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Abstract

The carnation tortrix moth, Cacoecimorpha pronubana (Roelofs & Brown, 1982), and the
light brown apple moth, Epiphyas postvittana (Walker, 1863) (Lepidoptera: Tortricidae) are two
important polyphagous pest species affecting a wide range of plant species many of which are
horticultural crops. Crop damage is caused by the larvae of these two moths rolling leaves

together and feeding on the foliage. In order to understand how these two species are affected by a

host plant through transgenerational dietary changes, we hypothesised that larval parental pre-
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treatment diet affects growth and reproduction of offspring. We tested the performance of
Q) developmental traits of C. pronubana and E. postvittana on three host plant species (larval diet
treatment) — Prunus (Rosaceae), Choisya (Rutaceae) and Griselinia (Griseliniaceae). For the

experiment we used larvae from a second generation of C. pronubana and E. postvittana reared

CC

either exclusively on Prunus, or reared exclusively on Griselinia (pre-treatment). Regardless of
whether moths had been reared on Prunus or Griselinia both species of host plant had a
significant average effect on the duration of larval development and the pupal size of both species

of moth, for E. postvittana, and for C. pronubana. Although, neither pre-treatment, nor treatment
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had a significant overall effect on fecundity (number of eggs per clutch laid) in either species of
moth, there was a significant interaction effect observed between the pre- and post-treatment on
fecundity for both species of moth. Our results suggest that changes of host plant species
composition can affect the performance of offspring of both these polyphagous pest species
intergenerationally in complex ways which are relevant to agroecosystems. Such phenomena may
be important when developing new strategies for the integrated pest management of these two

important pest species.

Keywords

Herbivory, parental diet, maternal diet, larval diet, larvae, pupae, size, development, fecundity,

integrated pest management.
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1| Introduction

The carnation tortrix moth (CTM), C. pronubana (Lepidoptera: Tortricidae) (Roelofs &
Brown, 1982) and the light brown apple moth (LBAM), E. postvittana (Lepidoptera: Tortricidae),
(Walker, 1863) are important polyphagous pest species affecting together over 500 plant genera
(Kacar & Ulusoy, 2008; Brockerhoff et al., 2011; Pencheva & Yovkova, 2016; Reddy, 2016).
Both moth species affect a wide range of woody and herbaceous plants, including many
economically important horticultural crops (Fisher, 1924; Brown et al., 2010; Suckling &
Brockerhoff, 2010). The moths have been present in Britain since at least 1905 and 1930,
respectively (Fisher, 1924; CABI, 2020; EPPO, 2020).

Damage to the plant is caused by the larva that feeds on the foliage or fruits. It produces silk and
uses it to roll leaves together to protect itself against natural enemies (Fisher, 1924; Bestagno,
1955; Lo et al., 2000). Host plants that are known to be a common dietary source for both moth
species belong to the families Asteraceae, Fabaceae (CABI, 2020), Griseliniaceae (personal
observation), Oleaceae, Rosaceae, Rutaceae and Solanaceae (Beitia et al., 2016; CABI, 2020).

The control of these two herbivores often involves the use of synthetic pesticides and there is
concern that such pesticides are harmful to the environment and human health (Gaines, 1969;
Matos et al., 1987; Solomon et al., 2001; Stenersen, 2004; Rehman et al., 2014; Wang et al.,
2014; Damalas & Koutroubas, 2016). These two species of Lepidoptera are controlled by natural
enemies, such as parasitoids or predators (Cameron, 1912; Kagar & Ulusoy, 2012; Feng et al.,
2015a,b; Yazdani, 2015). It has been shown, however, that insecticides (e.g. neonicotinoids and
pyrethroids) are harmful to non-target insects, for example, to the parasitoid Trichogramma
evanescens Westwood, 1833 (Hymenoptera: Trichogramma), which parasitises CTM eggs (Wang
et al., 2014). In order to reduce the cost and deleterious effects of pesticides in a crop-habitats,
many growers consider the adoption of integrated pest management (IPM) practices to control

pests (Copping & Menn, 2000; van Lenteren, 2000). This approach, however, relies on
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information on both pest life cycles and interactions with the crop habitat (Dhawan & Peshin,
2009). Reproductive performance, for example, may be affected by certain characteristics of the
host plant, which are known to influence larval development, pupal size, adult fitness and
longevity (Brewer, 1985; Lance, 2012; Moreau et al., 2017).

Transgenerational plasticity (TGP), also known as parental environmental effect, occurs when the
environment experienced by a parent (through environmental cues) influences the development of
their offspring. These can comprise of a wide range of biotic or abiotic factors, e.g. diet, food
availability, temperature, toxins, light quality, or immune challenges (Freitak et al., 2009; Bell &
Hellmann, 2019). TGP may generate, for example, adaptive offspring traits for overcoming
specific negative environmental factors (e.g. toxins), but at the same time may reduce overall
survival (Kobiela & Snell-Rood, 2018; Bell & Hellmann, 2019). Although, it may consequently
promote population persistence in changing environments (Harmon & Pfennig, 2021). This, for
example, may have potentially adaptive benefits in the early life stage of an insect (e.g. improving
larval survival), although, it may generate fitness costs later in life (e.g. reduced reproductive
potential) (Bell & Hellmann, 2019). While TGP is well documented across many taxa, theoretical
models are not yet well supported by empirical data (Rosvik et al., 2020).

The importance of the effect of host plants on the performance of CTM and LBAM is well
documented; it is, however, not known how the performance of these two species of moth is
affected by dietary changes through multiple generations for either species. It has been shown, for
example, that performance of the African cotton leafworm, Spodoptera littoralis (Boisduval,
1833) (Lepidoptera: Noctuidae) offspring can be enhanced through transgenerational phenotypic
plasticity on a host plant identical to the parental host plant. However, mechanisms underlying
such phenomena are still unknown (RoOsvik et al., 2020) and basic data are lacking for the
majority of pest species.

The main objective of this study was to investigate whether the parental host plant environment

during larval development can affect growth and reproduction of offspring transgenerationally.
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First, we looked at differences for several traits - survivorship, length of larval and pupal
development, pupal and adult weight, sex and fecundity. Specifically, we investigated (i) the
average effect of the parental larval diet (pre-treatment), and (ii) the overall effect of the progeny
larval diet (treatment) on the growth and reproduction in each of the species of moth. Finally, we
tested whether the growth and reproduction of offspring was influenced by the parental diet by
analysing (iii) the interaction between larval parental diet (pre-treatment) and progeny larval diet
(treatment) for each of the species of moth. This knowledge may be useful in developing more

efficient practices within the IPM systems.
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2 | Materials and methods

2.1 | Host plants

Plant material was grown and obtained from an ornamental plant nursery in Shropshire,
UK (52°37°20°° N, 2°15°20”> W; 119 m a.s.l.). Plants were propagated from softwood cuttings
two years before the beginning of the experiment. The cutting material was collected, propagated
and grown in black PVC pots (9 cm @, 10 cm height) filled with Sinclair® All Purpose Growing
Medium Compost (Sinclair Pro, UK) under protected glasshouse conditions. For the maintenance
of the stock laboratory moth cultures the following families of host plants were used:
Caprifoliaceae, Hypericaceae, Pittosporaceae, Plantaginaceae and Rhamnaceae. For moth cultures
used in the experiment the following host plants species were used: Prunus laurocerasus var.
schipkaensis Spéth ex H.L.Spath (Rosaceae), Choisya ternata Kunth ‘Lich’ (Rutaceae), and

Griselinia littoralis Raoul (Griseliniaceae).

2.2 | Insects

Adults of CTM and LBAM were collected in May 2018, from the same ornamental plant
nursery from which the host plants were obtained. Two stock laboratory moth cultures were
established from these field collected moths in two separate BugDorm-4D® Insect Rearing Cages
(475 cm x 47.5 cm x 47.5 cm) (MegaView, Taiwan) placed in a Fitotron® SGR plant growth
room (Weiss Technik, UK) maintained at a constant temperature 20°C, 60% RH and 16L:8D
photoperiod. In September 2018, using larvae collected from the existing two stock laboratory
cultures, four new separate moth cultures were initiated - both moth species reared exclusively on
Prunus (Rosaceae) and separate cultures were reared exclusively on Griselinia (Griseliniaceae).
As a result, four moth cultures were established: CTM reared on Prunus or Griselinia, and LBAM

reared on Prunus or Griselinia. Cultures were maintained until two generations on each host plant
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had been completed and there was a sufficient number of eggs available to complete the

experiment.

2.3 | Experiment

The experiment was set up in February 2019 in a Fitotron® SGR 'Walk-in' plant growth
room under the same controlled environmental conditions used to maintain the cultures of CTM
and LBAM. The experiment was a randomised block design consisting of two factors, the “pre-
treatment” culture (the larval parental diet of either Griselinia or Prunus) and the “treatment”
culture (larval diet of Prunus, Choisya or Griselinia). Each treatment consisted of six replicates,
and the entire experiment was conducted for both moth species. Plants were placed on a black
PVC tray and were watered as required from beneath. The height of the plants varied from 20-25
cm, and their mid-width measured approximately 12 cm.
Egg clutches were collected from each of the four pre-experiment cultures and placed separately
into Petri dishes (90 mm @, 15 mm height) in the same room under the same constant
environmental conditions and monitored for hatching larvae. After eggs had hatched, for each
replicate five neonate larvae were placed on each experimental plant (towards the top) using a fine
paintbrush, after which the plants were covered with a nylon mesh sleeve (13 cm @, 43 cm
long; mesh aperture 0.17 mm x 0.17 mm, with the open area of a mesh (A°) = 50%), closed at the
top and the bottom in order to isolate plants from each other. Larvae were left undisturbed on each
plant to feed and complete their development, and monitored daily to record the time to pupation.
Upon pupation, each individual was collected after the integument had hardened and turned
brown and weight was recorded. After measurements, pupae were transferred separately to Petri
dishes (90 mm @, 15 mm height), and placed in a room at a constant temperature 20°C, 60% RH
and 16L:8D photoperiod. Each Petri dish had a circular piece of dry plain white paper towel

placed on the bottom of the dish.
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The weight of each adult was recorded between 6-12 h after emergence from the pupa. Sex was
determined by examination under a Microtec HM-3® stereo microscope (TEC Microscopes, UK)
and recorded. Each female adult moth was placed into one clear Petri dish and allowed to mate
with three introduced unmated males (Knight, 2014) that came from the same host plant species
as the female. Each female was allowed to lay eggs on the inside walls of the dish up to its death;
during this period eggs were counted every 48h using a Microtec HM-3® stereo microscope, after
which eggs were removed.

The following data were recorded for analysis within the experimental design: (1) larval
survivorship (the number of larvae out of five surviving until the end of the experiment), (2) the
duration of larval development from egg hatching to pupa formation (days), (3) weight of the
pupa (mg), (4) the duration of the pupal stage and sex, and (5) fecundity (eggs per clutch) was

estimated for female offspring.

2.4 | Statistical analysis

Linear models were used to test for main effects of the pre-treatment (parental diet),
treatment (larval diet), and the interaction between parental and larval diet on larval survival (the
count of number surviving) per (plant) experimental unit. Linear mixed effects models were used
to test for main effects of the pre-treatment (parental diet), treatment (larval diet), the interaction
effect between parental and larval diet, and sex on development time and weight for larval and
pupal stages, with individual plant as a random effect to account for the measurement of multiple
individual insects from each (plant) experimental unit. The data for each moth species were
analysed separately. All tests adhered to assumptions of Gaussian residual distribution and
homoscedasticity unless otherwise specified. All analyses were performed using R version 4.0.2
(R Core Team, 2020) with a = 0.05 using functions in the {nlme} package (Pinheiro et al. 2021)

and in the base R {stats} package.
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3| Results

Overall mean count of larvae surviving was 70.2%, 3.51 + 1.21 (mean + 1 SD), and was
not significantly different between moth species (ts7.s = 1.07, P = 0.29), for CTM at 73.4% (3.67 +
1.10) and for LBAM at 67.2% (3.36 + 1.31). The larval parental pre-treatment diet had a
significant overall effect on LBAM larval survivorship with Prunus presenting the highest
survivorship (Fig 1A: F130=7.37, P = 0.011), but not for CTM (Fig 1B: F1 3, = 2.94, P = 0.097).
The larval diet treatment was not significantly different for survivorship for either moth species
(LBAM: Fy30=2.22, P =0.13; and CTM: F,30 = 2.47, P = 0.10), and neither was the interaction
effect between parental and larval diets significant for either species (LBAM: Fy30 = 1.24, P =
0.30; CTM: F230= 3.29, P = 0.051).
Overall, the mean duration of larval development from egg hatching to pupation was 58.8 + 22.6
days, with a significant difference (F16s5= 39.15, P < 0.0001) between LBAM (46.0 + 13.2 days)
and CTM (70.7 + 23.0 days). The larval parental pre-treatment diet had a significant average
effect on LBAM (Fig 2A: F129 = 24.66, P < 0.0001), and on CTM (Fig 2B: F130 = 4.62, P =
0.040). The larval diet treatment had a significant overall effect on larval development time in
both species (LBAM: F3,9=11.01, P = 0.0004; and CTM: F; 3= 59.95, P < 0.0001). There was
also a significant interaction effect between pre-treatment larval parental diet and the treatment

larval diet for both species of moth (LBAM: F; 2= 14.50, P < 0.0001; and CTM: F,30=19.79, P

cepted Article

c ) < 0.0001). In terms of duration of larval development by sex, for LBAM (f: 46.3 + 12.6; m: 45.8

+ 13.6) it did not significantly differ in the experiment (F1 g5 = 1.89, P = 0.17), however, for CTM
(f: 73.3 + 24.4; m: 69.0 + 22.2) the sexes differed significantly (Fygs=17.16, P < 0.0001).

Overall, the mean duration of pupal development from pupation to adult eclosion was 9.9 + 2.1
days, with a significant difference (F1633=5.81, P = 0.019) between LBAM (9.5 + 2.4 days) and
CTM (10.2 + 1.7 days). The larval parental pre-treatment diet had a significant average effect on

pupal development time for LBAM (Fig 4A: F129=11.26, P <0.0019), but not for CTM (Fig 4B:
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F130=0.70, P = 0.41). The larval diet treatment did not have a significant overall effect on pupal
development time for either species (LBAM: F;29 = 0.51, P = 0.60; and CTM: F,3, = 1.57, P =
0.23). There was not a significant interaction effect between pre-treatment larval parental diet and
larval diet treatment for either species (LBAM: Fy29=1.49, P = 0.24; and CTM: Fy3,=2.42, P =
0.11). The duration of pupal development by sex for LBAM (f: 9.5 + 2.3; m: 9.5 + 2.5) did not
significantly differ in the experiment (F1 g5 = 0.11, P = 0.74), however for CTM (f: 9.9 + 1.5; m:
10.5 + 1.9) the sexes differed significantly (F1gs=5.76, P = 0.019) by a small amount.

The mean weight of pupae overall was 27.2 + 12.0 mg, with a significant amount of overall
variation being attributed to the difference (F1692 = 16.21, P = 0.0002) between LBAM (31.6 +
10.7 mg) and CTM (23.2 + 11.8 mg). The larval parental pre-treatment diet had a significant
average effect on LBAM (Fig 3A: F1 9= 18.95, P = 0.0002), and for CTM (Fig 3B: F1 3= 6.66, P
= 0.015). The larval diet treatment had a significant overall effect on larval development time in
both species (LBAM: F;,9 = 23.82, P < 0.0001; and CTM: F, 3 = 61.89, P < 0.0001). There was
also a significant interaction effect between pre-treatment larval parental diet and the larval diet
treatment for both species (LBAM: F;29 = 8.00, P = 0.0017; and CTM: F, 30 = 3.45, P = 0.045).
Sex in LBAM (f: 41.2 + 9.3 mg; m: 25.2 + 5.5 mg) had a significant effect on pupal weight in the
experiment (F1g5 = 224.80, P < 0.0001), with CTM (f: 33.5 + 10.8 mg; m: 15.6 + 3.7 mQ)
exhibiting a similar significant difference (F; gs = 202.91, P < 0.0001).

The mean weight of adult moths overall was 15.9 + 10.1 mg, with a significant (F1 692 =4.69, P =
0.034) amount of overall variation being attributed to the difference between LBAM (17.7+ 9.2
mg) and CTM (14.2 + 10.6 mg). The larval parental pre-treatment diet had a significant average
effect on adult weight in LBAM (Fig 5A: F1 29 = 9.60, P = 0.0043), but not for CTM (Fig 5B: F1 30
=1.09, P =0.31). The larval diet treatment had a significant overall effect on adult weight in both
species of moth (LBAM: F,. = 12.32, P = 0.0001; and CTM: Fz3, = 56.92, P < 0.0001).
However, we detected no significant interaction effect between pre-treatment larval parental diet

and the larval diet treatment on adult weight for either species (LBAM: F; 29 = 2.80, P = 0.077;
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and CTM: F,3 = 2.14, P = 0.13). Sex in LBAM (f: 26.7 + 8.1 mg; m: 11.8 + 3.3 mg) had a
significant effect on adult weight in the experiment (F1gs = 238.37, P < 0.0001), with CTM (f:
24.0 + 8.5 mg; m: 6.3 + 2.0 mg) exhibiting a similar significant difference (F1gs = 320.02, P <
0.0001).

Fecundity, in terms of number of eggs laid per clutch by females arising from the experiment
varied widely for both LBAM (21.3 + 25.5 eggs) and CTM (14.2 + 10.6 eggs). The larval
parental pre-treatment diet did not have a significant average effect on the number of eggs per
clutch in female offspring for LBAM (Fig 6A: F1 160 = 0.001, P = 0.97) or for CTM (Fig 6B: F1 418
= 0.80, P = 0.37). The larval diet treatment also did not have a significant overall effect on the
number of eggs per clutch in either species (LBAM: F; 160 = 2.88, P = 0.059; and CTM: F, 418 =
2.12, P = 0.12). There was, however, a significant interaction effect between pre-treatment larval
parental diet and the larval diet treatment on eggs per clutch for both species (LBAM: F; 160 =

11.48, P < 0.0001, and CTM: Foas = 11.81, P < 0.0001).
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4 | Discussion

Here we demonstrate a range of effects of parental larval diet and offspring larval diet on
several life history traits of two moth species, CTM and E. postvitanna. We analysed the effect of
parental larval diet (independently of offspring larval diet), and the effect of the offspring larval
diet (independently of parental larval diet) on developmental performance (growth and
reproduction) of the offspring. A key finding we discuss below is the complex interactions we
observed between parental diet (pre-treatment) and larval diet (treatment) in our experiments on
various traits important for life history and population growth.

While it was not expressly an objective of this study to compare these two species of moth, as
interspecific differences are not unexpected, and were demonstrated in a previous study (Zielonka
et al., 2021), we show here that transgenerational dietary changes may affect different species
differently. We found that survivorship and pupal development time in LBAM were affected by
larval parental diet (pre-treatment), but not by larval offspring diet (treatment). It is possible that
prolonged development affected by transgenerational dietary changes may influence survival due
to the impact that this has on the temporal exposure of offspring to predators and parasitoids
(Thiery & Moreau, 2005). Such phenomenon may reflect the slow-growth—high-mortality
hypothesis that predicts that prolonged development in herbivorous insects increases mortality as
a result of greater exposure to natural enemies (Benrey & Denno, 1997), however, it has been
shown that this hypothesis may not always be applicable to all systems (Medina et al., 2005;
Cornelissen & Stiling, 2006; Chen & Chen, 2018).

Furthermore, we show here that for either species of moth, parental diet, as well as diet of progeny
larvae significantly affected the duration of larval development, and the pupal weight of offspring.
We also demonstrate that the change from parental diet to offspring diet (the main
transgenerational effect) had a significant effect on the same traits either, for LBAM, or CTM.

Previous work on transgenerational effects on offspring growth and reproduction have shown that
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parental diet (or maternal diet) can affect life history parameters differently, either in
Lepidopteran species, (Triggs & Knell, 2012; Kangassalo et al., 2020; Rosvik et al., 2020), or in
other arthropod species (Fox & Mousseau, 1998; Valtonen et al., 2012). By contrast, Littlefair &
Knell (2016) showed that diet composition has no transgenerational effects on the life history
traits of offspring of the Indian meal moth, Plodia interpunctella (Hubner) (Lepidoptera:
Pyralidae) (Littlefair & Knell, 2016). Rosvik et al., (2020), however, showed that, regardless of
the lack of effect of parental diet on duration of larval development of S. littoralis, this attribute
can be still affected by offspring treatment (Rosvik et al., 2020). Interpretations of our results are
further complicated by analysing pupal weight between sexes. Our study shows, that
transgenerational changes in diet affected either LBAM or CTM female larvae producing, as a
result, significantly heavier pupae than male larvae. Acknowledging the fact that shorter duration
of the larval development can produce heavier pupae (Barbosa & Capinera, 1977; Rossiter, 1991;
Yu et al., 2016), it is possible that female larvae in our experiment exhibited shorter duration of
larval development than male larvae, which is generally common phenomena in species of
Lepidoptera (Danthanarayana, 1975; Miller et al., 1982). We demonstrate here, however, that the
differences between sexes in duration of larval and pupal development for LBAM are not
significant. CTM female larvae, however, exhibited significantly longer duration of larval
development than male larvae, but shorter pupal development analogous to significantly longer in
males. However, we found no overall differences in larval survivorship, which corroborates with
other similar studies, e.g. for the rice bloodworm, Chironomus tepperi Skuse (Diptera:
Chironomidae) (Colombo et al., 2014), or for S. littoralis (Rosvik et al., 2020).

It is possible that the effect of parental diet on performance observed in our study may reflect
different utilisation abilities (Roslin & Salminen, 2008) or development strategies of the larvae
when exposed to a change diet quality (Damman, 1987; Abarca et al., 2014). There is evidence
that food quality or dietary restrictions in the parental diet can affect life history traits of offspring

transgenerationally, and when both parents are fed on a poor diet, offspring tends to invest in body
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size, but not in immunity (Triggs & Knell, 2012). It would appear that transgenerational response
in our study may be largely governed by either the quality of a diet, or genetic predisposition to
food. It is possible that transgenerational effects may be linked to nutrition causing epigenetic
changes through DNA methylation and gene expression (Colombo et al., 2014), and as a result,
may show substantial transgenerational phenotypic plasticity affecting morphological and
physiological traits in insects (Colombo et al., 2014; Rosvik et al., 2020).

Interestingly, parental diet and the offspring diet did not affect fecundity (egg clutch size) of the
offspring in our study. Transgenerational effect of parental diet, however, had a significant effect
on the oviposition of progeny female adult. The change in diet resulted in significant differences
in the size of egg clutches produced by females of both species of moth. Perhaps transgenerational
changes in host plant experienced by a larva may influence the phenotypic plasticity of the adult
female ovipositional behaviour of these two polyphagous species (Gu & Danthanarayana, 2000;
Thoéming et al., 2013). Such a response may be a form of a spatial distribution or exploration
strategy to a new unknown habitat, or as a response to new patterns within the habitat in terms of
egg survival strategy and their protection against predators (Gorir, 2005; Fusco & Minelli, 2010).
It is unclear, however, how dietary changes experienced by a limited range of genotypes in this
study can affect a complex phenotypic plasticity across various traits of these two moth species
(Wootton, 1994; Fox & Mousseau, 1998; Rosvik et al., 2020). Despite there being several
approaches to investigate the complex indirect interactions that occur within multi-species
communities, explaining individual mechanisms remains challenging (Wootton, 1994; Wajnberg
et al., 2001; Shennan, 2008).

It is possible that the information about the physiochemical characteristics of the host plant on

Accepted Article

which larvae were developing remained through the metamorphosis and was reflected by the
ovipositional behaviour of the female adults (Anderson et al., 2013; Petit et al., 2015; Proffit et
al., 2015). We hypothesise that leaf size or shape, resource abundance or olfactory cues may be

amongst other complex factors that influence life history variation in traits such as clutch size, as
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has been shown for other lepidopterans (Kagata & Ohgushi, 2002; Stefanescu et al., 2006; Rizvi
& Raman, 2015; Dell'Aglio et al., 2016). However, it is possible that females may exhibit
different trade-offs in response to a new food resource, for example, by producing smaller size
clutches on one known host plant, with the opposite response to an unfamiliar host. For example,
in some lepidopterans larger egg clutches tend to be less parasitized than smaller egg clutches
(Beckage & Riddiford, 1983; Geervliet et al., 1998; Stuart & Polavarapu, 2000; Randlkofer et al.,
2007). Despite the theory that clutch size is determined by the availability of resources (Godfray
et al., 1991), perhaps production of larger egg clutches reflects one of the selective pressures
necessary for neonates to survive, for example, by building an effective shelter in response to
natural enemies along with initial food availability (Damman, 1987).

Our results illustrate that the parental host plant can influence life history variation in progeny
transgenerationally in complex ways. This suggests a role for changes in, for example,
management of plant diversity in crop habitats as a strategy for pest control where planned,
sequential changes in host plant species could be designed to target multiple generations of the
same insect pest. It would be difficult, however, to unequivocally interpret and define what
sequential changes may be required for improved pest control at this stage, as this may depend on
the crop plant species grown, crop species diversity, and perhaps cultural practices, e.g. crop
rotation strategies, or crop density. The mechanisms underlying physiological changes in insect

performance through transgenerational dietary changes are, however, still unclear.
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Figure captions

Figure 1. The number of surviving larvae (from five) were counted across two factors, the pre-
treatment parental diet and the treatment larval diet. The bar shading reflects the respective larval
diet treatment labelled on the x axis. Dots indicate individual larval count per plant across the

experimental treatments. Panel A show data for LBAM and panel B shows data for CTM.

Figure 2. Individual larval development time (in days) were counted across two factors, the pre-
treatment parental diet and the treatment larval diet. The bar shading reflects the respective larval
diet treatment labelled on the x axis. Dots indicate individual larvae measured across the

experimental treatments. Panel A show data for LBAM and panel B shows data for CTM.

Figure 3. Individual pupal weight (milligrams) were counted across two factors, the pre-treatment
parental diet and the treatment larval diet. The bar shading reflects the respective larval diet
treatment labelled on the x axis. Dots indicate individual larvae measured across the experimental

treatments. Panel A show data for LBAM and panel B shows data for CTM.

Figure 4. Individual pupal development time (in days) were counted across two factors, the pre-
treatment parental diet and the treatment larval diet. The bar shading reflects the respective larval

diet treatment labelled on the x axis. Dots indicate individual larvae measured across the

ccepted Article

experimental treatments. Panel A show data for LBAM and panel B shows data for CTM.

Figure 5. Individual adult weight (in milligrams) were counted across two factors, the pre-
treatment parental diet and the treatment larval diet. The bar shading reflects the respective larval
diet treatment labelled on the x axis. Dots indicate individual larvae measured across the

experimental treatments. Panel A show data for LBAM and panel B shows data for CTM.
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Figure 6. Individual count of eggs per clutch across two factors, the pre-treatment parental diet
and the treatment larval diet. The bar shading reflects the respective larval diet treatment labelled
on the x axis. Dots indicate individual larvae measured across the experimental treatments. Panel

A show data for LBAM and panel B shows data for CTM.
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