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INTRODUCTION 

The selection of a measurement unit is of basic importance to a population 

study. The measurement unit's "suitability" depends on the exact kind of information 

that its use will provide. A measurement unit for mountain pine beetle (Dendroctonus 

rnonticolae HOPK.) population study must be selected with care, because the kind of 

information provided by the unit can vary from purely spatial to completely biological. 

The intent of this paper is to emphasize these differences in kinds of information, 

through discussion of several measurement alternatives; also, the associated statistics 

necessary for an insect study or inventory sampling control will be presented. The 

latter information has been assembled from study plots located within mountain pine 

beetle infestations on the Caribou, Teton, and Wasatch National Forests of Idaho, 

Wyoming, and Utah, respectively. 

The guiding reason for sampling an insect population should be to gain reliable 

information on the behavioral, biological, and management aspects of the population. 

Space sampling provides density estimates, information on reliability of estimates, 

and spatial patterns of insects. A knowledge of insect life processes within a population 

unit is essential to an understanding of the insect population ecology. 

MEASUREMENTS 

The two sample unit sizes taken from standing lodgepole pine (Pinus contorta 
DOUGL.) were: (1) the single gallery--this is the basic "family unit" constructed by 

the parent beetles with eggs deposited therein; and (2) a 6- by 6-inch square area 

--the bark was removed and the brood counted. 

Data from the 6 - b y  6-inch sample were recorded in three ways: (1) average 

brood per 6- by 6- inch sample; (2) average brood per attack per 6-by 6-inch sample; 

and (3) average brood per inch of gallery per 6- by 6-inch sample. Thus, these three 

measurements plus the 

1. Average brood 

2. Average brood 

3. Average brood 

4. Average brood 

single gallery samples were used for comparison: 

per single gallery--SG. 

per 6- by 6-inch sample--B(6x6). 

per attack per 6- by 6-inch sample--BA(6x6). 

per inch of gallery per 6- by 6-inch sample-BI(6x6) .  
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Each measurement  unit provides different biological information. Therefore, the kind 
of information sought by an investigator will determine the unit(s) to be used. 

The single gallery: This unit of measurement  is used because it can be assumed 

that the effect of an ecological event on a "family unit" is representative of what 

would happen in an entire population that experienced a similar event. Use of the 

single gallery samples of a "family unit" shows the effects of between-gallery and 

within-gallery crowding. 

Single gallery information reflects all of the genetic, physiological, and behavioral 

characteristics of a single female beetle. Behavioral characteristics are especially 

influenced by the effects of crowding; therefore, crowding, or the effects of at tack 

density, must  be recognized as an added variable in any biological interpretation of 

single gallery data. COLE (1962) has shown that  increased at tack density increases 

between-brood competition and results in the reduction of egg gallery length. Thus, 

there is a reduction in total brood per gallery and this causes increased brood mortality. 

Averge brood per 6-by 6- inch sample--B(6 x6)  : This measurement  unit expresses 

population survival or total numerical change. Data f rom this unit mask individual 

family (or female paarent) differences. This is an all-inclusive measure of within- 

and between-gallery information including attack density. 

Average brood per attack per 6-by 6- inch sample--BA (6 x 6) : The average brood 

size per at tack is determined by: the degree of larval competition between brood 

galleries; and the effect of at tack densities on the egg-laying behavior of the adult 

female beetle. A greater  at tack density increases the likelihood of greater  brood 

density. In past studies, when 3 at tacks per square foot occurred, the ratio of parent 

adult to emerging adult was 1:1.9. At 9 at tacks the ratio was 1:1.1; and at 18 at tacks 

the ratio was 1:0.3. This brood mortal i ty based on at tack density is accounted for 

in the 6-by 6-inch sample by recording brood density as average brood size per attack. 

This measurement  unit also masks  the differences between individual female parents. 

Average brood size per inch of gallery per 6- by 6-inch sarnple--BI (6 • 6) : This 

measurement  unit tends to express larval competition within the brood gallery up to 

the point in t ime when between-gallery competition becomes dominant. As the larvae 

begin their tunneling close together, within-brood gallery competition is expressed. 

Mortali ty occurs, the brood is reduced, and within-brood gallery competition lessens 

due to greater  space per larva. Then as broods from two different galleries begin to 

encounter one  another, the between-gallery competition increases. 

It  has been observed that egg distribution by sequential inch of gallery might 

also be used as an infestation trend index (COLE, unpublished). Egg distribution 

varied from unipeakedcurves to flat-top curves to multipeaked curves, depending upon 

which infestation and year within span of infestation were being sampled. 

METHOD 

The comparisons presented in this paper were based on analysis of data covering 
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t w o  g e n e r a t i o n s  (1965 and  1966) of  t he  m o u n t a i n  p ine  bee t le  on t h r e e  a r e a s :  Ca r ibou ,  

T e t o n ,  and  W a s a t c h  N a t i o n a l  Fo re s t s .  E a c h  g e n e r a t i o n  w a s  s a m p l e d  t h r e e  t i m e s - - f a l l ,  

sp r ing ,  and  s u m m e r .  T h e r e f o r e ,  th is  s a m p l i n g  inc luded  c o u n t  of p r e w i n t e r  e g g s  and  

i m m a t u r e  l a r v a e ;  p o s t w i n t e r  m a t u r e  l a r v a e ;  and  m a t u r e  l a r v a e  and  pupae ,  r e s p e c t i v e l y .  

T h e  a t t a c k  d e n s i t y  and  g a l l e r y  l e n g t h  a lso  w e r e  m e a s u r e d .  T w o  s a m p l e  un i t s  w e r e  

t a k e n  f r o m  e a c h  of  f o u r  t rees ,  w i t h i n  e a c h  of  t h r e e  d i a m e t e r  c l a s ses  (9, 12, and  15 

inches  d . b . h . )  

Table 1. Estimated means and standard deviations by diameter class, by observation, 
and by measurement unit (years pooled). 

Diameter  Observa- Measure- Sample Estimated standard deviations 
class ment size Among units Among Among unit 

(inches) tion unit (n) within trees units totals 
(s w) (s~) (s~) 

Mean 
(?) 

9 Fall S.G. 36 20. 5 9. 8 2. 5 
B (6 x 6) 46 27. 1 20. 6 5.9 
BA(6• 46 15.4 5.5 4.4 
BI (6 x 6) 46 2. 5 1.3 0. 2 

Spring S.G. 48 13. 7 4. 1 2.1 
B (6 • 46 18. 9 17. 9 4. 7 
BA(6• 46 11.1 7. 2 2. 2 
BI (6 • 46 1.2 0. 6 0. 1 

Summer S.G. 48 8. 9 3. 7 1.0 
B (6 x6) 48 11.7 4. 4 1.4 
BA(6x6)  48 4.5 1.7 0.5 
BI (6 x6) 48 1.0 0. 6 0. 1 

12 Fall S.G. 36 16. 6 9. 5 1.6 
B (6 x 6) 40 64. 1 39.5 4. 9 
BA(6x6)  40 15.9 8.5 3.2 
BI(6 • 44 2. 4 1.3 0. 2 

Spring S.G. 40 7. 1 1.8 1.0 
B(6x6)  40 14. 9 5.8 2. 7 
BA(6x6)  40 7.6 4.2 0.8 
BI (6 x 6) 40 0. 9 0. 5 0. 1 

Summer S.G. 40 8. 6 3. 5 1.1 
B(6x6)  40 8.9 3.3 1.2 

BA (6 x 6) 40 3. 4 0. 8 0. 6 
BI (6x 6) 40 0. 8 0. 4 0. 1 

15 Fall S.G. 36 13.8 5.3 1.9 
B(6x6)  36 41.3 12.3 5.2 
BA (6 x 6) 36 13.5 7. 1 1.4 
BI (6 • 6) 38 1.7 1.0 0. 1 

Spring S.G. 36 13. 8 5.3 1.9 
B (6 • 6) 36 23. 5 14. 3 5. 2 
BA(6x6)  36 10.9 4.9 1.4 
BI (6 • 6) 38 i. 1 0. 6 0. 1 

Summer S.G. 36 3. 4 2. 4 0. 8 
B(6 • 36 6. 2 8. 8 2. 3 
BA (6 • 6) 36 2. 8 2. 3 0. 7 
BI (6 x 6) 38 1.0 0. 5 0. 1 

19. 0 
55. 4 
20. 2 
2.8 

9.4 
19. 0 
6.1 
1.0 

3.5 
11.0 

3.3 
0.6 

21.9 
67. 8 
21.6 
2.9 

7.3 
17.3 
5.0 
0.7 

2.5 
12. 4 
3.7 
0.4 

9.5 
35. 1 
8.3 
0.7 

9.5 
35. 1 
8.3 
0.7 

3.7 
20. 8 
5.1 
0.6 
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RESULTS 

In the case of two-stage sampling, the entire tree should be the primary sampling 

unit; but to make measurement a practical possibility, insect broods in a 1-foot-wide 

strip of bark around the sample tree (at d. b.h.) were used as the primary sampling 

unit. The brood within the 1-foot strip were considered as indicators of insect 

population within the whole tree. The average count for the 1-foot strip was estimated 

either from two 6-inch square subsamples drawn at random from the array of 

subsamples on the strip (CARLSON and COLE, 1965) or from single galleries selected 

from the strip. The results of brood sampling are shown in Table 1. 

Sample trees, themselves, were numerous and widely distributed over the area 

infested by the mountain pine beetle. The average count for all trees observed within 

any category cannot  be taken as an unbiased estimate for any specific infestation. 

However, the data means and the associated variance statistics do provide potentially 

useful sampling control information as described. These statistics are also of interest 

in that trends of means over d. b.h. and season are meaningful. 

The overall estimate of the unweighted mean is defined as follows: 

~ ~, Y~ 
y:i-i ~- 1 

nm 

where: Y~=the count for the jth subsample on the ith strip; n = t h e  number of strips 

or trees included in the sample; and m---the number of subsamples per strip for 

which counts were obtained. An estimate of the primary sampling unit (tree) mean is: 

yi=J-' m 

The variance of the mean can be separated into between- and within-unit variances 

as developed by COCHRAN (1963): 

= - - ~ - - +  - -  (For the infinite tree population case) nm 

sb 2= - '  - , and sw 2 -  , 1 where s. = -  m ' n - 1  n ( rn -1 )  

The effects of limited alternative (n) and (m) unit sampling allocations on v(y) 

can be determined. Holding the allowable errors (E) at 15 percent of the sample 

means from Table 1, m at specified levels 1, 2, 3, 4, and the confidence level at 68 

percent, n can be computed (Table 2) for the error and confidence levels specified 

as follows: 

E2~_ S~A2 + $v"e_ 
n nrn 

Sw 2 
- - - +  Su 2 

where E 2 = ( S E ( Y ) ~  2 and n =  m - p f i  
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P e r c e n t  of  l a r v a l  s u r v i v a l  ( T a b l e  3) w a s  r a t h e r  c o n s i s t e n t  i n  a l l  m e a s u r e m e n t  

u n i t s ,  r e g a r d l e s s  of p o i n t  i n  t i m e .  T h e  l e s s  c o n s i s t e n c y  a n d  g e n e r a l l y  h i g h e r  s u r v i v a l  

w i t h i n  t he  1 5 - i n c h  d i a m e t e r  c l a s s  a r e  p r o b a b l y  a t t r i b u t a b l e  to  t h e  i n c r e a s e d  a t t a c k  

d e n s i t y  a n d  t h e  g r e a t e r  f ood  q u a n t i t y  ( p h l o e m  d e p t h ) .  

T h e  e n c o u r a g i n g  a s p e c t  of  t h e s e  s u r v i v a l  r a t e s  is  t h e i r  g e n e r a l  s i m i l a r i t y .  T h u s ,  

o n e  c o u l d  u se  a s i n g l e  un i t ,  o r  c o m b i n e d  m e a s u r e m e n t  u n i t s ,  t o  e s t i m a t e  s u r v i v a l ,  

p a r t i c u l a r l y  f o r  l i fe  t a b l e  s t u d i e s ,  a n d  be  r e a s o n a b l y  a s s u r e d  of m a i n t a i n i n g  c o h e r e n c y  

b e t w e e n  t h e s e  l i fe  s t a g e s .  T h e  i n f o r m a t i o n  d e s i r e d  b y  t h e  s a m p l e r ,  a n d  t i m e  of y e a r ,  

wi l l  d e t e r m i n e  t h e  s e l e c t i o n  of  a m e a s u r e m e n t  un i t .  

Table 2. Allocations of sampling effort without  consideration of differential  sampling 
cost (cos t= t ime)  and the secondary sampling uni t  (m) is predetermined.  

Observat ion 
Fall Spring Summer  

If m =  1 2 3 4 1 2 3 4 1 2 3 4 
Then  n by d iameter  class and measurement  uni t  would be: 

9 in. S.G. 47 28 22 18 102 55 40 32 337 193 145 122 
B(6• 17 II 9 9 83 62 54 51 57 32 24 20 
B (6• 22 12 9 7 209 136 111 99 94 52 38 32 
BI(6• 45 27 21 18 80 48 37 32 169 106 85 74 

12 in. S.G. 34 21 17 15 45 24 17 13 613 350 262 219 
B ( 6 x 6 )  55 35 28 25 38 21 16 13 26 15 11 9 
BA (6 • 6) 31 19 15 13 135 83 66 57 39 20 14 11 
BI (6 x 6) 39 24 20 17 95 60 47 41 222 133 104 89 

15 in. S.G. 107 61 45 37 61 32 23 18 56 38 32 28 
B(6•  67 36 26 21 27 17 14 12 12 0 9 9 

BA (6 x 6) 150 91 72 62 92 53 41 34 23 16 14 13 
BI (6 • 6) 353 222 178 156 142 87 69 60 154 93 72 62 

Table  3. Percent  of larval  survival  as es t imated by measurement  unit. 

Diameter  Measure- Percent  of larval  survival  f rom: Avg. a t t ack  
class ment  Fall to spring Spring to summer  Fall  to summer  dens i ty /d iameter  

unit  class 

9 in. S.G. 49. 58 36. 90 18. 30 3. 04 
B (6 x 6) 34. 28 58. 16 19. 94 
BA (6 x 6) 30. 11 54. 37 16. 37 
BI (6 • 6) 35. 13 62. 24 21.86 

12 in. S.G. 33. 12 33.75 11.18 3.37 
B (6 • 6) 25. 54 71.81 18. 34 
BA( 6x6 )  23. 19 74. 05 17. 18 
BI (6 • 6) 24. 91 60. 56 15.09 

15 in. S.G. 46. 57 38. 38 17. 87 4. 04 
B (6 • 6) 46. 10 59. 22 27. 30 
BA (6 x 6) 74. 98 61.10 45. 81 
BI (6•  31.86 81.94 26. 11 
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SUMMARY 

Populations of the mountain pine beetle in lodgepole pine were measured using 

two sample sizes: a single gallery--this is the basic family unit constructed by the 

parent beetles; and a 6- by 6-inch square area--the bark was removed and the brood 

counted. Data from the 6- by 6-inch sample were recorded in three ways. Each 

measurement unit provided different biological information and required different 

statistical considerations. The single gallery sample provided the most representative 

data of the entire population, but required additional biological measurement of attack 

density. The 6- by 6-inch sample brood data taken on an attack density basis provided 

the most statistically reliable information and encompassed the pertinent biological 

information. Percent survival, as could be used in elementary life tables, was rather 

consistent in all measurement units, regardless of point in time of sampling. 
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