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ABSTRACT 
During 1971 . a year of high grand fir (Abies grandis 

(Doug I.) Lindl.) cone production insect damage and 
cone production were evaluated on Potlatch Corpora­
tion land. Latah County. Idaho. The area was primarily 
an Abies grandis( Pachistima myrsinites habitat type. An 
examination of cones collected from three stands in the 
Gold Creek drainage revealed that 6.4 percent of the 
seed was destroyed by insects while 52.4 percent of the 
seed crop had undeveloped endosperm. The two majo r 
insect pests were Dioryctria abietella (Denis and 
Schiffermueller). a coneworm. and Hylemya abietis 
Huckett. a cone maggot. These insects destroyed 5.7 
percent of the seed crop. Three binocular methods were 
tested to estimate the cone production from the ground. 
The best prediction equation was: 

Y = -10.8 + 1.9 WHO + 1.5 SS (r' = 0.806). 
where. WHO is the number of cones visible on the top 
two whorls and SS is the number of cones visible on the 
south side of the crown. 

j Contribu tion No. 23, Forest, Wildlife and Range Experiment Sta­
tion. University of Idaho. Moscow, Idaho 83843. 
Graduate assistant and Professor respectively. College of Forestry. 
Wildlife and Range Sciences. University of Idaho. Moscow, Idaho. 
This research was supported by Mcintire-Stennis funds with the 
cooperation of Pot latch Corporation. lewiston. Idaho. 

INTRODUCTION 
Grand fir. Abies grandis (Douglas) Lindley. is 

becoming increasingly important as a timber resource in 
northern Idaho with lumber and other products 
produced from grand fir accounting for 18 percent of 
Idaho's merchantable forest products (Wilson 1964). As 
stands are logged and intensity of forest management in­
creases, artificial and natural regeneration becomes in­
creasingly important in the silviculture of this tree 
species. Private industry and state and public lands no 
longer depend entirely on natural regeneration; long­
range management policies call for the establishment of 
seed production areas and seed orchards to meet 
regeneration needs. However, cone and seed insects that 
are minor pests in unmanaged forests may become im­
portan t economic pests in seed production areas. 
Coupled with the destruction of seeds by insects are the 
natural low viabi lity and germination of grand fir seeds 
(USDA 1965) and the cyclic nature of grand fir cone 
crops. Years 01 good cone production are usually 
followed by years of poor cone production or crop 
failures (Eis et al. 1965. Franklin et al. 1974). 

The objectives of this study were to evaluate the 
damage of cone and seed insects to the seed crop near 
Potl atch. Idaho on Potlatch Corporation lands during a 
yea r of high cone production (1971). and to develop a 
method to predict cone production . 
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Table 1 . l ocation and site characterist i cs o f g ra nd fi r study areas, northern Idaho, 197 1. 

Yield a 
Site 

b 
S i te 

b Tota 1 Basa I 
Average S lope capac i ty index c la ss Area/Ac r e 

Stand No. Survey descr ipti on El evat ion (mean %) Aspect (c u .ft./ac/yr .) 50 yrs. ( ;;,. 3" oB H) 

Gold Cr eek #1 SW! of the SW! 521 2630 It. 18 E 87,8 46 111 137 
r42N, R4W, Boise 
Merid ian 

Gold Creek #2 SW! o f the swt 516 2700 It. 20 W 77 . 0 41 111 138 
& 521, T42N, R4w, 
Boise Mer idi an 

Gold Creek 83 SEt o f the SEt 58 , 2870 It. 3D N 65.4 36 IV 141 
T42N , R4w, Boise 
Meridian 

a Bri cke ll, J. E. 1970 . Equati ons and computer subrout ines fo r est imating site qual ity of e ig ht Rocky Mountai n spec ies. 

b 

U.S. Dep. Agr . Forest Se rv o Res. Pap. INT-75. 22 p. 

Inst ruct i ons fo r forest inve nto r y of Potlatch Forests, Inc. l ogg ing units. 
1~ pp . & App . PFI, Lew iston. Idaho, June 17. 1957. 

., 

Va 1 ume 
(Gross BF /Acr e 

':'" 11 " DBH) 

10,417 

11,434 

14 ,222 



Table 2. Tree species composition. density. and proportion of cone-bearing grand fir in study area, northern Idaho, 1971. 

Number stems by spec i es per plot 
., b Total No. No . Percent Mean Mean 

N-C-B CB Stems/ GF/ CB-GF/ CB-GF/ Age No . cones/ Cones/ 
Plot WL WWP WRC ES pp LP OF GF GF GF Acre Acre Acre Acre CB-GFc CB-GF Acre 

Gold Creek 1 6 0 0 2 0 42 119 76 43 340 238 86 36.1 72 52 4452 
(plots 

1. 2, 3. -4, 7) 

Gold Creek 2 0 0 0 0 0 0 8 8~ 45 41 188 172 82 47.7 88 88 7214 
(plots 

2, 3, 4, 5, 8) 

Gold Creek 3 2 2 11 5 0 14 107 79 28 284 214 56 26.2 111 64 3560 
(p 1 ot s 

1,4,6,8.9) 

• WL - western larch; WP - western white pine; GF - grand fir; WRC - western red cedar; ES - Engelmann spruce; PP - ponderosa pine; 
LPP - l~dgepole pine; N-C-B/GF - Non-cone bearing grand fir. 

b 
Diameter (breast height) ~ 3" 

c 
Based on 10 year age classes 



REVIEW OF PREVIOUS WORK 
Keen (1958) summarized the biologies and dis­

tributions of cone and seed insects of grand fir , mostly 
from work in Oregon and California. Pfister and 
Woolwine (1963) listed the insects and their damage to 
the grand fir cone crop at Deception Creek Experimen­
tal Forest in northern Idaho. In British Columbia, 
Hedlin (1966, 1967, 1974) and Ruth and Hedlin (1974) 
evaluated the damage by insects to grand fir cones, in­
cluding a key to the damage. Kulhavy and Schenk (in 
press) evaluated the damage to the 1970 and 1971 seed 
crops in Idaho during years of moderate (1970) and high 
(1971) cone production. Kulhavy (1974) prepared a key 
to the pestiferous insects of grand fir in Idaho. Moyer 
and Parker (1973) and Kulhavy et al. (1975) prepared 
checklists of the cone and seed insects of grand fir in 
Idaho. 

Partial cone-count estimations have been used to es­
timate cones within trees. These methods consist of es­
timating cones on a single whorl, a single branch, or 
other methods of partial cone counts, and comparing 
these to tota l cone counts (Eis 1973, Schenk et al. 1972, 
and Winjum and Johnson 1962). Franklin, (1968) used a 
conversion factor of 1.7 times the number of cones visi­
ble with binoculars from the ground to estimate the 
cone crop of grand fir. 

METHODS 
Cone Collections and Dissections 

During June through September of 1971, 15 1/10-
acre plots were used to evaluate insect-caused seed losses 
and cone-count techniques on Potlatch Corporation 
lands 6 miles northeast of Potlatch, Latah County, 
Idaho. The study was established in a primarily Abies 
grandis/ Pachistima myrsinites habitat type (Daubenmire 
and Daubenmire 1968). In conjunction with another 
study, ' five I/IO-acre plots, deployed on a 10-chain grid 
pattern, were used in each of the three stands designated 
Gold Creed (GC) stand I, 2, 3. Location of each stand, 
average elevation, slope. aspect, site index, basal area 
and stand volume data are summarized in Table I. 
Stand data, including cone-bearing grand fir and cone 
production are summarized in Table 2. Stands GC I and 
2 were logged for high value Douglas-fir ( Pselldotsllga 
menziesii (Mirb.) Franco) and ponderosa pine ( Pinus 
ponderosa Laws.) about 30 and 75 years ago. The resul­
tant overstory stands consist of two age classes of 
released grand fir. The lower slopes of GC 3 were logged 
about 25 years ago for Douglas-fir and ponderosa pine, 
resulting in a present stand of predominantly mature 
grand fir. Cone production in the Gold Creek stands 
was mainly on the grand fir released from earlier log­
ging. 

J The innuence or natural stand characters and management prac­
ti ces on fir engraver (ScolYlIIs ventralis LeConte) population and 
damage levels and on stand regeneration and growth . Forest. 
Wildlire. and Range Experiment Station . University or Idaho. 
Moscow, Idaho. 

On each I/ IO-acre plot, two cone-bearing grand fir 
were climbed and four mature cones were picked from 
each of the north and south sides of the crown. Four 
cones from each tree were placed in single-light-source 
rearing cartons in the laboratory at 24°C to capture and 
identify emerging adu lts. The remaining cones from 
each sample tree were dissected for insect damage. Ex­
ternal injury on each of the dissected cones was recorded 
and later correlated to internal infestations. The cones 
were cut in half lengthwise using a modified Winjum­
Johnson cone cutter (1960). The seeds on the axial sur­
face were counted and the number of seeds and location 
and type of damage was recorded by causal insect 
species. Seeds were then dissected from the cone scales, 
and complete counts were made of the damaged and 
total seeds in the cone. The data were recorded as 
percentage cones infested, percentage seeds destroyed 
and percentage of the total insect damage by each 
species. 
Cone Production and Seed Loss 

Three methods of estimating numbers of cones per 
tree from the ground by means of binoculars were tested 
using 32 trees (the 30 trees sampled previously plus two 
additional plot trees). On each tree, cones were counted 
on the branch with the most cones (LBR), all cones on 
the south side of the crown (SS) and all cones visible on 
branches of the top two whorls of the tree (WHO). 
These estimation counts were followed by actual counts 
by climbing. The data were subjected to multiple regres­
sion ana lysis. Prediction equations were derived from 
the binocular counts and used to estimate cone produc­
tion and seed losses per tree and per acre. 

RESULTS 
Damage Evaluation 

Dissection revealed that 54 percent of the cones were 
infested by insects (one or more seeds destroyed). Seed 
losses in these infested cones averaged 17.0 percent; 6.4 
percent of the seeds in all collected cones was destroyed 
by insects. I n the Gold Creek I area, 50 percent of the 
sample cones were infested, and 8.0 percent of the seeds 
destroyed in the sample cones; in GC 2, 57 percent of the 
sample cones were infested and 3.5 percent of the seeds 
destroyed in the sample cones; in GC 3, 60 percent of 
the sample cones were infested and 5.8 percent of the 
seeds in the sample cones were destroyed by insects. 
Dioryctria abietella (Denis and Schiffermueller), a 
coneworm, and Hylemya abiell's Huckett, a cone 
maggot, accounted for about 90 percent of the insect 
damage, destroying 5.7 percent of the seeds in the sam­
ple cones. The remaining 10 percent of the damage was 
attributed to four other insect species or unknown 
causes (Fig. I). 
Prediction of Cone Production 

There were no apparent differences between stands 
in either vegetation or elevation, thus data from the 
three stands were grouped for analysis. Of the three 
binocular methods for estimating cone production per 
tree, a simple linear regression model using as an in­
dependent variable (LBR) accounted for the least 



amount of the variation in the total cone production per 
tree (r' = 0.299). Simple linear regression models using 
counts from the top two whorls (WHO) and the south 
side (SS) as the independent variables had r' values of 
0.719 and 0.769 respectively. Fitting second degree 
polynomials using LBR, SS and WHO failed to 
significantly increase r2 over the value associated with 
the first degree polynomials. 

Multiple regression analysis using the combined 
variables WHO and SS improved the fit considerably (r' 
= 0.806). and reduced the root error mean square (Table 

3). The equation for predicting cones per tree, Y, is: 
Y = -10.8 + 1.9 WHO + 1.5 SS. 

The inclusion of variable LBR in this model failed to im­
prove its fit. Data for all variables are summarized in 
Table 3. 

DISCUSSION 
The method for predicting cone production reported 

in this study was developed on the basis of one year's 
data. That year was one of exceptionally good cone 
production; the method may not be as accurate in stands 
of fair or average cone production. As 60 percent of the 
total number of cones in the crown is counted using 
binoculars, a conversion factor of 1.6 could be used to 
give a quick estimate of the cones in the crown. This 
conversion factor is slightly lower than the 1.7 reported 
by Franklin (1968). 
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Fig. I. Percentage of insect-caused damage by species 
from grand fir cones collected near Potlatch, Idaho, 
1971. 

Cone production in the study areas was high in 1971, 
exceeding the number of .cones per tree classified as 
"good" for grand fir in the Inland Empire (USDA 
1965). However, seedling-sapling stocking was below 
"desirable," particularly in GC 2. and tended to be 
aggregated.' 

Kulhavy and Schenk (in press) found that cone and 
seed insects tend to increase in grand fir cones if 2 
years of moderate to good cone production occur in a 
row. Thus, any cutting with regeneration as an objective 
should not be conducted during a year of poor cone 
production following 2 seasons of good production 
because of the high insect populations relative to the 
available cones. 

ACKNOWLEDGMENTS 
We wish to thank Drs. R. W. Stark and E. R. Can­

field, University of Idaho and Mr. Paul Gravell, 
Potlatch Corporation, for reviewing the manuscript. 
Drs. B. D. Burks, D. R. Davis, R. J. Gagne, and G. 
Steyskal kindly provided insect identifications. 

LITERATURE CITED 

Daubenmire. R.o and J. B. Daubenmire. 1968. Forest vegetation or 
eastern Washington and northern Idaho. Wash. State Univ. Agr. 
Exp. Sta. Tech. Bull. No. 60. 104 p. 

Eis, S. 1973. Cone production of Douglas-fir and grand fir and its 
climatic requirements. Can. J. Forest Res. 3:61-70. 

Eis, S., E.H. Garman, and L. F. Ebell. 1965. Relation between cone 
production and diameter increment of Douglas-fir ( PseudolSuga 
menzieJii (Mirb.) Franco), grand fir (Abies grandis (Dougl.) 
Lind .), and western white pine ( Pinus monticola Doug1.) Can. J. 
Bol. 43:1553-1559. 

Fnmklin, J. F. 1968. Cone production by upper-slope conifers. USDA 
Forest Servo Pacific NW Forest and Range Exp. Sta. Res. Pap . 
PNW-60. 21 p. 

Franklin, J. F., R. Carkin. and J. Booth . 1974. Seeding habits of 
upper-slope tree species. I. A 12-year record of cone production. 
USDA Forest Servo Pacific NW Forest and Range Exp. Sta . Res. 
Note PNW-2U. 12 p. 

Hedlin, A.F. 1966. Cone and seed insects of grand fir, Abies grandis 
(Douglas) Lind!' Bi-mon. Res. Note, Dept. Forest and Rural 
Development (Canada) 22:3. 

Hedlin , A . F. 1967. Cone and seed insects of grand fir, Abies grandis 
(Douglas) Lindley, in British Columbia. J. Entomol. Soc. Brit. 
Columbia 64:40-44. 

Hedlin , A . F. 1974. Cone and seed insects of British Columbia. 
Pacific Forest Res. Centre, Victoria. Brit. Columbia. 63 p. 

Keen, F. P. 1958. Cone and seed insects of western forest trees. USDA 
Misc. Bull. 1169. 168 p. 

Schenk, J. A., O. L. Adams. and J. A. Moore. 1975. An Interim 
report to Potlatch Corporation. March 1975. 



Kulhavy. D. L 1974. Cone and seed insects of grand and subalpine 
lirs in northern Idaho. Master's Thesis. College of Forestry. 
Wildlife and Range Sciences. University of Idaho. 79 p. 

Kulha vy. D. L. J. W. Dale. and J. A. Schenk . 1975. A checklist of the 
cone and seed insects of Idaho. Forest. Wildlife and Range Exp. 
Sta .. University of Idaho Current In formation Ser. No.6. 28 p. 

Ku lhavy. D. L. and J . A. Schenk (in press). An evaluation of damage 
hy cone and sced insects of grand lir in no rthern Idaho. Univ. of 
Idaho. Dept. of Entomology 50th Anniversary Pub. 

Moyer. M. W .. and D. L Parker. 1973. A revised li st of seed and cone 
insects collected from native con ifers in the Intermoun tain 
Reg ion . Branch of Forest Insect and Disease Prevention and 
Cont rol. US DA Forest Serv .• Ogden, Utah. 15 p. 

Pfister. R. D .. and P. C. Woolwine. 1963. Insect damage in grand fir 
cones. USDA Forest Servo Intermtn . Forest and Range Exp. Sta. 
Res. Note INT·8. 4 p. 

Ruth. D. S .. and A. F. Hedl in. 1974. Barbara coJjaxiana siskiyouana 
(Kft.) a pest in cones of Abies grandis. J . Entomo1. Soc. Brit. 
Columbia 71: 13. 

Schenk. J . A .. D. A. Everson, and J. R. Gosz. 1972. Sampling cone 
production in Douglas-lir. University of Idaho, Forest Wildlife 
and Range Exp. Sta. Pap. No. 10. 10 p. 

USDA Forest Servo 1965. Silvics of forest trees of the United States. 
Dept. Agr. Handbook No. 271. 762 p. 

USDA 1974. Seeds of woody plants in the United States Dept. Agr. 
Handbook No. 450. 883 p. 

Wilson. A. K. 1964. Output of timber products in Idaho. 1962. USDA 
Forest Servo Intermtn. Forest and Range Exp. Sta. Res. Pap. 
INT-I3. 10 p. 

Winjum, J. K .. and N. E. Johnson . 1960. A modified knife-cone cutter 
for Douglas-fir seed studies. J . Forest 58:487·488. 

Winjum. J. K .• and N. E. Johnson. 1962. Estimating cone crops on 
you ng Douglas-fir . Forest Res. Note, Weyerhaeuser Timber Co. 
12 p. 

Table 3. Ana lys is for binocu l ar counts of grand fir cones from the branch 
with the most cones (LBR), the cones on the two top whorl s (WHO), cones on 
the south side of the tree (55), and cones on the top whorl pl us cones on the 
south side reg re ssed against total cones (Y) per tree, 1971. 

1 ndependen t Intercept Regression 
Variables Coefficient 

lBR 13.9 6.42 

55 -5.6 2.99 

WHO -0 .1 3.34 

WHO,55 -10 . 8 1.92, 1.50 

Mean 

lBR 7.2 

WHO 21.7 

55 19 .6 

y 60.0 

** Signifi cant l y different from ze ro at 
n ' s = non- s ignifi cant. 

Root Error Coeffici ent 
Mean o f 
5quare determ ina t ion 
(s ) (e2) 

Y'X 

52.2 .299n . s 

28.9 .769** 

31.4 .719** 

26.9 . 806** 

5tandard Deviation 

4.4 

18 . 2 

14 .6 

58.2 

0.01 s ignificance level; 
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