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Abstract 

Resources supplied by mothers to offspring through the egg are known to 
significantly influence offspring life history traits in the gypsy moth, Lynzuntriu 
dispur. The purpose of this research was to determine the relative contribution of 
genetics (based on familial contribution) and the nutritional environment of the 
parents to the mean and variance of resources supplied to the eggs. Vitellogin, the 
dominant egg storage protein in the gypsy moth. was selected as the focus of the 
study. The amount of vitellogin in individual eggs from 48 mothers reared on one 
of four host species, quaking aspen, chestnut oak. red oak, or pitch pine was 
quantified with an immunoassay. Results of a nested analysis of variance show that 
both genetics and parental nutritional experience make significant contributions to 
egg vitellogin levels. When parents were reared on quaking aspen, vitellogin levels 
were highest and the expression of familial variation was greatest. This study shows 
that polyphagy can amplify phenotypic variance in reproductive traits through the 
interaction between genotype and nutritional environment. To the extent that egg 
resources influence offspring vigor, the fitness of offspring can include a time-lagged 
component which arises from the interaction between the parental genotype and the 
parental environment. The time-lagged expression of such a maternal trait is 
capable of influencing the rate and direction of character evolution and the stability 
of local population dynamics. 
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Introduction 

Rossiter et al. 

The importance of maternal effects for the ecology and evolution of organisms 
with parental care is well known. There is a growing body of evidence showing that 
maternal effects can be dramatic in organisms which lack parental care (insects: 
Uvarov ( 1961), Wellington ( 1965), Leonard ( 1970), Capinera and Barbosa ( 1976), 
Greenblatt and Witter (1976) Mousseau and Dingle ( 199la), Rossiter ( l99la, b); 
amphibians and reptiles: Cummins ( 1986) Kaplan ( 1980, 1987, 1992), Sinervo 
( 1990) marine invertebrates: Thorson ( 19.50) Sinervo and McEdward ( 1988 & 
references therein); plants: Roach and Wulff (1987)). F or insects in particular, it has 
been hypothesized that maternal effects can have a significant impact on a species’ 
population ecology (e.g. Wellington, 1960; Capinera, 1979) and character evolution 
(e.g. Riska, 1991). When maternal effects influence critical components of popula- 
tion growth such as phenology, dispersal, growth rate, resistance to physiological 
stress, and fecundity of offspring, they have considerable potential to influence the 
species’ population dynamics (Rossiter, 1992). When maternal effects alter offspring 
phenotype, the object of natural selection, they can act to alter the speed and 
direction of evolution in life history traits (Atchley and Newman, 1989; Kirkpatrick 
and Lande, 1989). 

Maternal effects are the product of cross generational interactions between parental 
phenotype, parental environment, offspring genotype and offspring environment. For 
insects, this focuses chiefly on the factors which contribute to egg provisioning and the 
response of offspring to these provisions. The cross-generational link is the egg itself 
where provisions are deposited. The quantity and quality of egg provisions are deter- 
mined by the maternal genotype and maternal environment while the response of off- 
spring is determined by the offspring genotype as expressed in the maternally-provided 
environment of the egg. This research investigates the first component of this multiple 
generation phenomenon: the genetic and environmental basis of egg provisioning. 

The gypsy moth (Lymantria &par) is well-suited as a model for the study of 
environmentally-based maternal effects in non-social insects with short-lived, non- 
feeding adult forms. The results of three independent studies demonstrated that the 
phenotype of the gypsy moth is influenced significantly by maternal effects, after 
genetic differences among families are taken into account. First, there is a strong 
correlation between parental food quality and offspring traits which are critical to 
survival and reproduction (Rossiter, 199la). Second, egg quality is linked to 
offspring vigor (Rossiter et al., 1990). Variation in egg quality is established 
through differential provisioning of the developing oocyte in the ovariole. Like 
many other moth species, gypsy moth eggs are provisioned during the pupal period 
when eggs are filled sequentially, from top to bottom, and synchronously, along 
each of the eight ovarioles (Chapman, 1982; Ma et al., 1988; Lamison et al., 1991). 
In the gypsy moth, eggs are provisionally differentially along the ovariole (Leonard 
and Kunkel, 1989), and position of an egg in the ovariole is associated with 
offspring vigor; full siblings from eggs positioned/provisioned in the top third of the 
ovariole are twice as resistant to a toxin (the Bacillus thuringiensis delta-endotoxin) 
as siblings from the bottom third of the ovariole (Rossiter et al., 1990). Third, egg 
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size is correlated with offspring phenotype. Rossiter ( 1991 b) found significant 
differences among families in mean egg weight. Moreover, these egg weight diff‘er- 
ences predicted performance differences among families, after genetic differences 
were accounted for: individuals from heavier eggs hatched earlier (both sexes) and 
daughters developed faster and became heavier pupae. 

Yolk quality or quantity appeared to be the most likely mechanism for passing 
environmental information across generations for several reasons. First, egg diame- 
ter in L. &spar is related to quantity of yolk (Capinera et al., 1977), and both egg 
weight and egg position are related to offspring vigor (Rossiter et al., 1990; 
Rossiter, 1991 b). Second, in insects, yolk proteins serve as the chief source of energy 
available to offspring through diapause, hatch, dispersal. and other activities which 
precede feeding initiation (Kunkel and Nordin, 1985). In the gypsy moth, yolk 
protein constitutes approximately 70% of the dry egg weight, two-thirds of which 
is vitellogin (Leonard and Kunkel, 1989). Consequently, vitellogin was chosen as 
the focal maternal effect trait. In this study immunological methods were used to 
quantify the relative contribution of the maternal genotype and the parental 
nutritional experience to the quantity of vitellogin supplied to the egg. 

Materials and methods 

We quantified the influence of maternal genotype and nutritional environment on 
vitellogin provisioning in the gypsy moth using a nested, full-sibling quantitative 
genetics design. We determined the relative contribution of genetic variation from 
48 families and parental nutritional variation from 4 host species to the total 
phenotypic variation in egg vitellogin content. 

Eighteen eggs per family were chosen for analysis on the basis of egg weight. The 
consideration of egg weight in this design was intended to ensure equal representa- 
tion egg provisioning variability within a female. We assume egg weight and 
vitellogin content to be highly correlated based on an inference made from the 
results of three previous studies, one showing that egg weight changes along the 
ovariole (Leonard, 1970), the second showing a gradual decline in vitellogin levels 
along the ovariole (Leondard and Kunkel, 1989) and the third showing a relation- 
ship between egg diameter and yolk content (Capinera et al., 1977). The procedure 
for selecting experimental eggs was also based on previous work by Rossiter 
(199lb) who showed that over 90% of the eggs in a mass weight within 60 pg of the 
mean. Consequently, 6 eggs were taken from each of three weight classes: within 
IO ,ug of the mean egg weight of a mass (medium eggs), 50-60 pg above mean egg 
weight (heavy eggs) and below mean egg weight (light eggs). 

The sample group consisted of vitellogin values from I8 eggs in each of I2 
families in each of the four parental nutritional treatment groups. The contribution 
of familial effects (a genetic component, but see next paragraph) and parental host 
quality (an environmental component) to total variation in relative vitellogin 
content was calculated with a nested analysis of variance using PROC GLM (SAS 
Institute, Inc. 1985). 
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The contribution of familial variance to total variance in vitellogin allocation, has 
both genetic and, potentially, maternal effects components. The experimental design 
we used was a full-sibling analysis (Falconer, 1989). This means that the relative 
contribution of additive and non-additive genetic variation to FAMILY variance 
cannot be distinguished. Non-additive genetic variation includes dominance and 
epistasis variance as well as maternal effects variance (Falconer, 1989). With 
evidence of significant familial variation, the very labor-intensive half-sibling analy- 
sis which can distinguish additive from non-additive genetic varition is warranted; 
this work is currently underway. 

The insects used in this experiment were two generations removed from the wild, 
that is, their grandparents were the last generation to complete development in the 
Pennsylvanian woodlands. Throughout laboratory confinement, outcrossing was 
maximized; pathogen contamination was minimized by treating eggs with 3.7% 
formaldehyde prior to hatch. During the first laboratory generation, larvae were 
reared under homogeneous conditions and fed artificial diet to equilibrate the 
nutritional experience of the sample population, and thereby equilibrate the envi- 
ronmentally-based maternal effects transmitted to the offspring (the second lab 
generation). The egg provisioning ability in the second lab generation was tested. 

As larvae, members of the second generation were reared on one of four natural 
foliage diets: red oak (Quercus ruhru L.), chestnut oak (Q. prims L.), quaking aspen 
(Populus tremuloides Michx.), and pitch pine (Pinus rigidu Mill.). The latter diet was 
a mixed one, with the early larval instars (1 through 3) fed red oak and switched 
to pitch pine during the late instars (4 through 6) the period when the fat stores 
accumulate. Such a shift in diet from oak to pitch pine is common in the wild 
(Rossiter, 1987). The parental nutritional environment was chosen as an appropri- 
ate variable in the expression of maternal effects because Rossiter (1991a) found 
that parental diet accounted for 24% of the variation in daughters’ development 
time. 

At adult eclosion, each female was mated to a unique, randomly chosen male 
from the same nutritional treatment. This mating scheme joins environmentally- 
based maternal effects and potential paternal effects together. Consequently, mea- 
sured maternal effects may represent combined parental effects, although this is 
unlikely as vitellogin provisioning is completed prior to adult eclosion and mating. 

The egg mass, which represents the lifetime reproductive output of a female, was 
held at 23 C for 2 months to mimic natural conditions during and just after the 
embryonation period. Eggs holding pharate first instar larvae were then moved to 
5 C to mimic the average conditions during the overwintering diapause. After two 
months in chill, egg masses were transferred to a freezer ( -80 C) to arrest 
development and to store samples until analyses of protein content. 

Vitellogin content was quantified using an immunoassay (slot-blot method). The 
vitellogin antibody was made against purified vitellogin of Munduucu sextu in rabbits 
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using standard procedures (gift of J. Law and M. Kanost, Dept. of Biochemistry, 
Univ. of Arizona). Because yolk proteins are highly conserved across lepidopteran 
taxa, the vitellogin antibodies crossreact with species other than the source (Telfer 
and Kunkel, 1991). The specificity of the reaction of the antibodies for vitellogin 
in the gypsy moth eggs was examined using western blots from SDS-gels. A I : 530 
dilution of the antiserum against extract representing I /IOth of a gypsy moth egg 
was found to react with a single band having identical molecular weight to 
vitellogin. 

Samples were prepared from individual eggs. The egg masses were dehaired and 
individual eggs weighed on a Mettler M3 balance. Individual eggs were ground in 
50 ~1 of urea buffer ( IO M urea, 2 mM phenylmethylsulfonyl, I % 2-mercap- 
toethanol, I % 3.6 M Tris, pH 8.4) to which 700 ~1 of TBS (0.2 M NaCI, 0.05 M 
Tris, pH 7.4) was added. Homogenates were centrifuged for IO minutes at 
I4 000 rpm in an Eppendorf microcentrifuge at 4 C. 

In the absence of purified gypsy moth vitellogin, standards for assays were 
made from a combination of 150 eggs representing the 48 experimental egg 
masses. After homogenization in urea buffer and centrifugation, this egg mixture 
was diluted with TBS for standard concentrations of l/S, l/IO and I /I 2 egg 
equivalents. Comparison of samples and standards among the slot blots allowed 
for determination of relative vitellogin content. Samples and standards were stored 
at -80” C until used. 

Egg samples were applied to nitrocellulose membranes (Bio-Rad) with a 
Bio-Rad slot blot apparatus. The samples were applied to membranes equili- 
brated with TBS under vacuum; subsequently each well was rinsed with TBS. 
Each membrane held samples from 42 individual eggs as well as two replicates 
for each of the 3 standard dilutions. After the membranes were transferred to 
sealed bags, they were fixed in 0.1% glutaraldehyde (I5 min), rinsed in water, 
and treated with in 10% sodium borohydride ( I5 min) (Polvino et al., 1983). 
The membranes were blocked with 3% teleost gelatin in PBS solution (IO mM 
sodium phosphate, pH 7.5, 0.9% NaCI, plus 0.5% Tween-20) for an hour at 40 C 
(Saravis 1984). Treated membranes were refrigerated until probed with the 
antibody. 

Using protocols from Vector Labs, based on the method of Hsu et al. (l98la, 
b), membranes were reacted with diluted vitellogin antibody for I hour, rinsed 
with PBS/TW 20/0.5% gelatin, treated with a biotinylated secondary antibody 
(anti-rabbit IgG, Sigma) for 30 minutes, rinsed, treated with Avidin-biotin- 
horseradish peroxidase solution (Vecastain ABC, Vector Labs) for 30 minutes. 
The membranes were reacted with 3,3’-diaminobenzidine tetrahydrochloride, NiCI, 
and hydrogen peroxide (Hsu and Soban, 1982) for 3 minutes then immediately 
rinsed twice in distilled water to stop the reaction. The intensity of reaction in 
each sample slot was read with an LKB Laser Densitometer (Pharmacia-LKB 
Biotechnology) within 24 hours. The optical density of a sample was transformed 
to a relative vitellogin value (egg equivalents) in comparison to the optical density 
of the standard dilution series. The optical density of the standards was found to 
have a linear relationship with the dilution series. 
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Results 

Results of a nested ANOVA showed that both familial effects (p = 0.0001) and 
parental host effects (p = 0.0218) made significant contributions to variation in the 
amount of vitellogin per egg (Tab. I). Estimation of variance components for each 
model term (PROC VARCOMP, maximum likelihood method, SAS Institute, Inc. 
1985) showed that FAMILY and PARENTAL HOST accounted for 25% and 6%, 
respectively. of the total variance (Tab. I). Across the population, the mean 
vitellogin level per family ranged from 0.85~ 1.67 egg equivalents with families 
differing by as much as a factor of two. 

The variation in parental host quality made a significant contribution (6%) to 
total variation in egg vitellogin levels. There was a significantly greater vitellogin 
content in eggs of mothers that grew up on quaking aspen compared to those 
reared on chestnut oak, and an even greater difference compared to those reared on 
either red oak or red oak/pitch pine (Tab. 2). Our estimate of the contribution of 
parental host to vitellogin level is conservative. Under our protocol, the quantitative 
sensitivity of the slot-blot method was reduced at high vitellogin levels causing an 
underestimate of the higher values. 

Familial differences (putatively genetic) among lineages made a significant contri- 
bution (25%) to total variation in vitellogin levels. Differences among family means 
were apparent within each parental host treatment group (Fig. I). When the host 
was quaking aspen, the expression of differences among families was greatest. For 
each parental host species, the range of the mean familial vitellogin levels and the 
coefficient of variation are given Table 2. 

Table 1. Analym of variance in vitellogin content of Indiwdual gypsy moth eggs. Y = egg vitellogin: 

Model N’ ~ 0.33. 11 = 0.001. %VC = percent contribution of a variance component to total phcnotypic 

\ar~incc. 

Model Term tll 

Parental Ilost 3 
I~amll~ (Par Iloq) 44 

Error (ulthln-family) x I 6 

Sum of 

Squares 

4.80 

19.X2 

49.1 I 

p-Value 

0.001 

0.02 I8 

Variance 

Component 

0.00533 

0.02 I69 

0.06019 

V”VC 

6Y” 

2 5 %, 

Table 2. Mean value. coefficient of variation (CV), and range of family means for egg vitellogin level (in 

egg equvalcnta) by parental host treatment group (n = 12 fanulies, host); hosts not sharing the same 

letter hate signllicantlg dinerent mans (Tukey’s test, 17 < 0.0.5). 

Iiost Treatment Mean C‘V Range 

Quakmg Arpen 

C’hestnut Oak 

Red Oak 

Pitch Pine 

1.26 3 18.X 0.96 I.67 

1.16 b 9.5 1.03 1.34 
I .08 c 14.2 0.85 1.40 

I .07 c x.7 0.x9 I .21 
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Fig. I. Distribution of values for mean vitellogin level per family (based on 18 eggs family) within each 
parental nutritional cnvironmcnt: QA = quaking aspen, CO = chestnut oak. RO = red oak, PP = pitch 
pint: II = 12 families per host. 

Based on variance component analysis, parental host, familial identity, and 
within-family variance account for 6%, 25%, and 69%, respectively, of the total 
phenotypic variation in a maternal trait, vitellogin allocation. The within-family 
variance (error variance) in the nested analysis of variance (Tab. I) was high: model 
R’ = 0.33, p = 0.0001. Much of the within-family variance is the result of a 
developmental feature of this species: the female allocates vitellogin differentially to 
eggs along the ovarioles during yolking. This complication was unavoidable given 
the biology of oogencsis in the gypsy moth and the general lack of information 
about the mechanisms involved in the expression of maternal effects. Consequently, 
the high value for error variance did not come as a surprise, particularly since we 
had intentionaly sampled eggs on the basis of their relative weight in order to 
represent the intra-female developmental variance. This within-Family variance is 
graphicallly illustrated in Fig. 2, a comparison of mean vitellogin levels in siblings 
from heavy versus light eggs for all 48 families. 

This graph (Fig. 2) makes it clear that mothers differ widely in the amount of 
within-family variation expressed for vitellogin provisioning. To investigate the 
impact of this developmental variance on our estimates of familial and parental 
host variance, we partitioned the data set by egg weight class (light, medium, large) 
and performed a nested analysis of variance on each subset. Each analysis had 6 
representatives from each of 48 families. We found that egg provisioning variance 
within a mother can alter population estimates of the relative contributions of 
familial and parental host variance. Table 3 gives the relative variance contribution 
(% VC) of each factor as a function of the egg weight class evaluated. The 
magnitude of the within-family vitellogin variance dropped from 59% (light) to 
33% (heavy) while the relative contributions of parental host (PHOST) and familial 
effects (FAM) increased: PHOST: I % (light) to 14% (heavy) FAM: 40% (light) to 
53% (heavy). 
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Fig. 2. Comparison of mean vitcllogin level in siblings from heavy eggs ( 1st column) versus light eggs 

(2nd column) for each of 4 parental nutritional environments: QA = quaking aspen. CO = chestnut oak, 

RO ~ red oak, PP = pitch pine. Siblings linked with straight line. 

Table 3. Comparison of ANOVA results when data arc subsctted by relal~vc egg wclght. I’ = egg 

vitellogin content. Each family (n = 4X) is represented by 6 eggs in each weight class. p-Value is given 

for exh model term. %VC = percent contribution of a variance component to total phcnotypic 

variation. 

Model Term (If Light Eggs 

p-Value %VC 

Medium Eggs 

p-Value ‘%r vc 

Ileavy Eggs 

p-Value “A, v c 

PaI-ental Host 3 KS. I ‘I% 0.0x 6 “h 0.01 I 4 %I 
Family (Par Host) 44 0.000 I 40% 0.000 I 42% 0.000 I 53"h 
Error (within-family) 240 59% 52 %I 33% 

Table 4. Comparison of mean vitellogin content (X Vt) per egg (in egg equivalents) by parental host 

within each egg weight class using Tukcy’s Test (p < 0.05). Mean egg weight (x Eggwt) is given in 

micrograms. For each parental host, there are 6 samples from each of 12 families in each egg weight class 

01 ~ 216 per host). 

Parental Host Light Eggs Medium Eggs 

x vt ,Y cggwt R vt X eggwt 

Heavy Eggs 

x vt Rcggw1 

Quaking Aspen 1.09 a 700 1.31 a 770 1.38 a X40 
ChcLtnut Oak I.12 a 680 1.17 b 750 I.lX b 790 
Red Oak 0.99 b 670 I.08 b 720 l.IX b 760 
Pitch Pint I .04 ah 670 1.07 b 730 I.11 c 7x0 

The range of vitellogin provisioning is greatly influenced by parental nutrition. 
Table 4 presents the mean vitellogin levels by egg weight class within each parental 
host species. Vitellogin levels from parents reared on quaking aspen and red oak 
span a much larger range between light and heavy eggs (differing by 30 and 20 egg 
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equivalents, respectively) than from chestnut oak and pitch pine hosts where mean 
vitellogin levels from light to heavy eggs are nearly identical (differing by 6 and 7 
egg equivalents, respectively). The magnitude of the egg weight range was similar 
for each parental host due to our sampling method. The mean egg weight is given 
by egg weight class for each parental host in Table 4. 

Contrary to our assumption that egg weight is highly correlated with vitellogin 
level, we found that the correlation, although significant, was not very high: 
Y,, = +0.28 (n = 864). This partial correlation coefficient indicates the degree of 
correlation between egg weight and vitellogin with differences among families held 
constant. When we examined this correlation within each nutritional group, we 
found that parental host was very influential in the magnitude of intercorrelation 
(n = 216 per group): for red oak, r,, = f0.44 (p = 0.0001); for quaking aspen, 
r,, = f0.34 (p = 0.0001); for pitch pine, r,, = t-O.17 (p = 0.016); and for chestnut 
oak, r/I = fO.14 (p = 0.053). The differences are significant; p < 0.005 using a test 
of homogeneity among correlation coefficients (Sokal and Rohlf, 198 1). A pair-wise 
comparison showed the following degree of heterogeneity among Y,, values: red oak 
(a), quaking aspen (a, h), pitch pine (h, c) chestnut oak (c); hosts not sharing the 
same kttrr have significantly different r,, values. 

Since egg weight is a correlate of vitellogin level, it is not surprising that egg 
weight also varies with parental host treatment. The greatest difference in egg 
weight occurred between eggs from quaking aspen versus red oak treatments. The 
mean egg weight and standard deviation for each host group follow (n = 216 per 
group); host treatments not sharing the same letter have significantly different 
means; quaking aspen (u): 770 pg k 0.005, chestnut oak (h): 740 pg + 0.004, pitch 
pine (hc): 730 pg k 0.004, red oak (c): 720 pg k 0.006. 

Discussion 

These data show that within the bounds of genetic constraint for yolking ability, 
a female can provision eggs in response to her physiological perception of habitat 
quality. Moreover, the significant contribution of parental host to variation in egg 
vitellogin level indicates that spatial and temporal variation in host quality can 
influence the mean and variance of egg vitellogin levels in natural populations, 
thereby influencing the potential for expression of genetic variation and phenotypic 
plasticity. 

Our data show that the parental host can produce a shift in the mean and the 
variance of family vitellogin levels in a population. Hence, the nutritional environ- 
ment adjusts the reproductive physiological response as highlighted by the co- 
efhcient of variation for families within a host group (Tab. 2). If we make the 
assumption that familial variance is proportional to genetic variance, then our data 
indicate that the parental nutritional environment can have a significant impact on 
the magnitude of genetic variation expressed in a given habitat. 

The impact of the host on intra-family variation in provisioning levels is 
potentially of greater importance than an environmentally-based alteration in the 
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expression of genetic variation. While recognizing that intra-family variation in egg 
quality is a development feature of L. dispar, the shifting ranges of egg vitellogin 
levels by parental host (Tab. 4) indicate that there is an environmental component 
in the within-family variation. From this we infer that any environmental factor 
which promotes greater heterogeneity in egg quality within a family will enhance a 
bet-hedging strategy through the production of offspring that express greater 
variation in vigor traits. There is good evidence that non-genetic material supplied 
in the eggs directly influence offspring fitness in the gypsy moth (Capinera and 
Barbosa, 1976; Rossiter et al., 1990; Rossiter, 1991a, b), as is the case for other 
species (Mousseau and Dingle, 1991b; Kaplan, 1991; Reznick, 1991). 

The shift in mean and variance of vitellogin levels associated with parental 
nutritional experience may have multiple consequences in terms of ecological 
parameters such as population growth and survival and evolutionary parameters 
such as fitness. The gypsy moth experiences ecological unpredictability from year 
to year because of its passive dispersal and irruptive population dynamics. Theory 
shows that a bet-hedging strategy is successful in the face of unpredictability. The 
production of phenotypic variation can provide a bet-hedging mechanism for 
success in the face of environmental unpredictability (Kaplan and Cooper, 1984). 
Our data show that the parental host environment has a significant influence on 
the magnitude of phenotypic variance in egg vitellogin level. These data support 
the hypothesis that this environmentally-based maternal effect results in greater 
phenotypic diversity in the offspring generation, an advantage for a species, such 
as this one, which faces the unpredictability of synchrony between host budburst 
and hatch phenology each spring. It is possible that such amplification of pheno- 
typic variance across generations contributes to the success of this opportunistic 
species. 

If the allocation of vitellogin results in the adjustment of offspring vigor as 
suggested by previous work (see introduction), then this environmentally-based 
maternal effect may have a profound effect on local population dynamics and even 
local population survival (extinction is not uncommon after an outbreak, Doane 
and McManus, 1981). When information about environmental quality is trans- 
ferred across generations via the egg, the population response to environmental 
quality occurs on a time delay. Berryman (1978, 1981) has demonstrated that the 
presence of time lags in the density-dependent response of a population to its 
environment can generate population destabilization and outbreak. Analysis of 
time-series abundance data indicates that L. dispur, among other outbreak species, 
experiences a density-dependent time-lag effect in its dynamics (Turchin, 1990). 
However, the proximal cause of this time delay is unknown. The data presented 
here support the hypothesis (see Rossiter, 1992) that egg vitellogin acts as a conduit 
for the time-lagged response because changes in parental nutritional quality are 
reflected in the level of vitellogin allotted to eggs. The results of this study also 
suggest that egg provisioning is the mechanism which underlies the previously 
reported correlation (Rossiter, 199la) between various indices of parental food 
quality and values of offspring life history traits known to influence survival and 
reproduction. 
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It will be necessary to investigate the nature of the familial variation in the 
maternal trait, vitellogin content, in order to draw any conclusions about its 
evolution. A half-sibling mating design (Falconer 1989) can partition such familial 
variation into additive genetic, non-additive genetic, and environmentally-based 
maternal effect components. Work in this area is underway. Once the relative 
magnitudes of parental environment, additive genetic variance, and their interaction 
are established, the link between the environmentally-based maternal effects and 
fitness can be better assessed (Cowley, 1991; Lacy, 1991; Sincrvo, 1991). 

We see several clear possibilities regarding the biological basis of the changing 
relationship between egg weight and vitellogin content under different parental 
nutritional regimes. First, the quantity of the non-vitellogin egg storage proteins, 
such as lipophorin which is the second most dominant storage protein (Leonard and 
Kunkel, 1989) may vary by parental nutritional experience thereby adjusting the 
ratio of total storage protein to egg weight. Second, the water content of eggs may 
vary by parental nutritional experience due to host water content or the interaction 
between nutritional metabolism and resource quality. Variation in water content of 
eggs from different populations has been documented (Richerson et al., 1978). 

Our results highlight the importance of developing sampling techniques suited to 
the reproductive biology of a species for estimation of heritabilities. For example, 
when the vitellogin data were subdivided into 3 egg weight classes, the relative 
contribution of familial variance was different, and always greater (40X, 42”/0, 
53%) than for the analysis of familial variance (25%) where all intra-female 
developmental variance was subsumed into the error term. When an experimental 
design involves insects and calls for division of siblings across treatment groups, it 
is necessary to consider the randomization of siblings relative to the mother’s 
reproductive biology for the best estimate of heritabilities. 
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