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Simple Summary: Spodoptera litura Fabricius (Lepidoptera: Noctuidae) is a serious polyphagous
pest. Most studies focus on the effects of natural hosts on S. litura. However, progressively more
laboratory studies S. litura involve feeding the larvae with an artificial diet. We compared the life
performance and observed mating choice of S. litura reared on tobacco, Chinese cabbage, and an
artificial diet. The results revealed that diet had a significant effect on the duration of each stage of
development. In the multiple-choice test with individual males consuming tobacco, Chinese cabbage,
or an artificial diet, females fed on the artificial diet preferred to mate with males that were fed on the
same diet and rarely mated with males fed on tobacco or Chinese cabbage. We suggest that the diet
of S. litura has a potential impact on mate choice and sexual isolation.

Abstract: Host plant preference during the larval stage may help shape not only phenotypic plasticity
but also behavioral isolation. We assessed the effects of diet on population parameters and mate
choice in Spodoptera litura. We raised larvae fed on tobacco, Chinese cabbage, or an artificial diet, and
we observed the shortest developmental time and highest fecundity in individuals fed the artificial
diet. However, survival rates were higher for larvae on either of the natural diets. Population
parameters including intrinsic rate of increase and finite rate of increase were significantly higher
with the artificial diet, but this diet led to a lower mean generation time. Copulation duration,
copulation time, and number of eggs reared significantly differed between diets. In terms of mate
choice, females on the artificial diet rarely mated with males fed on a natural host. Our results support
the hypothesis that different diets may promote behavioral isolation, affecting mating outcomes.
Thus, findings for populations fed an artificial diet may not reflect findings for populations in
the field.

Keywords: diet; mate choice; assortative mating; Spodoptera litura; life table

1. Introduction

Selection for behavioral differences in insect species impacts the evolution of host
plant specificity [1], and the behavioral choices of those insects reflects evolutionary adap-
tation [2]. Different host plants provide different levels of nutritional quality for different
insect species [3], and they can have cascading effects on their life histories [4] including
fitness, growth, and fecundity [5]. This phenomenon is common in polyphagous herbi-
vores [6,7] such as cotton bollworms, which exhibit significant differences in population
development among the various host plants [8].

An increasing number of studies are using insects reared on artificial diets, which can
affect their life history traits [9,10]. For example, Bactrocera cucurbitae (Coquillett) larvae fed
on an artificial diet produce significantly fewer ovarioles than individuals in natural host
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populations [11]. Hence, food selection may put an important constraint on fecundity [12].
In addition, mating preferences and assortative traits can lead to behavioral isolation in
animals [13]. Host plant species can obviously change behavioral isolation by their impact
on insect phenotypic plasticity in terms of mating signals, and shape mating preferences
and sexual isolation [14]. The host plant preference of females directly impacts assortative
mating [15], and mating preference contributes to premating reproductive isolation [15-17].
Furthermore, the mating activity of Chilo suppressalis Walker based on host-associated
population has a genetic basis in which life history traits are influenced by genetics and
host plants [3].

Spodoptera litura is a polyphagous pest that causes serious damage to economically
important crops throughout the world. Different planting patterns have promoted the
occurrence of S. litura populations in different host fields [18]. However, only a few
studies have reported the effects of different host plants on the growth, development, and
reproduction of S. litura [19-22]. The development of artificial diets has enabled the mass
rearing of various insects in laboratories [23,24]. Today, much of the research on S. litura is
conducted on individuals fed artificial diets [25-27]. Thus, it is important to investigate the
effects of such diets on this species. We hypothesized that S. litura fed an artificial diet will
show behavioral isolation due to diet-induced divergence in mating recognition signals.

The life table analysis method is a reliable tool for understanding insect survival,
growth, fecundity, and population dynamics [28,29]. The age-stage two-sex life table takes
into consideration the contributions of both sexes and accurate estimates of biological
parameters and population fluctuations [30]. To understand the effects of different diets
on S. litura, we applied this technique to individuals reared on the leaves of natural diets
(tobacco, Chinese cabbage) or an artificial diet. This is the first study to compare the
effects of natural and artificial diets on S. litura development and reproduction. Female
discrimination plays an important role in sexual isolation and further impacts assortative
mating [31]. Hence, we also tested the mate choices of females fed each diet. Our results
provide additional insight into the role of diet in the evolution of sexual isolation.

2. Materials and Methods
2.1. Insect Collection and Rearing

Spodoptera litura were collected from tobacco fields in June 2017 from Lanba Village,
Majiang County, Guizhou Province, China (26°29'54.65” N, 107°37'49.05" E). Larvae were
brought back to the laboratory and fed Chinese cabbage and tobacco continuously for
28 generations. Individuals fed an artificial diet were purchased from Henan Jiyuan Baiyun
Industry Co., Ltd, Henan, China. and were bred for 18 generations. The experiments were
conducted under conditions of 27 °C (£1) with a photoperiod of 14:10 h light/dark and
60% (£5) relative humidity in a climate chamber. Eggs were maintained in 9 cm Petri
dishes with moistened filter paper. Larvae were raised on Chinese cabbage, tobacco, or an
artificial diet, respectively. Newly hatched larvae were reared in plastic cups (13 cm high,
17.8 cm diameter). After the third instar, larvae were reared in transparent plastic cases
(20.4 x 35.2 x 12.3 cm?®) until pupation. Fresh leaves and artificial diet were provided for
larvae each day. When adults emerged, they were moved into plastic cups (13 cm high,
17.8 cm diameter) and provided with a piece of cotton soaked with 10% honey.

Chinese cabbage (Brassica pekinensis (Lour.)), tobacco (Nicotiana tabacum L.), and an
artificial diet were used. The cabbage and tobacco were planted in plastic pots (28 cm in
diameter, 25 cm in depth) kept in cages (200 x 200 x 250 cm?®) covered with mesh screen
(0.1 mm mesh size) to prevent pests from damaging them. No pesticides were used. Leaves
from plants at 6-8 weeks of age were used in experiments.

The artificial diet [32] was prepared by boiling a mixture of 16 g agar powder and
400 mL water; adding 80 g soybean meal, 80 g bran, 32 g yeast extract, 16 g casein, and
400 mL distilled water and boiling for 30 min more; then adding 1.6 g sorbic acid and
allowing the solution to cool to 60 °C. Then, 0.16 g cholesterol, 0.16 g inositol, 6.4 g
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vitamin C, and 0.8 g choline chloride were added, and the solution was cooled and stored
at4°C.

2.2. Life Table Study

One hundred eggs used at the beginning form each diet treatment. Five egg masses
produced by adults raised on each of the different diets were selected and placed on
moistened filter paper in plastic Petri dishes (2 cm high, 9 cm diameter). The Petri dishes
were kept in a climate chamber at 27 £ 1 °C and 60 £ 5% relative humidity under an L14:
D10 h photoperiod. After hatching, 20 first-instar larvae were randomly selected from each
egg mass, and each larva was housed separately with food in a 200 mL plastic vials (4 cm
high, 10 cm diameter). Host leaves and the artificial diet were replaced every day until
pupation. The quantity of food provided depended on the freshness of leaves and diets
and larval age. The development, survival, fecundity, and longevity of S. litura fed each
diet were recorded. Individual larvae were examined daily for molting and survival, and
their instar stage was recorded. At adult emergence, 1-day-old females and males were
paired in a 2000 mL plastic container and supplied with 10% honey solution as food. We
collected egg masses laid by females every day until the females died. The number of eggs
and survival of each individual were checked and recorded daily.

2.3. Mate Choice

Moth development on different host plants can display near reproductive isolation [33].
We used different mating designs to determine mate choice among the tobacco (T), Chinese
cabbage (C), and artificial diet (A) populations of S. litura. No choice tests and choice
tests were conducted to determine the mate choice of S. litura females among the tobacco,
Chinese cabbage, and artificial diet populations.

2.3.1. Non-Choice Tests

A single virgin 1-day-old female and male were randomly paired by placing them
together in a 2000 mL plastic cup (13 cm high, 17 cm diameter); they were provided with
10% honey solution. The following combinations were established: both males and females
reared on tobacco (T?x Td"), both fed Chinese cabbage (C¢x C¢"), and both fed artificial
diet (A2 x Ad"). Each pair was observed every 10 min during the scotophase (from 6:00 p.m.
to 8:00 a.m.) using a 7 W red lamp; we recorded copulation events, mating duration, and
mating times. After they mated, we collected egg masses laid by females every day, and
recorded fecundity and longevity. Each treatment had 30 replicates.

2.3.2. Choice Tests

A virgin female from each diet group was paired with three unmated males (from
each diet group) in a 2000 mL plastic cup (13 cm high, 17 cm diameter) and provided a
10% honey solution. Hence, the experimental groups were T¢ x (To'+ Co'+ Ad’), Cex (To'+
Cd+ Ad), and Aex (Td'+ Co'+ Ad'). Males from each experimental group were marked
on the back of the pronotum using different acrylic paint colors. The different experimental
groups, within which copulation took place, were observed and recorded every 10 min. The
first pair to mate was observed and recorded in each trial. Each treatment had 20 replicates.

2.4. Statistical Analyses
2.4.1. Life Table Analyses

Raw life history data were analyzed using an age-stage, two-sex life table [30,34]
with the computer program TWOSEX-MSChart [35]. Paired bootstrap tests were used to
compare differences in survival rate, longevity, and fecundity of S. litura. The population
parameters assessed included the intrinsic rate of increase (r), the finite rate of increase (A),
the net reproductive rate (Ry), the mean generation time (T, age-stage specific survival
rates (s,j, where x is age and j is stage), age-specific survival rate (I), age-specific fecundity
(my), age-stage specific fecundity (fy), adult pre-oviposition period (APOP), total pre-
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oviposition period (TPOP), age-specific maternity (Iyy), age-stage specific life expectancy
(eyj), and reproductive value (vy;). The variances and standard errors of the population
parameters were calculated using the program TWOSEX-MSChart with 100,000 random
resamplings [35]. All graphs were plotted using Sigmaplot 14.0 (Systat Software Inc., San
Jose, CA, USA).

2.4.2. Population Projections

The data from the age-stage two-sex life table were used to simulate population
growth using the program TIMING-MSChart [36]. An initial population of 10 eggs was
used for each diet group.

2.4.3. Mate Choice

All mate-choice analyses were performed in SPSS 21 (SPSS Inc., Chicago, IL, USA).
The normality of the variance was tested using a normal distribution test, indicating that
the date followed a normal distribution. One-way analysis of variance (ANOVA) and the
Tukey post hoc tests were used to evaluate differences in mating times, fecundity, longevity
of females, and males in the non-choice and choice test. Statistical significance is interpreted
when the p value <0.05.

3. Results
3.1. Developmental Period

All diet groups were able to complete growth and development and produce offspring,
but developmental time, longevity, and fecundity significantly differed by group (Table 1).
The longest developmental times (females 39.78 d, males 39.87 d) were recorded for larvae
fed tobacco, and the shortest (females 30.19 d, males 33.19 d) were for those reared on
the artificial diet. There were obvious differences in egg, larval, pre-pupa, pupa, female,
and male adult longevity when S. litura was fed on different diets. The mean fecundity of
females fed the artificial diet was 1266 eggs, which was significantly higher than that of
those fed Chinese cabbage (826). The survival rates from egg to adult females and to adult
males were 32 and 30% for tobacco, 32 and 37% for Chinese cabbage, and 31 and 31% for
artificial diet, with a sex ratio of 1.06:1, 0.86:1, and 1:1 for tobacco, Chinese cabbage, and
artificial diet, respectively.

3.2. Age-Specific Survivorship, Life Expectancy, and Fecundity

The age-stage specific survival rate (s;j) estimates the probability that an egg will
survive to age x and stage j (Figure 1), and the age-specific survival rate (Iy) is a simplified
view of the survival rate of a whole cohort (Figure 2). In the present study, the survival
rate was 67% for Chinese cabbage, 62% for tobacco, and 62% for the artificial diet; these
groups showed decreased survival rates beginning at days 15, 13, and 16, respectively
(and rapidly declining survivorship beginning at days 31, 36, and 31, respectively). The
age-stage fecundity (f;), age-specific fecundity (my), and age-specific net maternity (/xmy)
are shown in Figure 2. The values differed remarkably by diet. For example, adults fed
tobacco, Chinese cabbage, or the artificial diet started reproducing at age 27 d, 24 d, and
22 d, respectively. The first peak of m, occurred on day 32 with 72.93 offspring in the
tobacco group, day 28 with 107.09 offspring in the Chinese cabbage group, and day 25 with
152.16 offspring in the artificial diet group.



Insects 2021, 12, 203

50f15

Table 1. Mean duration of life stages and fecundity of Spodoptera litura fed different diets.

Stage/Parameter n Tobacco n Cabbage n Artificial Diet
Female
Egg 32 253+0.11a 32 1.78 £0.07 ¢ 31 2.03 +0.03b
L1 32 288+ 0.16a 32 234 +£0.09b 31 2.06 £0.04c
L2 32 256 +0.16 b 32 3.06 +£0.12a 31 194 £0.18¢
L3 32 256 +0.18 a 32 1.75£0.11b 31 242 +0.16a
L4 32 378+ 0.28 a 32 128 £0.09 ¢ 31 1.65+0.12b
L5 32 2.81+0.23a 32 216 +0.19b 31 287 +0.12a
L6 32 45+019a 32 319+ 0.16Db 31 2.03+0.17c
Prepupa 32 128 £0.09a 32 1.06 = 0.04b 31 1.23 +0.23 ab
Pupa 32 8.28 £ 0.24 ab 32 859+ 0.11a 31 813+ 0.14Db
Preadult 32 3128 £ 0.72a 32 2522 +0.19b 31 2435+041Db
Female adult longevity (d) 32 8.59 £ 0.42 ab 32 6.69 £ 0.27 b 31 819 £0.27a
APOP (d) 31 0.94 + 0.06 a 31 09 +0.05a 31 0.87 £ 0.06 a
TPOP (d) 31 3194+ 0.72a 31 26.16 = 0.21b 31 2523 +042c¢
Female total longevity (d) 32 39.78 £0.73 a 32 3191 +0.39b 31 30.19 £ 0.62 ¢
Oviposition days 32 245+ 0.13a 31 2.06 +£0.13b 31 258 +0.11a
Fecundity (eggs/female) 32 1058.69 £ 76.05 a 32 82622 £72.72b 31 1265.68 £ 75.99 a
Male
Egg 30 245+ 0.13a 37 1.76 £ 0.07 ¢ 31 21+0.05b
L1 30 3£017a 37 2.46 +0.08 b 31 21+0.05c
L2 30 23+0.18b 37 284+0.11a 31 152 +0.17 ¢
L3 30 25+0.13a 37 192 £0.12b 31 277 +0.17 a
L4 30 3.63+0.13a 37 127 £ 0.07 ¢ 31 1.87+£0.14b
L5 30 24+0.18b 37 216 +0.18b 31 294+0.15a
L6 30 41+1.06a 37 2.81+0.13Db 31 19 +0.12¢
Prepupa 30 1.27 +£ 0.1 ab 37 141 +0.08a 31 1.1+0.05b
Pupa 30 9.8+ 0.14a 37 941+0.1b 31 871+ 0.19c¢
Preadult 30 30.83+041a 37 26.03 £ 0.19b 30 25+029¢
Male adult longevity (d) 30 8.83 £ 0.53 a 37 6.92 +0.18b 30 8.19 +£0.27 a
Male total longevity (d) 30 39.87 £0.6a 37 3246 £0.24Db 30 33.19 £ 0.38b

Values are means + SE. Different letters within a row indicate significant differences among treatments (p < 0.05). APOP: female
pre-ovipositional period; TPOP: the total pre-ovipositional period. Standard errors were estimated by using 100,000 bootstrap resampling.

The life expectancies of eggs, larvae, pupae, and adult stages were mostly higher in
the tobacco group than in the other groups (Figure 3). Reproductive value (v,;) was used to
assess the contribution of an individual of age x and stage j to the future population. Diet
had a significant effect on oviposition period and fecundity (Table 1; Figure 4), with the
highest v,; value (1013) at age 27 days in the tobacco group and the lowest value at age
25 days (666) in the cabbage group.

3.3. Life Table Parameters

Regarding population parameters, the intrinsic rate of increase (r) and the finite rate
of increase (A) were all significantly higher in the artificial group (Table 2), and the mean
generation time (T) was obviously shorter.

Table 2. Population parameters of Spodoptera litura fed different diets.

Parameter Tobacco Cabbage Artificial Diet

R@™h 0.18 £ 0.006 c 0.20 = 0.006 b 0.22 + 0.007 a

Ad™h 1.19 £ 0.007 ¢ 1.22 + 0.008 b 1.24 £ 0.008 a
Ry (offspring per individual) 338.78 £55.10 a 264.39 +44.35a 392.36 £ 62.74a
T 3287 £048a 27.83 £0.23b 26.88 £0.32¢

Values are means + SE. Means followed by different letters in same row are significantly different. (p < 0.05).
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Figure 1. Age-stage specific survival rate (s;) of Spodoptera litura reared on different diets.
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Figure 2. Age-specific survival rate (ly), female age-specific (f,;), age-specific fecundity of the total
population (1), and age-specific maternity (Iymy) of Spodoptera litura reared on different diets.
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3.4. Population Projections

Figure 5 plots the simulated population growth of each diet group and by each
developmental stage (and for each group overall). The estimates were generally lower for

the tobacco group than the other tw

0 groups.
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Figure 5. Population projections of Spodoptera litura in different stages fed (A) Chinese cabbage; (B) tobacco; (C) artificial
diet; (D) represents the mean for the overall population of each diet group.

3.5. Mate Choice

In non-choice tests, copulation events, copulation durations, and numbers of eggs
significantly differed by group (Figure 6). The tobacco group showed the highest number
of copulation events, with a higher probability of multiple matings, whereas the cabbage
group had the highest copulation durations. However, the number of eggs was greatest

(1368) in the artificial diet group.

Table 3 shows the results of the choice tests. We found that females significantly
preferred males reared on the same diet they had consumed during development, especially
in the artificial diet group in which 90% of females made that choice.

Table 3. Mate choices of females by diet.

1
Gender Diet Male
Cabbage Tobacco Artificial Diet
Cabbage 0.60 £ 011a 0.30 £0.11 ab 0.10 £ 0.07 b
Female Tobacco 0.20 £ 0.09 b 055+ 0.11a 0.25 £ 0.10 ab
Artificial Diet 0.60 £011a 0.30 £0.11 ab 0.10 £ 0.07b

Values are means + SE. Means followed by different letters in same row are significantly different. (p < 0.05).
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Figure 6. Copulation duration (A); copulation times (B); the number of eggs (C); and (D) longevity of Spodoptera litura

in non-choice tests. Values are the mean =+ SE (n = 30), with different lowercase letters indicating significant differences
(p < 0.05, Tukey’s HSD multiple range test).

4. Discussion

The development and mating behavior of phytophagous insects is often linked to
host plants in a variety of ways [37]. Host plant quality is a key factor in the survival
and fecundity of insects [5,38]. The nutritional value and food quality of host plants or
artificial diets are critical for the fitness of most insects [7]. In this study, we found that S.
litura developed more quickly on the artificial diet than on tobacco or cabbage and also
showed significantly higher fecundity. However, females fed artificial diets rarely mated
with males fed natural diets (tobacco and Chinese cabbage).

Insect development is strongly influenced by diet [4,22,39], and the consumption of
different plant species can cause differences in life history traits and survival [6,40-42].
Compared to larvae reared on natural hosts such as Chinese cabbage and tobacco, those
reared on artificial diets tend to have shorter developmental times. The results of this study
are consistent with previous study [9,10,24,43]. For instance, in Su et al. [44], Neoseiulus
bicaudus (Wainstein) mites reared on an artificial diet developed more slowly than those
reared on a natural diet of Tyrophagus putrescentiae (Schrank). Prolonged development
time is associated with a lack of basic nutrients [45]. In most Lepidoptera species, this can
also lead to a delay in the developmental period [39]. Artificial diets contain a variety of
nutrients and micronutrients, including proteins, lipids, phosphorus, and other minerals,
which play an important role in insect development [10,46—49]. Protein restriction in
particular may adversely affect developmental time [50,51]. In general, artificial diets are
more suitable for the development of Lepidoptera species than a single natural host [10,43].
Therefore, the mass rearing of insects generally involves an artificial diet [24,26,27].

Different nutrients may influence insect fecundity differently [52,53]. In our study,
the artificial diet significantly enhanced the fecundity of S. litura. However, the longevity
of female larvae fed an artificial diet is obviously decreased. Similarly, Spodoptera eridania
(Stoll) [10] and Bradysia odoriphaga Yang and Zhang [43] show higher fecundity but lower
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longevity when reared on an artificial diet versus host plants. Hence, there seems to be
a trade-off between fecundity and longevity in female adults [50]. This may be due to
limited internal resources, in that an individual cannot invest in both development and
reproduction at the same time [54,55]. In addition, we found that the fecundity of S. litura
was significantly higher when reared on tobacco than when fed Chinese cabbage. Xue
et al. [21] found a similar result, where S. litura oviposited more eggs on tobacco than
those reared on cabbage. Wu et al. [56] reported that S. litura fed on tobacco have multiple
matings compared to those fed on cabbage, and that this further enhances the number of
eggs produced. Spodoptera litura fecundity is affected by several factors [22,25,57], among
which the species and quality of the diet is an important one.

Host plant preferences during the larval stages of insects can lead to both phenotypic
plasticity and behavioral isolation [3,58]. Our results indicate that the mating parameters
of S. litura significantly differed by diet. Those which consumed tobacco mated on average
2.46 times, so they were more likely to have multiple matings, which is in line with Wu
et al. [56]. Sitophilus oryzae (L.) feed on different hosts, and this leads to different mating
durations, being significantly longer when reared on wheat than on barley [59]. We
evaluated mate choices by females fed different diets, as mate discrimination plays a major
role in sexual isolation [31]. We found that females preferred to mate with males fed the
same diet they had consumed as larvae. Similar results have been found in mustard leaf
beetles [14]. Our results indicate that mate choice in S. litura is a population characteristic
that is dependent on diet. This might be attributable to different diets causing differences
in activity rhythms. The sexual activities of many moth species show specific rhythms [60].
Indeed, this has been observed in S. litura, and in a previous study [56], its first mating
peak occurred 2 h after dark in a tobacco group but 5 h after dark in a cabbage group.
Such diet-induced differences in mating peak may affect mating choice. Moreover, diet
affects courtship behavior by influencing the composition of epicuticular hydrocarbons [58].
Furthermore, artificial diets are rich in protein, and dietary protein strongly increases the
expression of male morphological traits, which are direct targets of mating selection [50].
We suspect that this is the main reason why females fed artificial diet rarely mated with
males fed tobacco and cabbage in our study.

The results for S. litura feeding on the artificial diet may not reflect the occurrence
rule of insects in the field. Host plants directly affect the fitness of insects [4,57], and
the fitness of a pest population reflects its potential to damage host plants [22]. Overall,
our study suggests that different diets lead to significant differences in the development,
fecundity, survival, and mating choices of S. litura. Populations fed an artificial diet have
a short developmental time and oviposit many eggs—two characteristics that are hugely
beneficial to the mass rearing of S. lifura. However, we also found that females very
strongly preferred to mate with males fed the same diet. Specifically, 90% of females fed the
artificial diet mated only with males fed that diet. Hence, diet can also lead to premating to
isolation in S. litura, and artificially raised moths will have different behavioral parameters
than moths raised under field conditions. Nonetheless, an increasing number of research
groups are mass rearing larvae on artificial diets and conducting experiments on the
resulting populations [23,26,27]. Therefore, we should consider whether the parameters
for populations fed an artificial diet reflects population dynamics in the field.

5. Conclusions

This research indicates that the life parameters and assortative mating of S. litura differ
depending on its diet. Our results may provide a theoretical basis for the mass rearing of
test insects. In addition, our study helps clarify assortative mating in this species. More
attention should be paid to studying the differentiation of adaptive coordination and diet
impact on the mating signals of S. litura. Further clarification is needed regarding the effect
of diet on phenotypic plasticity and its role in assortative mating. When experimental
insects are fed an artificial diet, researchers should bear in mind that their results may not
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reflect the equivalent outcomes they would observe when the insect diet is the host plants
in the field.

Author Contributions: Conceptualization and methodology, X.-Y.D.; software, B.Y.; validation,
J.-FL. and M.-EY,; formal analysis, X.-Y.D. and C.-X.W.; investigation, X.-EY.; resources, X.-Y.D.;
data curation, X.-Y.D.; writing—original draft preparation, X.-Y.D.; writing—review and editing,
X.-Y.D, BY., C-XW., X.-EY,, ].-EL. and M.-FY,; visualization, J.-F.L.; supervision, M.-EY.; project
administration, M.-EY.; funding acquisition, M.-EY. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by the National Natural Science Foundation of China (31960540),
the Tobacco Company Key Project Foundation, Guizhou Province, China (201752010040001), the Gradu-
ate Innovation Fund, Guizhou Province, China (YJSCXJH2018033), and the Natural Science Special
Project of in Guizhou University (Special post, [2020]-02).

Institutional Review Board Statement: Not applicable.
Data Availability Statement: Date available on request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Bernays, E.A.; Chapman, R.F. Host-Plant Selection by Phytophagous Insects; Chapman and Hall: New York, NY, USA, 1994; p. 312.

2. Gripenberg, S.; Mayhew, PJ.; Parnell, M.; Roslin, T. A meta-analysis of preference-performance relationships in phytophagous
insects. Ecol. Lett. 2010, 13, 383-393. [CrossRef]

3. Quan, W.L,; Liu, W,; Zhou, R.Q.; Qureshi, S.R; Ding, N.; Ma, W.H.; Lei, C.L.; Wang, X.P. Do different in life-history traits and the
timing of peak mating activity between host-associated populations of Chilo supressalis have a genetic basis? Ecol. Evol. 2016, 6,
4478-4487. [CrossRef]

4. Hosseini, A.; Hosseini, M.; Michaud, ].P.; Awal, M.M.; Ghadamyari, M. Life history responses of Hippodamia variegata (Coleoptera:
Coccinellidae) to changes in the nutritional content of its prey, Aphis gossypii (Hemiptera: Aphididae), mediated by nitrogen
fertilization. Biol. Control 2019, 130, 27-33. [CrossRef]

5. Awmack, C.S.; Leather, S.R. Host plant quality and fecundity in herbivorous insects. Annu. Rev. Entomol. 2002, 47, 817-844.
[CrossRef] [PubMed]

6.  Ojala, K,; Julkunen-Tiitto, R.; Lindstrom, L.; Mappes, ]. Diet affects the immune defence and life-history traits of an Arctiid moth
Parasemia plantaginis. Evol. Ecol. Res. 2005, 7, 1153-1170.

7. Atrchian, H.; Mahdian, K.; Shahidi, S. Effect of different natural and factitious diets on development and life history parameters
of Chilocorus bipustulatus. Biocontrol 2016, 61, 1-13. [CrossRef]

8. Razmjou, J.; Naseri, B.; Hemati, H.A. Comparative performance of the cotton bollworm, Helicoverpa armigera (Hiibner) (Lepi-
doptera: Noctuidae) on various host plants. J. Pest Sci. 2014, 87, 19-37. [CrossRef]

9. Shen, T.C.; Tseng, C.M.; Guan, L.C.; Hwang, S.Y. Performance of Lymantria xylina(Lepidoptera: Lymantriidae) on artificial and
host plant diets. J. Econ. Entomol. 2006, 99, 714-721. [CrossRef]

10. Silva, A.; Baronio, A.; Galzer, E.C.W.; Garcia, M.S.; Botton, M. Development and reproduction of Spodoptera eridania on natural
hosts and artificial diet. Braz. . Biol. 2019, 79, 80-86. [CrossRef]

11. Saha, A K,; Khan, M.; Nahar, G.; Yesmin, F. Impact of natural hosts and artificial adult diets on some quality parameters of the
melon fly, Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae). Pak. J. Biol. Sci. 2007, 10, 178-181. [CrossRef]

12.  Agnew, K; Singer, M.C. Does fecundity drive the evolution of insect diet? Oikos 2000, 88, 533-538. [CrossRef]

13.  Quan, W.L.; Liu, W.,; Zhou, R.Q.; Chen, R.; Ma, WH.; Lei, C.L. Difference in diel mating time contributes to assortative mating
between host plant-associated populations of Chilo suppressalis. Sci. Rep. 2017, 7, 45265. [CrossRef]

14. Geiselhardt, S.; Otte, T.; Hilker, M. Looking for a similar partner: Host plants shape mating preferences of herbivorous insects by
altering their contact pheromones. Ecol. Lett. 2012, 15, 971-977. [CrossRef]

15.  Ohshima, I. Host-associated pre-mating reproductive isolation between host races of Acrocercops transecta: Mating site preferences
and effect of host presence on mating. Ecol. Entomol. 2010, 35, 253-257. [CrossRef]

16. Tregenza, T.; Pritchard, V.L.; Butlin, R. The origins of premating reproductive isolation: Testing hypotheses in the grasshopper
Chorthippus parallelus. Popul. Ecol. 2002, 44, 137-144. [CrossRef]

17.  Ueno, H.; Furukawa, S.; Tsuchida, K. Difference in the time of mating activity between host-associated populations of the rice
stem borer, Chilo suppressalis (Walker). Entomol. Sci. 2006, 9, 255-259. [CrossRef]

18. Zhu, G.D.; Luo, Y;; Xue, M.; Zhao, H.P; Sun, X.; Wang, X.H. Effects of feeding on different host plants and diets on Bradysia
Odoriphaga population parameters and tolerance to heat and insecticides. J. Entomol. 2017, 110, 2371-2380. [CrossRef] [PubMed]

19. Garad, G.P; Shivpuje, PR.; Bilapate, G.G. Life fecundity tables of Spodoptera litura (Fabricius) on different hosts. Proc. Anim. Sci.

1984, 93, 29-33. [CrossRef]


http://doi.org/10.1111/j.1461-0248.2009.01433.x
http://doi.org/10.1002/ece3.2227
http://doi.org/10.1016/j.biocontrol.2018.12.007
http://doi.org/10.1146/annurev.ento.47.091201.145300
http://www.ncbi.nlm.nih.gov/pubmed/11729092
http://doi.org/10.1007/s10526-016-9754-z
http://doi.org/10.1007/s10340-013-0515-9
http://doi.org/10.1093/jee/99.3.714
http://doi.org/10.1590/1519-6984.177219
http://doi.org/10.3923/pjbs.2007.178.181
http://doi.org/10.1034/j.1600-0706.2000.880309.x
http://doi.org/10.1038/srep45265
http://doi.org/10.1111/j.1461-0248.2012.01816.x
http://doi.org/10.1111/j.1365-2311.2009.01161.x
http://doi.org/10.1007/s101440200017
http://doi.org/10.1111/j.1479-8298.2006.00171.x
http://doi.org/10.1093/jee/tox242
http://www.ncbi.nlm.nih.gov/pubmed/29045637
http://doi.org/10.1007/BF03186223

Insects 2021, 12, 203 14 of 15

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Qin, H.G; Ye, Z.X.; Huang, S.J.; Ding, J.; Luo, R.H. The correlations of the different host plants with preference level, life duration
and survival rate of Spodoptera litura Fabricius. Chin. ]. Eco-Agric. 2004, 12, 1-3.

Xue, M,; Pang, Y.H.; Wang, H.T; Li, Q.L.; Liu, T.X. Effects of four host plants on biology and food utilization of the cutworm,
Spodoptera litura. J. Insect Sci. 2010, 10, 1-14. [CrossRef]

Tuan, S.J.; Yeh, C.C.; Atlihan, R.; Chi, H.; Tang, L.C. Demography and consumption of Spodoptera litura (Lepidoptera: Noctuidae)
reared on cabbage and taro. J. Econ. Entomol. 2016, 2, 732-739. [CrossRef] [PubMed]

Abdullah, M.D.; Sarnthoy, O.; Chaeychomsri, S. Comparative study of artificial diet and soybean leaves on growth, development
and fecundity of beet armyworm, Spodoptera exigua (Hubner) (Lepidoptera: Noctuidae). Kasetsart J. Nat. Sci. 2000, 34, 339-344.
Marchioro, C.; Foerster, L. Performance of the wheat armyworm, Pseudaletia sequax Franclemont, on natural and artificial diets.
Neotrop. Entomol. 2012, 41, 288-295. [CrossRef]

Tuan, S.J.; Lee, C.C.; Chi, H. Population and damage projection of Spodoptera litura (F.) on peanuts (Arachis hypogaea L.) under
different conditions using the age-stage, two-sex life table. Pest Manag. Sci. 2014, 70, 805-813. [CrossRef]

Hao, Q.; Huang, Q.; Liang, W.B.; Gong, C.W.; Wang, X.G. Age-stage two-sex life tables of Spodoptera litura (Lepidopterab
Noctuidaeo) at different temperatures. Acta Entomol. Sin. 2016, 59, 654—662.

Huang, Q.; Wang, X.; Yao, X.; Gong, C.W.; Shen, L.T. Effects of bistrifluron resistance on the biological traits of Spodoptera litura
(Fab.) (Noctuidae: Lepidoptera). Ecotoxicology 2019, 28, 323-332. [CrossRef] [PubMed]

Qin, ].Y,; Liu, Y.Q.; Zhang, L.; Cheng, Y.X.; Luo, L.Z,; Jiang, X.F. Effect of temperatures on the development and reproduction of
the armyworm, Mythimua roseilinea: Analysis using an age-stage, two-sex life table. . Integr. Agr. 2018, 17, 1506-1515. [CrossRef]
Chi, H.; You, M.; Atlihan, R.; Smith, C.L.; Kavousi, A.; C)Zgbkce, M.S.; Giincan, A.; Tuan, S.J.; Fu, JW.; Xu, Y.Y,; et al. Age-Stage,
two-sex life table: An introduction to theory, data analysis, and application. Entomol. Gen. 2020, 40, 103-124. [CrossRef]

Chi, H.; Liu, H. Two new methods for the study of insect population ecology. Bull. Inst. Zool. Acad. Sin. 1985, 24, 225-240.
Coyne, J.A; Elwyn, S.; Rolan-Alvarez, E. Impact of experimental design on Drosophila sexual isolation studies: Direct effects and
comparison to field hybridization data. Evolution 2005, 59, 588-2601. [CrossRef]

Chen, Q.J; Li, G.H.; Pang, Y. A simple artificial diet for mass rearing of some noctuid species. Entomol. Knowl. 2000, 37, 325-327.
Malausa, T.; Bethenod, M.T.; Bontemps, A.; Bourguet, D.; Cornuet, ] M.; Ponsard, S. Assortative mating in sympatric host races of
the European corn borer. Science 2005, 308, 258-260. [CrossRef] [PubMed]

Chi, H. Life-table analysis incorporating both sex and variable development rate among individuals. Environ. Entomol. 1988, 17,
26-31. [CrossRef]

Chi, H. TWOSEX-MSChart: A Computer Program for the Age-Stage, Two-Sex Life Table Analysis. 2020a. Available online:
http://140.120.197.173 /ecology / Download / TWOSEX--MSChart.rar (accessed on 20 August 2020).

Chi, H. TIMING-MSChart: A Computer Program for the Population Projection Based on Age-Stage, Two-Sex Life Table. 2020b.
Available online: http://140.120.197.173 /ecology /Download / TIMING--MSChart.rar (accessed on 20 August 2020).

Landolt, PJ.; Phillips, T.W. Host plant influences on sex pheromone behavior of phytophagous insects. Annu. Rev. Entomol. 1997,
42,371-391. [CrossRef]

Liu, Z.D.; Li, D.M.; Gong, P.Y.; Wu, K.]. Life table studies of the cotton Bollworm, Helicoverpa armigera (Hiibner) (Lepidoptera:
Noctuidae), on different host plants. Environ. Entomol. 2004, 33, 1570-1576. [CrossRef]

Silva, I.LED.; Baldin, E.L.L.; Specht, A.; Roque-Specht, V.E; Morando, R.; Malaquias, J.V.; Paula-Moraes, S.V. Role of nutritional
composition in the development and survival of Helicoverpa armigera (Hiibner) (Lepidoptera: Noctuidae) on artificial diet and
natural hosts. B. Entomol. Res. 2020, 1-13. [CrossRef]

Hasan, F.; Ansari, M. Population growth of Pieris brassicae (L.) (Lepidoptera: Pieridae) on different cole crops under laboratory
conditions. J. Pest Sci. 2011, 84, 179-186. [CrossRef]

Hong, F.; Han, H.L.; Pu, P.; Wei, D.; Wang, J.; Liu, Y.H. Effects of five host plant species on the life history and population growth
parameters of Myzus persicae (Hemiptera: Aphididae). J. Insect Sci. 2019, 19, 1-8. [CrossRef]

Guo, J.F; Zhang, M.D.; Gao, Z.P.; Wang, D.J.; He, K.L.; Wang, Z.Y. Comparsion of larval performance and oviposition preference
of Spodoptera frugiperda among three host plants: Potential risks to potato and tobacco crops. Insect Sci. 2020. [CrossRef]

Zhang, P,; Liu, E; Mu, W.; Wang, Q.H. Comparison of Bradysia odoriphaga Yang and Zhang reared on artificial diet and different
host plants based on an age-stage, two-sex life table. Phytoparasitica 2014, 43, 107-120. [CrossRef]

Su, J.; Dong, E; Liu, SM.; Lu, Y.H.; Zhang, ].P. Productivity of Neoseiulus bicaudus (Acari: Phytoseiidae) Reared on Natural Prey,
Alternative Prey, and Artificial Diet. J. Econ. Entomol. 2019, 112, 2604-2613. [CrossRef] [PubMed]

Hemati, S.A.; Naseri, B.; Nouri-Ghanbalani, G.; Rafiee-Dastjerdi, H.; Golizadeh, A. Effect of different host plants on nutritional
indices of the pod borer, Helicoverpa armigera. J. Insect Sci. 2012, 12, 1-15. [CrossRef]

Visanuvimol, L.; Bertram, S.M. How dietary phosphorus availability during development influences condition and life history
traits of the cricket, Acheta domesticas. J. Insect Sci. 2011, 11, 1-17. [CrossRef] [PubMed]

Chen, H.; Chaudhury, M.E; Sagel, A.; Phillips, PL.; Skoda, S.R. Artificial diets used in mass production of the New World
screwworm, Cochliomyia hominivorax. J. Appl. Entomol. 2014, 138, 708-714. [CrossRef]

Runagall-McNaull, A.; Bonduriansky, R.; Crean, A.]. Dietary protein and lifespan across the metamorphic boundary: Protein-
restricted larvae develop into short-lived adults. Sci. Rep. 2015, 5, 11783. [CrossRef]

Cambron, L.D.; Thapa, G.; Greenlee, K.J. Effects of high-fat diet on feeding and performance in the tobacco hornworm, Manduca
sexta. Comp. Biochem. Phys. A 2019, 236, 110526. [CrossRef]


http://doi.org/10.1673/031.010.2201
http://doi.org/10.1093/jee/tov325
http://www.ncbi.nlm.nih.gov/pubmed/26578628
http://doi.org/10.1007/s13744-012-0046-8
http://doi.org/10.1002/ps.3618
http://doi.org/10.1007/s10646-019-02024-2
http://www.ncbi.nlm.nih.gov/pubmed/30758728
http://doi.org/10.1016/S2095-3119(17)61856-2
http://doi.org/10.1127/entomologia/2020/0936
http://doi.org/10.1111/j.0014-3820.2005.tb00971.x
http://doi.org/10.1126/science.1107577
http://www.ncbi.nlm.nih.gov/pubmed/15821092
http://doi.org/10.1093/ee/17.1.26
http://140.120.197.173/ecology/Download/TWOSEX--MSChart.rar
http://140.120.197.173/ecology/Download/TIMING--MSChart.rar
http://doi.org/10.1146/annurev.ento.42.1.371
http://doi.org/10.1603/0046-225X-33.6.1570
http://doi.org/10.1017/S0007485320000449
http://doi.org/10.1007/s10340-010-0339-9
http://doi.org/10.1093/jisesa/iez094
http://doi.org/10.1111/1744-7917.12830
http://doi.org/10.1007/s12600-014-0420-7
http://doi.org/10.1093/jee/toz202
http://www.ncbi.nlm.nih.gov/pubmed/31314896
http://doi.org/10.1673/031.012.5501
http://doi.org/10.1673/031.011.6301
http://www.ncbi.nlm.nih.gov/pubmed/21864157
http://doi.org/10.1111/jen.12112
http://doi.org/10.1038/srep11783
http://doi.org/10.1016/j.cbpa.2019.110526

Insects 2021, 12, 203 15 of 15

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

Sentinella, A.T.; Crean, A ].; Bonduriansky, R. Dietary protein mediates a trade-off between larval survival and the development
of male secondary sexual traits. Funct. Ecol. 2013, 27, 1134-1144. [CrossRef]

Khanamani, M.; Fathipour, Y.; Talebi, A.A.; Mehrabadi, M. Linking pollen quality and performance of Neoseiulus californicus
(Acari: Phytoseiidae) in two-spotted spider mite management programmes. Pest Manag. Sci. 2017, 73, 452—-461. [CrossRef]
O’Brien, D.M.; Fogel, M.L.; Boggs, C.L. Renewable and nonrenewable resources: Amino acid turnover and allocation to
reproduction in Lepidoptera. Proc. Natl. Acad. Sci. USA 2002, 99, 4413-4418. [CrossRef] [PubMed]

Wu, X.H.; Zhou, X.R.; Pang, B.P. Influence of five host plants of Aphis gossypii Glover on some population parameters of Hippodamis
variegata (Goeze). J. Pest Sci. 2010, 83, 77-83. [CrossRef]

Harshman, L.G.; Zera, A.]. The cost of reproduction: The devil in the details. Trends Ecol. Evol. 2007, 22, 80-86. [CrossRef]
Séguret, A.; Bernadou, A.; Paxton, R.J. Facultative social insects can provide insights into the reversal of the longevity /fecundity
trade-off across the eusocial insects. Curr. Opin. Insect Sci. 2016, 16, 95-103. [CrossRef]

Wu, C.X,; Yang, M.E; Zeng, Z.H.; Yao, M.M,; Liao, Q.R. Diurnal rhythm of adult reproductive behavior of Spodoptera litura
(Fabricius) (Lepidoptera: Noctuidae) feeding on different hosts. J. Plant Protec. 2015, 42, 210-216.

Sun, Z.H.; Song, Y.Q.; Zhao, J.Y. Reproductive performance of Aleurocybotus indicus (Hemiptera: Aleyrodidae) fed on different
cultivars of rice plants. Phytoparasitica 2020, 48, 167-174. [CrossRef]

Etges, W.J.; De Oliveira, C.C. Premating isolation is determined by larval rearing substrates in cactophilic Drosophila mojavensis.
X. Age-specific dynamics of adult epicuticular hydrocarbon expression in response to different host plants. Ecol. Evol. 2014, 4,
2033-2045. [CrossRef]

Athanassiou, C.; Kavallieratos, N.G.; Benelli, G.; Guedes, R.N.C. Male multiple matings and reproductive success in commodity-
adapted strains of Sitophilus oryzae. ]. Pest Sci. 2018, 91, 1073-1080. [CrossRef]

Groot, A.T. Circadian rhythms of sexual activities in moth: A review. Front. Ecol. Evol. 2014, 2, 43. [CrossRef]


http://doi.org/10.1111/1365-2435.12104
http://doi.org/10.1002/ps.4305
http://doi.org/10.1073/pnas.072346699
http://www.ncbi.nlm.nih.gov/pubmed/11930002
http://doi.org/10.1007/s10340-009-0272-y
http://doi.org/10.1016/j.tree.2006.10.008
http://doi.org/10.1016/j.cois.2016.06.001
http://doi.org/10.1007/s12600-020-00799-3
http://doi.org/10.1002/ece3.1088
http://doi.org/10.1007/s10340-018-0977-x
http://doi.org/10.3389/fevo.2014.00043

	Introduction 
	Materials and Methods 
	Insect Collection and Rearing 
	Life Table Study 
	Mate Choice 
	Non-Choice Tests 
	Choice Tests 

	Statistical Analyses 
	Life Table Analyses 
	Population Projections 
	Mate Choice 


	Results 
	Developmental Period 
	Age-Specific Survivorship, Life Expectancy, and Fecundity 
	Life Table Parameters 
	Population Projections 
	Mate Choice 

	Discussion 
	Conclusions 
	References

