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Selected carbamate, chlorinated hydrocarbon, organophosphorous, and pyrethroid insecticides 
were tested on six Choristoneura species: conflictana (Walker), fumiferana (Clemens), 
lambertiana ponderosana Obraztsov, occidentalis Freeman, pinus Freeman, and viridis 
Freeman. When probit regression lines were compated by likelihood ratio tests, the hypothesis 
of equality was uniformly rejected. The hypothesis of parallelism was accepted for some 
chemicals within each insecticide class except the chlorinated hydrocarbon. These results 
suggest that extrapolating the response of one species to another species should be avoided. 

Species in the genus Choristoneura number among the most destructive forest 
insect pests in North America (McKnight 1968). It is of practical interest to know the 
extent of variation in responses of the various Choristoneura species to insecticides 
being developed for forest insect control. Commonly, if no insecticides have been tested 
on a particular species, results of tests on other species in the same genus are used to 
estimate the responses of untested species. To determine the accuracy of such 
extrapolation, we compared the responses of six Choristoneura species to selected 
insecticides. 

The six species we tested and their primary hosts are: C.  fumiferana (Clemens) - 
balsam fir, Abies balsamea (L.) Mill.; western spruce budworm, C.  occidentalis 
Freeman - Douglas-fir, Pseudotsuga menziesii (Mirb.) Franco; jack pine budworm, 
C.  pinus Freeman -jack pine, Pinus banksiana Lamb., and red pine, P. resinosa Ait.; 
C.  viridis Freeman - white fir, A. concolor (Gord. and Glend.) Lindl., and grand fir, 
A. grandis (Dougl.) Lindl.; large aspen tortrix, C.  conflictana (Walker) - quaking 
aspen, Populus tremuloides Michx.; and C.  lambertiana ponderosana - sugar pine, 
P. lambertiana Dougl. 

Materials and Methods 
C.  occidentalis, fumiferana, pinus, and viridis were obtained from nondiapausing 

laboratory colonies reared on artificial diet (Lyon et al. 1972). Diapausing 
C. conflictana were collected from the north rim of the Grand Canyon in Arizona, 
shipped to Berkeley, Calif., refrigerated 60-90 days at S°C, then brought to room 
temperature for subsequent development. They were fed artificial diets during their 
postdiapause development. C .  lambertiana ponderosana6 were received as feeding 
larvae from Ft. Collins, Colo., in 2 successive years, transferred to artificial diet, and 
used for testing. Some were used to establish a nondiapausing laboratory colony which 
provided sufficient insects to complete the testing. Last instars of all species were used 
in the tests. 

The years during which tests were conducted ~ a r i e d . ~  They were C.  occidentalis, 
1967-75; C.  fumif.erana, 1968; C.  pinus, 1968; C. viridis, 1970-76; C. conflictana, 

'.Z.3.4Respectively, Research Entomologist, Biological Technician, Biological Aide, and Computer Programmer, Pacific 
Southwest Forest and Range Experiment Station, Forest Service, United States Department of Agriculture, Berkeley. 
California 94701. 
'Lecturer, Faculty of Economics and Politics, Cambridge University, England CB3 9DD. 
'Identification of this insect was provided by Dr. Robert Stevens, USDA Forest Service, Rocky Mountain Experiment 
Station, Ft. Collins, Colo. 80521. 
'This paper reports research involving chemical insecticides. It does not include recommendations for their use, nor does it 
imply that uses discussed here have been registered. All uses of insecticides must be registered by appropriate State or Federal 
agencies or both before they can be recommended. 
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Table I. Comparative toxicity of carbarnate insecticides to Choristoneura speciesa 

Beta-CS.E. LD5o 95% CL LDB~ 95% CL 

- - - - - - - - - - - ~glgbodyweight -  - -  - - - - - - - - 

A. Aminocarb 
2.3720.44 1.24 0.88-1.60 4.31 3.09-8.02 
1.9820.28 6.65 4.74-14.6 29.4 13.8-288 

B. Csrbaryl 
2.46-CO.38 3.65 2.92-4.35 12.1 9.27-19.2 
2.2020.22 19.9 14.5-26.5 76.0 51.6-148 
2.5320.31 30.6 11.5-44.5 98.3 69.0-236 
1.49-CO.22 109 6.90-325 79 1 282-1420 

C. Methomyl 
2.02rt0.32 2.02 c 8.73 c 
0.9420.12 2.44 1.54-3.49 55.3 31.5-132 
1.61rt0.24 4.87 3.40-10.1 30.5 12.0-52.5 
1.39e0.22 7.51 4.13-10.7 62.5 13.0-52.5 

D. Mexacarbate 
2.45k0.21 0.93 0.65-1.21 3.11 2.35-4.85 
2.4520.22 0.94 0.80-1.09 3.14 2.63-3.96 
2.61k0.22 1.20 1.03-1.36 3.72 3.18-4.53 
1.82?0.19 1.98 1.61-2.33 10.0 7.92-14.0 
2.4020.33 2.45 2.05-2.88 8.41 6.39-13.2 
2.8720.26 2.66 2.05-3.69 7.44 4.94-18.2 
4.30-CO.45 3.41 2.01-4.73 6.77 4.86-18.2 

HET 

"Cdurrm headings arc abbreviated as follows: N is h e  number of insects marad with insecticide; NC is  rk number of confm1s: C2S.E. is estimated control mortality + the standard error; 
Beta* S.E. is the slope * the standard mr. HET is the heterogeneity fsctoc and Log L tht maximum log-likelihood function. 
hC =conflictam; F =furniferana; L = larnbertianrt ponderosuna; 0 = orcidcn~alis; P = pinus: V = viridis. Numbem after V indicate year of test. 
'No confidence l i m b  computed because g 3 0.50 at 95% level. 
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1973-74; C. lambertiana ponderosana, 1974-75. Tests of mexacarbate, pyrethrins, 
and DDT on C. viridis were repeated in 1971 and 1976. All insecticides were not tested 
on all species because of the nonsynchronous availability of insects and insecticides. 
However, all six species were tested with mexacarbate, which is registered for control 
of C. fum@erana, occidentalis, andpinus (Anon. 1974), and with DDT, which was the 
chemical most widely used in past control programs. One insecticide without a common 
name, NRDC 161 (3-phenoxybenzyl (?)-3-(2,2-dibromoviny1)-2,2-dimethyl- 
cyclopranecarboxylate), was also tested. 

Procedures for formulation and topical application were described by Robertson 
et al. (1976). Data from mortality counts made 7 days after treatment were analyzed by 
probit analysis (Russell et al. 1977) and the regression lines compared by likelihood 
ratio tests (Savin et al., in press). 

Results and Discussion 
Response of the species to carbamate insecticides (Table I) varied widely. Of the 

six species tested with mexacarbate, C. pinus was most susceptible at LD,,,, 
C. conflictana least susceptible. Neither parallelism nor equality of response was 
observed among the six species (Table V). The responses of C. viridis tested in 1971 
and 1976 were both parallel @ = 0.220) and equal (p  = 0.267). 

Carbaryl and methomyl were tested on C. conflictana, lambertiana ponderosana, 
occidentalis, and viridis. C. conflictana was most susceptible to both these carbamates, 
while viridis was least susceptible to carbaryl, and lambertiana ponderosana least 
susceptible to methomyl (Table I). As in the test with mexacarbate, the responses of the 
species to carbaryl and methomyl were neither parallel nor equal. The responses of 
C .  occidentalis and C. viridis to aminocarb were parallel but not equal (Table V). 

C. occidentalis was most susceptible to the chlorinated hydrocarbon DDT, 
C. larnberriana ponderosana least susceptible (Table 11). The responses of the six 
species tested were neither parallel nor equal (Table V), nor were the responses of 
C .  viridis tested in 1971 and I976 (paralle1ism:p = 0.000; equa1ity:p = 0.000). 

Four species (coqffictana, farnhertinna ponderosana, occidentalis, viridis) were 
tested with the organophosphorous compounds acephate, chlorpyrifos, chlorpyrifos- 
methyl, fenitrothion, malathion, phosmet, phoxim, and trichlorfon (Table 111). The 
species most susceptible to each compound at LD,, were: viridis, acephate; 
occidentalis, chlorpyrifos; lambertiana ponderosana, fenitrothion; lambertiana pon- 
derosana, chlorpy~ifos-methyl; conflictarza, malathion; viridis, phosmet; lambertiana 
ponderosana, phoxim; occidentalis, tetrachlorvinfos; and conflictana, trichlorfon. For 
each insecticide, the least susceptible species were conflictana, acephate; viridis, 
chlorpyrifos; viridis, chlorpyrif6s-methyl; conflictana, fenitrothion; occidentalis, 
malathion; occidentalis, phosmet; viridis, phoxim; conflictana, tetrachlorvinfos; and 
lambertiana ponderosana, trichlorfon. Thus, no single species was consistently the 
most or least susceptible at LDSo. Comparisons of t he  regression lines for these 
compounds showed no equality (Table V). Parallelism, however, was demonstrated 
with chlorpyrifos and chlorpyrifos-methyl. C. occidentalis and viridis were tested with 
the organophosphorous compounds chlorphoxim and fenthion. In both cases, 
C. occidentalis was the more susceptible. Parallelism of response to chlorphoxim was 
observed, but not to fenthion. Responses of the two species to the two chemicals were 
not equal. 

C. conflictana was the most susceptible of the five species tested with pyrethrins, 
viridis the least susceptible (Table IV). Although neither parallelism nor equality in 
response among the five species was demonstrated (Table V), the two tests conducted 
with C .  viridis showed parallel and equal responses (parallelism: p = 0.260; equality: 
p = 0.057). Four species (conflictana, lambertiana ponderosana, occidentalis, viridis) 

https://doi.org/10.4039/Ent110399-4 Published online by Cambridge University Press

https://doi.org/10.4039/Ent110399-4


Table 11. Comparative toxicity of a chlorinated hydrocarbon, DDT, to Choristoneura speciesa 

Speciesb N NC C2S.E. Beta2S.E. LD50 95% CL LDso 95% CL HET Log L 8 
- - - - - - - - - - pglg body weight - - - - - - - - - - - 

'For explanation of column heedings, see footme a in Table I. 
bC = conflicfanu; F =/umi f r ra~:  L = lumhnianaponderosanu: 0 = occidentalis; V = viridis. Numerals after V indicate year of test. 
'No confidence limitscomputcd because g > 0.50 at 95% level. 

Table Il l .  Comparative toxicity of organophosphorous insecticides to Choristoneura speciesa 
- - 

NC C2S.E. Beta2S.E. LDm 95% CL LDso 95% CL HET 

- - - - - - - - - -  pg/g body weight - - - - 
A. Acephate 

2.30+0.26 23.8 18.5-28.6 85.7 
3.7220.45 25.7 21.8-29.1 56.7 
3.6820.49 29.7 25.0-34.4 60.0 
3.21ao.33 43.7 c 110 

B. Chlorphoxim 
4.3420.61 1.99 1.69-2.38 3.92 
4.04k0.45 3.44 2.11-5.13 7.15 
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oao 
o t o  

E. Fenthion 
2.0620.34 15.9 11.5-23.0 
5.5920.69 27.6 c 

F. Fenitrothion 
4.5820.58 4.50 3.16-5.72 
6.15t1.06 5.10 3.89-6.20 
4.84ao.42 6.16 4.03-8.92 
2.9320.40 6.31 5.49-7.46 

G. Malathion 
2.9320.31 10.2 7.68-13.8 
2.06a0.24 14.1 11.0-16.9 
3.89t0.64 28.6 23.4-33.6 
2.3820.25 24.5 20.5-28.7 

H. Phosmet 
3.11 20.37 6.44 5.31-7.47 
3.6120.89 11.7 7.42-15.0 
3.41 t0 .36 19.0 16.2-21.7 
2.1720.22 37.8 30.2-45.6 

I. Phoxim 
3.3420.28 1.92 1.72-2.12 
4.1120.31 2.33 1.46-3.29 
3.4920.48 3.06 2.10-3.87 
5.32t0.42 3.22 2.49-3.97 

J. Tetrachlorvinfos 
2.8620.31 25.5 c 
1.8420.33 d d 
1.8020.21 35.0 19.1-52.6 

e >lo0 e 

K. Trichlorfon 
4.4320.46 17.7 13.7-21.8 
2.4420.25 20.0 11.8-29.2 
3.3920.33 20.0 15.9-24.4 
3.6020.53 35.6 27.9-42.5 

0.02220.005 
0.01 120.011 

0 2 0  
oao 

0.03020.021 
oao 

0.02220.005 
020  

o t o  
0.01620.007 

0 2 0  
0.0201r0.007 

'For explanation of column headings, see footnote a in Table I .  
"C = C O ~ ~ ~ C I U M ;  L = lamkniuna ponderosana; 0 = occidenralis; V = viridis. 
PNoc~nfidence lirnitscornpurtd because g 3 0.50at 95% level. 
dNo LDF* or LD, valucs or their respective confidcnec limits computed because g 2 0.50 at 90% level. 
T e a  suspcndad bacausc less than 50% kill was achieved at higksr dose level applied (100pglg body weight). 

https://doi.org/10.4039/Ent110399-4 Published online by Cam
bridge U

niversity Press

https://doi.org/10.4039/Ent110399-4


Table IV. Comparative toxicity of pyrethroid insecticides to Choristoneura speciesa 

Speciesb N NC C2S.E. Beta2S.E. LDm 95% CL LDw 95% CL HET Log L 
9 

- - - - - - 

- - - - - - - - - -  pg/g b d y  weight - - - - - - - - - - 
A. Bioethanomethrin 

0 25 8 874 0.04920.007 3.7220.48 0.091 0.079-0.104 0.20 0.17- 0.26 0.11 -277.0 
C 367 30 020  2.9320.39 d d d d 7.16 -143.9 
V 282 24 020  2.8020.33 0.15 0.10-0.20 0.44 0.31- 0.97 1.50 - 156.9 
L 224 359 0.019k0.007 3.0020.40 0.37 0.30-0.43 0.98 0.80- 1.33 0.90 - 148.2 

B. NRDC-161 
0 450 30 020  2.93k0.37 0.0090 0.0047-0.0122 0.025 0.019- 0.039 1.36 - 128.0 
V 450 30 0.04820.047 3.1520.37 0.022 0.018-0.025 0.055 0.047- 0.068 0.070 -208.1 

C. Permethrin 4 

0 220 30 o+O 2.18k0.19 0.28 0.19-0.38 1.07 0.71- 2.37 1.89 -228.96 6 
V 450 30 020  2.3220.23 0.47 0.26-0.69 1.68 1.04- 6.76 3.13 -229.0 t n 

D. Phenothrin (+ cis) 
0 340 40 0.016f0.016 2.65f0.24 0.26 0.18-0.36 0.78 0.53- 1.54 1.86 -140.1 

5 
G 

V 419 50 020  2.OOkO.21 0.43 0.25-0.68 1.89 1.06-10.43 2.79 -230.3 m 
z 

C 335 55 0.017rC-0.017 1.6220.23 0.52 0.34-0.99 3.23 1.46-32.1 1.25 -201.4 
L 260 735 0.02220.005 2.3220.37 0.61 0.47-0.74 2.19 1.67- 3.48 0.84 -199.8 3 

3 

E. Pyrethrins P 
C 247 14 020  3.16*0.43 0.72 c 1.82 c 3.17 -105.9 8 
0 440 118 0.00820.009 1.5720.15 0.86 0.70-1.05 5.68 4.06- 9.12 0.43 -247.8 Y 
F 449 29 0.13120.049 2.6220.41 1.05 0.74-1.31 3.24 2.60- 4.54 0.91 -224.9 
L 725 64 0.03020.021 1.86f 0.18 1.13 0.67-1.55 5.54 4.18- 8.61 1.43 -319.7 
V-71 386 116 0.05220.019 1.5820.24 2.88 2.20-4.03 18.7 10.7-50.2 0.10 -226.7 
V-76 450 28 O-CO 1.29k0.15 2.26 1.09-15.6 22.2 5.89-22500 3.82 -246.5 

F. Resmethrin 
0 459 50 0.031kO.021 2.4220.21 0.26 0.16-0.38 0.88 0.58- 1.82 1.89 -171.0 
C 255 30 0 2 0  2.6020.35 0.41 0.29-0.55 1.29 0.86- 3.61 1.25 -145.3 
V 379 40 020  2.5520.28 0.69 0.60-0.78 2.18 1.73- 3.04 0.26 -214.0 
L 219 359 0.020?0.007 2.9250.40 1.62 0.89-2.34 4.46 2.91-19.36 1.10 - 148.9 

9 

'For ahbnviadons of wlmnn headmgs. see footnote u in Table I. 3. - 
'C = cuflic~ana: F =~umweram; L = IambLrtia~poIYlemw~; 0 = occiderlfalis; V = viridis. Numerals after V indicate year of test. + \O 
'No confidence limits computed becausr g 0.50 at 95% lcvcl. -J m 
dNo LDm or & values or their rcspxrive confidence limits computed because g 3 0.50 at 90% level. 

https://doi.org/10.4039/Ent110399-4 Published online by Cam
bridge U

niversity Press

https://doi.org/10.4039/Ent110399-4


Volume 1 10 THE CANADIAN ENTOMOLOGIST 405 

were tested with the synthetic pyrethroids bioethanomethrin, + cis phenothrin, and 
resmethrin. C. occidentalis was the most susceptible to each, lambertianaponderosana 
the least susceptible. The hypothesis of equality was rejected for these compounds, but 
parallelism was accepted for bioethanomethrin and resmethrin (Table V). When the 
halogenated pyrethroids permethrin and NRDC 161 were tested on C. occidentalis and 
C .  viridis (Table IV), C .  occidentalis was the most susceptible to each. The responses of 
the two species to either compound were not equal, but were parallel in the case of 
permethrin. 

The unequal responses to insecticides shown by the Choristoneura species 
discussed in this study could significantly and adversely affect the results af control 
operations using extrapolation from one species of known response to a species of 
unknown response. This study, coupled with the extensive investigation of the shifting 
responses of C .  occidentalis over time (Savin et a l . ,  in press), demonstrates the need for 
carefully conducted research into the response of Choristoneura species before 
insecticides are applied against them in control operations. 

Table V. Tests for equality and parallelism of response of Choristoneura species to insecticides 

Compound 

Arninocarb 
Carbaryl 
Methomyl 
Mexacarbate 

DDT 

Acephate 
Chlorphoxim 
Chlorpyrifos 
Chlorpyrifos-methyl 
Fenthion 
Fenitmthion 
Malathion 
Phosmet 
Phoxim 
Tetrachlominfos 
Trichlorfon 

Bioethanomethrin 
NRDC 161 
Permethrin 
Phenothrin 
Pyrethrins 

Resmethrin 

Parallelismb 

Speciesa D.F. -2logA p 

Equality 

D.F. -2logA p 

A. Carbamates 
0.v 1 0.59 0.444* 

c ,o ,L,v  3 10.20 0.017 
c ,o ,v ,L  3 16.11 0.001 
P,O,F,L, 6 32.91 0.000 

V-71, V-76, C 

B. Chlorinated hydrocarbon 
O,P,C,V-71, 6 69.28 0.000 

V-76, F,L 

C. Organophosphorous compounds 
v,L,o ,c  3 12.14 0.007 

0 , v  1 0.16 0.684* 
o ,c ,L ,v  3 5.20 0.158* 
L,o ,c ,v  3 0.99 0.803* 

0 , v  I 23.49 0.000 
L,o ,v ,c  3 17.28 0.001 
c ,v ,L ,o  3 11.05 0.011 
v , L , c , o  3 12.78 0 . 0 5  
L,o ,c ,v  3 17.57 0.001 
o ,v ,L  2 9.30 0.009 

C,O,V,L 3 17.38 0.001 

D. Pyrethroids 
o,C,v,L 3 2.82 0.421* 

0 , v  1 873.39 0.000 
0 , v  1 0.22 0.639* 

o ,v ,c ,L 3 10.71 0.013 
C,O,F,L, 5 36.10 0.000 

V-76,V-71 
o,C,v,L 3 1.27 0.736* 

aC = co@ictana; F =Jirnijerana; L = lambertianaponderosana; 0 = occidentalis; P = pinus; V = viridis. Numerals after V 
indicate yearof test. 

column headings, D.F. is degrees of freedom, -2 log A is the maximum log-likelihood value. 
*Indicates hypothesis accepted, withp 3 0.05. 
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