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Abstract
The distribution of poplar foliage over the trees is described for a number of
locations in the trans-Divide area of the Roclcy Mountains of Canada. The
statistics of sorne foliage attributes and of the distributions of a number of
organisms infesting foliage are derived. On this basis, a samplingnsyste~nwith
preset limits of precision and confidence is designed. The system is tested and
its limitations discussed. Techniques for the modification of the system t o fit
local conditions are suggested. The system outlined will provide in a single
operation data of known accuracy on the populations of a number of organisms.

Introduction
During the summer of 1953, a long-term study of insects inhabiting poplar
in the trans-Divide region of the Roclcy Mountains was begun. T h e project
is designed t o test the hypothesis (7) t h a t insects which occupy different types
of habitats may often require different climatic conditions for their optimum
development, survival, and increase. A very satisfactory tree species for
testing this interesting idea is trembling aspen (Populus tremula'des Michx.)
because it supports a wide variety of insects, and provides a number of different
types of insect habitats. In addition, i t is widely distributed so t h a t the
investigation could be extended t o many different regions after techniques
have been developed and tested in the trans-Divide area, where differences in
climate often occur over short distances.
The first requirement for following population fluctuations is a sampling
system which will give adequate measureinents of population densities. T h e
present report deals with investigations leading t o the development of such
a sampling system.

Statistical Investigations on Populus trernuloides
General Considerations
The object of the investigations was the development of a sampling system
which would provide d a t a on the populations of insects and disease organisms
inhabiting the leaves and twigs of trembling aspen. As the use to which this
sampling system is to be put will probably enlarge beyond the scope of the
project as i t is presently envisioned, an attempt was made t o place i t on a s
broad a basis as possible. T h e system had t o be adapted for use by a variety
of field worlcers of varying degrees of training and skill. Therefore, it was
necessary t o maintain simplicity of operation even if this ineant extra labor
in the actual field collection of the samples.
T h e sampling system had to accommodate local peculiarities of stands and
individual trees. Because several lcinds of organisms must be sampled a t the
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Contribzttio?~N o . 172. Forest Biolorv
o-f A.!yiczlltztre,
-- Diuision. Science Service.. Defiartment
Ottawa, Canada.
Forest Biology Laboratory, Calgary, Alberta.

Can. J. Zool. Downloaded from www.nrcresearchpress.com by Depository Services Program on 01/23/12
For personal use only.

422

C A N A D I A N J O U R l V A L OF ZOOLOGY.

V O L . 32

same time, it had to provide sufficient data on the organism presenting the
most difficult sampling problem, even a t the expense of oversampling more
evenly distributed organisms. The system had to be designed so t h a t the
data would appear in such a form t h a t records could be used for the purposes
of a variety of special analyses. The density of the organisms sampled, as
well as the nature of the comparisons to be made, fixes the manner in which
field d a t a are presented for analysis. However, for actual use in the analysis
of population fluctuations, field data will probably have to be converted to
some form of absolute density expression on a per tree or a per unit area basis.

FIG.1. The location of sampling points within the Rocky Mountain National Parks
of Canada.
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Location, Materials, and Methods
Trees for study were selected from three areas: I<ootenay, Banff, and Yoho
National Parks. A number of locations within each national park were
sampled, as shown in Fig. 1. Banff Park lies to the east of the Great Divide,
whereas the other parks are both to the west of that barrier. Yoho Park
sample locations are all within the defile of the Kicking Horse Pass, to the
north of the massif formed by the Lake Louise and the Cathedral-Stephen
groups of mountains. The sample locations in Kootenay Park are in the
valleys of the Vermilion and I<ootenay Rivers, separated from the Yoho
locations by the above-mentioned massif and its subsidiaries to the south.
Though both the locations in Kootenay and those in Yoho are in passes
which permit the low-level passage of maritime air (2), their aspects and
exposures are very different and there are indications (3) t h a t their climates
show corresponding differences.
The distribution of the sample trees is given in Table I. The sampling
was concentrated a t I<ootenay Crossing. This was done because time did
not permit widespread intensive sampling, and the Kootenay Crossing stand
was selected as both suitable and typical. Therefore in the following discussion, the results will be presented first for this stand. The characteristics
of the attribute under discussion will be derived for the I<ootenay Crossing
stand and used as a basis of comparison for the single tree samples taken from
other locations and other areas.
Trees of Populus tremuloides were selected randomly within each location.
Each tree was felled, its total height recorded, and the orientation and arrangement of its various segments were marked. Thereafter it was cut into smaller
parts for easier handling. Branches were treated individually. Records
TABLE I

THEDISTRIBUTION

OF SAMPLE TREES BY AREA AND LOCATION

Area

Location

ICootenay

Snow Creel;
ICootenay Crossing
McLeod RiIeadows

Banff

Mile
Mile
Mile
Mile
Mile
Mile

0

3.5
14
19
32
37

Great Divide
Cathedral
Leanchoil

Number of trees
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were made t o show (a) the height and orientation of the branch; (b) the
location of each leaf bunch* as numbered from the trunk t o the periphery;
(c) the number of leaves in each bunch; and (d) the number of organisms on
each leaf and the total for the bunch. These data were recorded in such a
way that totals could be obtained rapidly, but the original data on leaf
populations could be referred to as required.
T h e crown of the tree was divided on the basis of height into lower, middle,
and upper thirds. I n addition, terminals were kept separate in the first
analysis. T h e horizontal classes were the four cardinal compass quadrants.
T h e first problem was t o determine the sampling unit. I t was felt t h a t if a
leaf bunch could be used, the recording of the data could be simplified.
Number of Leaves i n the Bunch
T h e mean number of leaves per bunch was derived for each of the 16
segments of each tree examined. T h e results were subjected to the analysis
of variance on a single tree basis with the height in the crown plus terminals
(four classes) and the compass direction (four classes) forming the basis of a
four-by-four, single-level analysis. T h e over-all mean number of leaves per
bunch is 4.562 5 0.266.
No persistent trend in the number of leaves per bunch could be detected
within the tree for level or direction, nor could a trend be detected between
trees, locations, or areas in the distribution of number of leaves per bunch.
Thus, the leaf bunch may be considered to have substantially the same number
of leaves regardless of level within the tree, direction in the crown, tree within
the location, location within area or between areas.
T h e variance ratio for level was of border significance ( F = 3.87 : 5% = 3.86).
This ratio is apparently due to the number of leaves in the terminal bunches.
T h e absolute amount of foliage which is contained in the terminal bunches,
however, is very small. The discarding of the leaves in the terminal bunches
did not affect the size of the total sampling universe ( ~ =
2 0.00709 for
degrees of freedom 47/11) and the inclusion of the terminal bunches with
those of the upper crown class did not affect the size of the upper crown
with respect to the whole (x2 = 0.00659 for degrees of freedom 36/47).
Therefore, the terminal tissue was lumped with that of the upper crown,
since it was not considered advisable t o discard it because of its possible
ecological significance. When this was done, the variance ratio for level
was reduced considerably ( F = 2.56 : 5% = 4.07).
Distribution of Leaf Bunches
As the leaf bunch is remarkably constant, it is possible to base the examination of foliage distribution and the distribution of organisms on the foliage on
the number of bunches and density per bunch instead of on individual leaves.
This reduces the labor of recording in the field and speeds calculation.

* The foliage of poplar i s arranged i n bunches of leaves growing from the terminal of the current
year's growth. T h e bunches which are lateral to the m a i n branches are compact, those which are
terminal are diffuse.
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T h e trees of the Kootenay Crossing location were analyzed separately.
Differences in the numbers of bunches due t o direction in the crown were
uniformly insignificant. ~ifferenc6sdue t o crown level showed intermittent
significance. However, when all trees from the location were analyzed
together with the means for crown segments used in the analysis, the level
in the crown was shown to be significant. A summary of the analysis is
given in Table 11.
TABLE I1

Source
Total
Level
Direction
Error

Degrees of freedom

Mean squares

F

15
3
3
9

The significance of level persisted when the analysis was extended t o include
trees from other sources. Table I11 gives a summary of such an analysis
which included all trees taken from the area of Kootenay Park.
TABLE I11

Source
Total
Level
Direction
Error

Degrees of freedom

Mean squares

F

3
41

A similar situation may be demonstrated for the trees from Banff Park.
Table IV presents a summary of the analysis for the mean Banff Park values.
TABLE I V

-

Source
Total
Level
Direction
Error

Degrees of freedom
111
3
3

106

Mean squares

F
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A slightly lower level of significance is shown in the trees from Yoho Park.
However, the general distribution is the s?me as that demonstrated from the
other two areas. The summary of the analysis is given in Table V.
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TABLE V

Source

Degrees of freedom

Mean squares

47
3
3
41

1908
8244
2676
2533

Total
Level
Direction
Error

F

3.25*

I t may be demonstrated that the distribution of the leaves is similar in all
three parks. A summary of such an analysis is presented in Table VI.
TABLE VI
THE ANALYSIS

OF NUMBERS OF LEAF BUNCHES FOR DIRECTION AND LEVEL WITHIN CROWN AND
FOR AREA-MEASS
OF TREES FROM I<OOTENXY,
BANFF,AXD YOHOPARK

Source

Degrees of freedom

Mean squares

47
3
3
31
10

3084.97
21652.86
8052.80
220.07
5587.67

Total
Level
Direction
Area
Error

F

3.87*

T h e homogeneity of the distributions for the three parks was also testedlby
a comparison of the residual error variances which were calculated from the
mean values from each park. The comparison was made by means of the
F ratio. I t was found that the residual variances from all three parks were
of similar order. This is an indication that there is no reason to suspect a
lack of homogeneity between the populations represented by the trees of the
three parks.

Summary of the Analysis of Foliage
I t has been shown that the number of leaves in each bunch on the trees
examined from Kootenay, Banff, and Yoho National Parks is remarkably
constant with respect to position in the crown, location, and area. Because
of this consistency, the number of bunches rather than the number of leaves
was used as a measure of the amount of foliage. The mean number of leaves
per bunch was 4.562
0.266.

+
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On this basis, it has been shown that the distribution of foliage of poplar
in Kootenay, Banff, and Yoho Parlts is not significantly variable with respect
to its compass direction within the tree, location, or area of origin. However,
there is a significant difference in the amount of foliage a t various heights in
the crowns of the trees.
For sampling purposes, therefore, foliage may be talten a t random between
trees and with respect to direction within trees a t any location. However, the
sample must be stratified with respect to level within the crown. This is
best done (4) by distributing the sample in the same ratio as is exhibited by
the variances calculated for levels in the foregoing analysis. The variances
for levels are: lower 112993.58, middle 68012.44, and upper, 39436.47.
Roughly, this ratio is 3 : 2 : 1. Therefore, a sainple which is talten a t random
between trees and between directions within the trees, and stratified within
the trees in the ratio of lower, 3: middle, 2: upper, 1, with the required number
of bunches being taken within each level, will yield a true representation of
the trees from the location sampled. The number of bunclles required will be
established in a later section of this paper after the discussion of insect
distributions and other subsidiary points.

Leaf Size
Early in the examination of the foliage from different locations, i t was noted
that the size of the leaves showed wide variation. A t high insect densities,
the amount of leaf tissue rather than the number of leaves may well be a more
adequate measurement of the substrate. Therefore, the possible need for a
correctioil for leaf size was investigated.
Leaves, talten a t randoin within trees and between trees for each location,
were brought to the field station. The outlines of 100 leaves from each
location were traced on paper. The area of each leaf was measured with a
planimeter and the measurements were checlted by direct graphic determination. In addition, the length and maximum width of each leaf was measured.
I t was shown that the mean leaf size did vary with location. However, the
leaf size was reinarltably coilstailt within a location. Three locations were
selected for further testing. A summary of these data is presented in Table VII.
TABLE V I I

Location

Great Divide
I<icl;ing Horse Pass
Herbert Lake

Mean area,
cm.?

Mean length,

+ 0.57

3.71

15.14 f 0 . 4 1

5.16

+

+
+

3.20

+

7.39

6.69

0.65

Mean x i d t h ,
CIII.

~111.

0.06

3 . 1 2 f 0.03

1.17

4.35

0.05

3.12

+
+

0.11
0.06
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Regressions were calculated for the relationships between length, width,
and area of leaf for each location. Simple correlations were calculated for the
same relationships and the values were compared between locations. The
values found for the correlations were extremely high for all locations with the
over-all coefficient of correlation between area and length of leaf being 0.9856
(for 300 pairs of values). The coefficient between area of leaf and leaf width
was 0.9884 (for 300 pairs of values).
The shape of the leaves varied to some extent as shown by a slight variation
in the regression coefficients between length and width and area a t the various
locations. However, these variations were not significant (pooled x2 =
0.359 : 5% = 1.635) and the over-all regression value of 0.4166 was an
adequate approximation of the individual regressions for area on length.
Since i t is easier to measure length of leaf than to measure width in the field,
the length should be used as an index of area.
In order to correct for leaf size so t h a t population data may be directly
compared between locations where the sizes of leaves are different, the mean
length of 100 leaves taken a t random should be determined. Division of this
mean leaf length by 0.4166 will give a value for the mean leaf area. This,
multiplied by the number of leaves sampled (number of bunches times number
of leaves per bunch), may be used to convert the population figure for the
location from number of organisms per standard number of leaf bunches to
number for an aggregate leaf area. The resulting datum could conveniently
be reduced to number of organisms for a standard leaf area. An example of
the application of such a correction will appear in the section which deals with
the actual sampling technique.

Organisms Infesting Aspen
During the recording of the data on foliage distribution, a record was
maintained of the insects and diseases infesting the leaves and terminal twigs
of the trees. Identifications were not possible in the field, so the organisms
were simply listed by appropriate descriptive names. The present identifications are all tentative as most of them are based on immature forms. When
complete series of material have been obtained, positive identifications will
be possible.
As recorded in the field, the population data were in the form of a simple
record of the number of organisms on each leaf bunch. This number was
then broken down in the field records into the number of organisms on each
leaf of the bunch. This was done a t the time because the utility of the leaf
bunch had not been established as a sampling unit. The present analysis was
done on the basis of number of organisms per thousand bunches. This
conversion was done in order to permit easy calculation and comparison of
results. The data on infestation of individual leaves may well be of considerable biological interest. However, from the viewpoint of the sampling
problem, it is simpler to use the larger unit of the leaf bunch rather than the
individual leaf.
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The sampling technique must be based on an understanding of the relationship between foliage and insect distributions. Therefore, no corrections for
leaf size were applied for the purposes of this preliminary analysis.
I t was shown that all but two of the organisms infesting aspen were distributed on the tree in the same manner as the foliage. That is, the density of
infection showed no variation with either level or direction in the crown.
Slight regional differences from this general finding were detected. However, these differences were not significant in the over-all distribution of the
organisms involved. Differences between locality and area densities which
were detected were due to over-all density variations and not to changes in
the patterns of distribution within the tree. This point was established by
the finding that the interactions between level, and direction in the crown, and
locality were in no case significant.
Two organisms were found to show preferences f i r one side of the tree.
For sampling purposes, it was decided to oversample sufficiently that these
directional differences in density could be ignored in the sample design. Of
course, such oversampling would not result in an error in the figure obtained
for population since the final expression of the population is to be in terms of
over-all density.

The Design of the Sample
Because of the considerations discussed above, samples of poplar foliage
taken in order to determine the densities of the organisms studied should be
distributed in the same manner as the foliage within the tree. The largest
sample is required for organisms that show the largest proportion of unexplained variance with respect to position in the tree. As the error term of
the variance analyses which were carried out on organism distributions is
made up of all unassigned and residual variance, the ratio of mean squares
for error to total mean squares may be used as an index of the amount of
unexplained variance in the distribution of each organism. A list of such
indices for each organism studied is given in Table VIII.
TABLE VIII

Index of ynexplained
var~ance

Organism
Leaf Spot
Black Spot
Aspen Tortrix
Leaf Beetle
Leaf Miner
Aphid 1
A ~ h i d2
~ { e mGall
Petiol; Gall 1
Taphrina
Petiole Gall 2
Edge Gall
Pit Gall

(Septoria musiva Pk.)
(Sclerotinia whetzelii Seaver)
(Arclzips confEicta7za Wlkr.)
(Phytodecta americana Schffr.)
(PJzyllocnistis populiella Chamb.)

( T a p h r i n a aurea Pers.)
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All the identifications given in Table VIII are tentative. No identifications
are given for the aphids or the galls because no mature forms have been
recovered yet. Descriptive names are given simply for ease of reference.
T h e largest amount of unexplained variance is found in the distribution of
leaf spot. This might be expected because this organism displays the distribution which varies most marltedly from that of the foliage. A sampling
system which will yield sufficient data for leaf spot will automatically yield
sufficient data (within the same limits) for all other organisms included in
this study.
Though the distributions of leaf spot (and black spot) are different from
that of the foliage, it was considered advantageous to distribute the sample
according to the foliage pattern. Such a sample distribution imposes oversampling in a segment of the tree but this is acceptable for the sake of
simplicity. The advantage of such a technique is that it maltes possible the
detection of position anomalies.
T h e size of the sample required t o give sufficient data for leaf spot within
99% confidence a t a precision of
5% was calculated from the formula given
b y Oaltland (5). The formula is:

+

where t is the normal deviate corresponding to the level of significance in a
two-tailed test ( I ) , D is the confidence expressed as a decimal, # is the
probability of the event, and q = 1-9.
I n this case, a value for p was derived from the lcnown over-all density of
the organism: p = 0.2959 (based on the probability of an individual leaf
bearing a single spot). With this value of p, the sample size required was
calculated t o be 1102 leaves. T h e equivalent number of bunches was 240.87.
A number of preliminary test samples were talcen with the aid of random
number tables (6) from the field data. These sainples all contained 240 leaf
bunches stratified between the crown levels in the ratio of lower, 3 : middle, 2 :
upper, 1, and a t random with respect t o direction within the crown. I t was
found that the best precision was obtained in these ~reliminarysanlples when
the leaf bunches were talcen in equal numbers from 20 trees.
A further series of 10 test samples was talcen with the aid of random number
tables. Each sample contained 240 leaf bunches distributed as 12 bunches
from each of 20 trees, talten a t random with respect t o direction in the crown,
and in the ratio of 3 : 2 : 1 between the lower, middle, and upper thirds
of the crown.
T h e test samples all yielded figures for leaf spot density which were within
acceptable limits of the true density found by complete counts of the trees.
Pooled x2 was used t o test the homogeneity of the sainples and the result
(p = 0.99 +) showed that the sample results were satisfactory.
T h e density of blaclt spot, the organism which showed the second greatest
diversity, was calculated from the same test samples in order to test the
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applicability of the system to the sampling of other organisms. The samples
yielded figures for black spot density which were both homogeneous and within
acceptable limits of the true density ($ = 0.99 +).
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Discussion
A sampling system has been designed for a series of organisms which
depends for the reliability of its results on the distributions of the organisms
over the crowns of the infested trees.
The system was designed on the basis of data taken during one season only.
Therefore, the distributions of the organisms are ltnown for only one density
and one climatic season. I t is possible that a t different densities, or under
different climatic conGitions, the organisms will not be distributed in the
same manner. In addition, if the density of one of the various organisms
increases to the point where considerable defoliation results, the distribution
of the foliage of the tree might well be distorted. If this were to happen, the
technique of sampling and also the manner in which the results were stated
would have to be modified.' Some expression of absolute density xvould
be required.
Because of these factors, it would be unwise to assume that the size and
distribution of the sample which has been derived in this contribution would
invariably give accurate results. However, the system may be tested and, if
necessary, modified to suit field conditions. Testing should be done on the
basis of complete counts of foliage and organisms on a series of trees. The
number of trees which would have to be examined in this way xvould depend
on whether or not it was found that the patterns in the first few diflered from
those described herein. However, the field counts could be held to a minimum
by a continuing analysis of the results which would allow the counts to be
stopped as soon as the statistical requirements have been met.
A new sample could be designed in the manner set forth in this paper
which would meet the requirements of a changed situation. Because the
precision and confidence of the sample are set during the process of sample
design, the results of sampling, even if the sample had to be redesigned from
time to time, would be directly comparable. This condition would be met
because any departure from the imposed limits would be in the direction of
increased precision.

The Expression of Sampling Results
If a figure for absolute density is required for the estimation of the total
population of the organism, the sampling data may be expressed in terms of
number per tree, or, better still, number per acre. In order to convert to
such terms, it would be necessary to derive a technique for the estimation of
the amount of foliage in an acre. Such a determination would have to be made
for each stand investigated. This aspect of the problem has not been examined.
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For the purposes of the design of a sampling system, all figures on populations
are considered in terms of density. For many purposes, such an expression
is far from adequate. The amount of foliage which supports the organisms
may show wide variation when it is measured only in terms of the number of
leaves or the number of leaf bunches. So, even expressions of populations in
terms of density per leaf bunch are open to considerable error.
In order to permit comparisons of density between localities, the figures
must be based on comparable segments of the substrate. In this case, the
most important source of variation is the size of the leaf.
I t has been shown that a very close estimate of mean leaf size can be obtained
from a measurement of mean leaf length. If figures for insect density are
required, the expression of density per unit leaf area is probably the most
satisfactory. The conversion from field data presents no difficulty.
For example, suppose a density of 200 organisms per 1000 leaf bunches has
been found from field sampling. A measurement would be made of the length
of 100 leaves, taken a t random within the original sample. The mean length
of the leaves would be calculated. Suppose this were 3.00 cm. The mean
leaf area would be 3.00/0.4166 = 7.201 1 ~ m (where
. ~ 0.4166 is the coefficient
of regression of leaf length on leaf area). From this, the density of the
organism would be: 200 X 10,000/7.201 X 4.562 X 1000 = 60.881
organisms per 10,000 ~ m leaf
. ~surface (where mean leaf area is 7.201 ~ m . ~
and mean number of leaves per bunch is 4.562). The unit area, 10,000 ~ m . ~ ,
is chosen because it is a convenient figure in the same order of magnitude as
the area of leaf surface per 1000 leaf bunches.

Summary
1. The foliage of Populus tremuloides Michx. appears as a remarkably
constant number of leaves on each twig of the current year's growth. The
statistics of these bunches of leaves are derived, and it is shown that the
number of leaf bunches may be used as a measure of the number of leaves.
2. The distribution of foliage over the crown of poplar is described.
3. The characteristics of leaf area, length, and width are derived and a
technique is described for correcting data based on leaf number, for size of leaf.
4. The distributions of a number of organisms infesting poplar are discussed.
A comparison of the amount of unassigned variance in these distributions is
made in order to detect the most variant organism for sampling purposes.
5. A sampling system with preimposed limits of precision and confidence
is designed on the basis of the distribution of the foliage and of the most
variant organism with respect to foliage.
6. The sampling system is tested both for the organism for which it was
designed, and for another organism. I t is shown that satisfactory figures for
density for all organisms included in the study may be obtained in one sampling
operation.
7. Various methods of expressing population data and the use of a correction
factor for leaf size are discussed.
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8. The possible need for continued modification of the sampling system to
take into account changes in field conditions is discussed. The technique for
such examination and for redesigning the sample is outlined.
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