977.97 1152.97 952.71 1092.86 1 156.68 2 
S- X 

- 

HIN 12.15 13.98 7.13 9.08 7.17 6.83 0.13 0.00 

E1Ax 84.40 95.87 92.69 108.44 115.25 114.38 115.85 115.95 

54 I 06' 15.93' 17.87' 16.71' 19.30a 15.0sa 18.82a 19.81a 

CW% 105.8 

I T I  T-test 0.257 

46.1 

1.087 

64.7 

1.695 

53.4 56.8 

0.133 0.494 

49.3 

1.540 

57.0 

0.410 

58.3 

0.096 

Random Hethod 

25 50 

57.68 57.35 

71.89 54.04 

820.07 917.05 

N 2 5 

58.19 

49.98 

10 

51.49 

61.76 

18 76 ~ 48 

100 

57.24 

56.92 

1306.93 

500 

58.64 

58.51  

1097.99 

1000 

58.27 

55.98 

1236.71 

Ir 51.57 
- 
X 80.63 

1986.82 
2 

S- X 1617.28 

HZN 4 9 . 1 1  

MAX 112.15 

24 .64a 
2 -  s;;/x 

GVT 55.3 

I T I T-test 0.731 

1.08 

102.22 

32,35' 

0.00 

67.83 

30. 

3.14 5.27 

113.3 115.52 

11.40a 16.97a 

0.00 

115.42 

22. 96d 

0.00 

115.86 

18. 74a 

0.00 

115.94 

22 I wa 

80.5 

0.456 

70.1 

0.31 1 

39.8 56.0 

2.479b 0.775 

63.5 

0.890 

56.6 

0.051 

62.8 

2. 064b 

aSignificance at  p = 0.0005 
k i g n i f i c a n c e  at p = 0.05. 
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Table 6. Results frm sampling a lagnaml distribution (where N gives the nwber of s les and p is the 
population man as calculated from a mean of 58.31 specified by the user) 

N 

v 

X 

2 
S- 

X 

)4IW 

b9Ax 

- 

2 -  s,/x 

C f l  

I T 1  T-test 

N 

SL 

X 
- 

2 

BIN 

M X  

2 -  s,/x 

CWI, 

I T  I T-test 

2 

55.88 

4.11 

12.39 

1.62 

6.60 

3.017a 

85.7 

20.79c 

2 

55.88 

36.35 

934.90 

14.73 

57.97 

25.72 
b 

84.1 

0.903 

5 

57.34 

44.31 

1428.15 

12.02 

94.42 

32.22 
b 

85.3 

0.770 

5 

57.34 

31.53 

1424.47 

0.00 

96.15 

45.17 
b 

119.7 

1.529 
--̂ I__ 

aSignificance at p = 0.10. 
bsignificancr at p = 0.0005. 
CSignificance at p = 9.05. 
dsignificance at p = 0.001. 

10 

54.79 

69.87 

4807 a 03 

1.44 

205.21 

88.79 
b 

99.2 

0.687 

10 

54.79 

55.49 

3140.85 

6.41 

162.85 

56.60 
b 

101 .o 

0.039 

25 

56.36 

46.5 

1744.40 

1.46 

139.12 

37.51 
b 

83.8 

1.180 

50 

56.45 

62.07 

3689.23 

1.03 

233.02 

59.43 
b 

9J .9  

0.653 

Randan Hethod 

25 50 

56.36 56.45 

62.19 55.78 

3418.70 4857.27 

2.45 1.01 

215.97 241.06 

81.07 
b b 

54.97 

94.0 124.9 

0.497 0.068 

100 

55.m 

52.36 

3072.72 

1.03 

242,76 

58.68 
b 

105.9 

0.6367 

100 

55.m 

40.41 

2260.35 

0.00 

248.13 

55 I93 
b 

117.6 

3. !i24d 

500 

55.08 

56.44 

4005.59 

1.01 

24?. 49 

70.97 
b 

112.1 

0.476 

500 

55.03 

55.95 

3670.11 

0.00 

247.66 

65.59 
b 

109.3 

0.318 

1000 

56.96 

55.63 

3776.88 

1 .Q2 

248.99 

67.89 
b 

110.5 

0.689 

1000 

56.96 

53.22 

3449.43 

0.00 

248.99 

64.31 
b 

110.4 

2.019‘ 
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Table 7 .  Results fran *ling a triangular distribution (where N gives the n&er of samples and u i s  the 
population mean as calculated frm a mean of  58.31 specified by the user) 

N 2 

v. 58.37 

X 69.84 

S- 214.99 

- 

2 
X 

M I N  59.41 

PtAX 80.21 

3.078" 
2 -  

s,/X 

Cwb 21 .o 

I i I t-test 1.106 

N 2 

1.L 58.33 

X 73.35 

850.95 
2 s- X 

-_ 

HIN 52.72 

HAX 93.91 

1 1  .60e 
2 -. s i / x  

0% 39.8 

I i I 1-test 0.726 

5 

57.82 

57.49 

229.45 

34.3 

71.7  

b 
3.991 

26.4 

0.050 

5 

57.82 

47.42 

309.29 

28.14 

65.4 

f 
6.522 

37.1 

1.323 

10 

58.26 

59.28 

125.99 

19.77 

98.23 

12.24' 

45.4 

0.119 

10 

58.26 

51.14 

963.00 

4.17 

100.65 

16.85' 

54.3 

0.112 

Systematic Hethod 

25 50 

51.55 57.97 

60.44 60.49 

543.04 702.69 

19.09 2.60 

103.91 109.46 

8.985' 1 1  .61' 

38.6 43.8 

0.619 0.669 

Random Method 

25 

51.55 

59,57 

604.33 

0.00 

97.55 

10.14= 

41.3 

0.409 

50 

57.97 

52.78 

459.66 

7 .SI 

98.02 

8.10' 

40.6 

1. 713a 

100 

58.00 

53.26 

573.60 

1.96 

101.18 

10.76' 

45.0 

1.977d 

100 

58.00 

55.76 

647.41 

0.00 

101.53 

11.61' 

45.6 

0.881 

500 

58.34 

58.59 

518.95 

5.53 

110.93 

8-85' 

38.9 

0.193 

500 

58.39 

55.92 

640.14 

0.00 

112.46 

11.44' 

45.2 

2 .  180d 

1000 

58.76 

59.5 

564.06 

2.67 

113.31 

9. 4gC 

39.9 

0.974 

1000 

58.76 

56.94 

621.29 

0.00 

113.31 

10.91' 

43.8 

2.320' 

aSignificance at p = 0.10. 
bsignificance at p = 0.01. 
CSignificance at p = O.OoO5. 
dsignificance at p = 0.05. 
esignificance at p = 0.001. 
fsignificance at p L- 0.005. 



of  nitrogen as indicated by the Student's t-test would be premature if 

the density function for a lognormal distribution is not considered. 
Rejection of the h y p o t h m i s  that the value of the  mean f o r  

N samples is identical to the  plot mean first occurs in the random 
method with 25 samples for attributes in the uniform distribution 
(Table 5). The t-tests o f  subsequent random sam l es  produce acceptance 
w i t h  95% confidence (For samples equal t o  1000 in t h e  normal, uniforms 
and lognormal distributions and equal t o  500 and 1000 in the triangular 
distribution) and 99.9% (for samples equal to 100 in the lognormal 
distribution). Rejection occurs o n l y  f o r  the systematic methad, with 
90% confidence f o r  100 samples f o r  attributes i n  t h e  triangular 
distribution (Table 7). 
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DISCUSSION 

The r e s u l t s  o f  t h e  s i m u l a t i o n  show no p a t t e r n  o f  s i g n i f i c a n c e  in 
Even w i t h  t h e  d i f f e r e n c e s  between t h e  t r u e  mean and t h e  sample mean. 

some o f  t h e  smal l  samples, t h e  S tuden ts '  t - t e s t s  do n o t  show 

s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mean va lues.  These r e s u l t s  may be a 
f u n c t i o n  o f  t h e  random number genera to r .  

must be considered i n  v iew o f  t h e  u n d e r l y i n g  d i s t r i b u t i o n  o f  t h e  da ta  
s i n c e  t h e  t e s t  assesses d i f f e r e n c e s  i n  t h e  mean va lues b u t  not. i n  t h e  
d i  s t r i  b u t  i ons .  

The r e s u l t s  o f  t h e  t - t e s t s  

Fa r  a g i v e n  sample s i ze ,  t h e  p r o b a b i l i t y  o f  r e j e c t i n g  t h e  n u l l  
hypo thes i s  (a) when t h e  hypo thes i s  i s  t r u e  i s  r e l a t e d  t o  t h e  
p r o b a b i l i t y  o f  n o t  r e j e c t i n g  t h e  n u l l  hypo thes i s  when, i n  f a c t ,  i t  i s  
f a l s e  (B). This  f a c t  i s  r e l a t e d  t o  t h e  two types o f  e r r o r  t h a t  can 
occur  i n  hypo thes i s  t e s t i n g .  Fo r  a g i v e n  sample s i z e ,  a i s  i n v e r s e l y  

r e l a t e d  t o  i3, w i t h  t h e  r e s u l t  t h a t  a lower  p r o b a b i l i t y  o f  accep t ing  a 

Type I e r r o r  i s  assoc ia ted  w i t h  a h i g h e r  p r o b a b i l i t y  o f  commit t ing a 

Type I1 e r r o r .  Both t ypes  o f  e r r o r s  can be reduced by i n c r e a s i n g  t h e  
sample s i z e .  l h e  e f f e c t s  o f  sample s i z e  on t h e  types o f  e r r o r s  have 
been a n a l y t i c a l l y  exp lo red  f o r  t h e  normal d i s t r i b u t i o n .  Power curves 

show how an i n c r e a s e  i n  sample s i z e  improves t h e  va lue  o f  B %or a g i v e n  

a: (e.g., Dixon and Massey 1969) .  
?he r e s u l t s  of  t h e  s i m u l a t i o n s  suggest t h a t  t h e  sample r e s u l t s  

depend on t h e  skewness and k u r t o s i s  o f  t h e  u n d e r l y i n g  d i s t r i b u t i o n  o f  
t h e  da ta .  Fo r  l a r g e  sample s i z e s ,  t h e  sample mean o f  t h e  lognormal 

d i s t r i b u t i o n  i s  l e s s  than  t h e  p o p u l a t i o n  mean because o f  t h e  skewness 
o f  t h a t  d i s t r i b u t i o n .  The k u r t o s i s  o f  t h e  u n d e r l y i n g  d i s t r i b u t i o n  

seems t o  a f f e c t  t h e  f l u c t u a t i o n s  i n  t h e  sample mean as t h e  number o f  
samples i s  v a r i e d .  A t  one extreme, t h e  u n i f o r m  d i s t r i b u t i o n  has 

es t ima tes  t h a t  d i f f e r  by more than  t e n  u n i t s  f rom t h e  mean u n t i l  t h e  
sample s i z e  i s  25 ( F i g .  6 ) .  A t  t h e  o t h e r  extreme, t h e  mean i n  t h e  
normal d i s t r i b u t i o n  i s  never more than  t e n  u n i t s  d i f f e r e n t  f rom t h e  
p o p u l a t i o n  mean (Fig. 5 ) .  
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The i m p l i c a t i o n r  f o r  sampl ing s o i l  n i t r o g e n  a v a i l a b i l i t y  a r e  n e t  
s t r a i g h t f o r w a r d .  The decrease i n  t h e  r a t i o  o f  t h e  s tandard e r r o r  t o  

t h e  rneaki r a t i o  ( F i g ,  5 -8 )  shows t h a t  p r e c i s i o n  does i nc rease  w i t h  
sample number ( p r e c i s i o n  i s  a f u n c t i o n  o f  t h e  square soot  o f  N ) .  

Although t h e r e  a r e  no c r i t e r i a  f o r  de te rm in ing  a p a r t l c u l a r  number o f  
samples t h a t  adequate ly  c h a r a c t e r i z e s  t h e  t r u e  d i s t r i b u t i o n ,  t h e  change 
i n  t h e  r a t i o  o f  t h e  standard e r r o r  t o  t h o  mean can be used as  a gu ide.  
The change i s  t h i s  r a t i o  depends on t h ~  u n d e r l y i n g  d i s t r i b u t i o n  o f  t h e  
s o i l  c h a r a c t e r i s t i c .  The g r e a t e s t  change occurs w i t h  t h e  lognormal 

d i s t r i b u t i o n ,  and t h e  l e a s t ,  w i t h  t h e  u n i f o r m  d i s t r i b u t i o n .  Therefore,  
i f  t h e  u n d e r l y i n g  d i s t r i b u t i o n  o f  t h e  s o i l  p r o p e r t y  i s  known, i t  can be 
used t o  determine t h e  number o f  samples t h a t  a r e  needed. 

No d i f f e r e n c e  occurs between t he  s imu la ted  random and systemat ic  

samplings. T h i s  l a c k  o f  d i f f e r e n c e  i s  expected because t h e r e  a r e  no 
s p a t i a l  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  across t h e  p l o t .  Comparisons 
between systemat ic  and random samplings f o r  va r ious  v e g e t a t i o n  types 

show t h a t  systemat ic  sampl ing i s  l i k e l y  t o  be l e s s  accu ra te  than  random 

sampling i f  t h e  a t t r i b u t e  has a s t r o n g l y  marked s p a t i a l  p a t t e r n  

(Greig-Smith 7983). For  example, t i l l i n g  o f  a f i e l d  can r e s u l t  i n  a 
p r e d i c t a b l e  p a t t e r n  o f  species abundance o r  s i z e  t h a t  i s  assoc ia ted  
w i t h  t h e  r i d g e s  and fu r rows  (Harper 1 9 7 7 ) .  Random sampling p rov ides  
da ta  t h a t  meets t h e  assumption o f  randomness r e q u i r e d  f o r  most 

s t a t i s t i c a l  t e s t s .  Systerndtic sampl ing i s  p r e f e r r e d  in f i e l d  s t u d i e s  
because l e s s  t i m e  and money a r e  needed t o  p l a c e  and r e l o c a t e  t h e  samples 
a t  a l a t e r  d a t e  (Greig-Smith 1983, p .  2 1 ) .  

The sampl ing s i m u l a t i o n  can be useful i n  e x p l o r i n g  t h e  i m p l i c a t i o n s  
of sampl ing des ign on t e s t  s t a t i s t i c s .  Not o n l y  can species o r  s o i l  

c h a r a c t e r i s t i c s  be v a r i e d ,  b u t  a l s o  l o c a t i o n a l  d i s t r i b u t i o n s  can change. 
PLOISAN i s  an e a s i l y  used code t h a t  runs on an I B M  PC o r  compat ib le  
machine. T h i s  documentat ion o f  t h e  code should make t h e  program riiore 
r e a d i l y  a c c e s s i b l e .  
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( +c+ , w+ } 
Program PlotSam; 

Const 
PlotSide = 5 0 . 0 ;  
Nind = 2 5 0 0 ;  
Nuspe = 5 ;  
Nva r = 2 :  
IQVal : Integer = 0; 
1 Q E r r  : Boolean = False; 
printit : Boolean = False; 

Type 
menustr = string[801; 
namlist = string[8]; 

Var 
cx 
CY 
species 
dbh 

name 
no 
meandbh 
sd 
min 
max 
dist 

Array 
Array 
Array 
Array 

Array 
Array 
Array 
Array 
Array 
Array 
Array 

[I.. .Nind] of real; 
[Z..Nind] of real: 
[I...Nind] of integer; 
[Z..Nind] of real; 

[l..Nuspe] of namlist; 
[1..Nuspe] of integer; 
[l..Nuspe] of real; 
[a..Nuspe] of real; 
[l..Nuspe] of real; 
[L..Nuspe] of real: 
[1..Nuspe] of char; 

(species characteristics} 

mucx : Array [l...Nuspe] of real; 
sdcx : Array [l..Nuspe] of real; 
cxmin : Array [l..Nuspe] of real; 
cxmax : Array [l..Nuspe] of real; 
cxdist : Array [l..Nuspe] of char; 

rho : Array [l..Nuspe] o f  real; 

mucy : Array [la .Nuspe] of real; 
sdey : Array [l..Nuspe] of real: 
cymin : Array [l..Nuspe] of real; 
cymax : Array [l..Nuspe] of real; 
cydist : Array [1..Nuspe] of char; 

sscp : array[l..nvar,l..nvar] of real: 
ssum, smin, smax : array[l..nvar] of real; 

seed, 
Nsams, 
i, 
j, 
TN 
plotrunc, 
NSP I 

ncnt I 

samnum 
SamS ide , 
sum I 

xncnt , 
plotmean, 

(random # seed} 
(total # of samples to be taken) 
{global, loop variable } 
(global, f o r  transect sampling on) 

: integer;(total # of transects to be laid) 
(integer value f o r  plotside) 
(total # of species in plot) 
{counter ) 

(length of side of sample} 
{accumulator} 
(change ncnt to real) 
(mean of plot} 

: integer;(counter for # o f  times a plot is sampled) 
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plat f actor : real; 
anst I 
jlns ‘ 
samethod 
doc : char; 

infile,outfile,device 
f i 1 ename 

($I Random.inc} 

{ $1 Menu. inc) 

{ $1 Inout. i.nc) 

( $1 Setup. i n c )  

($1 Stat-inc) 

( $1 Tests. inc 1 

{plotside**2 / samside**2j 
(Conduct Student  t and Chi-quare tests?) 
{Sample plot again’? } 
(Sampling Method?) 
( Document sampling? ) 

: text; 
: string[ 141 ; 

Procedure GeneratePlotData; 

var 
cnt,i,j,ycnt : integer; 

beg in 
cnt := 0 ;  
ycnt :== 0 ;  
f o r  i := 1 to Nsp do begin 

for j := 1 to No[i] do begin 
c n t  := cnt + I; 
species[cnt] := i; 

case cxdist[i] of ( p i c k  random x coordinants} 

’B’ : repeat 
bivariate(mucx[i],mucy[i],sdcx[i],sdcy[i], 

rho[i],cx[cnt],cy[cnt]); 
u n t i l  (cx[ent]>cxmin[i]) and (cx[ent]<cxmax[i]) 

and (cy[cnt]>cymin[i]) and (cy[cnt]<cymax[i]); 

’E’ : ~ys~niforrn(cnt,plotside,cx[cntl,cy[cntl,ycnt~; 

‘N’ : cx[cnt] := Namal(mucx[i],sdcx[i],cxmin[i],cxmax[i]); 
‘L’ : cx[cnt] := log~ormal(mucx[i],sdc~[i],cxmin[i],cxmax~i]); 
‘T‘ : cx[cnt] := triangul.ar(mucx[i],cxmin[i],cxmax[i]); 
’U’  : cx[cnt] := uniform (cxmin[i],cxmax[i]); 

end (case) ; 

case cydist[i] of {p ick  random y coordinants } 

‘N‘ : cy[cnt] := Normal(mucy[i],sdcy[i]rc~~n[i],cymax[i]); 
’E‘  : cy[cnt] := 3ogNoPrnal(mucy[i],sdcy[i],cymin[i],cymax[i~); 
‘T’ : cy[cnt] := trjd?igular(muc-y[i] ,cymin[i] ,cymax[i]) ; 
‘IJ‘ : cy[cnt] := uniform (cymin[ i-] ,cymax[i]) ; 

end (case); 
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Case dist[i] of (pick random attributes} 

'N' : dbh[cnt] := Normal(meandbh[i],sd[~]lmin[~~,max[~])i 
'L' : dbh[cnt] := logNormal(meandbh[i],sd[il,min[il,max[i],max[i]); 
'T' : dbh[cnt] := triangular (meandbh[i],min[i],max[i]); 
'U' : dbh[cnt] := uniform (min[i],max[i]); 

end (case); 
( if brackets are removed from Write statement below, the location) 

1 ( and value of each individual will be printed on screen 
( Writeln(cnt:3,' ',cx[cnt]:6:1,' ',cy[cnt]:6:1,' I 1 
( dbh[cnt]:10:4); 1 

? 

end (GeneratePlotData}; 

Procedure Summarize; 

va r 
i : integer; 
sum : real; 

begin 
plotfactor := (Plotside*Plotside) / (SamSide*SamSide); 
sum := 0 . 0 ;  
for i := 1 ta Nind do 

plotmean := sum/Nind; 
GotoXU (1 , 2) : ClrEoL ; 
Write('Simu1ation Summary: ' ) ;  
Nomvi de o : 
Writeln('No individ = ',Nind:5); 
Writeln ( No species -= ',Nsp:5); 
Writeln ( ' No samples = ',Nsams:5); 
Writeln ( ' Plot size = ',PlotSide:8:2,' X FfPLotSide:8: 
Writeln ( Sample size = f,SamSide:8:21' X ',SamSide:8:2) 
Writeln ( ' Plot ratio = ',Plotfactor:8:2); 
Writeln ( ' Plot sum = ,sum:8:2) : 
Writeln ( ' Plot mean = ',plotmean:l0:4); 

if printit then begin 

sum := sum + dbh[i] ; 

Writeln (1st) : 
write(lst,'Simulation Summary: ' ) ;  
WriteLn(lst,'No individ = ',Nind:5); 
Writeln (1st I NO species = ',Nsp: 5) ; 
Writeln (lst, No samples = ,Nsams: 5) ; 
Writeln (lst, Plot s i z e  = ',PlotSide:8:2,' X ',Plot 
Writeln (lst, i, Sample size = lISamSide:8:2,' X ',SamSi 
Writeln(lst,' Plot ratio = I ,  Plotfactor: 8: 2) ; 
Writeln (1st I E Plot sum = ',sum:8:2) ; 
Writeln(lst,' Plot mean = ',plotmeanrl0:4); 
Writeln (1st) : 

end (if printit}; 
end (Summarize}; 

Procedure SamplePlot (p,j,TN:integer:samethod:char); 
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var 
sx, sy : real; 
i : i n t ege r ;  

begin 
CASE samethod o f  

' S '  : BEGIN 

sx  := T R U N C ( p  - ( (j -1) *plotside) ) ; 
sy := TRWNC( (j/(TNSl] 1 *p lo t s ide )  ; 

{ i f  b raekes t  are removed from Write ln  below, } 
( t h e  coordimates o f  the sample w i l l  be printed } 
( Writeln(lstnbsx = *,sx:6:2,' sy = ',sy:6:2) } 

END ; 
'R '  : BEGIN 

sx := urand(seed) * (Plotside-SamSide); 
sy  : = urand (seed) * (PlotSide-Samside) ; 

END 
END; 

f o r  i := 1 to Nind do begin 
i f  (cx[i]<=(sx+samside)) and (cx[i]>=sx) and 

(cy[i]<-(sy-ksamside)) and (cy[i]>=sy) then begin 

sum E -  cfbh[i] + sum; 
ncnt := ncnt + 1: 

end (if); 
end {i); 

end (SamplePPotJ; 

Procedure DocuSam(i:integer;xncnt,sum:r@al); 

Begin 
bdrite(lst, *S.N. = ',i:3) ; 
Writeln (1st , ' sum a f t e r  SAMPLEPLOT = ',sum*xncnt:8:2); 
Writeln (lst, n c n t  = xncnt after SAMPLEPLOT = ' ,xncnt:6:2) ; 
Writeln(lst,' sum after sum/xncnt = I f  s u m : 8 : 2 )  

End; (Docusam) 

begin (main routine) 

I TP i t i a 1 i z e : 
setup;  
GeneratePlotData; 

C l r S e r ;  
Summarize; 
samnilrn := 0; 
Repeat 

ZeroArrays; 

Write('Samp1ing Method : <S>ystematic o r  <R>andom ? ' ) ;  
Readln (sarnethod) : 
samethod : = Upcase (samethsd) ; 

Menu(21,'Do you want s u m  of SAElPLEPLOT printed? <Y,N> ' ) ;  
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Read (kbd, doc) : 
doc := Upcase(doc) : 

Menu(21,'Conduct T and Chi-square Tests ? <Y,N>') ;  
Read(kbd,anst) ; anst := Upcase(anst) : 

GotoXY(1,10); 
Normvideo; 
Write(*Stats: ---Estimated Totals for Plot-----'); 
Writeln( * ---Estimated Mean DBW per indiv - - ' ) ;  
Write(*S.N. Mean sd Min Max CV') : 
Writeln( * Mean sd Min Max CV!) : 

If printit or (doc = 'Y') then 
begin 
Writeln(lst,*Stats: ---Estimated Mean per indiv--- ' ) :  
Writeln (1st * Mean sd Min Max CV') ; 
end {if printit}; 

Case samethod of 
# S s '  : Begin 

Writeln(lst,'SYSTEMATIC SAMPLING":25); 
plotrunc:= TRUNC(p1otside); 
If (Nsams MOD plotrunc) = 0 

then TN := Nsams DIV plOtrUnC 
else TN := (Nsams DIV plotrunc) + 1 

End : 
* R '  : Begin 

Writeln(lst,'RANDOM SAMPLING'); 
TN := 1 

End : 
End: (Case) 

Normvideo; 

j := 1; 

F o r  i := 1 to Nsams do 
Begin 
If i = (j * plotrunc) -t 1 
ncnt := 0; xncnt := 0.0; sum I= 0.0; 
SamplePlot(i,j,TN,samethod); 
xncnt := ncnt; 
if ncnt>0 then sum := sum/xncnt; 
Accumulate(xncnt*plotfactor,sum) ; 
If doc = 'Y" 

then DocuSam(i,xncnt,sum); 
GotoXY(1,12+sarnnum); ClrEol; 
Write (i: 3) ; 

then j := j + I; 

End; ( f o r  i) 

GotoXY (5,12+samnum) : 
Printstat (Nsams] ; 
samnum := samnum+l; if (samnum>9) then samnum := 0; 

If anst = * Y r  
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then Tests(Nsans,dist[l]); 

Menu(21,’Sample p l o t  again ? <Y,N>’); 
Read(kbd,ans) ; an5 := Upcase(ans) : 
Menu(21, “ )  ; 

Meaau(23, “ )  ; 
Menu(22, ” )  ; 

Menu(24,”) ; 

until ans=’N’: 

end. 
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Procedure Tests(N:integer;Dis:char); 
VAR 

BEGIN 
Smean,SV,tALPHA,T,VARMEAN,CHIVAL:REAL; 

Smean := ssum[2]/~; 
SV := Variance(2,2,N); 
T := ( (Smean - plotmean) / sqrt (SV) ) * sqrt (n) ; 
VARMEAN:= SV,/Smean; 
Menu(22,“l‘ test : ENTER CRITICAL VALUE FOR ALPHA=.05‘); 
Menu(23,’ AND (N-1) DOF FOR TWO-SIDED HYPOTHESIS: ’ ) ;  

, READLN (tALPHA) ; 
Menu(24,‘Chi-square : ENTER THE VALUE OF THE CHI-SQUARE/(N-1) DOF : ’ ) ;  
READLN (CHIVAL) ; 

Writeln(LST, ’ ‘) ; 
WRITELN(LST,’ STUDENT T TEST FOR A ‘1 : 
CASE Dis OF 

” U ’ :  WRITELN(LST,’ UNIFORM DISTRIBUTION of ATTRIBUTE’); 
‘N” WRITELN(LST, NORMAL DISTRIBUTION of ATTRIBUTE’); 
‘L”: WRITELN(LST,’ LOGNORMAL DISTRIBUTION Of ATTRIBUTE‘); 
‘T’: WRITELN(LST, ’ TRIANGULAR DISTRIBUTION of ATTRIBUTE’) 

END ; 
WRITELN(LST,’NO OF SAMPLES TAKEN = ‘,N:4); 
WRITELN(LST,’NULL HYP: MEAN = ‘,plOtrneaR:8:4); 
WRITELN(LST,’ALTN HYP: MEANo ‘,plotmean:8:4); 
WRITELN(LST,’TEST STAT: T = ‘,T:8:4); 
WRITELN(LST,’ WITH ‘,(N-1):3,’ DEGREES OF FREEDOM‘); 
WRITELN(LST,’REJ REGION: ABS(T) > ’,tALPHA:8:4); 
WRITELN ( LST) ; 
WRITELN (LST) ; 
IF‘ ABS (T) > tALPHA 

BEGIN {THEN) 
THEN 

WRITELN(LST,‘T DOES FALL IN THE REJECTION REGION.‘); 
WRITE(LST,’WE ARE 95% CONFIDENT THAT THE SAMPLE MEAN WILL NOT ’ 
WRITELN(LST,’EQUAL THE TRUE (PLOT) MEAN.’) 

END { THEN 

BEGIN (ELSE) 
ELSE 

WRITELN(LST,’T DOES NOT FALL IN THE REJECTION REGION.‘); 
WRITE(LST,’WE ARE 95% CONFIDENT THAT THE SAMPLE MEAN WILL EQUAL 
WRITELN(LST,’THE TRUE (PLOT) MEAN.’); 

END r“ {ELSE} 
WRITELN (LST) : 
WRITELN (LST , CHI-SQUARE TEST ’ )  ; 
WRITELN(LST,‘SSAMPLE VARIANCE =’,SV:kO:4); 
WRZTELN(LST,’SAMPLE MEAN =‘,Smean:8:2); 

WRITELN(LST,’RATPO OF THE SAMPLE VARIANCE TO THE SMEAN =’,VARMEAN:8:4); 
WRITELN(LST,’VALUE OF THE CHI-SQUARE/‘,(N-1):4,‘ DOF DISTRIBUTION =’,CH 
IF VARMEAN > CHIVAL 

THEN 
WRITELN (LST, ’THE DIST FOR THIS SAMPLE ISN”T RANDOM. ’ ) : 

IF VARMEAN =l. 0 
THEN WRITEEM(LST,’THE DIST IS RANDOM.’) 
ELSE 

IF VARMEAN > 1.0 
THEN WRITELN(LST,‘THE DIST IS AGGREGATED.‘) 
ELSE WRITELN (LST, ‘THE DIST IS UNIFORM. ‘ )  ; 
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Function Variance ( i , j , n  :integer) : real: 

begin 

end {function Variance); 
Variance := (sscp[i,j] - ssum[i]*ssum[j]/n)/(n-1>; 
{equation produces a unbiased estimate f o r  Variance) 

Procedure ZeroArrays; 

var 
i, j : integer; 

begin 
ncnt := 0; 
for i := 1 to nvar do begin 

ssum[i] := 0.0; 
smin[i] := 1.E30; 
smax[i] := -1.E30; 

for j := 1 to nvar  do 
sscp[i,j] := 0.0; 

end { fo r )  : 
end {ZeroArrays); 

Procedure Accumulate (xl, x2 : real); 

var 
i,j : integer; 
x : array [l,.Nvar] of real; 

begin 
x[1] := xl; (xncnt * plotfactor) 
X [ 2 ]  := x2; (sum generated in SAMPLEPLOT) 
for i := 1 to Nvar do begin 

ssum[i] := ssum[i] + x [ i ] ;  
(ssum[l] = sum of # of hits in quadrat laid * plotfactor] 
(ssum[2] = sum of all samples) 

(If i = 2 
then 
Writeln(lst,‘ ssum in ACCWLATE =I ‘,ssum[2]:6:2);) 

if smin[i] > x[i] then smin[i] := x[i]; 
if smax[i] < x[i] then smax[i] := x[i]; 

for j := 1 to nvar do 
sscp[i,j] := sscp[i,j] + x[i]*x[j]; 

(sscp[l,l] = sum o f  squares of xl) 
1 (sscp[1,2] = not used 

(sscp[2,1] = not used 1 
{sscp[2,2] = sum of the squares of x2) 

end ( f o r ) ;  
end (Accumulate) ; 

Procedure Printstat ( n  : integer); 

begin 
(Write out basic statistics) 
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f o r  i := 1 to nvar a0 beg in  
Write (ssum[i]/n:6:2,' I ) ;  

if variance(i,i,n) > 0 - 0  then Write (sqrt(variance(i,i,n)):6:2,' ' )  

Write (smin[i]:G:2,' ',srna~[i]:6:2,~ ' ) ;  
if (ssum[i] <> 0.0) and (variance(i,i,n) > 0.0) then 

else Write ( '  ' 1 ;  

Write (sqrt (variance ( i, i , 11 j ) / (%sum [ i] /n) *PB0. 0: 6: 1, ' %  ' ) ; 
end { f o r } ;  

if p r i n t i t  then begin 
Write (1st' ' ' 1 ;  
f o r  i := 2 to nvar do begin 

if variance(i,i,nj > 0.0 then write (lst.,sqrt(variance(i,i,n)):6:2,' ' )  

Write (lst,smin[i]:6:2,' ',smax[i]:6:2,' ' ) :  
if (ssum[i] <> 0.0) and (varianee(i,i,n) > 0.0) then 

end ( f o r ) ;  
writeln (1st) ; 

Write (I~t,ssurn[i]/n:6:2,~ ' ) ;  

else Write ( ls t ,  ' ) ;  

Write (lst,sqrt(variance(i,i,n))/(ssum[i]/n)*~~~.~:6~~l1~ ' ) ;  

end (if); 

end { P r i n t s t a t }  ; 
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Procedure Initialize; 

var 
i : integer; 
ans : char: 

begin 
seed := 1231; 
ClrScr; 
GotoXY (1,8) ; 
Writeln ( f  Random number seed = ‘,seed,’ ’ ) :  
Menu(9,’Change the value of seed <Y,N> ” ) ;  
Read(kbd,ans) ; 
If UpCase(ans)=’Y’ then 

Menu(l0,’Printed output <Y,N> ‘ ) ;  
Read (kbd, ans) ; 
if UpCase(ans)=‘Y’ then Printit := true; 

GetInteger (seed,’Type in the new value of seed ’,1,15555); 

Nsams := 50; 
SamSide := 0.9; 
filename := ‘testt583.dat‘; 

Writeln ( ) ; 
Write(‘Enter # of species to sample f o r  : ’ ) ;  
Readln (Nsp) : 

for i := 1 to Nsp do begin 
Write( ’Enter‘, i: 4 ,  ’ species1’ name : ’ ) ; 
Readln (name [ i] ) ; 
Write(’Enter‘,is4,‘ species” mean : ’ ) ;  
Readln (meandbh [ i 1 ; 
Write ( ‘Enter’ I i: 4 I ’ species“ sd : ’ ) : 
Readln (sd [ i] ) : 

dist[i] := ‘N’; 
No [ i] 
cxdist[iJ := ’E’;  
cydist[i] := ’E’; 
cxmin[i] := 0.0; 
cymin[i] := 0.0; 
cxmax[i] := Plotside; 
cymax[i] := Plotside; 
mucx[i] := Plotside/2.0; 
mucy[i] := Plotside/2.0; 
sdcx[i] := mucx[i]; 
sdcy[i] := mucy[iJ; 
rholi] := 0.0; 

min[ i] := 0.0; 
max[ iJ .- 50.0; .- 

:= Nind div N s p ;  

end {for i}; 

end (Initialize); 

Procedure SetSamples; 

var 
ans : char; 

begin 
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Reyea t 
GotsXY(1,20); ClrEol: 
Writeln (’Number of Samples = ‘,Nsamsr4,’ Size of Plot = ’, 
Menu (22,’Change <N>urnber of samples <S>ize sf  P l o t  or <Q>uit I ) :  

Head(kbd,ans); ans  := UpCase(ans1; 

SamSide:8:4,‘ X ’,Samside:8:4); 

if ans=!S’ t.hen 
GetReal(SamSide,’ Nets p l o t  size = ’,0.01PlatSide/2.0); 

if ans= ‘N‘ t h e n  
GetInteger(Nsams, ’ Number of Samples = ‘ I 1,10000) ; 

Until ans=!Q’; 

end (SetSamples); 

Procedure SetSpecies; 

var 
i, j : integer; 
ans : char; 

beg in 

Repeat 
C l r S c r  ; Normvideo; 
Writeln(’Species Characteristics: I ) ;  

6Jri t el n : 
Writeln ( ’ Name Dist MeanDbh Sd Min Max’) 
for i := 1 to N s p  do 

Writeln(i:4,’ ’,Naine[i]:8,’ ‘,dist[i],’ ’,Meandbh[i]:lO:4, 

GetSnteger(j,#Type number to change -- zero to return ‘,O,Nsp); 
’,Sd[i]:l0:4,’ ’,rnin[i]:lO:d,’ ’,max[i]:l0:4); 

if (j in [l..Nsp]) then begin 
Rcpea t; 

Menu (22 I 

Read (kbd, a n s )  ; an6 : = UpCase (ans) ; 
Menu(22, I )  ; 

’<N>ame <D>ist <M>ean <S>t.dcv. m<I>n m a < X >  or <R>eturn ’ ) ) ;  

Case ans of 
’N’ : begin 

menu (23, ’Type in new name ’ ) ; 
Xeacl ln  (name [ j ] ) ; 
menu (23,‘ I ) ;  

end F 

‘P)? : begin 
Repeat  

menu (23, ‘Select new distribution <N> <L> <U> <T> ’ )  ; 
R f a d l n  (dist [ j ] ) ; 
Until (dist[j] i n  [’N’,’L’s’UtI‘T’]); 
menu (23,‘ ‘ ) ;  
end ; 

’M’ : GetReal (meandbh [ j 3 , ’new mean value = I, 0 . 0  I 1000.0) : 
’ S I  : GetReal(sd[j],’new standard dev = ’,O.OOl,Meandbb[j]); 



‘I’ : GetReal(min[j],‘new minimum = ’,O.O,Meandbh[j]); 
‘X‘ : GetReal(max[j],’new maximum = ‘,Meandbh[j],l.EG): 

end (case); 

Until ans= ‘R’; 
end {if); 

Until j = O ;  

end (SetSpecies}; 

Procedure SetLocStats; 

var 
i, j : integer; 
choice,ans,card : char: 
working : string[80]; 
piece : string[3]; 

begin 

Repeat 
ClrScr; Normvideo; 
Writeln(‘Species Location Characteristics: ’ ) ;  
Writeln; 
Writeln ( ‘ Name LOC Dist Mean Sd Min Max 
f o r  i := 1 to Nsp do begin 

Writeln(i:4,‘ ’,Name[i]:8,’ x ‘,cxdist[i],’ ’,mucx[i]:l0:4, 

Write ( y ’,cydist[i],’ ’,mucy[i]:lO:4, 

if cydist[i]=’Bt then Writeln(’ r = ‘,rho[i]:6:4) else Writeln; 

‘,Sdcx[i] :10:4,’ ‘,cxmin[i]:l0:4,’ ‘,cxmax[i]:l0:4); 

’ ‘,Sdcy[i]:l0:4,‘ ‘,cymin[i]:l0:4,’ ’,cymax[i]:l0:4); 

end (far i); 
GetInteger(j,‘Type number to change -- zero to return ‘,O,Nsp); 

if (j in [ 1. .Nsp] 1 then begin 
Repeat 

Menu(23,‘change <X>, CY> ’ ) ;  
Read(kbd,choice); choice := UpCase(choice); 

Until choice in [‘X’,‘Y’]; 
Menu(23, ’ ’ )  : 
str ( j : 3 ,  piece ) ; 
warking := ’Now changing variable + 
Normvideo : 
GotoXY(1,24); Write(working); 

Repeat 

piece + ‘, coordinant ‘ + choice; 

Menu (22, 

Read(kbd,ans); ans := UpCase(ans): 
Menu(22, ’ 1  : 

‘<D>ist <M>ean <S>t.dev. m<I>n ma<X> <C>orrelation or iR>eturn 

Case ans of 

‘ C ‘  : begin 
menu (23,’ new value of rho = ’ ) ;  
Readln(rho[i]); 

end ; 
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/Dl : begin 
menu (23, 

Read(kbd,card); Card := UpCase(card1; 
if choice='X' then cxdist[j] := card 

if card=8B' then begin 
cxdist[j] := ' B r ;  
cydist[j] := 'B'; 

'<R>ivar <N>or <L>ognar <U>niform <T>riang <E>SyShl 

else cydist[j] := card; 

end (if}; 
if cxdist[j]<>cydist[j] then begin 

Normvideo; GotoXy ( 3 8  24) : 
Write ( " G I  
/Warning: X-Y distributions are dissimilar'); 
Delay (3000) ; 

end (if); 
menu (23, ' )  ; 

end; 

/ M B  : begin 
if choice='X' then 

Get.Rea1 (muex[ j] , 'new mean x value = ', 
0.0, Plotside) 

GetReal(mucy[j],'new mean y value = I ,  

0.0, Plotside) ; 

else 

end; 

/ S t  : begin 
if choice=tXX' then 

GetReal(sdcx[j],'new sd x value = ', 
0 . 0 ,  Platside) 

GetReal(sdcy[j],'new sd y value = ' ,  
else 

0 . 0 ,  Plotside) r" 
end ; 

' I i  : beg in  
if ckoice='XX' then 

~e%RialCcxmin[j],'new min x value = ', 
0 . 0 ,  cxmax[ j ] ) 

~etReal(cymin[j],'new min y value = I ,  

0 . 0 ,  cymax [ j ] ) : 

else 

end ; 

'X' : begin 
if choi.ce-'X' then 

GetReal(cxmax[j],'new mzx x Value = I ,  

cxmin [ j 3 , Plotside) 
else 

GetReal(cymax[j],'new max y value = I ,  

cymin [ j ] , PlotSide) ; 
end r' 

end (case);  

Until ans= 'I?'; 
end (if); 

U n t i l  j = o ;  
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end {SetLocStats}; 

Procedure SetFreq: 

. 
var 

i,j,sum : integer; 
f : real; 
ans : char; 
check : boolean: 

begin 

Repeat 
ClrScr; 
NormVideo; 
Writeln; Writeln; 
Writeln ( ' Species Frequency Distribution'); 
Writeln; 
Writeln ( 'No Name Number Frequency' ) ; 
Writeln; 
sum := 0; 
for i := 1 to Nsp do begin 

f := no[i] / Nind: 
Writeln(i:2,' ',name[i]:5,' ',no[i]:5,' ' , f : 8 : 2 ) ;  
sum := sum e no[i]; 

end {for i); 
GotoXY(40,7); Write(' total amount = ',sum:8); 
GotoXY(40,8); Write(' no of indiv = ',Nind:8); 
GotoXY(40,9); Write(' difference = ',sum-Nind:8); 

GetInteger(j,'Type number to change -- zero to return ',O,Nsp); 

if (j in [l..Nsp]) then begin 

Repeat 
Menu (22,'Change Species <A>maunt or <F>requency ' ) :  
Read (kbd , ans) ; ans : = UpCase (ans) ; 
Menu (22, '  ' ) ;  

if ans='A' then 
GetInteger(No[j],' New amount = ',O,Nind); 

if anS='F' then begin 
GetReal(f,' New percent = ',O.O,lOO.O); 
No[j] := Round(Nind * f); 

end : 
Until ans in ['A','F']; 

end (if}; 

sum := 0; 
check := true; 
far i :== 1 to nsp do 

if (abs(sum-Nind)>l) then check := fa lse;  
if not check then Write(*G) ; 

sum := sum + no[i]; 

Until check and (j=O) : 

end {SetFreq); 
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Procedure Setup ; 

var 
an5 : char;  

bey in 
Repeat 

C l r S c r ;  
Menu( 4 , ’  <e> s e t  Species Attributes (dbh stats)’); 
Menu( 6 1 ’  <x> s e t  X-Y l o c a t i o n  statistics’); 
Menu( 8 , ’  <F> set S p e c i e s  Frequencies ‘ ) ;  
Menu (10 p ’ <D> Define Sample Methods‘) : 
M e n 1 1  ( 12 I ‘ <I> I n p u t  Parameters f r o m  Disk’) ); 
Merraa ( 14 8 ’ <S> Save Paramete r s  t o  Disk‘)); 
Menu (16 ‘ <R> Rian s i m u l a t i o n ’ )  ); 

Menu(20, ’ <Q> Quit Simula t ion ’ )  ); 
W r i t e l n  : 
Read (kbd, a n s )  ; ans : = WpCase ( a m )  ; 

’D’ : SetSamples;  
‘X‘ : S e t L o c S t a t s ;  
‘1’ : ReadParms; 
‘ S I  : WriteParms; 
‘F’ : Se tFreq ;  
‘ C ’  : S e t S p e c i e s ;  
‘Q ’  : H a l t ;  

end (case); 

Until ans=?R9; 

end (SetUp); 
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Procedure Menu(y1oc : integer; choices : rnenustr); 

var 
len,i : integer; 

begin 
GotoXY(1,yloc); ClrEol; LowVideo; 
len := length(choices); 
for i := 1 to len do begin 

if choiees[i]=’>>‘ then LowVideo; 
Write(choices[i]); 
if choices[i]=’<’ then Normvideo; 

end (for); 
end {Menu); 

Procedure GetInteger(var Val : Integer; Msg : Menustr; Low,High : Integer): 

begin 
( SI-, R- 1 {turn off I / O ,  range checking) 
Repeat 

Until (IOresult=O) and (Low<=Val) and (Val<=High) ; 

Menu(23, # )  ; 

Menu (23 I Msg) ; 
Read(Va1) ; 

{ $16, I?+ I 

end {GetInteger); 

Procedure GetReal(var XVal : Real; Msg : Menustr; XLow,XHigh : Real); 

begin 
c SI-, R- 1 (turn off I / O ,  range checking) 
Repeat 

Until ( I O r e s u l t = O )  and (XLow<=XVal) and (XVal<=XHigh) ; 

Menu(23,. ’ )  ; 

Menu ( 2 3  , M s g )  : 
Read(XVa1) ; 

{ SI+, R+ 1 

end (GetReal}; 
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Function Urand(var IY : integer): real; 
var 

i : integer; 
x : real; 

const 
m2 : integer = 0; 
itwa : integer = 2; 

begin 
if (m2 = 0 )  then begin 

Randomize; 
f o r  i := 1 to IY do 

m2 := 1; 
x := random; 

end {if); 

urand := random: 
end ; (end Urand) 

Function Triangular (mean, minimum, maxhum : real) : real; 

var 
rv : seal; 

begin 
L-v := urand(seed) ; 
i f rv > (mean-minimum) / (maximum-minimum) then 

Triangular E =  maximum - sqrt((maximum-minimum)*(maximum-mean) * 
(1.0 - rv)) 

else 
Triangular :=  minimum + sqrt((maximum-minimum) * (mean-minimum) * r v ) ;  

end {Triangular) ; 

Function LogTriangular (mean, minimum, maximum : real) : real : 

begin  
mean := ln(mean) ; 
mi PI imum := ln(minimum) ; 
maximum :== ln(maximum) I' 
LogTriangular : = Exp (Triangular (mean, minimum, maximum) ) ; 

end (LogTriangular); 

Function Uniform ( minimum, maximum : real) : real; 

13 eg i n 

end {Uniform) : 
Uniform := Urand(seed)*(maximum - minimum) + minimum; 

Function LogUniform (minimum,maximum : real) : real;  

begin 
m i n i m u m  := ln(minimum) ; 
maximum := ln(maximum) ; 
LogUniform := Exp(uniform(minimum,maximum)); 

end ( LogUni form ; 

Function Normal (mean, stdev, minimum, maximum : real.) : real; 

var 



51 

i : integer; 
norsum : real; 

begin 
norsum := 0.0; 
for  i := 1 to 12 do 

norsum := norsum + urand(seed); 
(norsum := norsum + Random:) 

norsum := (norsum - 6.0) * stdev + mean: 
if (norsum < minimum) or (norsum > maximum) then 

normal := norsum F 
norsum := normal(mean, stdev, minimum, maximum); 

end {normal]; 

Function LogNormal (mean,stdev,minimum,maximum : real) : real; 

begin 
mean := ln(mean) ; 
stdev := In (stdev) : 
if (minimumoo) then minimum := ln(minimum); 
maximum : = In (maximum) ; 
LogNorma1 := Exp(normal(mean, stdev, minimum, maximum)); 

end (LogNormal); 

Procedure Bivariate (xmu, ymu, sdx, sdy, rho : real; var x, y : real); 

( Box-Huller's transformation modified by Jansson in 
Jansson, Birger 1966. Random Number Generators, Victor 
Petersons Bokindustri Artiebolag, Stockholm. 2 0 5  p. } 

var 
el, e2, v : real; 

begin 
el := Urand(seed) I' 
e2 := Urand(seed) : 

v := sqrt(-2.0 * ln(e1)); 
x := xmu f sdx * v * (sqrt(l.O - rho * rho) * 
y := ymu -+ sdy * v * sin(2.0 * p i  * e2); 

cos(2.0 * pi * e2) + rho * sin(2.0 * pi * e2)); 
end: 

Procedure SysUniform(ct:integer;side:real:var x,y:real;var ycnt:integer); 

var d: integer; 

Begin 
d := TRUNC(side) ; 

If (ct MOD d) > 0 
then x E =  ct MOD d 
else x := side; 

If (ct MOD d) = 1 
then 

Begin (increment y by 1) 
ycnt := ycnt + 1; 
y := ycnt 

End { then increment y) 
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else y := ycnt; 
End r" 
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procedure IOCheck; 

(This routine sets IOErr equal to IOresult, then sets 
I O F l a f y  accordingly. It also prints out a message on 
the 2 4 t h  line of the screen, then waits for the user 
to hit any character before proceding. 1 

var 

begin 
Ch : Char: 

IOVal := IOresult; 
I O E r r  := (IOVal <> 0 ) ;  
G & o X Y ( 1 , 2 4 ) ;  ClrEol; ( Clear error line in any case } 
if IOErr then beqin 
Write (Chr (7) ) i 
case IOVal of 
$01 : Write( ‘File does not exist’) ; 
$02 : Write(”i1e not open for input‘) ; 
$03 : Write(‘Fi1e not open for output’); 
$04 : Write(8File not open’); 
$05 : Write(’Can”t read from this file’); 
$06 : Write()Can”t write to this file‘); 
$10 : Write(fError in numeric format‘); 
$20  : Write(’0peration not allowed on a logical device‘); 
$ 2 1  : Write(’Not allowed in direct mode’); 
$22 : Write(‘Assign to standard files not allowed’); 
$90 : Write(’Record length mismatch‘); 
$91 : Write(‘Seek beyond end of file’)); 
$99 : Write(’Unexpected end of file’); 
$F0 : Write(’Disk write error’); 
$F1 : Write(’Directory is full’); 
$F2 : Write(‘Fi1e size overflowt); 
$FF : Write(’Fi1e disappeared’) 

else Write(’Unknown 1/0 error: ‘,IOVal:3) 

Read (Kbd, Ch) 
end : 

end 
end; { of proc IOCheck ) 

Procedure ReadParms; 

var 
NoPl,APdim,FPdim,i,j : integer: 
ans: char; 

begin 
Repeat 

Clrscr i 
Menu(5,’Default file for model parameters is ’ ) :  Writeln(fi1ename); 
Menu(6,’Change this name < Y , N >  j ) ;  

Read (kbd, ans) ; ans : = UpCase (ans) ; 
If ans=’Y’ then begin 

Menu(€!, #Input new file name ‘ )  : 
Read ( f ilename) ; 

end {if); 
Until ans in [/Y’,‘N’]; 

Assign (inf ile, filename) ; 



IOcheck : 
If IOvaP-0 then beg 

reset (inf ile) : 
IOcheck ; 

ep?d (if); 

If IOva l -0  then bey 
(input data stream) 

Readln (inf iEe I nsams) 8“ 
Readin(infiie,samSide); 

f o r  i := 1 ta Nsp do begin 
Readln(infile,name[i]); 
Readln(infile,sd[i]); 
Readln(infiEe,min[i]); 
Readln(infile,max[i]); 
~eadln(infiPe,dist[i]): 
Readln(infile,Ns[i]) ; 
ReadPn(infile,cxdist[i]); 
Readln(inTile,cydist[i]); 
Xeadln(infile,cxmin[i]) ; 
Readln(infile,cymin[i]): 
Readln(infile,cxmax[i]); 
Readln(infile,cymax[i]); 
~eadln(infile,mucx[i]) ; 
Readln ( inf ile , mucy [ i ] ) ; 
Readln(infile,sdcx[i]): 
Readln(infile,sdcr[i]); 
Read111 ( in f i le I rho [ i ] ) : 

end ; 
end (if); 

close (infi le) ; 
IOcheck t 

end {ReadParns) ;  

Procedrare Wri teParms ; 

var 
i, j : i n t e g e r ;  

begin 
C I r S e r ;  

Menu ( 6 ,  ’ Change L h i  s name <Y , N> ’ 1  : 
Menu ( 5 ,  Defaul  L name for output file is ) ; W r i t e  (f ilename) ; 

Read(kbd,ans) ; ans: -UpCase(ans) : 
If a n -  Y ’ t h e n  beg< n 

llIcnu(8, ‘ N e w  file name ? ’ )  : 
Read ( f ilename) ; 

end ( i r ) ;  

Assign(outfile, filename) : Toeheck; 
Rewrite {outfile] c IOcheck ; 

If Ioval=O khen begin (output values to file) 
W r i t x l n  ( outfil e, nsams) ; 
Writ-eln (outfil e, samside) ; 

for i := 1 to Nsp do begin 
Writeln(outfile,name[ i]) : 
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Writeln(outfile,sd[i]); 
writeln(outfile,min[i]) : 
~riteln(outfile,max[i]) ; 
Writeln(outfile,dist[il); 
Writeln(outfile,No[i]) ; 
Writeln(outfile,cxdist[iJ): 
Writeln(outfile,cydist[i]) ; 
~riteln(outfile,cxmin[i]): 
~riteln(outfile,cymin[i]): 
Writeln(outfile,cxmax[i]): 
~riteln(outfile,cymax[i]): 
~riteln(outfile,mucx[il) ; 
~riteln(outfile,mucy[i]); 
Writeln(outfile,sdcx[i]) ; 
Writeln(outfile,sdcy[i]); 
Writeln(outfile,rho[i]) ; 

end; 

end (if}; 
close (outfile) : Iocheck; 

end {Writeparmsf; 
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