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ABSTRACT

- X-ray-exposure curves using 2 kilovoltages (kv) were
developed for lodgepole pine slabs of different thickness
~and moisture content. X-ray exposure at 25 kv for a
wood-and-baszk slab containing 30% moisture varied, for
_example, from 4.5 milliampere minutes {(mam) for a 15-
inch-thick slab to 20 mam for a 3-inch-thick slab. The rela-
tionship between wood-and-bark thickness and optimum
exposure became increasingly curvilinear as moisture
content increased. In contrast, X-ray exposure at 45 kv
for wood and bark containing 30% moisture varied from
04 mam for a l.5-inch-thick slab to 1.25 mam for a 3-
inch-thick slab, At 45 kv the relationship between wood-
and-bark thickness and exposure remained approximately

linear for all moisture contents.

Identifications and estimates of numbers of the moun-
tain pine beetle, Dendroctonus ponderosae Hopkins, were
obtained from radiographs. Radiographs obtained using
an exposure of 25 kv proved to be best for identifying
and determining numgers of small and medium-sized
larvae. Radiographs obtained using either 25 or 45 kv
could be used with about equal accuracy for identifying
and estimating numbers of large larvae, pupae, and cal-
low adults. Errors in identification and in estimating num-
bers of beetles from radiographs obtained using an ex-
posure of 25 kv were less than 10% of the mean . and
seem acceptable for population studies of bark beetles.

Factors affecting populations of the mountain pine
beetle, Dendroctonus ponderosae Hopkins, have been
under investigation in lodgepole pine stands in Idaho,

" Utah, and Wyoming for several years. However, we
are still seeking more accurate methods for obtaining
population estimates. Use of X-rays is being consid-
ered for this purpose.

. Radiography has been used in several studies of
bark bectles. Johnson and Molatore (1961) radio-
graphed the Douglas-fir beetle, D. pseudoisugae Hop-
kins, in wood-and-bark slabs. of Douglasfir. They
concluded that the X-ray method would be suitable
for studying the biclogy of bark beetles, Berryman
and Stark (1962) subsequently used radiography to
study the biology of the California fivespined ips,
Ips confusus (LeConte), in wood-and-bark slabs in
the laboratory. DeMars (1963) investigated the use

" of radiography for obtaining counts of western pine
beetles, D. brevicomis LeConte, from bark samples of
ponderosa pine. He concluded that the X-ray method
was superior to the bark dissection methed for locat-
ing insects but less effective for determining the stage
of the insect. DeMars also demonstrated that the
radiographic detection method was much less expen-
sive than the dissection method. Fatzinger and Dixon

(1965) reported similar findings when radiographing
the southern pine beetle, D. frontalis Zimmerman, Iin
bark samples from shortleaf pine,

Less exposure is needed and greater detail is ob-
" tained when only bark is X-rayed because of the low
density of the material. However, when wood-and-
bark slabs were radiographed, Berryman and Stark
(1962) found that differences in thickness greatly
-affected quality of the radiograph.

Preliminary radiographs were made of mountain
pine beetles in standing lodgepoie pine trees. These
showed that 2 principal causes of poor radiographic
- quality were (1} small variations in wood-and-bark
thickness, and (2) variations in moisture content of
the wood. Therefore, the objectives of this study
were (1) to develop exposure curves that would give
‘radiographs of optimum quality, and (2) to deter
mine the accuracy of the X.ray method for estimating

1 Acceﬁted for publication Dec. 30, 1968,
2 Research Entomologist and Biological Technician, respectively.

numbers and identifying stages of the mountain pine
beetle in lodgepole pine slabs.

DESCRIPTION AND HABITS OF THE MOUNTAIN PINE
BeeTLE—The adult mountain pine beetle is about
14 in. long and is dark brown. The female starts con-
struction of a vertical egg gallery in the living bark of
lodgepole pine in late summer and is soon joined by
the male. Fggs are laid singly in niches alternately
arranged along the sides of the gallery as the gallery
is being constructed. When the larvae hatch, they
make short feeding galleries, usually at right angles
to the egg gallery. The beetle overwinters in the lar-
val stage and completes development in the spring.
A pupal chamber is then formed within the bark
against the sapwood, where the larva pupates in late
spring to carly summer and soon becomes a callow
adult. After a short period of maturation feeding the
callow adult turns dark brown and emerges in mid-
to late summer to infest a living tree. The entire life
cycle requires 1 year in lodgepole pine in the Inter-
mountain area.

EQUIPMENT AND METHODS.—A portable Picker X.ray
machine® was nsed. The machine has an output of 0-
110 kv, 0-10 ma, and variable exposure time. The
X-ray head was mounted in.a lead-lined steel cabinet
in the laboratory. Kodak AA Industrial ready pack
film was used. :

Radiographs were obtained by operating the X-ray
machine at (1) 25 kv, 5 ma and {(2) 45 kv, 5 ma,
using an aluminum filier 2 mm thick over the X-ray
window,

Stacey and Mothershead (1965) reported that low
energy rays caused secondary radiation when inter-
acting with the specimen being radiographed. They
noted that these rays did not contribute to the image,
but reduced image contrast and therefore were detri-
mental to optimum radiographic quality. They used
thin lead filters in front and behind the film to re-
move secondary radiation, whereas a filter over the
X-ray window to remove the long rays which cause
secondary radiation was used in these tests.

However, in our study there was little difference

hetween radiographs taken atr 45 kv with filters and

aUse of trade names is for identification onmly and does not
imply product endorsement by the USDA Forest Service,
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those without filters. As a result, placing a filter over
the window of the X-wray machine is not recom-
mended when radiographing mountain pine beetles
in slabs less than 3 in, thick. Furthermore, Stacey and
Mothershead (1965) were radiographing power poles,
which were much thicker than the slabs used in our
study.

An electrical resistance meter was used to deter-
‘mine moisture content of wood. This meter was cali-

brated to measure moisture content of lodgepole

pine by correlating meter readings with actual mois-
ture content determined by the ovendry method.
Meter readings were obtained from 20 lodgepole pine
slabs. Small pieces of wood were then removed from
the slabs and placed in glass vials, which were sealed
with rubber stoppers and weighed. The wood then
was removed from the vials, dried to a constant
weight, returned to the vial, and reweighed. The
percent moisture of the original sample was then cal-
culated. Meter readings were highly correlated with
actual moisture contents {r=0.94), which varied from
12 to 65%. ‘ )

Exposure curves were developed for step wedges
having moisture contents ranging from 10 to 60%.
The wedges varied in thickness from 14 to $ inches
in l4-in. steps when a L4-inch-thick piece of hark was
placed on each step. Each piece of bark contained a
larva and an adult of the mountain pine beetle.

To test the accuracy of the X.ray method for esti-
mating populations of the mountain pine beetle, in-
fested bark-and-wood slabs varying from 114 to 2 in.
thick were radiographed. These slabs contained bee-
tles grouped as follows: (1) small larvae; (2) medium-
sized larvae; and (3) large larvae, pupae, and callow
adults. Ten slabs were used for each grouping.

Metal staples or nails, which were visible on the
radiograph, were placed in the corners of a 4x%in.
area on each slab to delineate the area where beetles
were to be identified and counted. All insect inclu-
sions were drawn and identified on a mattex acetate
overlay, a technique used by Fatzinger and Dixon
(1965) . GCharacteristics used in the separation of
radiographic images of insect stages have been cov-
ered adequately by Berryman (1964) and Fatzinger
and Dixon (1965). Atrack density of parent adults,
which is determined by the number of entrance holes,
and inches of egg gallery constructed by parent adults
also were measured from the radiographs. The radio-
graphs were read on a light table; all light was ex-
cluded except from a 4x9-in. area. Each radiograph
was read by 2 observers working independently.

The bark between the metal staples was removed
from the slabs, and the location as well as the identity
of insects were compared with those drawn on the
mattex acctate overlays. These comparisons were:
(1} stage of mountain pine beetle identified cor-
rectly, (2) stage of beetle identified incorrectly, ()
beetle counted where it did not exist, (4) beetle
omitted that did exist, (5) beetle incorrectly identi-
fied as being other species of insect, and (6) other
species of insects (Ips, Pityogenes, Enoclerus, Tha-
nasimus, Medetera, and Coeloides) incorrectly identi-
fied as pine beetles.

RESULTS AND Discussion.—Exposure Curves.—Expo-
sure time at 25 kv was 1.0 milliampere minute (mam)
for a l-inch-thick block containing 10% moisture. The
exposure had to be increased to 6 mam for a block
8 in. thick containing 10% moisture and for a block
L in. thick containing 60% moisture (Fig. 1). Little
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Fre. l—X.ray exposurc curves for wood-and-bark

slabs of different thickness and moisture content when
the X-ray unit is operating at 25 kv, 5 ma, using a 20-in,
target-to-film  distance,

difference could be detected generally in radiograph
quality within 5% moisture content. The relation-
ship between thickness of wood and bark and expo-
sure was almost a straight line when the wood con-
tained 10% moisture but became curvilinear as modis-
ture increased. The curvilinearity hecame more pro-
nounced at the higher moisture contents.

At 45 kv, exposure time was greatly reduced. For
example, a 2-inch-thick piece of wood and bark con-
taining 60% moisture required an exposure of 30
mam at 25 kv but only 1.5 mam at 45 kv (Fig. 2).
Exposure curves at 45 kv were almost straight lines
regardless of moisture content because of the greater
proportion of short high-energy rays which are more
penetrating than long rays.

The curvature of the surface of the slab resulted in
an overexposure of the thinner outer cdges, a prob-

20 .
SLADB THICKNESS (IN)

F16, 2—X-ray cxposure curves for wood-and-bark slabs
of different thickness and moisture content when the
X-ray unit is operating (without filter) at 45 kv, 5 ma,
using a 20-in. target-to-film distance.




{lem encountered also by Berryman and Stark (1962).
Exposure was adjusted for the thickest portion of the

" glab because it was easier to identify insect inclusions

"on slightly overexposed than on underexposed areas.
~Our problem of overexposure probably was not so
serious 25 that of Berryman and Stark, because in-
‘dlusions were identified only in the central 4X%-in.
area of each slab. Within this area, differences in
thickness of the slab were generally small.

Estimates of Beetle Numbers—An analysis of vari-
ance was used to analyze the differences between ac-
tual and estimated numbers of mountain pine beetles,
This analysis revealed significant differences between
estimates from radiographs taken at the 2 kv levels
and also among the $ insect stages (P<0.005). How-
ever, the interactions and the differences between
observers were not significant (£>>0.05) .

‘Estimates of beetles from radiographs taken at 25
kv, which departed from the actual count by an aver-

-age of 3.3 beetles, were more accurate than those
made from radiographs taken at 45 kv, which devi-

- ated an average of 6.8 beetles (Table 1). Better con
trast and clarity accounted for the difference. :

Average differences between actual and estimated
numbers of beetles were greatest in the small larval
stage and least in the large larval, pupal, and callow
adult stages. Differences between stages were signifi-
cant at the 0.05 level of probability. As the insects
increased in size, accuracy of estimates increased and
differences between kilovolt levels decreased. -'The
differences observed between kilovolt levels in esti-
mating large larval, pupal, and callow adult popula-
tions were not significant.

The estimates were compared with known numbers
of insects using the “t-test” (Table 2). These com-
parisons showed only 8 significant differences for the
12 tests: small larvae from radiographs taken at 25 kv
differed at the '0.01 level of probability, and medium

- larvae from radiographs taken at 25 kv and at 45 kv
differed at the 0.05 level of probability. However,
these differences were associated with only 1 observer
and probably may be eliminated when that observer
gains additional experience.

An arc sine transformation of data was used be-
cause of the wide range of proportions of insects cor-
rectly identified in this study. The analysis of vari-
ance revealed highly significant differences between
the proportions of insects detected at the 2 kv levels
and the kilovoltinsect stage interaction (P<0.005).
At 25 kv, 91 and 95% of the small and medium lar-
vae, respectively, were identified correctly compared
with only 84 and 83% at 45 kv. These differences
were significant at the 0.05 level of probability. How-
ever, a significant difference could not be detected

Tabhle 1.—Average differences between actual and esti-
mated nnmbers of mountain pine beetles from radio
graphs obtained at 25 kv and 45 kv.

AMMAN AND RASMUSSEN: X-RAYS FOR BEETLE IDENTIFICATION

25 kv 45 kv
Actuzl ence Differ-
Insect stages Differ- Actual  cnce’
Small larvae 72 5.3 49 10.5
Medium larvae 44 3.0 58 7.3
Large Iarvae, pupae,
callow adults 58 15 77 2.1
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Table 2.—T-test comparisons of known numbers of the
mountain pine beetle with estimates from radiographs
taken at 25 kv and 45 kv.

Esti-
Actual = mated
Ob- Insect popu- popu- % of Prob-
server stage lation  lation actual  ability
25 Eilovolts
1 Small larvae 717 695 97 >0.2
2 ” 77 767 107 < .01
1 Medium larvae 442 444 100 > 5
2 ’ 442 486 110 < .05
I Large larvae,
pupae, callow '
adults 576 573 99 > b
2 ” 576 569 99 > 5
45 kilovolis
1 Small larvae 485 445 92 > 5
2 ” 485 507 105 > .5
1 Medium larvae 579 555 96 > 2
2 ” 579 505 87 < .05
1 Large larvae,
pupae, callow
adults 7i2 771 100 > b
” 772 753 98 > .1

between correct identifications of large larvae, pupae,
and callow adults at 25 and 45 kv (92 and 93% cor-
rect, respectively) (P>0.05).

Medium-sized 'larvac were identified from radio-
graphs taken at 25 kv with slightly greater accuracy
than the other stages. Medium-sized larvae could be
detected and differentiated from other bark inclu-
sions more easily than small larvae. In addition, there
was no chance for error in identification of stage
such as existed when large larvae, pupae, and callow
adults were present. Movement by large larvae and
callow adults, which caused blurred images on the
radiographs, further complicated the problem of
identification.

Detection and identification of smail and medium
larvae from radiographs taken at 45 kv were difficule
because of lack of contrast in the radiographs. "The
differences in correct identifications between these 2
larval stages were not significant (P>0.05). Gorrect
identifications of large larvae, pupae, and callow
adults were significantly more accurate than those of
small and medium larvae.

Estimates of Attack Density and Egg Galleries.—
Fstimates of attack density [from radiographs at 25
and 45 kv did not differ from actual numbers (P>>0.1
to >0.5) (Table 3). Inches of egg gallery could be
determined accurately from radiographs taken during
the small and medium larval stages at 25 kv and dur-
ing the small larval stage at 45 kv (P>>0.06 to >>0.4).
However, during the large larval, pupal, and callow
adult stages it was almost impossible to make an ac-
curate estimate of egg gallery length because of ex-
tensive mining. )

CoNCLUSIONS AND RECOMMENDATIONS.—(1) X-ray ex-
posure- should be adjusted for small differences in
thickness and moisture content of wood and bark to
obtain the most readable radiographs. (2} 25 kv should
be used to obtain radiographs from which counts of
small and medium-=sized larvae will be made. Either
25 or 45 kv can be used to prepare radiographs from
which counts will be made of large larvae, pupae, and
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Table 3.—T-test comparisons of actual average attack density and inches of egg gallery of the mountain pine
beetle with estimates made from radiographs taken at 25 kv and 45 kv.

Attack cdensity Gallery in.
Insect Difference Prob- Difference rob-
stage Actual Estimate range ability  Actual Estimate range ability
25 kilovolis
Small larvae ® 22.0 20.9 —11-+ 6 04
Medium larvae 23 2.5 —2—+3 0.5 15.7 18.2 0—+18 05
Large larvae, pupae,
callow adults 3.4 26 —4-+3 5 29.5 225 —18-+13 .05
45 kilovolts
Small larvae 0.7 1.0 0-+-2 1 11.7 129 — 6410 3
Medium larvae 3.6 3.5 —2-+5 ) 34.5 25.7 —36—+31 .02
Large larvae, pupae,
callow adults 25 2.0 —0-+1 2 33.8 20.0 —38-+ 2 01

# Not recorded.

callow adults. (8) Errors in estimating and identify-
ing stages of the beetle from radiographs taken at 25
kv were less than 10% of the mecan and are considered
acceptable for population studies of bark beetles. {4)
Estimates of egy gallery length should be taken from
radiographs-only when the larvae are small. (3} At
tack density of parent adults can be determined from
radiographs taken during any stage of beetle develop-
ment, {6) The exposure curves presented here should
be used with caution when radiographing insects in
bark-and-wood slabs from trees other than lodgepole
pine because of differences in density of wood and
in proportions of bark to wood.
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