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ABSTRACT

Growth and disease measurement data over periods up to 47 years and
coordinates for 22,000 trees in seven natural stands and three plantations
on eastern Vancouver Island are stored on magnetic tape. A system has
been developed for rapid data retrieval by using standard formatting, sequen·
tial ordering and cross-indexing of data files. A data analysis program allows
choice of compilation and statistical analysis procedures to be applied to
selected data subsets, including calculation of total, mean, mode. median,
range, frequency distribution, and tests of conformity to normal, random or
patchy distribution. Stem maps are also produced. Data subsets can consist
of any logical combination of up to 37 tree growth or disease parameters.
The analysis program is in modular form, allowing the addition of compilation
or statistical options. Procedures for using the system are described.

RESUME

On a emmagasine sur bandes magnetiques des donnees sur ta croissance
et les malladies de~ arbres touchant 22,000 sujets au cours d'une periode de
47 annees, dans sept peuplements naturels et trois plantations, sur la partie
est de I'ile de Vancouver. Un systeme fut mis au point pour Ie recouvrement
rap ide des donnees a I'aide d'un format standard, d'un ordre sequentiel et
des index mu Itiples des dossiers contenant les donnees. Un programme
d'analyse des donnees permet un choix de compilation et des processus
d'analyse statistique pour etre appliques s des sous-sfiries de donnees choisies,
y compris les calculs de totaux, de moyennes, de modes, de medians, d'aires
de repartition, de distribution de frequence et de tests de conformite a des
distributions normales, au hasard ou irreguliere. Des cartes sur les tiges
sont aussi produites. les sous-series de donnees peuvent comprendre toute
combinaison logique allant jusqu's 37 parametres de croissance d'arbres
ou de maladies. le programme d'analyse, de forme modulaire, permet d'y
ajouter des compilations ou des statistiques, au choix. l'auteur decrit Ie
processus a suivre pour utilizer Ie syst!me.
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INTRODUCTION

Increased use of modelling techniques in
forestry research has created demands for
large amounts of data covering a wide range
of forest growth parameters and conditions.
Concurrently, the trend toward multidisci
plinary research has emphasized the need for
collecting and compiling data in a form com
patible with the needs of, and readily access
ible to, scientists in various disciplines. This
implies a rapid, simple retrieval process for
specified records based on a consistent, well
indexed data file system. For large data
collections, rapid retrieval can only be accom
plished by computer; therefore, the necessary
data storage transfer and retrieval system
must be developed. Simplicity in use of a
file system generally requires re-arrangement
of records to allow more direct retrieval
commands and may involve creating inter
mediate work files before final user files can
be produced. Index files may be needed to
minimize the amount of searching necessary
for individual records, and these should be
cross-referenced.

Compiling and statistical testing of data
usually follows data retrieval, e.g. grouping,
summing, mapping, ploning. In view of the
fractional time required for computation and
printing-out compared with that for retrieval,
it is efficient to incorporate data-processing
options in the retrieval operation. However,
since simplicity in system use decreases with
increasing number of options, a balance must
be struck around the average requirements
of the user group. It may, therefore, be advan
tageous to design the retrieval and data pro
cessing system in a modular structure, each
option consisting of a separate module which
can be added or deleted without causing
structural changes to the others. Thus,
changing user requirements can be accommo
dated with minimum disruption.

At the Pacific Forest Research Centre (PFRC),
development of multidisciplinary research in
simulation of forest growth and pest impact
caused us to review part of our data resource

and to maXimize its usefulness. This data
had been collected by scientists at PF RC and
the British Columbia Forest Service over a
period of 47 years in the coastal Douglas-fir
zone. A variety of plot sizes, shapes, measure
ment variables and periods had to be accom
modated. Specialized interests of mensura
tionists and pathologists had to be satisfied,
while meeting the limitations of an in-house
mid-size computer. We hope that the following
description of the approaches used at PFRC
to meet these requirements will be helpful
to other groups facing the same problems. In
addition, by providing a full account of the
system, we hope to encourage use of, and
addition to, the existing data bank.

DATA STORAGE

Data Sources

The data comprise growth and disease mea
surements in three plantations and seven
natural stands lca 22,000 trees) growing on
Vancouver Island, from Lake Cowichan
(480 50' N, 1240 07' W) to Campbell River
(500 00' N, 1250 20' WI. Douglas-fir
l'Pseudotsuga menziesii (Mirb.) Franco) is the
main species in all installations. At installa
tion establishment, the natural stands ranged
in age from ca 15 to 65 years and plantations
were ca 15 years old. All trees were mapped
and coordinates were recorded for each
tree in plantations. Pertinent data are summa
rized in Table 1. Site and establishment
details have been described by Wallis (1976l.
The oldest installations (47 years) were estab
lished by the B.C. Forest Service to study
growth and yield of Douglas-fir. Mortality
caused by root rot, particularly PheJlinus
(Poria) weirii IMurr.) Gilbertson, became
apparent following establishment, so the
plots and records were made available to
PFRC for studying the disease. Installations
established by PFRC are of more recent
origin; up to 20 years of growth records
are available.

Data recorded varies among installations and
measurement dates. For most installations,
diameter at breast height (dbh) and crown
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class are recorded from date of establishment.
An adequate sample of heights is also available
for most areas. Diagnosis of disease and
natural mortality is considered reliable,
particularly in the last 20-30 years when the
installations were inspected by forest patholo
gists. Stem maps, available for all installa
tions, appear to be sufficiently accurate to
allow their use in estimating competitive
stress indices.

Installations varied greatly in layout and
measurement procedure. Excepting Tsable
River, Block 3, plantation installations
comprised square or rectangular blocks of
varying size. These blocks were subdivided
into plots 20.86 x 20.86 h (l/100 ac.) and
subplots 10.43 h square (1/400 ac.). Coor
dinates within each plot, based on a 16 x 16
grid (1 grid unit = 1.3 h or 0.4 m), were
measured in units from a point of origin
at the lower right-hand or leh-hand corner of
each plot. Natural stand installations con
sisted of single plots or clusters of plots,
rectangular or circular in shape, ranging in
size from .25-1.0 ac. Trees were mapped but
their coordinates were not computed.

Measurement data varied according to type
of installation and year of measurement. A
list of plantation variables and their code
values is shown in Table 2. Natural stand
records were less detailed and their format
varied considerably. They were re-recorded
using a standard format based on that for
plantations (Table 31.

Many data compilations at PFRC require a
record of horizontal coordinates
(e.g. calculation of competition indices,
modelling disease spread); therefore, it
was essential to include coordinates in each
tree record based on as large an area as
possible. For plantations, tree coordinates
based on individual plots were converted to
coordinates based on the whole installation.
For natural stands, individual tree coordinates
were. computed from stem maps, then added
to tree records.

File Creation

Plantations - The method used to convert the
data to computer storage can probably be
best described by the use of Tsable River,
Block 1, as an example. Orientation of
individual plots within the plantation is
shown in Fig. 1. As a first step, written
records of tree coordinates and measurement
data, formatted as in Table 2, were transferred
to punch cards, then to magnetic tape
(Magtape) from which a print-out was made
for error-checking. Tree records, as stored on
Magtape, are shown in Fig. 2.

Tree coordinates on the original Magtape file
had origins of 0,0 corresponding to the lower
leh corner of each plot. This coordinate system
was converted to an overall installation system
with origin 1,1 (to make data handling in
FORTRAN simpler), the conversion being
accomplished in two steps.

1) The Tsable River Block coordinate
system, 24 plots long x 12 wide, has

384 and 192 units along the X and Y axes,
respectively, coordinates being numbered
1-385 and 1·193 (16 x 24 units + 1 unit
and 16 x 12 units + 1 unit). Accordingly,
a matrix (array) 385 x 193 was created
and placed on disk in a direct-access work
file for coordinates (grid file). Tree records
for each year of examination were extracted
from the Magtape; at the same time, the
plot coordinates were converted and written
with the associated data on disk in a direct·
access work file for measurement data. The
location (file record number) of each record
in the data work file was cross-referenced
in the grid file, e.g. if the 300th consecutive
record written into the data work file had
converted coordinates X .. 126, Y = 58,
position 126,58 in the grid file matrix
was set to 300. At the completion of this
step, the matrix in the grid file contained
a record number for every record in the
data work file.

2) To allow more efficient data retrieval,
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the tree data work file was re-ordered so
that the first and last records pertained to
the tree with the minimum X and Y coordi·
nates (lowermost. left-hand tree) and the one
with the maximum X and Y coordinates
(uppermost, right-hand tree). respectively. The
re-ordered records were then transferred to a
finalized data (FD) file, sequentially ordered
so that the records 1 to i, the right-most
tree along the coordinate Y=l, appeared in
order of increasing X coordinate. Along the
coordinate Y=2 were the trees represented
in records i+ 1 to j, the right-most tree along
Y=2,and so on. The relationship between the
tree data work file and the physical area is
shown on the left in Fig. 3; the FD file is
shown on the right.

Although the FD file was thereby ordered in
a sequential manner, searching for coordinates
in such lengthy files on disk required excessive
time. Therefore, two indexing files were
created for rapid in-core searching of specific
coordinates, allowing a reduced number of
disk-reads to retrieve a tree record at a
particular grid point. These files, consisting of
simple arrays. were stored as one-record
direct-access files. The "last record number"
(LRNI file contained, in locations 1-193. the
last tree record on each Y row. That is, the
entry in location 1 was the FD file record
number of the right-most tree along the Y
coordinate 1. Location 2 gave the record
number of the right-most tree on Y=2, and so
on. Thus. all trees with Y coordinate = 10 are
found in the FD file under record numbers
corresponding to LRN locations 9 (+1) to 10.

The "X·coordinate" (XC) file allowed further
in-core searches of coordinate points. This
contained the X coordinates of all trees
ordered as in the FD file. Thus. the coordi
nates X=l00, Y=10 could be inspected in the
XC file at locations 9 (+1) to 10 of the LRN
file. The relationship between the FD, LRN
and XC files is shown in Fig. 4.

Natural Stands - Owing to varying formats
in field data recording, the procedure for
creating natural stand files differed from

that for plantations. Files were created in
three steps, as follows:

1) Tree coordinates, relative to the plot
grid origin (1,1) at lower left-hand corner,

were derived from stem maps by Gradicon
digitizer. Coordinates, to the nearest 1/100th
inch, map scale, were automatically punched
on cards with their tree identification number.
The origin of non-rectangular plots was set
at that of a circumscribing rectangle. Coor
dinates for each tree number were transferred
to Magtape work files (grid file) and a list
printed out for error-checking. Change of
coordinates to a more convenient map scale,
if desired, was made on the grid file. In
most stands, the scale in 1/100th inch was
unnecessarily large and was therefore reduced
by a factor of 6. The original coordinates
were replaced by recalcu lated ones.

2) Tree data work files were created on
Magtape from field records, formatted

as in Table 3.

3) Grid and data files were merged to form
a final data file.

Natural stand files were much smaller than
those for plantations and disk-reading time
was not excessive; therefore, indexing files
were not created.

File Identification

Plantattons - The number and length of tree
records for plantations necessitated separation
according to year of examination. Each file,
i.e. grid, LRN, XC, work files and final data
files were named systematically, as shown in
Table 4. By this system, the first five letters
identify the type of file; the first number
indicates the installation to which it pertained,
and the last two numbers following the period
indicate the year of examination.

Natural Stands - Because of their small size,
natural stand files were not separated by
examination year; this operation was
performed by the retrieval and analysis
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program (see below). Names for natural
stand files are shown in Table 4. Leners pre
ceding the period identify the type of file;
the first number after the period identifies
the installation; the last numbers are the plots
within the installation.

DATA RETRIEVAL AND ANALYSIS

Current requirements of the PF RC scientist
group using the data bank include the follow·
ing procedures:

Inspection of selected portions of the files.

Summaries. including totals, means, fre
quency distributions.

Basic statistical summaries, including
range, median, mode, conformity to
normal distribution.

Map of all or selected portions of installa·
tions.

Special statistical tests for non-randomness
and patchiness of tree distribution.

To allow choice among these procedures and
to accommodate additions or deletions as
requ irements change, the retrieval and
analysis computer program was constructed
in modular form, each procedure being
entered as a subroutine. The function of the
main program was restricted to entering the
installation identity, delimiting coordinates,
specifying vear of examination and variables
of interest. Choice of subroutines (options)
are also entered in the main program.

File Specification

Following designation of the required files
for mounting on the computer (see Operation
of System). a check is made by the program
to ensure that the file mounted on the
computer matches that specified. A message
is produced and the job is aborted if they
do not match. The area to be examined must

be specified by its delimiting coordinates
either in its entirety or as a subdivision.
This may be of any rectangular dimensions.
An option permits the random selection of a
number of individual subareas of specified
dimensions.

File Inspection

Any number of records may be printed out
for inspection by specifying the initial and
final record number desired and the interval
between them, e.g. every 10th record from
records 1 to 100. Consecutive records are
requested by sening the interval at 1. The
record is printed out before constraint
selections are made (Fig. 5).

Record Retrieval

Selections of particular trees for record
retrieval are made by specifying subset(s) of
the total population (constraint variables)
and the selected population (test variable).
For example, diameter classes of suppressed
Douglas-fir with root rot are obtained by
specifying the following values for the res
pective constraint variables: code 5 (species),
value 1 (Douglas-fir); code 11 (disease classl,
value 1 (root rot); code 7 (crown class).
value 4 (suppressed). The test variable and
values are code 6 (diameter class) and values
of the individual diameter classes. Any
combination of constraint variables may be
specified, provided they are logically consis
tent. If one of the specified variables was not
recorded in the year of examination. a
message is generated and the job is aborted.
Codes for all variables and values are shown
in Tables 2 and 3.

Certain features of the program increase
ease and flexibility in variable selection.
All values of constraint and test variables
may be specified by using the value 100,
rather than naming individual values. The
"zero value" option allows selection of trees
that do not belong to the constraint variable
specified, e.g. trees without root rot can be
selected using the zero value for the root



rot variable. Another option allows the
program to deal with either the plantation or
natural stand data.

Another type of constraint option selects
the population from one examination year
for analysis in a subsequent year. For example,
to examine diameter change over 10 years,
all trees in diameter class 1 in 1960 are
regrouped by diameter class in the 1970
examination. By systematic extraction of
each 1960 diameter class into a pass-record
file, the 10-year diameter growth of each
tree can be summarized.

Only one test variable may be specified for
each run, but any number of test values may
be used. If a test value does not occur in the
file, a message is produced but the job is
not aborted. As its name implied, the test
variable is the one on which statistical tests
are performed and its numerical values are
plotted on the stem map. For example, if
the test variable is diameter class and test
values include all classes, a map will show
its diameter class at the location of each
tree.

Data Analysis Options

The following compilation and statistical
procedures may be applied to each data subset.
Summary - This option prints out subtotals
and totals for constraint and test variables.
Frequency distributions are plotted if there
are three or more levels in a variable (Fig. 61.

Stem Maps· Stem maps may be requested for
an entire installation or subdivisions thereof.
The title of each map identifies the installa
tion, date of examination, test variable plotted
and map scale (Fig. 7). A further option
produces a map of all test levels, followed
by maps of individual test levels. Forexample,
a stem map by diameter will show the
locations of all diameter classes. Additional
maps show the locations of each diameter
class alone.

Descriptive Statistics - This option, based on
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Myers and Wilson (1969), provides print
outs of population values and sample
estimates for the test variable (Fig. 8J.

Tests for non-random distribution· This test
(Pielou 1959), adapted by Bloomberg (1974),
returns a value for index of non· randomness,
number of trees in the population tested and
number of samples drawn (Fig. 9). An
optional print·out shows coordinates of
every random point selected and those of
the nearest tree. Number of samples to be
drawn must be specified. Another option
specifies the minimum number of individuals
that must be present, thus preventing execu
tion of the test if the population is too small
for realistic results.

Test for Distribution of Patchiness - This test
(Pielou 1964), adapted by Bloomberg (1974),
returns a chi-squared value for conformity
of patches to a random distribution, percen
tage of the area in patches and their average
size (Fig. 10). Optional print-outs are:
1) coordinates of the centres of each plot
pair and the angular bearing from first to
second, and 2) number of plots in which test
individuals are present or absent, distance
separating plot-pairs and computed transi
tional probabilities. Number of samples to
be drawn, radius of plots and number of
incrementations of inter-plot distance must
be specified.

Conformity to Normal Distribution - This
test, based on Snedecor (1959), returns a
summation chi-squared value for deviation
of observed from expected frequency in
each test variable value class (Fig. 11).

OPERATION OF SYSTEM

This section provides detailed instructions
for operation of the PFRC data bank system.
Organization parallels that outlined in pre
ceding sections, though not necessarily in
the same order. Job commands are assumed
to be by punched cards, using the Digital
PDP-ll DOS Batch operating system.



File Specification and Creation

Files are specified by the following commands.
Each command is punched on a separate
card and must be in the exact order given.
The first is always the JOB card:

JOB name (account number)

where "name" is any 6 alphanumeric charac
ters, the first of which must be a letter. The
job name can be conveniently used to identify
the purpose of the retrieval, e.g. DEAD60
to indicate trees which died in 1960. The
account, and all other numbers, are specific
to the installation and can be obtained from
the local data center supervisor.

The data retrieval program is stored on disk
and is obtained by the following command:

SME PLEASE M0UNT number ~N DK1:

where "number" identifies the disk.

Whenever the user data files, stored on
Magtape, are changed, they are obtained
by the following command:

SME PLEASE Mi\UNT number f/lN MT1:

where "number" identifies the Magtape.

Mount commands are followed by a wait:

SWAIT

User files must be transferred from Magtape
to a corresponding job file on disk by the
utility program:

SRUN PIP

Each plantation file transfer is accomplished
by three commands. For the final data file:

ODKl :A<MTl :TDATAn.yyLnumbej]/RW:N¢

where "number" is the file originator's
account. File names are given in Table 4.
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oDK 1:TREC/CI"<DK l:A

DDK1:A/DE

For the LRN file:

oDKl :B<MTl :INDXAn.yylr.umbei]/RW:N¢

oDKl :INDEX/C¢<DK1:8

ODK1:8/DE

For the XC file:

ODKl :C<MTl :XCRDAn.yy @umbe~/RW:Nf/l

IIDK 1:XC0f/lRD/C0<DK l:C

II DK 1:C/DE

Natural stands do not require LRN and XC
files. In place of the preceding 9 commands,
use:

ODKl :CRDAT.Nnn<MTl :CRDAT.Nnn

SAS DKl :CRDAT.Nnn.3

The retrieval and analysis program (PLANT¢)
is executed by the command:

SRUN DK1:PLANT¢

This is followed by the variable selection
and analysis card deck.

Variable Selection and Analysis

Variables are selected for retrieval and
analysis by specifying their code values
(Tables 2,3) on punched cards in the order
indicated below. Each card consists of 16
fields, five columns wide. Code values must
be entered so that they are "right·justified"
in the fields, Le. the last digit must fall in
the fifth column from right in each field.
The first variable selection card follows
immediately after the SRUN command.



Card
No.

1

2

3

4

5

Column
No.

5

10

1·5

6·10

11~ 15

1~5

6~10

15

20

25

26~30

31~35

36·40

1~5

6·10

11·60

1~5

6~1O

11~15

16~20

25

26~30

~ 9 ~

Values

1 for natural stand data, 0 for plantations.

1 if file inspection required, otherwise leave blank.

Card is left blank if no record inspection required.

Initial record number to be inspected.

Final record number to be inspected.

Interval of record numbers (every nth).

Card is left blank jf no Pielou tests required.

Number of samples to be drawn for test of popu
lation non-randomness (Pielou No. 11. Leave blank
if test is not required.

Number of samples to be drawn for test of patchiness.
(Pielou No.2) Blank if not required.

1 for optional print-out for Pielou No. 1. Blank if
not required.

1 for optional print-out (1) of Pielou NO.2. Blank
if not required.

1 for print-out (2) of Pie lou No.2. Blank if not
required.

Number of distance incrementations in Pie lou test
No.2. Blank if not required.

Plot radius in Pielou No.2. Blank if not required.

Minimum number of trees on which to base Pielou
tests. Blank if not requ ired.

Code value of test variable.

Number of test variable values.

Values of test variable in ascending order of magni·
tude. one value per five.-eolumn field.

Installation identification number.

Plot identification number (natural stands only).
Blank if not required.

Year of examination.

Number of constraint variable values.

1 for random selection of subareas. Blank if
not required.

Scale of map (ft per unit).



Card
No_

Column
No_
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Values

6 This card must be included if indicator for random selection of
subareas is 1, otherwise it must be excluded.

1-5 Minimum X coordinates of selected area (in units).

6-10 Minimum Y coordinates of selected area.

11-15 Maximum X coordinates of selected area.

16-20 Maximum Y coordinates of selected area.

21-25 Length of random subareas, in units.

26-30 Width of random subareas, in units.

31-40 Initializers for random number generator.

41-45 Number of subareas to be randomly selected.

7 Card is left blank if no constraints required.

1-5 Code value of first constraint variable selected.

6-10 Number of constraint variable values.

11-60 Values of constraint variable in ascending order
of magnitude, one per five-column field.

65 1 for zero record option. Blank if not required.

66-70 Assigned code value for zero record.

7(1) Additional constraint codes and values as required, one constraint variable
7(2) per card.

7( 101

8

5

10

15

20

25

30

35

40

Indicators for data analysis options. Value is 1 if
required, otherwise left blank.

Summary.

Frequency distribution.

Maps of all test variable values.

Maps of each test variable value.

Basic statistics.

Normal distribution test.

1st Pie lou test.

2nd Pie lou test.



Card
No.

9

10

11

Column
No.

45

5

6-10

1-5

6-10

11-15

16-20

21-25

26·30

5
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Values

Pass File option.
Blank if not required.
2 to create the pass file.
1 to use the pass file.

1 for test variable zero record option. Blank if
not required.

Assigned code value for zero record.

Installation identification number.

Plot identification number (natural stands only).
Blank if not required.

Minimum X coordinates of area to be examined, in
units.

Minimum Y coordinate of area.

Maximum X coordinate of area.

Maximum Y coordinate of area.

-1 for termination (end of data).

card:
SEC)lD

The following card must come immediately after the termination

Following each run, job files must be deleted
as follows:

SRUN PIP
DK 1:TREC/DE
UDK1:INDEXlDE
1/ DK 1:XCIJIJRD/DE

If no further runs follow, the disk must be
dismounted by the command:
$ ME PLEASE DISM¢UNT number
SWAIT

The job is terminated by
SFI

Notes on Inputs

Pass File· The pass file is created by select
ing tree records from one year of examination

file, then used by comparing the same tree
numbers with their records in another, usually
later year file. The change of file must be
executed as a separate, later job, complete
with all file specification commands.

File Inspection Option - If this is the only
option requested, variable selection cards
3-9 should be blank cards.

Constraint Variables· If no constraints are
placed on the inclusion of records, Le. all
records are included, one blank card should
be inserted as the first constraint variable.

Normal Distribution Test - This test must
be preceded by the Descriptive Statistics
subroutine. Failure to include indicator
for the laner generates a reminder message
but does not abort the program.
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Program Specification

The program PLANT~ consists of approxi
mately 1100 F¢RTRAN statements parti
tioned into subroutines. Working core require
ments, excluding buffers, drivers, etc., are
17K words. Direct-access (disk) job file
requirements are for files totalling 565K
words. Current version of the program is
fitted on a Digital PDP11, 24K word available
core machine by "overlaying" subroutines.
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TAS LE 1. Summ." Vof ln~tallatlon e~laiJl,~hrn"nl dalJ ;Irld "'CO'dinq dales

Natural Stands 1 Planta110ns

Installation No. 193 C PW 1 60 61 364 31)5 200 1 2 3

Thmn<-od Unthmned

locauon Cow'chan Cowlchan Parkw,lle Pa,k~v,lIe Cowlchan Lake Port Cow,chan Robert~on Campbell Tsable
Lake Lake Albern, Lake R,oer Rive, A,oer

Yea, estaL.!ished 1930 1939 1928 1928 1950 1950 1950 1945 1957 1958 1959
Yea, terminated conI. 2 1949 1975 1975 19755 19755 1963 1954 rom cont 0001

Establishmg a9llncv BCFS3 CFS4 BCFS BCFS BCFS BCFS BCFS BCFS CFS CFS CFS

Number of Plot~ 1 3 1 1 ]6 7 14 1 1 1 1
PlOt ~ize lac) 0.69 025 0.' 10 OS OS 0.1 0.1 9.0 72 "Length IX ax,s) In grId uniU 376 334 17' 245 138 83 112 480 900 Block \,384

Block 2,192

Width (Y axi~) in grid uruts 127 334 175 2" 111 83 109 480 192 192 W

length of gIld Untl (m) .24 11 23 26 37 24 .18 0040 OAO 040

Yea' Recorded' D.B,H 30.45,54, 39,45 28,33,37,42, 28,33,37.42. 51,57.60,63,68.70. 46,50. 35.40, 63.68.75 64.69.75 65,70.75
57,75 49,51 47,52.55,57, 47,53,54,55, 75 5557 45.49.

67,75 57.67,75 50,54

Crown Class 30.42,57.75 39,51 28,33.37,42 28.33,37,42 51)5 46,50 35,40 69.72 70)3
47,53,57)5 47,55.57,75 55 45AfI

64

He,ght7 30,57)5 49 55.67,75 54,67.75 51,S 7,63,68.70, 75 SO.55, 35.<19, 59,75 58,75 59,75
64

O,~ea5e 45,5<1.57,60, 35,40,43,45, 33,37,42,47, 33,37.42,47. 51,53.54,57,60.63, 46,50 40,45, 57.60,63 58.G1 ,64 59,62.65.
63.64,66,68. 48,49,51 55,61.66,70 54,57,61.66, 60,63,64,66,70,75 55 49,54 68,71 69,72 70,73
70,72,75 75 68,70,73.75

I - natural established stand 3 s Bnt,sh Columb,a Forest Se,vlCc 5 ~ measu,emeilis on ~ome plot~ lermmaleu IrI 1970 7 - ~ampll! tree~ on IV measured
2 - mea~wements slill conlmu,ng 4 ~ Canadian Forestrv Se,o,ee 6 "lots 10.11,12 des\,oyed ,n 1971

Not all plots measwed in same year



Table 2. V.. 'abl.. Code~ aoll Values (Planl'l Klnsl

Codl' Value
Var,able No. I , J • 5 6 7 8 9 ..

In~tallat,on I Robellson R Cllml>Loell R Tsable R TS.lble R
BIOt:k I Block 2

Block ,
PIOI 3 !Numbe.s can be obla,nl'l:J hom 0' ,gmal maps

Tree No •
SpeCieS 5 Douglas!" W Hemlock W.R. Cedar Wh'te PmI' lodge~le P,ne Alder Maple B,lsam Otner

F" Ha.dwoocfI

DBH Clau

linchesl 6 o1 10 , 1 20 eiC.

C.own Clan 7 Dommarn Codomm""1 lnle,med,ate Suppreslolld -
A" 8 AI recorded

...
Tree Candllion 9 L,~,ng O"d

foliage 10 Grren Vellow G,een-vellow Yellow Rod
Colo,

D'sease Class II Root'Ol

D'sease Class 12 Fr~1 leSion

Disease ClaSI IJ Foliage D'i

D'sease Class " O,eback

D,sease Class IS Termillal6tKJ

InJUtV 0'
Leader Breakotge

D'sease Clil~s 16 Sunscald

Root.ot CI"n 17 H..,llhy w,th G'~l"n'" P,tc-h YI"UOW G'l'l'n yl'.l().... G,pt>n Grl't'n Yellow Allllitll'lll AlllJ<lrent De<l(l Healthy

symptoms exudilll' ~ Pilch ex (tunl" nw.'lJ loon/limed H.."l""l He"I""! 00

d,sease) I1'SCdsel symplon,

v ear of De..lh 18 L.. '1 2 ,-j,g'IS 01 'o' .. a,



Va"able

Apparent
Healong

Rom·rot
,dent,f'cation

Yea's 01

declone

Glfdling (%

01 Clrcum.l

Suns.cald

'nternodes

Sunscald colao

Sunscald
les,ons

FooSI lesion

inte,nooes

Frost lesion

Foliage Disease

Fohage Disease
Ident,ficat,on

Cause of death

(other than
fOot,oti

Vl'arssmce

d'elJack

Dead leader

g'owth

Table 2. ICont,nuedl

Cod, Value

No. I 2 3 , 5 6 7 6 9 10

19 P,tch exudate P,tch. ex. "" Les,ons P,tch, ex "" Pitch, ex..
mycelium le'i,ons myrel &: te'iions

20 Armillaria Phellinvs A mellea "" Fomes annosus A mellea &: POrIa Poly porus Other Und,agnosed

mellea we"" P. we"" F. annosus subac,da 'ichwe,o-

It~"

" No, yea's

" 25 50 75 100

23 No. of mte,nodes involved

" "'" Bronle Cappe,

25 No les,ons

26 No. internodes mvolved

27 No. leslOOI

28 % ClOwn Thonnlng

29 RhabdOcllne Needle Curl

30 SUl-lpression Breakage Dth'"

31 Vea' of d'eoack to lastl,~,nq node

32 Whole leel

'"
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Table 4

Names of computerized plantation and natural stand data storage files

File Name

GDATAn.yy

GRIDAn.yv

TDATAn,yy

INDXAn.yy

XCRDAn.yv

TOAT.Non

C0IDRDS.Nnn

CROAT.Nnn

Purpose

Plantation data work file

Plantation coordinate work file

Plantation final data file

Plantation LRN file

Plantation XC tile

Natural stand data work tile

Natural stand coordinate work file

Natural stand final data file

Example

GDATA1.59 (data work file
for plantation no. 1 (Robertson
River), in examination year 1959)

GRIDA1.59

TDATA 1.59

INOXA1.59

XCADA1.59

TDAT.Jl (data work file
for installation no. 3., plot no. 1)

C00RDS.31

CROAT. 31



p12
p11

plD

p02

pOl

p13

p14

p15

p23

p24

p36

p35

p34

p26

p25

- 19-

p276
p275

p274

p266
p265

p277
p278
p279

p287
p28B

Fig. 1. Plot orientation in Tsable River, Block 1.

A B Pl Tree .... tree data -. X Y y,

3 1 20 138 .............. 5 2 59
3 1 20 138 .- ........... 5 2 62
3 1 20 138 ....... ...... 5 2 65
3 1 20 138 .............. 5 2 70
3 1 21 140 ........... .. 1 9 59
3 1 21 140 .............. 1 9 62

Fig. 2. Tree records as they appear on original Magtape file, arranged by Area (A), Block (Bl,
plot IPll.
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actual area

•.•.•••••••••••••••••••0-1 ..•••••. 0

7 8 9

......4 5.6 .
1...... . 3 .

File

CDATA3.yy

tree 9
tree 2
tree 7

tree 4

tree 5
tree 1

tree 34
tree 3
tree 15

l

File

TDATA3.yy

tree 1
tree 2
tree 3
tree 4

tree 5
tree 6

~
tree 0-2

tree n·'
tree n

R

Fig. 3. (L) Unordered arrangement of work file in relation to position of trees in plantation.
{Al Re·ordered finalized work file.
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----.~ 1000

----...,.~ 6

---_.~ 998

----... 999

•
•

'---

•
•

•
5

996

997

•
•

~

•

•
----__• 2

----__~ 3

1 15

2 2.

3 3 62

5

~
• 3

12 5 26

• 6 1

• •
~ •'---. ::::

• •
• •
• •

996 996 75

1000 997 5

998 21

999 '2

1000 58

2

3

193

192

LRN

File

XC

File

FO
File

Fig. 4. Relationship between LRN, XC, and FD files for 1000 trees, 75 X, and 193 Y coordinates.
The right-most tree record on Y '" 1 is no. 3, and on Y = 193, no. 1000, Trees on Y = ,

have X coordinates 15, 24 and 62, those on Y = 1935, 21, 42 and 58. Tree records are
arranged serially in the FD file.

.... q -" P·I~l·U", " hE> ~fC"." 'l~t •• !l~ Of CO~(, ". lTll 1~~I' H' I~H."l-5 "' ,-
"'''I'~U ,.., • ,

" " .- .- .. .- .- " .. .. " " " " " .- " " .. .. .. " " " '" "
,.

"
,

'" b.ll j , • , , • , - • , , • , " , , • • • , ,
'" • , , • • • ,. ,, .., 01111 • • • , • • , • , • .. • • , • • , • , • , , , , • • , .. ", .., U!J • , • , , , • , , • • • • • • • • • • , • • • • " • .. ",

'" , III , , • , • • , • , • • • • , • • • • • • " '" " • , • • " .. ., ..,
'" .n~ • , • , • , , .. , • • • • , , • , • , • .. • • • • , , .. , .., ... '~'l • • • , , • , • , , .' • • • • , • , • • , .. • • • • , • •• .. .., .., 'j.'~

, , , , , • , • ,
" • , • , • , • • • .. " • • • , • .. ., ,,', ... ~... , , , , , , • • • • • • • , • • • • • • .. • • • , ,

'" .. .. ",
'" • J~l

, • • , • • • • • , • • • • • • • • , ., • , , , • " .. ,
"

Fig. 5. Example of print-out obtained by specifying file inspection option. Variable code numbers
and values are explained in Tables 2 and 3.
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'"
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•

...
Fig. 6. Example of print·out obtained by specifying summary option. Number of trees in each

level of first constraint variable is shown in tabular form, followed by frequency distri·
bution graph if three or more levels have been specified. Table and graph is repeated for
each constraint and test variable. Variable code numbers and values are explained in
Tables 2 and 3.
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Fig. 7. Example of print-out obtained by specifying stem map option. Position of each tree is
shown by a numeral representing the value of the test variable, in this case variable code 6
or DBH, by one-inch diameter classes.
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,

F...... tlL(:U~U In,. uf ! .. ~ "'tSU~'l'i IN 1-'011 " 1.. ~ HIl 'H.T J:.
, .. tinl, AS A,. t"'T1"'f PllPuLlllO... ~nll ClU;'lI.'ti:" ". 'O<t ~tSllLT)

I'" "l~r , .. t 0'1' !lrT IS 1...~'ttO I,!,. lol"''''lt r.l", "It .. 1.''''Iot. ..
"l''''lt\.l1ln }. lLL '_:,t.::., IT l'i 1!I'U"tU ''''IT .\J C ...... (llU ....... ,_
.;t.Jtll~l:1 F;;.. l"t'::oIl .. f,.tlvT 05. u"'utJPl"G l .. Tl~V'l '>.

,t\,] U,

15-1 "OO'L .... LUe.
"O'UI. r"'tl'lUI:.",C'
.... ,,(;1;.

..,tl "

:>U.. ""~ S""l1'''''U
ut-vl'ltu"s f.l0'"
P'l: 11f U'
Yloll"'.Lt

VALuE

S.Il~I'\'"

".~ll:l~",.
1"'.1";021'"
~."lol t:rlo'ttTlu ~'L"l. 1~1 ·lIMt"l,

15.1 CU'lUl...&Nt.

ShTl511t

.. t"'J""u'"

..... I,",u"
T01'1.
Nd. ~F (IHSl~Y"IUN!I

YAlfI''''Ct
UlG~ltS Uf F"f;t.uO'"
3T''''OIRn OtYI'TTO~

STU. t"' .. u'" OF ..taN

I
\I

')'j! • .,0111Ql

'"Q.b'Hili
t~ll.

,LlbH·
i6 ••nl'i

TOTAl ~IH.I.I)tNC'

':'''-0 l\-SUllST1C.

Fig. 8. Example of output obtained by specifying descriptive statistics option. The data comprises
all values of the test variable, treated as a total population and as a sample.
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PLI.NT.t.TION NO. •
t •

I.... 34
.. I • <!
4i. ';) ..
.. 3. I i
t'~. 21
j". &6
I, liS

ii, ')1,,]. "
]1, ,hI

DISTINCt. TO "'FU.!~5T INIlJvIIlU'LS

1 0
''0·

I • ,
I 0 ,

•••
•• t

3
0

to'
t .'...

PllLOU·S r~~T OF W'NOU~NfSS 8y POINT TO PL"~T OISTI.NCE\

NU. vF INUlvTI)UAL.S OI'lE Ii I.

I .301

NO. Of S""PI.t:S

to

Fig.9. Example of output obtained by specifying option for 1st Pie lou test on test variable
no. 6, all values (indicated by 6/100). Optional print-out shows random points and dis
tances. Alpha value indicates index of non-randomness which must be compared with a
table value (Pielou 1959).

2 80UNCED 8~ COORDINATES til,llt TO 1&0,180

01 •

CHI~SUUA~EO 'OR RANDOM DISTRIBUTION' 03.4Z _ITM 10 DEGREES 0' 'RE~OOM

H[AN OIAM. DW "TCH~~ • ill
MEiN 01'". 0' ~"a • 11.i
PE.C!NT '.EA OCCU'IIO 8Y ,.,eWEI' 1.1 vAAIANt!. 0.00i

Fig. 10. Example of output obtained by specifying Pie lou test no. 2. Significant patchiness is
indicated by a chi-squared value exceeding the table value.
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,
80U~OfD d¥ tOORO!H'TES 1 ,

ll~T v'''lU'LI: IS tI

/Onon"'e.SS (IF '" Te. 5 t ," '" Io00/'''to rJSI~II",TIO,"

CLASS OIlStlhEl"I [lPHT£t' (O·E I rO-t.11E
FIoEIIUENCT FRlQUt:'fO

, l,bb.,I\! 0.0"bb'cll!'J

, , •• t44)!l1l 1.'I"'flbill>'

,
" lI,lalll' '),)1<']':111\1"

• " \J.!io'lJfl!34 1l.1I<'41l')IolH

5 " 17."".')(1" \1.~l!lh.l'

• " \'loll!ltol'5 l.q!lIlA."... Ib,':I"I111o ~. "''1'''9'1
• " 11."l.U' '.ll''''''''
• ... ':1"'.11117 '.IUll-Ublil

" J.ald'jd<' I.JSelIOUt

" • l.i!eqJI>~ ~. /<'&10"':1]

~W1l'U T I 0'" "~I SOU ... t. 1l.IIII'lJ':l4Sb
"'I roO • I;tG.oIH5 O~ F"Hon",

Fig. 11. Example of output obtained bV specifying option for testing conformity of test variable
data to a normal distribution.


