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REGRESSION EQUATIONS AND TABLE FOR ESTIMATING 

NUMBERS OF EGGS IN SPRUCE BUDWORM (LEPIDOPTERA: 


TORTRICIDAE) EGG MASSES IN MICmGANl 


Gary W. Fowler2 , Bruce A. Montgomery3, and Gary A. Simmons3 

ABSTRACT 

Three simple linear regression equations were developed to estimate the numbers of 
eggs in spruce budworm, Choristoneura fumiferana, egg masses in Michigan. One 
equation was developed for each of 2-row, 2- row + , and 3-row egg masses. A table of 
estimated numbers of eggs per egg mass is given for each of the three row types for egg 
mass lengths from 1 to 13 mm. 

Numbers of eggs in spruce budworm, Choristoneum fumiferana (Clemens), egg 
masses yield useful information for population dynamics studies and general survey 
assessments (Morris 1955). The objective of this paper is to present prediction models for 
numbers of eggs in spruce budworm egg masses in Michigan. These prediction models are 
the first ones developed for spruce budworm in Michigan. 

METHODS AND MATERIALS 

The data used to develop the prediction models were obtained from four balsam 
Abies balsamea (L.) Miller, stands and one white spruce, Picea glauca (Moench) 
Voss, stand in Michigan's Upper Peninsula from 1979 to 1982, providing egg masses 
from a range of population densities from very low to extreme (Fowler and Simmons 
1982, Simmons and Fowler 1984). The pooled data set included 496 egg masses. 

Egg-mass length was measured to the nearest 0.1 mm with a microscope ocular 
micrometer. Only current-year, nonparasitized egg masses with clearly distinguishable 
chorions were included in the data set (Jennings and Addy 1968). Numbers of egg rows 
and numbers of eggs were counted and recorded. Egg masses either had 2 rows, 2 rows + 
(two rows with a partial third row), or 3 rows (Leonard et aI. 1973). 

The significance of each regression equation was tested using the F-test (Neter et al. 
1985). The analysis of covariance F-test was used to test equality among regression 
equations (Snedecor and Cochran 1968). Skewness and kurtosis coefficients and 
correlations between absolute error terms and egg mass lengths showed no serious 
departures from the assumptions of normality and homogeneity, respectively, for all 
hypothesis tests (Neter et al. 1985, Snedecor & Cochran 1968). Results of all hypothesis 
tests were considered significant if the significance probability P < 0.05. 

lMichigan Agricultural Experimental Station Journal Article No. 12,226. 

2School of Natural Resources, The University of Michigan, Ann Arbor, MI48109-1115. 

3Department of Entomology, Michigan State University, East Lansing, MI 48824-1115. 
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RESULTS 

For the pooled data sets, plots of numbers of eggs in an egg mass versus egg mass 
length for each row type indicated positive linear relationships. One simple linear 
regression was developed for each row type. All prediction models were highly significant 
(F, P < 0.001). The three row-type regressions were significantly different from each 
other (F, P < 0.001). 

Table 1 shows the estimated numbers of eggs per egg mass for various egg mass lengths 
for the three row types. The prediction models for each row type are also shown along 
with samr,le sizes (n), standard errors of the estimate(Syx), and coefficients of determi­
nation (r ). 

The average numbers of eggs per egg mass were 19.5, 27.7, and 31.8 for 2-row, 
2-row +, and 3-row egg masses, respectively. The average length of egg mass was 5.24, 
5.95, and 6.08 mm for 2-row, 2-row +, and 3-row egg masses, respectively. The range 
of length of egg masses was 2.0-8.5,3.0-10.5, and 2.5-9.0 mm for2-row, 2-row +, and 
3-row egg masses, respectively. 

Table 1. Estimated number of eggs per egg mass for the three row types in Michigan, and the 
prediction models for each row type. 

Row Type
Length 
(mm) 2-Row' 2-Row+ b 3-Rowc 

1.0 1.13 2.24 5.21 
J.5 3.30 4.81 7.83 
2.0 5.46 7.38 10.45 
2.5 7.63 9.95 13.07 
3.0 9.80 12.52 15.69 
3.5 11.97 15.09 18.30 
4.0 14.14 17.67 20.92 
4.5 16.30 20.24 23.54 
5.0 18.47 22.81 26.16 
5.5 20.64 25.38 28.77 
6.0 22.81 27.95 31.39 
6.5 24.98 30.52 34.01 
7.0 27.14 33.10 36.63 
7.5 29.31 35.67 39.25 
8.0 31.48 38.24 41.86 
8.5 33.65 40.81 44.48 
9.0 35.82 43.38 47.10 
9.5 37.98 45.96 49.72 

10.0 40.15 48.53 52.34 
10.5 42.32 51.10 54.95 
11.0 44.49 53.67 57.57 
11.5 46.66 56.24 60.19 
12.0 48.82 58.81 62.81 
12.5 50.99 61.39 65.43 
13,0 53.16 63.96 68.04 

aY
i -3.2075 + 4.3360 Xi, n 202, Sy. x = 3.07, r 0.82 

bl\ = -2.9081 + 5.1435 Xi. n = 127, Sy. x = 4.09, r 0,72
cr; = -0.02237 + 5,2358 X" n = 167, Sy.x = 4,13, r 0.72 
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CONCLUDING REMARKS 

These prediction models should be adequate for most applications. However, it should 
be noted that the relationship between numbers of eggs in an egg mass and egg mass 
length will vary from stand to stand, over time, and with stage of infestation. 
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