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ABSTRACT

The Forest Insect and Disease Survey, established in 1936, and
now part of the Canadian Forestry Service, Department of the Environment,
collects and interprets data on forest pest populations for the benefit of
forest land managers. These data are used fDr current population and
damage prediction, and are stored on a computer file for possible future
analysis.

The most complete and extensive long-term records are on
defoliating insects, for which there has been a standard collecting technique
applied since 1949, at established sampling points throughout the Province.
The methods of data collection and retrieval are described in this report.
Data are extracted by computer programs which aJ list it in several formats:
by collection, pest species and locality; b) print pest population and sample
distribution listings and maps; c) calculate and summarize insect population
measures such as average number of insects per sample and %positive samples.
These measures, for any insect pest, host tree and geographic location,
can be plotted and compared. Methods ofaccess to Atmospheric Environment
Service weather data were also developed and the data can be print·plotted.

RESUME

L'inventaire des maladies et des insectes forestiers, fondeen 1936,
faisant partie du Service canadien des forers, ministere de I'Environnement,
recolte et interprete des donnees sur les f1eaux des for/Us en vue de faire
progresser I'amenagement des forets. Depuis ces donnees on estime les
populations actuelles et on predit les dommages. Puis on classe celles-Ia
au moyen de fiches d'ordinateur en vue d'analyses futures.

On possede les donnees les plus comp/~tes et detaillees, s'ifchel­
onnant sur une longue periode, sur les insectes d€foliateurs, pour lesquels
on se sert de la meme technique de recolte depuis 1949 dans les mt/mes
places-echantillons {if et la dans la province. Ce rapport decrit les methodes
de recolte et Ie rassemblement des donnees. Puis des programmations ii
I'ordinateur fournissent les donnees suivantes: a) enumerations selon les
recoltes, les especes de flliaux, et la localite,' b) impression des enumerations
et des cartes des populations et des repartitions selon les echantillonnages;
c) calculs et nisumes des mesures des populations d'insectes telles que Ie
nombre moyen d'insectes par place·echantillon et Ie pourcentage de places­
echantillons ou tel insecte fut trouve. Ces mesures, pour tout insecte
nuisible, arbre hote et localisation geographique peuvent etre mises en plan
et comparees. On a aussi mis au point des methodes d'acces aux donnees
meteorologiques du Service de I'environnement atmospherique, donnees
qui peuvent etre pointees par impression.
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INTRODUCTION

Forest pest surveys in Canada are carried out by the Canadian Forestry Service
field staff, assisted by provincial and industrial foresters. The purpose of these surveys is
to collect and analyze data on forest pests, report on current populations and damage,
and predict future conditions.

Data were first taken regularly in British Columbia in 1937, beginning one of
the most extensive long-term series of biological population records in the world. Collection
of standard, well-documented samples began in 1949: approximately 160,000, each includ­
ing from one to several insect or disease species, have been made, and these are the principal
records available for study.

Studies of population trends were done by a number of workers (e.g., Silver
1962; Ruth and Silver 1966), but it was not practical to make greater use of the data until
the advent of computers. Now that some 27 years of computerized data are available, plus
over 12 years' prior written records, it is desirable to examine the historical data for more
detailed information, with the aim of using predictive knowledge in effecting control.
Should analyses yield inconclusive or erroneous results, modifications may be invoked to
detect deficiencies and improve data collection methods in the future.

Analysis of the data requires that it be t:orrect and readily accessible. The
author has worked on improving the data file and has developed a basic series of programs
to facilitate batch retrieval of the data. This report describes these methods, with emphasis
on defoliating insect records, which make up the largest single data base, and the formula­
tion of some methods to correlate pest and some related weather data. Modification of
these techniques will follow use of the data; many refinements undoubtedly are possible.
Comments and discussion, therefore, are welcome.
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DATA COLLECTION AND STORAGE

The basic document for all samples is the Forest Insect and Disease Survey
Sampling Form (Figures l-A, 1-81. This form has been in use since 1967; prior to that,
other versions were used. Aher completion, it is filed at the Pacific Forest Research Centre
in Victoria. A sample of the pest and/or damage may accompany the forms for identifica­
tion, retention in the museum collection, rearing for parasites or some other special reason.

General information is recorded about the stand, such as location, elevation,
aspect, maturity, tree size, density and forest cover type, and pest data such as host, sampling
technique data, and the name, number and stage of all insects. National codes have been
adopted whereby both insect and tree species are assigned a distinctive number.

The geographic location of samples are recorded by two methods. One involves
88 distinct geographic regions or drainage divisions. Generally, they include entire river
drainages, but some of the larger systems are su~divided. More definitive than these broad
subdivisions is the Universal Transverse Mercator (U.T.M.) grid, which divides the country
into blocks measuring 10,000 metres on each side.

To record more information than can be handled by the regular sampling form,
such as from certain specialized surveys, the data base was expanded in 1971 by the intro­
duction of a supplementary sampling form (Figure 2). This form and the regular sampling
form are linked through a common registration and specimen number. Maps and various
other field forms are used during the actual surveys; at convenient intervals, a summary of
the data is transferred to the sampling forms. For example, after each day's aerial surveys,
information, such as the number of dead trees or area defoliated, is recorded for each sig·
nificant area of damage.

Data were originally retained only on the field sampling forms but, in 1952,
were transferred to Remington cards; in 1967, the more common and versatile SO-column
card format was adopted. These data, described here, are being made accessible by a
number of programs developed under the direction of the author.

While evidence of damage and actual pest numbers for a variety of pests are
included in Survey records, the principal quantitative data have been on defoliating insect
larvae. These are sampled mainly by the tree-beating method (Harris et at 1972) which
involves a standard-sized sample or collection (3-trees, 12-ft beating pole, 7 x 9-ft collecting
sheet). Collections, taken at least once a year at locations representative of the surrounding
stands, are marked and designated as "permanent sampling stations (P.S.S.)". These are
visited each year during the time when larvae of the majority of pests are present.

Permanent sampling stations are groups of trees, usually selected from within
less than half a square mile, sampled routinely each year. They represent a timber type
covering a much larger area, and are chosen with a view to sampling one or more (preferably
all) of the significant species of defoliators occurring within that type.

The number of P.S.S.s established in a timber type is theoretically proportional
to the amount of that timber type in the District. The actual selection is governed by:
(a) accessioility (by vehicle or aircraft); (bl distribution of forested area and important
forest types; (c) insect and disease hazard rating, i.e., those having chronic or periodic pest
problems, and (d) permanence (in firebreaks, parks, etc.).
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Figure 1-A - Field sampling form used by Forest Insect and Disease Survey since 1967.
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If a P.S.S. must be relocated, tNery effort is made to choose an area of similar
type in the same grid; in which case, the original P.S,S. number is retained.

Areas where chronic insect problems occur are among those suitable for P.S.S.s.
Situations that would make a stand unique for only a short time. such as disease centers
or other predisposition factors, are avoided.

A regular sampling form is completed for each beating collection made at a
P.S.S. Collections at other points are similarly recorded; random beating collections may
supplement the P.S.S., but special beating collections to appraise an infestation are not
included in calculations designed to demonstrate annual population changes over the larger
test areas.



DATA RETRIEVAL

Population Measures

Three quantitative measures of defoliating insect populations are in use by the
Survey in British Columbia. They are: 1) % positive samples, where the number of samples
wllich include at least one of a particular insect species is expressed as a proportion of the
total; 2) average numbers of specimens per sample, and 3) average numbers of specimens per
positive sample. These parameters can be calculated for any particular pest insect species,
host tree species and location(s) for the period of the year the pest is in the larval and/or
pupal stage. An example is given in Figure 3.

The first of the above measures, % positive samples, may show population
changes more distinctly than the second and third, and indicates the distribution of insects
in the stand, which may be independent of the numbers of larvae in the samples. Small
numbers of insects, evenly spread, can result in high % positive collections, indicating a
potentially significant problem should populations increase.

The second and third measures tell about the population in actual numbers of
insects per sample. An advantage of the latter index, where the number of positive collec­
tions include only those with at least one specimen of the insect in question present, is
that it is easier to calculate than the former. Negative samples (those that could include
the insect in question but do not, and which are not, therefore, labelled by that pest's
code number) normally are not separately identified and counted. To find the total number
of eligible samples (positive plus negative), rather complicated selection procedures must be
followed. However, ignoring negative samples introduces a bias and may result in a less
sensitive index at low population levels; in general, this author prefers the former method.

All methods are susceptible to sample selection bias. Samples concentrated
in an infestation represent it, but not any larger area. If there is a tendancy toward selecting
sampling sites favored by an insect, such as by taking additional samples within an infesta­
tion, population figures will be higher than if there were no such selection. Samples taken
in earlier years, when access was more limited and permanent sampling stations were less
carefully established than now, are particularly suspect. In recent years, most samples are
taken at routine permanent sampling stations and it is less likely that "additional" or
biased collections could affect the conclusions.

Choosing the Sampling Period

The sampling period for most defoliator larvae on foliage is during spring
and early summer. Ideally, all sampling should be done within as brief a period as possible
to minimize the influence of natural mortality. Also, most samples can be designed to
account for at least several species, but it usually happens that their entire periods of
occurrence do not completely coincide, so the practical sampling period is one which coin­
cides with the OCCLrrence of most or all of the species occurring in an area.

For lhe purpose of determining insect density and deciding on acceptable
negative samples, methods of determining a workable sampling period for each insect
were tested:
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(1) include all samples, knowing or at least assuming that they were made
when the pest being studied could have been present;

(21 include all samples from the date of the first collection containing that
pest to the date of the last onealso including it.

(3) include all samples between specified dates, by selecting a specific period
each year or calculating an average period over several years.

In recent years, the actual time of sampling has tended to be well within the
period of major larval activity. Thus method one, which is convenient to calculate, is satis­
factory for at least the past several years' records. The second method is more suitable
for the older records, when the sampling period was more protracted. It can be automa·
tically calculated but may exclude some valid negative samples at either end of the period.
The third method would probably give the most accurate results, but it needs adequate
knowledge about the populations, which is usually not available, especially in the case of
historical samples, and it cannot be readily calculated like the other two, requiring the
input of data specific to each case.

A comparison of these methods, for a pest species on two hosts and at two
localities (Figures 4 and 5), illustrates how all three methods can produce results that
almost coincide; such a check would be useful in deciding on a method in any particular
case.

Appraising Sampling Site Localities

Sampling areas can vary considerably in their sensitivity to pest population
changes; therefore, it is desirable to select and perpetuate the most representative sampling
stations. In this way future sampling is improved, with maximum accuracy and minimum
effort, time and expense.

One way of identifying the better eXisting sampling sites is by looking at
their comparative histories. Population changes should be more readily seen at sites where
populations are regularly high than at sites where they are low. However, there may be sites
where larvae are seldom found, except when overall populations are unusually high; in
such cases, finding even a few larvae can be indicative of an impending problem.

Quick searches of the data file by computer are now possible, facilitating
examination of existing sampling sites in a variety of ways. Since the smallest geographic
area definable is the U.T.M. grid, computer-printed maps and data listings by year and
grid, described in a later section of this report, show pest populations on areas this size
and larger. By reference to maps for each year, one can determine sites:

(,) where samples were made regularly, and

(2) where larvae were found in abundance lor the reverse) compared to other
sites.

The first·mentioned point is important because a historical study requires
fairly continuous annual records at a locality. Each grid can be scanned to determine
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the number of years during which some samples were made, and those with data for only
a few years can be ignored. Then, point number 2, the numbers of larvae of each insect
and host in each year by grid can be examined. Grids with more than a minimum number
of sample records and with some positive records (for the pest being studied) in the 27
years could be given further attention. An initial measure of a grid's usefulness, a locality
rating, is the ratio of years in which there were positive samples to total years sampled.
These ratings can be plotted for particular insect pests and host species to determine grids
that are sampled frequently. But this does not provide information on the number of
insects in the positive samples. To add this information, wherever locality ratings are
more than some minimum figure, population figures are plotted. A further refinement is
to determine grids in which more than one insect species has been significant; the more
species of insects that appear at a sample point, the more useful it becomes. Above-average
sampling sites can thus be identified for specific insects and hosts. Points identified in this
manner can be used as population indicators, and insensitive points can be eliminated,
with consequent savings.

To illustrate the previously described techniques, some sampling points on
Vancouver Island were examined for their usefulness in recording Acleris sp. on western
hemlock. Locality ratings for points where five or more annual samples were taken
were plotted by grid on a map (Figure 6), On grids where locality ratings were more than
3 (30% positive samples over 5-23 years). a coded larval value was plotted in each grid each
year for Acleris (Figure 7). The higher values indicate larger numbers of Acleris were
recorded.

Figure S-A shows grids with at least two insect species having a locality rating
at 3 or greater. These are good localities for general beating samples and would probably
have top priority. Figure S-8 shows a refinement of this, indicating grids with specific
numbers of insect species with a 3 or greater rating. The darker the grid in the figure. the
more species frequently have been collected in this grid. One should not exclude heretofore
unsampled areas from future sampling but, of the existing sites, the darker areas on the
above figures probably are the better grids to sample regularly.

Extracting Pest Data

A number of computer programs have been developed to extract, list and
summarize the pest population data. The listings consist of the recorded data pertaining
to each sample, with the record for each pest species in a sample on a separate line; tree
and stand data are identical for all pest species in each sample. The first sorts are usually
by region (British Columbia-Yukon in our casel and by year. The major programs currently
in routine, regular use are as follows:

1. Accession listing· Lists the 80 entries of data found on each sampling form, repeating
it for each different pest species found in each sample. They are arranged in order of
the arrival of each sampling form at the laboratory, at which time the form is given a
surveyor accession number. All samples, regardless of sampling method, are included
(Figure 9). It is useful for checking the accuracy of data.

2. Species listing - Same as the above listing, but arranged by insect or disease species.
Within each species, the SO-column records are arranged by year and then by drainage
division; within each drainage division, they are by tree species; within this, by sampling
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110720' 1326+ 022110673-9-0478-01
11072031326+ 022 LI06 13-9-0478-90
17 01'203 18 26. 098 1$061'3-9-0.79-01
170"203 1826. 098 1S06 7)-9-0."9-02
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TREE SPECIES, Douglas-fir
NO.OF TREES SAMPLED, )

PEST TYPE, insect TREE STATUS, living
LOCALITY, drainage division 181 TREE CLASS, intermediate STAGE, coded number,

I
TM GRID, 6-mile-aquare area ~ SAMPLING TECHNIQUE, quantitatlve beating 0200- 2-5 larvae

r
pLOT OR AREA SAMPLE NO. ~ POPULATION LEVEL, NIA NO.OF INSECTS, 5
01 indicates PSS COLLECTION SOURCE, NIl>. IDENTIFIER,

ELEVATION, NUMBER OF UNITS, AV. COUNT, lab. technician12951- 3049 ft rLAMACE • HAZARD INDEX. blank frDIS'DSAL. d'scuded

:;m:~ gIn ...on t'·' L"" '~·L"'·· " 26' '''lL''··Ln.,."..-" L"'"'' ''''.OS ..IIJI$4-501
1l3154~ 01
113IS"'!. 01 HT.OF DOM.TREES,100ft SPECIES CODE, 6290102,
b~;~:~~ g DOMIN1\NT SPECIES, 0 Orgyia pseudotsugata
OQ506:>3 25 COVER TYPE, o/pp YEAR, REGION, ACCESSION NO., SPECIMEN NO.
O;t .....~OO 01 FOREST SECTION, Ponderosa pine DAY" MONTH
i~;i~:i g: ' OOuqlas-fir LAND OWNERSHIP, provincial crown land
1053563 01 BASAL AREA, 66 sq ft approx. PIDS NO., 02 designates a particular collector
II ](lSSi' 25 AGE STRUCTURE, uneven
II)O~U 2S •
1130552: 2S MATURITY, .em -mature
1:3:)554: 2' ASPECT, ea.t
t 132545 Ot HISTORY, undisturbed
105556' 01 1 f1':15$562 01 DESCRIPTION, natura orest
095:1603 01
0950603 01
095060] 0 I
0950603 Ot02 ,I9nll 403 S21lS 10 092:03 IS 2:6.
09506030102: t9115 40~ 5215 I 0..-03 152:6+
09S0603 0102 81971' 4-03 5215 I 04803 IS 26.

Ilel
I I " I
I 1111
llSl
I I e I
II .r:
II ~.

1 LI) <II
II 03
: :.0
1140
1"'0
, 181
I Ill.
III t
I : 81
lIal
I 1 4-0
I I <110
110.
1104­
I: 04­
I 104­" ,.
I I :>4-

.u.
1181
lUI
I 18'
I 18 I
1172
1172
1172
I I "2
I I "2
lUll!
1 I 72.

Figure 9 - Accession listing. A listing of sampling form data with entries in order of reception at laboratory (see Figure 1). One
entry is described in detail above.
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technique and then by date. This enables one to examine records grouped in the most
commonly used way: by insect species, locality and host.

3. Sample count listing - Similar to accession listing, but restricted to 3·tree beating samples.
and data are grouped by drainage division, tree species and date. Since 1971, only
quantitative permanent sampling station and random beating samples afe listed. It
is used principally to enable one to count the total number of beating samples by locality
and host tree; this can be used, together with the species listing, to calculate % positive
samples and average number of larvae per sample.

4. Population calculation program - Calculates % positive samples and average numbers of
larvae per sample or positive sample for any specified insect(s), host(s) and geographic
area. Data are from 3-tree insect beatings and, after 1971, are also restricted to quan­
titative permanent sampling station and random beatings.

These figures are automatically calculated for a) the entire sampling period,
and b) the period between first and last positive samples. Six-day counts of numbers
of positive samples, total numbers of collections, and numbers of insects are listed
so that calculations can be made for other sampling periods.

This program provides some of the information also obtainable from 2 and
3 above, but with fewer hand calculations being necessary (Figure 10).

5. Mapping program - Produces computer-printed maps of British Columbia-Yukon Region,
giving sample or population distribution by year. Coded values are located within each
10,000 meter-square grid, indicating either the total number of samples on specified
tree hosts(s) or the highest number of larvae-pupae (Figure 11) of specified insect
species on any host(s).

6. Grid listing - Prints out, by U.T.M. grid and year, the data on the above maps. The print­
outs show, by grid, the number of samples for any specified tree host(s) (Figure 12) and
the highest numbers of larvae-pupae of any specified insect species on its hostls). From
this, one can see the localities that have been sampled frequently, infrequently or not
at all, and of the sampled localities, those that have had consistently high or low numbers
of larvae.
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Figure 11 . Computer map of part of southwestern British Columbia showing the coded
highest number of Nepytia freeman; larvae found in 3·tree beating collections
on Douglas-fir in 1975, in each 10,OOO-metre-square grid. Dots outline rivers,
lakes and coastal areas; asterisks define the B.C. border; arrows, plus signs
and numbers in brackets indicate approximate U.T.M. grid coordinates.
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Figure 12 - Grid listing. Gives the coded number of 3-tree beating collections for specified host tree species by grid and year.
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Geographical-Ecological Data

Pest data are always summarized for some discrete, geographical area of some
biological or political significance. Few good ecological classifications of British Columbia
are available, although some parts have been studied in more detail than others. The major
classifications are by Rowe (1972) and Krajina (1965), who used climate, geology and
vegetation to classify areas with similar features. While these areas have been described and
shown on maps, and undoubtedly have use in grouping pest population records. they do
not describe in detail the actual site on which each particular observation is made; there
are no classifications that have been developed in sufficient detail to identify definitely the
varied conditions covered by each of our sampling stations.

An example of one of the better described areas is Vancouver Island. By using
drainage divisions or U.T.M. grids applied over an ecological map. similar areas from which
to select samples can be delineated. References for subdividing Vancouver Island are Packee
(19721. Rowe (19721 and Krajina 119651. One approach would be to group several survey
drainage divisions with roughly similar ecological characteristics (Figure 131. Another would
be to use Packee's subzones, delineated by grid, with grid squares including more than one
subzone excluded. Such a partitioning is illustrated in Figure 14. Pest population records
could be extracted and summarized for these geographic areas, and population figures
plotted for them.
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- 25 -

Climatic Data

Climate in general, and local weather in partiaJlar, is known to affect pest
populations, and one should theoretically be able to relate them to each other. Although
weather records have not been taken to specifically correspond to F.1.0.5. sampling, data
have been and are being collected in British Columbia and the Yukon by the Atmospheric
Environment Service (A.E.S.) at many stations. While conditions at these stations will not
be identical to those in the forest at the sampling points, there should be similar trends. In
some cases, weather data may be associated with an increase or decrease in pest populations
resulting from some unusual conditions affecting pest or host.

Weather stations are chosen principally on the basis of their apparent ability
to reflect conditions affecting pest populations, but completeness and reliability of data
are also important. Daily records are available from the A.E.S. in various publications and
on computer tape. The weather elements observed on most days at the major stations
include temperature, relative humidity. rainfall, snowfall and wind.

Programs to extract and summarize data were developed. A sample listing is
given in Figure 15. Weather records summarized by 5-day andlor monthly periods are:
1) extreme and average minimum, maximum and mean daily temperatures; 2) cumulated
"degree days", with temperature above 420 F each day; 3) deviation of minimum, maximum
and mean daily temperatures from their long-term averages; 4) total precipitation; 51 number
of days of rain; 6) the % deviation of total precipitation from the long·term average of
precipitation totals; 7) the number of days in which the minimum and maximum daily
temperatures were less than or greater than specified temperatures, and 8) the maximum
and minimum snow depths. Minimum, maximum and mean temperature, their deviations
from long term averages and total precipitation can also be print-plotted.
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Portraying Pest Data

When pest population data are made available by means of the previously
described programs, they can be compared by locality and host tree species. Graphing the
data involves plotting actual and/or logarithmic annual population values over time, the
former method showing actual population size and the latter illustrating the rate of change.
The actual figures are significant in themselves, particularly if we learn what they mean
with respect to the damage they cause, but the rate of change is also of interest. For
example, a change from 5 to 10 insects is a 100% increase in population and could be
important; however, a change from 80 to 85 insects f6% change) would probably be insig­
nificant. Graphed logarithmically, the rate of change may be more readily seen than when
the same data are graphed arithmetically.

As examples, some graphical comparisons of pest populations and accompany­
ing weather data are shown in Figure 16. Average annual pest population data (% positive
samples and average numbers of larvae per sample) on western hemlock on part of
Vancouver Island were plotted on both arithmetic and logarithmic scales. Example weather
records from a typical station, Port Hardy Airport, were plotted below the pest population
graphs.

Figure 16 compares several different pest species with each other, The same
data could be rearranged so as to compare populations on other host species with those on
western hemlock, and to compare samples from different localities.
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DISCUSSiON AND CONCLUSIONS

The methods described on the foregoing pages make possible the extraction
of data from the historical files of the British Columbia·Yukon Forest Insect and Disease
Survey. When examined, these quantitative population records of particular insects on
various tree hosts at well-defined geographic locations reveal the cyclical rise and fall of
insect populations. These data, together with information on various factors affecting pest
populations, such as weather, could be used to determine how observed trends might be a
guide in future pest population predictions. Such observations could provide clues to the
causes of population fluctuations and form the basis for future investigations.

Besides being useful historically. methods developed now should have value
in collecting and interpreting future data. At present, field staff can only pass on general
impressions of current populations throughout the summer because the quantitative data
are only critically examined in the fall. If these data could be summarized periodically
throughout the field season, we could monitor current populations as they develop. As a
pest population develops, historic data can be summarized as a guide in the prediction of
trends and damage.

The present system is designed for the more or less pre-planned retrieval
of specific information at a central data processing location (Onawa), with an often lengthy
time interval between recognizing the need for each piece of information and its receipt.
However, for timely retrieval al)d in-depth analysis of data, a complementary or parallel
system also is being developed in the Region. And, to meet a need for instant retrieval,
we are expanding the present system to an inter-active, on-line data base system.

Many questions now appear solvable. A very important one concerns future
sampling intensity: whether we need more or less samples to cover forested areas to provide
more and better information. Certainly some data must be collected for a measure of
current populations and to detect trends. It may be, however, that fewer samples would
be adequate. For example, if trends prove similar for a number of insect species, we may
need only to look at a few indicator species; similarly, it may be possible to concentrate
more on fewer tree species. Geographically, it might be determined from analyses of the
data that sampling could be reduced, with samples confined only to areas that are most
accessible and omitting samples that are now most expensive to collect. Hopefully, through
such analysis of the F.I.D.S. data file, efficiency of data collection can be improved.
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