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INSECT POPULATION SAMPLING* 

K. GRAHAM', AND R. W. STARd 

GENERAL CONSIDERATIONS 

Purpose of Sampling 

Sampling has four main functions:-
1. The qualitative determination of what 

is present within an area. This includes 
insects of taxonomic interest, noxious 
insects, and biotic agents of control, such 
as parasites and predators. 

2. The quantitative determination of 
the status of a population within the area . 
It is desired to know the population levels 
of a particular insect, its parasites and 
predators. These determinations may be 
required to estimate the efficacy of arti
ficial control. When done empirically, 
this is limited in scope and application to 
occasions requiring an immediate decision 
for treatment purposes or where interest 
or funds are not sufficient to make more 
detailed studies. Generally speaking, these 
are inadequate for determining success or 
failure of a control operation. 

3. Usually, and particularly with those 
insects of economic importance, it is not 
sufficient to know only the present status 
of a population. It is also necessary to 
know something of the dynamics of the 
population; that is, what the population 
trends are when successive generations 
are studied. 

4. In widely distributed insect popula
tions it is often desirable and necessary to 
investigate the ecology of the species. This 
miaht include zones of abundance accord
in; to the locality, merely as a fact , or the 
abundance related to specific conditions 
such as physical environment or biotic 
community. 

These four functions cover, in a broad 
sense, all of the purposes of sampling. 
The fields of sampling of the greatest 
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economic importance and subject to the 
most error and criticism are the quanti
tative methods. Certainly, those methods 
dealing with the dynamics of insect popu
lations are of the greatest use. From 
these stem reliable estimates of present 
and future insect damage, decisions as to 
the necessity for control, and information 
important to the application of biological 
or artificial control. 

It seems timely to review some of the 
commoner sampling problems encoun
tered in various fields of entomology, and 
the premises and techniques on which 
reliable sampling is based. Without suit
able sampling we cannot use the tools of 
statistical analysis to describe the char
acter of variability, to prove the reliability 
of estimates, or to show the significance of 
apparent differences. Therefore, it is the 
purpose of this discussion to review briefly 
the above considerations and illustrate 
them with samples from workers in the 
various fields. 

Collection of Data 

Everyone who studies insects has some 
need to sample even if it is in the empiri
cal sense of the collector. Even he has 
to arrive at some decision as to the ade
quacy of a variable series . For example, 
most insects are not so constant morpho
logically that single specimens are truly 
representative of the species. 

When it is a question of determining 
a population within a given natural uni
verse and determining the mortality fac
tors within it, the problems become much 
more complex. The most fundamental 
requirement is that the sampling of a par
ticular insect population must be resolved 
about the distribution and life-cycle of the 
insect involved. There is no " universal" 
sampling method. 

The environments of insects achieving 
economic importance comprise a tremen
dous variety, from onion-crops to mature 
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fo rest stands, each of which has individual 
variations depending on age, density, site , 
shape, and other factors. In se lecting the 
sampling technique to be followed, there 
are several factors to consider. At what 
stage in the life-cycle will it be eas iest to 
sample, considering the eventual treat
ment of the data as well as more practical 
considerations such as economy. For ex
ample, nearly every insect has a stage that 
is more or less static. Samples taken dur
ing this stage lend themselves well to 
sound, and standard , statistica l procedures 
in the treatment and interpretation of data . 
H owever, sampling of an immobile stage, 
although easier, may not be of suffi cient 
value nor suited to the purpose of the 
investigation. T his condition ari ses in 
arti fic ia l control programmes and where 
the expected trend from single sa mpling 
is des ired. 

A common problem is th at populations, 
regardless of the stage sampled, are never 
distributed so uni fo rmly th ro ughout a 
sampling universe that a few observations 
can give a reliable indication of the aver
age density. Obviously, neither mortality 
nor parasitism can be judged from single 
specimens. It is clea r that there must be 
a compromise between the proportion of 
the sampling universe covered and the 
number of individuals examined (Oakland 
195 3). The spatia l pa ttern of area cov
erage also affects the reliability of the 
esti mate. 

Accepting the fac t that only an approxi
mation of the truth must suffi ce, no matter 
how statistically sound, severa l problems 
are presented in seeking the nea rest ap
proximation to that truth with the greatest 
economy of facilities at hand. These are 
not so much in actual techniques as in the 
questions-where? how much? and how 
many? 

Treatment and Interpre ta tion 
of Data 

To understand fully the requirements 
of sampling, the pattern s of var iab ility 
wi thin a sampling uni verse must be con
sidered . Much emphasis has been given 
to the concept of random sa mpling be-

cause it eliminates conscious or uncon
scious bias . There are many circum
stances in nature, however, which make 
unrestricted random sampling illogical, 
especially where major subdivisions in the 
environment can be defined . In ecologi
ca l studies it is often most logical to retain 
some homogeneity in terms of common 
fea tures of environment. Thus one may 
wish to relate populations to restricted 
fores t stands, fi eld crops, individual or
chards, and phys ical environmental fac
tors such as altitude and aspect. This is 
often referred to as stratification ot sam
pling; that is, sampling with respect to 
known environmental variates. Sampling 
in that manner is purposive and it has 
been demonstrated that within the con
fines of the stratum , sampling randomiza
tion can be attained to elimin ate bias . 

Tn summary, within any sampling uni
verse there are two conditions of sampling 
that must be satisfi ed. These have been 
stated by Yates (1 949 ), who writes:-

" 1. If bias is to be avoided, the selec
tion of samples must be determined by 
some process uninfluenced by the qualities 
of the objects sampled and free from any 
e lement of choice on the part of the 
observer. 

" 2. If a valid estimate of sampling 
cr ror is to be ava ilable each batch of ma
teri al must be so sampled that two or 
more sa mpling units are obtained from it. 
T hcse sampling units must be a random 
selection from the batch of materi al, and 
all the sampling units in the aggregate 
must be approximately the same size and 
pa ttern and must together comprise the 
whole of the batch of material. " 

Personal selection, such as a tendency 
to over- or under-estimate and a tendency 
to se lect for particular characteristics, 
biases the estimation of the mean, and the 
standard errors deri ved for these estimates 
are meaningless. 

A word of ca ution is advisable. The 
fo rm of analysis of the data depends upon 
the sampling method used and upon the 
proportion of the population sampled. 
This subject is too detailed to include 
here but is simply and adequately covered 
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in the elementary text by Quenouille 
(1950). 

It has been shown by various authors 
and is fully discussed in Quenouill e that 
the arithmetic mean of a sample gives a 
more accurate value for the mean of the 
population than any other measure, and 
that the standard deviation will usually 
give a more accurate measurement of the 
scatter in a population estimate than any 
other value. Moreover, IllOSt of the prop
erties of a sample can be found from its 
mean and standard deviation. However, 
it must be borne in mind, when presenting 
data, that other expressions of central 
tendency and scatter, such as the mode, 
quartiles, deciles, and range, may illus
trate a point better. 

There is a further point to remember 
when sa mpling. Because the objecti ve is 
to estab li sh the character of the popula
tion in general, an attempt is made to 
estim ate the frequency di stribution of that 
population. In biological work it is often 
possible to esti mate the genera l form of 
the distribution from fi eld observations 
prior to sa mpling and hence to find the 
type of distribution with a smaller sa mple. 

A di stribution which often occurs, but, 
alas , not so frequently in biological work, 
is the normal distribution . When this ap
plies it is indeed fortunate , for the mean 
and variance can be used to determine af{ 

about the population. This is the perfect 
ca se, making it simple to present the pro
portions of observation s between any two 
values in summary form . However, as 
was stated , thi s does not obta in freq uently 
in bi ological populations. Much work 
has been done in the fi eld of biom etrics, 
and it is not intended here to present a 
capsule digest, si nce thi s would be impos
sible . All that can be hoped is to stimu
late interest and provide references to 
sa ti sfy that interest. 

In biological work, particularly entomol
ogy, there have been several population 
distributions described to suit particular 
cases. These include Poisson, binomial , 
negative binomi al, Fisher's logarithmic, 
Neymann's, Cole's, the Thomas double 
Poisson , and Polya's . In regard to these, 
attention is called to a recent article which 
is, in our opinion , the most valuable single 
contribution in this field in recent yea rs. 
This is an article by C . r. Bliss and R. A. 
Fisher (1 953) . In addition to demon
strating with examples the fitting of this 
distribution , they illustrate its advantages 
by compari son with the major types of 
distributions in use. Furthermore, they 
supply the reference sources for them. 
The article is well written and easily read
able by anyone with a basic grasp of 
statistics, and it indicates that the problem 
of non-random biological distributions is 
being attacked from the view-point of the 
man who is faced with the problem ; viz., 
the biologist. 

The importance of di stributions in 
quantitative sam pling work has arisen 
from the fact tha t the statistical tests for 
significance of data , and , more important, 
the compari son and interpretation of data 
such as the vari a nce-ratio test , are largely 
based upon the normal di stribution. To 
be able to assess and accurately compare 
the characteri stics of a population that is 
not norm all y distributed, the di stribution 
must be related in some way to the nor
mal distribution. T his brings up the use 
of transformations to fulfil the above re
quirement. T hi s cannot be elaborated 
upon here, and aga in reference is made 
to more qualifi ed sources . Quenouille 
contains an easi ly understandable di scus
sion on the subject, and one other refer
ence of va lue is the a rticle by Churchill 

I Eisenhart (1947) . 
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FOREST DEFOLIATORS * 

Forest-insect population studies during 
the past decade have shown increasing 
recognition of the fact that valid conclu
sions regarding population trends require 
measurements made within certain limits 
of accuracy. The value of population 
estimates and trends is obviously enhanced 
if these can be related to actua l forest 
damage. Not only the populations of the 
destructive insects , but also those of their 
parasites and predators a re important. 
Indeed , a ll the mortality factors, such as 
climatic extremes and di sease must be 
accounted for in the most valuable popu
lation studies. 

There are many examples in the litera
ture of population sampling. De Gryse 
( 193 4) described the most important 
techniques extant in ] 934, but there have 
been many important advances since that 
time. For illustrative purposes only, 
three examples are presented which will 
se rve to demonstrate the methods in
volved and practical applications. 

European Spt'uee Sawfly 

T his example is drawn from the work 
of M. L. Prebble ( 1943), who deter
mined populations of the E uropean spruce 
sawfl y in the Gaspe Peninsula. This ex
hausti ve and detailed work di scussed the 
general requirements of sa mpling forest 
insects, demonstrated the difficulties en
countered in this particul ar stud y, and 
showed how they were surmounted . The 
conclusions, based on e ight years of field 
data , pertain solely to the sampling meth
ods applicable to the cocoon stage. 

It has been mentioned that choosing 
the stage of insect to be sa mpled is of 
great importance. The most des irable 
objective is the sampling of a ll stages 
related to a common denominator. In 
the spruce-sawfly work, larval population 
studies were carried out, but the amount 
of work required seriously limited their 
applicability. However , they are of value 
for long-term ecological studies, such as 
will be mentioned in a later example. It 

. * Th is sectio n written by R . W. Sta rk. 

was determined that the cocoon stage, 
spent in the moss and debris of the forest 
floor, was best suited for sampling. It 
gave the maximum information on sawfly 
populations as well as the various control 
factors operating against the cocoon stage. 
Furthermore, the forest floor constituted 
a sa mpling universe that could be statis
ti ca lly regulated. 

Three techniques were tested . The first 
consisted of counts of cocoons in 2- by 2-
foot quadrats spaced mechanically and 
uniformly within representative forest 
types , regardless of suitability of location 
of individu al quadrats. The second, using 
the sa me size of quadrat, required their 
locat ion in a restricted universe, which 
was defined as " the area of suitable 
gro und cover lying under dominant and 
codominant spruce trees in the fo rest 
types selected for study." The quadrats 
had to lie within a ring-shaped band 
whose inner margin was a circle around 
the tree 1 foot from the trunk and whose 
outer margin was bounded by the outer 
edge of the vertical projection of the 
crown. The third method used the same 
restricted sam pling universe but divided 
the quadrats into four equal subsa mples . 
This was tantamount to quadrupling the 
number of sa mples in the statistical analy
sis, a lthough it introduces certain di sad
vantages. The manner of devising the 
latte r two methods indicated that an a 
priori knowledge of the distribution in the 
forest fl oor ass isted in reducing the re
quired number of samples. 

The first technique was abandoned, as 
it was found from analysis that the vari
ability was so high that the number of 
samples necessary to give an accurate 
estimate was beyond practical limits. Both 
the second and third methods proved 
usa ble, but di sadvantages in stati stical 
interpretat ion were found in each. With
out elaborating on these, it was concluded 
that where successive samples were to be 
taken in the same plot, the second method 
was the better ; i.e., using the tree as a 
sampling unit. This would be usual prac-
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tice when we are interested in population 
fluctuations. 

An interesting side investigation re
ported in this paper was a comparison of 
the variability between the effici ency of 
workers. Its purpose was to determine 
the advisability of applying a correction 
factor to account for miss ing cocoons. 
No correction was needed, but checks 
were necessary to bring the counts to a 
satisfactory degree of accuracy. 

An additional reference of interest is 
the di scuss ion by Butcher (1951) of for
est-insect sampling problems with special 
reference to the larch sawfly, whose habit 
of overwintering in cocoons in the soil 
renders the sa mpling problem similar to 
that of the spruce sawfly. 

The Lodgepole Needle Mine/' 

Intens ive study of this insect began in 
1948, and it was 1951 before adeq uate 
sampling methods were derived. Graham , 
in 195 1 (1952) , presented to this soc iety 
the ecological aspects of the problem ; 
therefore, only methodology will be di s
cussed here. 

Statisti ca l analysis in 1951 demonstrated 
that ea rly coverage of the outbreak in the 
National parks was al most empirical. 
However. thi s analysis did provide the 
a priori knowledge , so often useful , for 
more efficient work. It demonstrated the 
practicab ility of usi ng the branch tip as 
a sa mpling unit and indicated how many 
samples would be required to give a 
sampling accuracy of 10 per cent. Be
cause a lea f-mining insect was in volved, 
choice of the stage to be sampled was not 
the difficult problem that it is wi th most 
open leaf-feeders. 

In the summer of 195] four branch 
tips from each of 105 trees were sa mpled 
to establish the sampling method . This 
number of trees was predetermined only 
approximately; sampling was continued 
until the error was below 10 per cent. 
The sam pling was done with respect to 
altitude, and it was established, popula
tion-wise, that we may consider three 
sampling universes with respect to alti-

tude and two with respect to pine-trees. 
This was established from an analysis of 
variance between crown levels (arbitrar
ily dividing the crown into upper and 
lower, the division at the midpoint) and 
three altitude levels- va lley-bottom (ap
proximately 5,000 feet) , valley-bottom 
plus 750 feet , and plus 1,500 feet. In the 
R ocky Mountains the latter elevation is 
usually close to timber-line. From the 
analysis of these sa mples it was deter
mined that the counts of li ve larv,c in the 
sampling unit of a five-year branch tip 
were acceptable, and that, for practical 
usage, four branch tips from approxi
mately thirty trees would give absolute 
popUl ation estimates within 10 per cent 
accuracy (Stark, 1952(a)). This was ap
plicable to all stages found in the needle, 
from first instar to pup,c. H owever, to 
compensate for ex tremely high values in 
the low infestat ion counts, a transforma
tion of the data was required. The trans
form ation was supplied by G. B. Oak
land , of the Biometrics U nit , Ottawa, as 
yx + 0.5, where x is the individ ual sam
ple. Analysis of the transformed data 
corroborated the assumpt ion that the di s
tribution was, in efTect , normal. More 
important, use of the transformation made 
possib le a new app lication of the sequen
ti al sampl ing technique (Stark, 1952 (b)) . 

The seq uential for mul<e were supplied 
by Oakland for the normal di stribution. 
This technique is proving extremely use
ful in lodgepole - needle - miner surveys. 
Briefly , it is sampling with no fixed sam
ple size. Limits of infestation classes and 
tolerated error are set, and the appropri
ate formul <e are applied. What is arrived 
at is graphica l (or tabular) limits com
posed of upper and lower acceptance 
levels. Sampling is continued until the 
cumulative sum of samples is smaller or 
larger than the acceptance levels, thereby 
falling into an infestation "class," i.e., 
light, medium , etc. 

The first system set up for the needle 
miner was arbitrary. Classes were called 
light, medium, and heavy, and were set 
with respect to existing populations. It 
has since been possible to relate infesta-
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tion classes to the amount of defoliation, 
and new limits for needle-miner sampling 
by this method are being established. 
This will greatly increase the value of this 
method as a survey tool. 

Spruce BudworJll 

Because of its complex life-history and 
habits, development of sampling methods 
for this forest defoliator has proved to be 
a most difficult problem. However, after 
years of research it has been largely re
solved and is being dealt with fully in 
other papers now in the process of publi
cation. Only a brief resume of: the prob
lems involved and a few of the results will 
be given here. 

It was found that the egg-masses of the 
bud worm constitute a sampling unit that 
is satisfactory from points of view of ease 
of collection , examination, and statistical 
analys is . This was not true of the first 
two instars , particularly the first. In both 
instars there is considerable wandering 
and wind dispersal, and the flrst-in star 
larvee hibernate in tiny well-concealed 
hibernacula. These factors do not permit 
direct field sampling. When counting was 
required, samples had to be brought into 
the laboratory, and the larvce were forced 
to emerge. The third to sixth instars arc 
open feeders, reasonably limited in move
ment. As these may be found together in 
the field , they are considered as one sam
pling stage. Similar direct sampling of 
pupal cases gives information on pupal 
mortality factors and, indirectly, on moth 
populations and sex ratio, since sex of the 
moth may be determined from empty, as 
well as sound, pupal cases. 

The physical problems of sampling for 
budworm were also great. In large trees, 
when felling was resorted to, the loss of 
larvee and particularly of pupal cases was 
often large enough to affect sampling 
accuracy. To surmount this the investi
gators resorted to sectional aluminium 
pole pruners and an extensible aluminium 
ladder. The lise of these in sampling was 
described by Morris (1950). 

One notable achievement is the relation 
of all stages of the insect to a common 
denominator, the mean number of indi
viduals per 10 square feet of foliage sur
face . This permits direct comparisons of 
all stages, important in ecological studies, 
and also allows conversion of populations 
at any stage to estimates of absolute popu
lations. 

The sample branches are whole pri
maries, the width and length are meas
ured , and the area estimated allowing for 
branch shape. Special sampling by verti
cal and horizontal crown sections was 
used to establish the distribution and 
variance of the population in the tree 
(Morris, 1949). 

It is understood that a successful appli
cation of the sequential technique has 
been applied to the spruce budworm, 
hased on a different distribution than that 
descr ibed for the needle miner. 

These examples serve to illustrate the 
advancements made in sampling forest 
defoliators within the past decade. The 
pattern of scientific investigation has been 
simil ar in all three examples and gives 
promise that the problems in sampling 
which are fundamental to further studies 
of the causes of insect fluctuations may 
yet be resolved. 
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