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Introduction

Lt the beginning of this investigetion statisticelly reliable techniques
for measurement of the forest tent ceterpillar were not aveilable, Some
arbitrery methods were in use bubt the acecuracy of such surveys were un-
known. As this is one of the mejor pests of the aspen forests of Cenada
and U.S.A, it is neceesary to develop some fast relisble method to follow
the variaticns of the poprlations from year to year and place to pl-ce.
A vaesis for prediching defoliation for control purposes is necessary.

The data necessary to set up 2 sequentisl sampling system for this
insect was collected by the Forest Insect Survey. This report is the
first synthesis of this material and the sequenti-1l system proposed is to

be tested and revised os more informetion becomes ave.ilablé.

Distrpibchion of Sheahs ard Eog Misses

Before the sempling system was selected it was necesseary to know the
distribution of egz masses 2nd laying sites over the tree. Sixteen trees
were sampled et each of five locations in the Elk Point area of Alberta
vhere a light populaticn was presemt. The crowns were split into three
levels and the data for each br-nch within each level were tabulated
seperately, Crowns were divided by mezsuring the tot-1l length of the
live crown and dividing it into three equal parts, The date tellied
included the length of each brench, the lemgth of each twig over six
inches, and the number of egg massed for each twig., The DBH, total

height and crown lsngth were recorded for each tree.
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Analysis of this data showed that egg masses were not distributed
evenly over the crown. As can be seen in Table I the egg masses are con-
centrated in the upper crown. This unequal distribution over the tree was
further illustrated by summing the masses on the terminals, the first branches
below the terminals, the second branches below the terminals, etc. The totals
for the eighty trees weres terminal 57, first below the terminals 21, second
below the terminals 17, third below the terminals 14, and fourth below the
terminals 13. A Chi-square test was made of the distribution of egg masses found
in the top four branches exclusive of the terminal. No significant difference

was found, although a larger sample may detect some difference.

TABLE I

Distribution of Egg Masses and Laying Sites
(Shoots over 6") on Eighty Trees

Crown Level No. Egg Masses No. of Shoots over 6" No. of Egg

per Level per Tree per Level per Tree Masses per

1000 Shoots
Upper 1,03 13.9 7.4
Middle 1.04 38.8 2.7
Lower J&O 52 ou 0.8
Total 2,47 105.1 2.3

The laying site of the tent caterplllar is a shoot or twig. The dis-

tribution of these i1s also shown in Table I. About half of these possible sites
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ocour in the lower crown and helf in the middle and upper crawns combineds
These laying sites are not the same however, some are lomger and thicker
than others. The mean length of the last internode of the shoots in the
upper crown was 13;9, those in the middle crown 7.2, and those of the
lover was 2,8, In comparison to this, the mecn length of the last inter-
node of shoots in the upper crown which vere bearing egg masses waes 17.3.-
This is a significant difference between all the lengths in the upper
crovn and those selected by the moth for laying sites.

Previous sampling methods frequently involved cutting down the
trees and checking all branches for egg masses. ‘fuch time was lost in
checking all the brcnches, and also, because of the destructive process,
the system has limited velue., A later method (Connola et 21, 1957)
involved cutting ten bronches randomly from the whole crown of the tree,
and sampling trees on 2 sequential basis until a decision could be made
as to whether the population was going to be heavy enough to cause
noticeable defoliation (from aireraft) or not. This system, although not
destructive, has some dissdvantages. Because the branches are selected
from the whole crown, a large number of gzero's will be obtained, adding
to the number of samples that must be tzken before a decision can be
reached, If the samplers do not select the brznches from different
crovn levels in the seme proportion =8 they were selected in the basic
study used to develop the sampling system, a bias will result, The use

of only two defoliation classes reduces its usefulness.
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Tt was proposed that by limiting the sample to the upper
branches many of the above difficulties could be overcome. To determine
the most efficient number of branches to sample per tree the data for the
top four main branches exclusive of the terminsl was extracted for the
sbove mentioned 80 trees. The verience between branches (within trees)
was 0424271 and that betwveen trees was 0,16073. These figures were used
to calculate the most efficient number of branches to be taken from each
tree following the formula of Morris (1955) using a st-ndard error of 10%
of the mean. The results appear in Table II,
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TARLE II.
Combinations ¢f nujber of branches per tree (NB) and
number of trees (NI\) necessary to give equal degrees of precision

at differert mean number of egg masses per branch.

zas:egagegg%ranch x =10 x =20
& & B T & SR g R
1 161 16l Al A1 11 1
2 113 226 29 58 8 16
3 c7 201 25 75 7 21
hA 88 352 23 R 6 2/

The branches usually would be cut with a pruning hook and the time
taken to move from tree to tree is more than the time needed to cut and
excmine another branch, It was decided thet two brrnches per tree would
probably be the moet efficient for, as in the case of the i -~ 2.0, it would
be quicker to cut and examine five additional branches than to move to three
additional trees as would be necess2ry with one branch ver tree. On the
other hand it probably would not be faster to cut and eremine five additional
branches if three brenches were taken per tree than to move to one extra tree.
Based upcn these studies sampling the following year was based upon two
branches per tree. Thirty useable plots were esteblished with five to
twersy t—ees per -tot. These formed the initial sample from which the basie

inform-tion nscessary for a sequentisl sempling system was derived,
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Baslc Dgte Necessary for the Plap

The first step in preparing a sequential sampling system is to deter-
mine the type of frequency distribution into which the samples fall, This
can be most readily done when one has a large mumber of razndom samples from
a single locrtion for one year. The frequency distribution is compared with
theoretical distributions using a chi-square test, However, as in the
present case, when a large number of small samples are available from
scattered locations, a comparison has to be made between the mezn and
variances In the presemt study there was a relationship between these two
statistics which largely disappeered when transformed to a log (x + 1) basis.
When the latter data was tested with Bartlett!s test of homogeneity of
variance it was found that a value as large as that found would be exceeded
90 percent of the time jJust through random errors. This indicated that the
transformation was effective in reemoving the relationship betiween the mean
and veriance and that the distribution of samples approximates the negative
bionomiAl.

The next step in setting up a system of sequential sampling is to
define the classes to be useds In this case the system for estimating the
defoliation as outlined by Duncan et al. (1956) and modified by C.E. Brown
(per com.) was used.

Three classes were used:
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Heavy: Aspen trees completely stripped and conspicuous feeding
damage on other species including underbrushe

Moderate: Occasional aspen completely stripped, most aspen with
tops thin; little feeding on underbrush,

Light: No trees showing complete defoliation. Feeding damage
confined to top of aspen crowns; little or no feeding on
other tree or brush species.

Estimates following this system were made in the same plots the
year following the egg mass survey. These plots were separsted by defol=
iation classes and the number of egg masses compared between classes to
give some idea of where the boundaries should fall. Unfortumately only
sbout thirty plots were available, most of which fell in the light class.
This is a small sample upon which to make decisions of boundaries and those
proposed should be oonsidered only as first approximations which may be
revised as more information beoomes available, The boundary between the
light and moderate defoliation was set at 1.2 egg masses per sample of two
brenches from the upper crown; this is equivalent to about 7.5 egg masses
for the whole tree. The boundary between the moderate and heavy classes
vas set at 2.4 egg masses or the equivalemt of about 15 per whole tree.
These are somewhat heavier than the levels indiocsted by Hodson (1941). He
indicates that for similar diameter classes (3=5 inches) complete defol=

iation occurs with 9=14 egg masses per tree. The class 1limits were then

set as follows:
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No. of egg masses per two brunch sample Defoliation Class
0.8 or less Light
1.6 to 2.0 Moderate
2.8 or more Heavy

Allowable errors were set at 0,10 for all cases. This sampling
technique will probably be used to follow populations in the field rather
than form the basis for control decisions. For this purpose changes in
population densities at low levels are just as important as changes at
high levels and the same allowable error was used for all lines of

decision.
The Sequentis] Analvsis Plap
The statistics necessary for cslculating the plan are found in
Table III.
TABIE III
Basic Data for C lculating Decision Lines
Statistic Light vs. Moderate Moderate vs Heavy
! 0.8 2,0
b~ 1.6 2.8
k 13.88118 13.88118
Py 0405763 0.14408
P2 0.11526 020171
a4 1,05763 14408
aQ 1.11526 1.20171




- 8 -
This resulted in the following decision lines for
Light vs Moderate

4

da

1 .10050n L 3043255
1.10050n +  3.43255%

and the following for Moderate vs Heavy

d) = 2.38104n - 7.66651

dy = 2.38004n +  7.66651
The K was calculated after the method of Waters (1955) using the )
30 above-mentioned plots. The sequential greph is illustrated in Fig. 1,
and the sequential table for use by field personnel appeers in Table IV,
Because of the limited data, revisions to the table and the graph may be
necessary as more data is accumulated. The operating characteristic and

average sample carves were not calculatede These will be prepared when

the sampling system is finalized.



Fig. 1. Sequential graph for the forest tent caterpillar
showing the decision lines as related to the

cumuletive number of egg messes per two-~branch

tree samples,
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or F A atlo

Select a location and set up a sampling station filling one of the
regular permenent collection plot forms (SE141). The stand to be sampled
should be at least one acre in extent and if possible the trees three to
five inches DBH, Move into the stend a distance at least equal to the
height of the trees to eliminete edge affects and then randomly select
trees for sampling; use pacing and a table of random rumbers.

Cut two branches from the top four branches of the tree exclusive
of the terminal, These must be branches which extend to the top of the
canopy. Coumt the number of egg masses in the outer 18 inches of the
branch; this branch may be a single long branch such as you would get in
a young tree or they may be a branch with meny laterals. In elther case
meesure back from the outermost tip for 18 inches and then count all of
the egg clusters which occur from the 18 inch point outward whether they
occur on the main branch or the laterals. Add the number of egg masses
together, record it for the first tree, and check in the sequential table
to see if another sample has to be taken. If so, select another tree, cut
twvo brenches from it, record the number of egg masses found, add it to the
first sample and record the cumulative number of egg masses found on both
trees. Check to see if more samples are necessary before a deecision can
be mede. If more samples are necessary repeat the above process untll the

cumulative mumber of egg masses falls into one of the defoliation classes,



The following are examples illustrating the use of the table to
determine the amount of sampling needed to predict the defoliation at a
given site.

1. Two branches are cut from the first tree and one egg mass
is found. Reference to the table opposite tree No. 1 shows no decision
can be made. Two branches are cut from the second tree and no egg masses
are found. The cumulative totzl is 1 for 2 trees and sampling must
continue. No egg masses from 2 third tree gives 2 cumuletive totzl of 1
for three trees and still no decision cen be made. If from the fourth
tree one egg mass 1s obtained there would be a cumulative total of 2 for
4 trees and reference to the teble showe that we ean stop and classify
the infestation as light.

2. We cut two brenches from the first tree and f£ind 6 egg
messes. Sampling must continue and we obtzin 8 egg masses from the
brenches of the second tree. This gives 1/ egg messes for 2 trees and
reference to the table shows sampling cen stop here and the infestation
is classified as heavy.

3. If we collect samples as follows:
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Tree No. No., Egg Masses Cumletive No, Procedure
Egg Messes

1 0 0 contimie sampling
2 1l 1 "

3 1 2 "

4 2 4 "

5 0 4 "

6 3 7 "

7 1 8 "

8 2 10 "

9 1l 11 "

10 2 13 "

n 2 15 classify as moderate

The infestation would be called moderate upon the sampling of the
elevemth trees It should be noted that unless the population is heavy at
least four trees have to be sampled before a decision can be made.

If by the end of 25 trees no deecision hcs been reached stop sampling.
The population probrbly f211s in the boundary zae between the classes and
should be so indicated.




‘Table IV

Forest Temt Caterpillar Sequentizl Séampling

Date.".........nm No......'.mcation..l'...'...........'.....'.....'...

Name...............ﬂve. Height of St&!ld--.oo.AVécthB‘HO Stmﬁoo;ocvoooo

;I'ree No., HI'. D.B.H, No.,Zgg Clusters Tree No, HT, D, B;H, No Egg

Clusters
§ ‘ j
i
3 ; !
Number of No Jgg Clusters
Trees . ™
2 | - - - 13
3 l - - | - 151
4 | 2 - - "
5 ! 3 - - 23
6 E 4 - i - ;
7 3 5 - - 8 25 |
8 K 6 3‘ - ‘a P - 3, 27
9 7 13! 13 g 30
10 | 8 B 1 | 1% & 32
n {9 ¢ 15| 2 18 Sg 2%
12 10 o 16! ® | 20 3| b
13 n E 17\ o 23 B 39, &
U, = 13 g 25 S 2% m
15 oy U § 19 28 %
16 W 15 © 21 30
17 j 16 22 | 32 49’
18 ; 17 23 35 51
19 18 24 37 52
20 19 25 { 39 58
21 20 26 42 2
22 21 27 | Lh 61
23 22 28 | A 63
24 24 29 149 63
25 25 30 51
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Discussion

It should be noted that the following festures of the system are

wezk and addition2] information is needed.

1.

2.

3.

Frequency Distribution: This is based upon indirect
evidence of the relstion beti'een the mean and variance.

One lerge semple of perhaps 500 samples (1000 branches)

is needed from one moderately infested st-nd at one time.
Failing this many more plots are needed to obtaln a clearer
understanding of the relation between the mean and varience,
perticularly at the moderate and high infestation levels,

Estimete of the Parameter K.

Additionel samples are needed to define this parameter more
accurately,

Defoliation Levelst This is perhaps the werkest part of the
systems Informstion is needed to define the size of the pop-
ulations which results in light, moderzste, and heavy de-
foliation.

In addition to these it should be noted th=t the following factors

do not enter into the sequential sampling system and have to be considered

in interpreting the results.

1.

There is considerable veriation in populetion density
between adjecent stands and the stand sempled mey not be re=-
presentntive of the generzl conditions of the district.
Changes 1n the mumber of eggs per egg mess throughout the
histcery of an outbrerk should be checked.
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3. Changes in the amount of féliage produced between years as a
result of defoliation may be importent.

L. Varistions in the survival of the insect between eggs in the
autumn when the s~mple 1s made, znd meture larvae the next

sugmer vhen the demage 1s done.
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