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The environmental conditions experienced by parents influence next generations, with
the parental nutritional status playing an important role in shaping offspring phenotypes.
Our understanding of transgenerational effects of parental diet on offspring pathogen
resistance is, however, poorly documented. We manipulated the quality of parental diet
(i.e., mother, father, or both) and measured effects on offspring development and survival
after an immune challenge by septic infection. We used Bactrocera tryoni as host model
infected with the pathogenic bacterium, Serratia marcescens. Our results showed no
significant effect of maternal, or paternal, diet on offspring resistance. Interestingly, when
the diet of both parents was manipulated, sons from parents fed either carbohydrate-
or protein-biased diets had higher survival upon pathogen infection than sons from
parents fed balanced diets. The quality of the parental diet had no effect on offspring
developmental traits with the exception of egg hatching percentage which decreased
when mothers were fed a protein-biased diet. Our results emphasised the complexity of
nutritional transgenerational effects on offspring pathogen resistance and development.

Keywords: transgenerational effects, parental diet, Serratia marcescens, offspring, development, disease
resistance

INTRODUCTION

Environmental conditions experienced by parents can have long-term effects (Burton and Metcalfe,
2014; Woestmann and Saastamoinen, 2016). In both vertebrates and invertebrates, parents in
good physiological conditions (e.g., good nutritional condition or favourable temperature) tend
to produce offspring with higher fitness relative to the offspring of parents with low physiological
conditions (Mousseau and Fox, 1998; Qvarnström and Price, 2001; Bonduriansky and Head,
2007). The environmental conditions experienced by parents can also serve as a cue to predict
conditions that offspring are likely to experience and offspring can gain benefits from acquiring
information of their future environment (i.e., “transgenerational phenotypic plasticity”) (West-
Eberhard, 2003; Pigliucci, 2001; Whitman and Agrawal, 2009). The outcome of transgenerational
phenotypic plasticity depends, however, on whether environmental conditions experienced across
generations are predictable or not (Burgess and Marshall, 2014) and, therefore, if the parental
environment is a reliable predictor of the offspring environment (e.g., Gluckman and Hanson,
2004; Galloway and Etterson, 2007; Marshall and Uller, 2007; Bateson et al., 2014; Burgess and
Marshall, 2014; Murren et al., 2015). A mismatch between the offspring’ and parents’ environments
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can potentially reduce offspring fitness (see e.g., Gluckman et al.,
2007; Raubenheimer et al., 2012), although this is not true for all
taxa (Uller et al., 2013).

Amongst the key environmental factors experienced by
parents, nutrition is an essential factor that shapes offspring’s
phenotype (Bonduriansky and Day, 2009). In insects, parental
diet influences many offspring traits including body size and
body weight (Vijendravarma et al., 2010; Triggs and Knell, 2012;
Valtonen et al., 2012; Dew-Budd et al., 2016), developmental
time (Vijendravarma et al., 2010; Valtonen et al., 2012; Matzkin
et al., 2013), egg-to-adult survivorship (Prasad et al., 2003),
egg hatching success (Bonduriansky et al., 2016), reproduction
(Matzkin et al., 2013) and body composition (Buescher et al.,
2013; Matzkin et al., 2013; Brookheart and Duncan, 2016; Dew-
Budd et al., 2016). Parental diet can also affect the transcriptome
of offspring through a decrease in the quantity of ribosomal RNA
and changes in expression levels of metabolic and chromatin-
coding genes, which might result in cancers and diabetes in the
offspring (Buescher et al., 2013; Öst et al., 2014; Aldrich and
Maggert, 2015).

Immunity and resistance to infections are also known to be
influenced by the quality of the parental diet. In Drosophila
melanogaster, expression level of immune genes is lower in sons
of fathers fed low-protein diets compared to sons of fathers fed
high-protein diets (Zajitschek et al., 2017). When offspring are
immune-challenged, parental diet also influence their immune
response level and impact their resistance to infections. In the
Indian meal moth Plodia interpunctella, for instance, larvae from
mothers reared in poor diets (i.e., diets with high cellulose
content) are less resistant to viral and fungal infections than
larvae from parents reared in rich diets (i.e., diets with low
cellulose content) (Boots and Roberts, 2012). This effect might be
explained by a reduced phenoloxidase activity and lower number
of haemocytes (Kangassalo et al., 2015), (Boots and Roberts,
2012), (Triggs and Knell, 2012). In the mosquito Aedes aegypti,
daughters from parents kept on a poor diet have higher viral
load compared to daughters from parents in a rich diet, an
effect that persists even when the offspring are fed a rich diet
(Zirbel et al., 2018). Nonetheless, no difference in adult survival
after bacterial infection has been detected between offspring
from parents fed standard (balanced) or protein-deprived diets
(Valtonen et al., 2012). In the Melitaea cinxia butterfly, maternal
diet (ad libitum vs. starvation) does not have a significant effect on
the total number of haemocytes, granular cells and oenocytoids
of offspring infected with the parasitoid Cotesia melitaearum
(Saastamoinen et al., 2013). Together, these findings highlight the
complexity of the effects of parental diet on offspring immunity
and pathogen resistance.

To date, however, investigations in this field are still partial
because manipulations of parental diet have mainly focussed on
the total energy of the food, overlooking the effect of relative
ratio between diet components on offspring traits. In addition,
studies have mainly manipulated the diet of mothers or both
parents simultaneously, overlooking the effects of fathers’ diet.
Yet, there is increasing evidence showing that the environment
experienced by fathers can prime offspring basal immunity
(Zanchi et al., 2011; Eggert et al., 2014) and increase offspring

resistance to infection (Roth et al., 2010). As a result, we still lack
a proper empirical investigation of the trans-generational effects
of parental diet (both single-sex and both-sexes approaches) on
immune state and resistance.

Here, we investigated transgenerational effects of nutrition
by manipulating the protein-to-carbohydrate balance in the diet
(hereafter referred to as “PC ratio”) of mothers, fathers, and
both parents simultaneously. The fruit fly Bactrocera tryoni, one
of the most damaging pest insect in Australia (Hancock et al.,
2000; Sutherst et al., 2000; Clarke et al., 2011), was used as
model system. Transgenerational effects of diet manipulation
were measured on (i) development traits including egg hatching
percentage, pupation percentage, emergence percentage, larval
weight, pupal weight and larval body lipid reserves and (ii)
resistance to infection of the offspring once adult by recording the
survival of male and female offspring after a septic infection with
the pathogenic bacterium Serratia marcescens. Knowledge gained
from this study contributes insights into ecological questions
investigating the effects of parental environmental conditions
on offspring life history traits. Results are discussed in the
context of transgenerational phenotypic plasticity and what type
of information parental diet can pass to the next generations.

MATERIALS AND METHODS

Fly Stock
Flies originated from a B. tryoni stock colony that was maintained
on a gel-based larval diet (Moadeli et al., 2017) and raised as
adult with ad libitum hydrolysed yeast (MP Biomedicals Cat. no
02103304) and sugar (CSR R© White Sugar). The stock colony was
maintained at 25◦C and 65% humidity with a 12-h light/dark
cycle for 25 generations.

Diet Preparation
We used four single liquid diets varying in the protein-to-
carbohydrate ratio (PC 1:8, 1:5, 1:3, and 1:1) (Dinh et al.,
2019). A choice diet was included as control where solutions of
hydrolysed yeast and sugar were separately offered to the flies.
Based on previous work, we considered PC 1:3 as a balanced diet
for non-infected B. tryoni (see Fanson et al., 2009), PC 1:8 and 1:5
as carbohydrate-biased diets, and PC 1:1 as a protein-biased diet.
We did not include any diets with a greater concentration of yeast
because they would have had drastically affected fly mortality.
Diets were prepared by mixing hydrolysed yeast (MP Biomedicals
Cat. no 02103304) and/or sugar (CSR R© White Sugar) in warm
distilled water using a hot plate set at 80◦C. All diets were made
to a final concentration of 120 g/L. The hydrolysed yeast used in
this study contains 62.1% protein and 1% carbohydrate.

Diet Manipulation in Parents
We performed three experiments where the diet of mothers,
fathers, or both parents was manipulated, and the effects on
offspring life-history traits were measured. Parental diet was
manipulated only at adult stage. The experimental design is
described in Figure 1. In the first experiment, the diet of mothers
was manipulated by assigning groups of two-day old females to
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one of five diet treatments (PC 1:8, 1:5, 1:3, 1:1, or choice diet),
whereas, fathers were given a choice diet. In contrast, in the
second experiment, the diet of fathers was manipulated (same
treatments as above) while mothers were fed a choice diet. In
the third experiment, we manipulated the diet of both parents
(i.e., both parents were fed the same diet). Food was provided
to the flies via a cotton ball soaked in the liquid diets. Flies
from all experiments were fed the experimental diets for 12 days
and allowed to mate in groups of 45 females and 45 males,
selected randomly (noted that we set up the experiment with
60 males/females in order to obtain a final sample size of 45
males and females). Three mating cages were prepared for each
diet treatment. Eggs were collected in each mating cage for 24 h
using an ovipositional device that consisted in a plastic bottle
with numerous puncture holes and filled with 5 mL of water to
maintain humidity. All eggs were pooled and used to generate
offspring for subsequent experiments.

Offspring Generation
Collected eggs were used in two experimental set ups.

(i) Measuring the percentage of egg hatching, percentage of
pupation and percentage of emergence.

Groups of 100 eggs were randomly selected and transferred
to 100 mm Petri-dishes containing 15 mL of standard larval diet
(Moadeli et al., 2017). We recorded the number of eggs that
did not hatch after 4 days. Petri-dishes with hatched eggs were
then placed in 1.75 mL containers with 40 mL vermiculite where
larvae, once they reached fourth instar, were allowed to jump out
of their larval environment and pupate. We recorded the number
of pupae and newly emerged flies. Two sets of eggs were collected
from each mating cage, yielding six sets of eggs in total (100
eggs/set) collected from each diet treatment.

(ii) Measuring larval weight, pupal weight, larval body lipid,
and pathogen resistance of adult offspring.

For this purpose, 90 µL of an egg solution (approximately
1,000 eggs mixed with water) was collected from each mating
cage. Eggs were transferred to diet trays containing 150 mL of
standard larval diet yielding in three replicates for each diet
treatment (Moadeli et al., 2017). Five days after seeding the
eggs, the trays were placed in 12.5 L containers with 500 mL
vermiculite and lids removed to allow the larvae to jump and
pupate. Twenty larvae per tray (60 in total per diet) were collected
within 24 h since they started jumping out of the diet (7 days after
seeding eggs) to measure larval body weight and body lipid. The
rest of the larvae were left to develop. Seven days later, 20 pupae
per tray (60 in total per diet) were collected for measurement of
pupal body weight. The rest of pupae were allowed to develop into
adults for the infection experiment. Upon emergence, adult flies
were fed standard adult diet [(ad libitum hydrolysed yeast (MP
Biomedicals Cat. no 02103304) and sugar (CSR R© White Sugar)].

Larval Weight, Pupal Weight, and Larval Body Lipid
Larval and pupal weights were measured using a microbalance
(Sartorius, accuracy ± 0.001mg).

Larval body lipid was measured in 21 individual larvae
(3 replicates per diet treatment, 7 larvae/replicate) using the
protocol described in Dinh et al. (2019). Briefly, larvae were

snap frozen at −20◦C, bodies transferred into individual 6 mL
glass tubes (Sigma-Aldrich) and dried in a drying oven (Binder)
at 50◦C for 48 h. Dry body weight was measured using a
microbalance (Sartorius, accuracy ± 0.001 mg). Total body lipid
was then extracted in three 24 h washes of chloroform (Sigma-
Aldrich Cat. No 650498). At the end of the third chloroform
wash, lipid-free bodies were re-dried and re-weighed to calculate
lipid content. The percentage of body lipid was calculated by
subtracting the lipid-free dry body weight to the initial dry body
weight and dividing the difference by the initial body weight
multiplied by 100.

Survival of Adult Flies After Septic Infection With
Serratia marcescens
Serratia marcescens (ATCC 13880, Thermo Scientific) was
cultured on Nutrition broth (Oxoid, CM0001) overnight
(approximately 12 h) at 26◦C, 200 rpm. The liquid culture was
centrifuged at 10,000 × g for 2 min at 4◦C to remove residues of
the culture medium, and the pellet was washed twice using 1×

Phosphate Buffered Saline (PBS, Sigma). The bacterial cells were
resuspended in sterile PBS and the solution diluted to achieve an
optical density (OD600) of 0.025. Injections were performed on
two-day old flies that were fed choice diet prior to the bacterial
challenge. A group of 15–20 flies were cold anesthetised at −20◦C
for 2 m and kept on dry bath (Product code: MK20) at −10◦C
during the injection. Bacterial cells were injected in the fly at the
coxa of the third right leg using a MP4 microinjection system
(World Precision Instruments). The injection volume was 0.2 µL
dispensed at the rate of 50 nL/s, corresponding to approximately
2,000 bacterial cells/fly. PBS-injected flies were used as controls
for injury. After injection, flies were kept in a 1.5 L plastic cage
and fed a choice diet. Survival was recorded for six days post-
infection (PI). We ran three replicates for each diet treatment
(18–22 flies/replicate).

Statistical Analysis
Generalised Linear Models (GLM) with binomial distribution
and quasi extension were fitted to test for effects of diet
manipulation in mothers/fathers/both parents on egg hatching
percentage, pupation percentage, emergence percentage, and
percentage of larval body lipid reserves. A GLM with Gaussian
distribution was used to assess for the effect of diet manipulation
in mothers/fathers/both parents on pupal weight and larval
weight. Effects of maternal or paternal or parental diet, offspring
sex, offspring infection treatment and their interactions on the
survival of adult offspring were tested using Cox regression
analysis. All analyses were performed in R (R Development Core
Team, 2011). Graphs and Kaplan–Meier survival curves were
generated from BM SPSS Statistics 25.0.

RESULTS

Effects of Maternal Diet on Offspring
Development and Pathogen Resistance
Maternal diet significantly influenced egg hatching percentage
(GLM, F4,26 = 9.401, P < 0.001) (Supplementary Table 1).
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FIGURE 1 | Experimental set up of the three experiments of this study. Effects of maternal, paternal and parental manipulation of the diet were measured on several
pre-adult and adult traits of the offspring.

Eggs from mothers fed the protein-biased diet (PC 1:1) had a
lower hatching percentage compared to those from the other
diet treatments (Figure 2). There was no significant effect of
the maternal diet on pupation percentage (GLM, F4,24 = 1.964,
P = 0.132) and emergence percentage (GLM, F4,24 = 2.570,
P = 0.064) (Supplementary Table 1). Moreover, maternal diet
had no effect on larval weight (GLM, F4,296 = 1.742, P = 0.141),
pupal weight (GLM, F4,298 = 1.549, P = 0.188), and percentage of
total body lipid in offspring larvae (GLM, F4,90 = 0.726, P = 0.576)
(Supplementary Table 1).

When survival was analysed during the six first days using a
COX regression, we could not detect any statistically significance
of the maternal diet treatment on the survival of infected
offspring (Supplementary Table 2). However and as expected,
non-infected offspring survived at a greater rate than infected
ones (Supplementary Table 2). At day 4, there was in trend where
the percentage of dead sons was greater on the two extreme diets
(P:C = 1:8 & 1:1), while it was lower when mums where fed the
choice diet (Figure 3A). We did not observe a similar trend for
daughters (Figure 3B).

Effects of Paternal Diet on Offspring
Development and Pathogen Resistance
Paternal diet did not affect hatching percentage (GLM,
F4,40 = 0.852, P = 0.500), pupation percentage (GLM,
F4,40 = 0.328, P = 0.856) or emergence percentage (GLM,
F4,40 = 0.329, P = 0.857) (Supplementary Table 3). We also
did not observe any significant effects of paternal diet on
larval weight (GLM, F4,297 = 1.575, P = 0.181), pupal weight
(GLM, F4,294 = 2.091, P = 0.082), and percentage of total

body lipid in offspring larvae (GLM, F4,86 = 0.999, P = 0.412)
(Supplementary Table 3).

We did not detect any statistically significance of the paternal
diet treatment on the survival trajectories of infected offspring
(Supplementary Table 4 and Figure 4).

Effects of Parental Diet on Offspring
Development and Pathogen Resistance
Parental diet had no effect on hatching percentage (GLM,
F4,34 = 0.749, P = 0.566), pupation percentage (GLM,
F4,34 = 1.882, P = 0.136), and emergence percentage (GLM,
F4,34 = 2.117, P = 0.100) (Supplementary Table 5). We also
did not observe any significant effects of parental diet on
larval weight (GLM, F4,294 = 0.964, P = 0.428), pupal weight
(GLM, F4,294 = 2.091, P = 0.082), and percentage of total
body lipid in offspring larvae (GLM, F4,99 = 0.706, P = 0.589)
(Supplementary Table 5).

The interaction between parental diet, offspring sex and
infection treatment significantly affected the survival of adult
offspring (Supplementary Table 6). To better understand
the result, we ran four models to test for the effect of
parental diet on the survival rate of non-infected males, non-
infected females, infected males, and infected females. We
found that parental diet significantly affected the survival
of infected sons but not infected daughters (Figure 5).
Particularly, the survival of sons from parents fed PC 1:8,
1:5 and 1:1 were greater than sons from parents fed the
PC 1:3 and choice diet (Figure 5A). Survival of non-
infected sons and daughters was not significantly influenced
by parental diet manipulation with, on average, 10% of
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FIGURE 2 | Effect of maternal diet on hatching percentage. Mothers were fed five diets varying in the protein-to-carbohydrate ratio (PC ratio) and egg hatching rate
was measured. Bars indicate the percentage of egg hatching. Letters above bars indicate significant difference of egg hatching percentage between diet treatments.
Significance was accessed by Student-Newman-Keuls (SNK) test and was considered at P < 0.05.

FIGURE 3 | Effect of maternal diet on offspring survival during the first 6 days post septic infection. Mothers were fed one of five diets varying in the
protein-to-carbohydrate ratio (PC ratio) whereas fathers were fed a choice diet. Their sons (A) and daughters (B) were injected with either PBS or Serratia
marcescens at adult stage. Lines indicates Kaplan–Meier survival curves [dash lines (non-infected flies), continuous lines (infected flies)]. Colours indicate maternal
diet treatments [orange (PC 1:1), light grey (choice diet), dark grey (PC 1:3), dark blue (PC 1:5) and light blue (PC 1:8)]. Significant differences between survival curves
were determined by Cox regression analysis at P < 0.05.

non-infected offspring dying during the 6 first days post
infection (Figure 5).

DISCUSSION

In this study, we investigated how parental diet (i.e., diet of
mothers, fathers, or both) influences offspring developmental

traits and adult survival after septic infection with the pathogenic
bacterium S. marcescens. Surprisingly, when the diet composition
was manipulated for both parents, we found that infected
sons from parents fed unbalanced diets survived at a greater
rate after infection compared to those from parents fed
balanced diets. Parental diet manipulation hardly affected
offspring developmental traits, with only a lower hatching
percentage observed when mothers were fed a protein-biased
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FIGURE 4 | Effect of paternal diet on offspring survival during the first 6 days post septic infection. Fathers were fed one of five diets varying in the
protein-to-carbohydrate ratio (PC ratio) whereas mothers were fed a choice diet. Their sons (A) and daughters (B) were injected with either PBS or Serratia
marcescens at adult stage. Lines indicates Kaplan–Meier survival curves [dash lines (non-infected flies), continuous lines (infected flies). Colours indicate paternal diet
treatments [orange (PC 1:1), light grey (choice diet), dark grey (PC 1:3), dark blue (PC 1:5) and light blue (PC 1:8)]. Significant differences between survival curves
were determined by Cox regression analysis at P < 0.05.

FIGURE 5 | Effect of parental diet on offspring survival during the first 6 days post septic infection. Both mother and fathers were fed one of five diets varying in the
protein-to-carbohydrate ratio (PC ratio). Their sons (A) and daughters (B) were injected with either PBS or Serratia marcescens at adult stage. Lines indicates
Kaplan–Meier survival curves [dash lines (non-infected flies), continuous lines (infected flies). Colours indicate parental diet treatments [orange (PC 1:1), light grey
(choice diet), dark grey (PC 1:3), dark blue (PC 1:5) and light blue (PC 1:8)]. Significant differences between survival curves were determined by Cox regression
analysis and was determined at P < 0.05.

diet. Paternal and maternal diets did not affect the survival of
infected offspring.

A recent study in Drosophila has shown that maternal
environmental condition other than infection (i.e., cohabitation
with a parasitic wasp) results in offspring that are more capable
of resisting an infection (Bozler et al., 2020). Our results showed
a sex-dependent effects of both parents’, not only mothers’, diet
on offspring pathogen resistance. Previous studies have shown
that the parental diet can affect differently the age and size at
maturity of male and female offspring (Zizzari et al., 2016).
Considering the relationship between hosts’ age and body size
with resistance to infection (Garbutt and Little, 2017; Soumya
et al., 2017), a sex-dependent effect of parental diet on offspring
disease resistance is therefore possible. While our knowledge of

the mechanisms involved in sex−specific effects are still limited,
this might involve sex-specific transfer of genetic material. This
is supported by a study in Drosophila showing specific transfer
of ribosomal DNA from fathers to daughters but not to sons
when fathers were fed a protein-rich diet (Aldrich and Maggert,
2015). More investigations of the molecular mechanisms will
give us a better understanding of how parental diet can have
sex-specific effects.

Transgenerational effects can be adaptive with offspring
having greater fitness in environments similar to those
experienced by their parents (see for instance, Gluckman
and Hanson, 2004; Galloway and Etterson, 2007; Gluckman
et al., 2007; Marshall and Uller, 2007; Raubenheimer et al.,
2012; Bateson et al., 2014; Burgess and Marshall, 2014;
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Murren et al., 2015). Our results showed, however, that offspring
from parents fed unbalanced diets had a greater survival despite
the mismatch between the nutritional conditions of parents and
offspring (i.e., parents were fed unbalanced diets and offspring
were fed a balanced diet). Despite this, it remains to be tested
whether the same effect is observed when parents are fed a
balanced diet and offspring unbalanced diets. We can speculate,
in this case, that parents in poor nutritional conditions might
have primed their offspring to better survive the infection (see
also (Mitchell and Read, 2005; Ben-Ami et al., 2009; Boots
and Roberts, 2012). The differences between maternal and
paternal environments might be another important factor when
explaining transgenerational plasticity. If the environmental
conditions experienced by mothers and fathers are different,
this may cause a conflict in the parental strategies to maximise
their offspring performance. On the other hand, when both
parents experienced the same condition, they may transfer the
same environmental information to their offspring. In this study,
we found sex-specific transgenerational effects when diets of
both parents were manipulated but no effects were detected
when only the paternal or maternal diet was manipulated.
This reflexes the complexity of the effects of parental diet
on offspring pathogen resistance that cannot be predicted by
measuring the single effects of paternal and maternal diet (see
also Valtonen et al., 2012). Further, this study was focused on
better understanding the potential eco-evolutionary effects
of parental diet, and therefore mating experiments were
conducted in large groups rather than in single pairs, which
precludes us to infer the contribution of individual variation.
The extent to which individual variation vs population level
effects contribute to the findings presented here is beyond
the scope of this paper and remains an important avenue for
future research.

Our study, together with previous work in Galleria mellonella
moth and D. melanogaster, showed no effect of paternal diet
on the survival of offspring during infection (Valtonen et al.,
2012; Kangassalo et al., 2015). Although effects of poor paternal
diet on offspring phenoloxidase activity and expression level of
immune genes have been observed in P. interpunctella moths
(Triggs and Knell, 2012) and D. melanogaster (Zajitschek et al.,
2017), changes in immune components does not necessarily
lead to changes in survival after infection (Adamo, 2004).
Measuring different immune traits in offspring in addition to
their survival rate would help to gain a more comphrehensive
view on how parental diet affects immunity and resistance
in offspring. Furthermore, successful host defence involves
resistance (i.e., clear pathogen) and/or tolerance (i.e., reduce
the damage of the infection on its health) mechanisms (Ayres
and Schneider, 2009; Kutzer and Armitage, 2016; Miller and
Cotter, 2018); and effects of an infection on can be pathogen-
specific. For instance, in D. melanogaster, while Salmonella
typhimurium infection involves resistance mechanism, Listeria
monocytogenes infection involves tolerance mechanism (Ayres
and Schneider, 2009). Given that parental diet can influence both
tolerance and resistance in offspring, measuring the bacterial
load and fitness traits (e.g., fecundity and growth) of infected
offspring would provide helpful information of the mechanisms

underlying the effect of parental diet on offspring’s survival
after infection.

Lastly, we found that parental diet hardly affected offspring
developmental traits. These findings are consistent with previous
observations in a neriid flies, Telostylinus angusticollis showing
that only the egg hatching success was affected by maternal
diet (Bonduriansky et al., 2016). The weak effects of parental
diet on developmental traits might be due to the abundant
resources that were available to the offspring at larval stage.
Indeed, parental effects on offspring performance have been
suggested to be more pronounced when juveniles encounter poor
environmental conditions (Marshall et al., 2006; Bonduriansky
and Head, 2007; Donelson et al., 2009; Vijendravarma et al.,
2010). Interestingly, in D. melanogaster, parental diet has
weak effects on offspring’s phenotype, but was found to
significantly influence grand-offspring (Deas et al., 2019). Future
investigations measuring the effects of parental diet on offspring
traits under different larval dietary conditions and throughout
several generations might improve our understanding of
the transgenerational effects of nutrition on offspring life-
history traits.
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