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Simple Summary: Populations of the large fruit-tree tortrix Archips podana consist of a mixture of
four morphs that differ in male genitalia traits, ecology and sexual behaviour. Here, I tested whether
these morphs differently respond to pollution. I found that the within-population diversity of
A. podana around the industrial city of Lipetsk in central Russia correlated neither with the distance
to the nearest industrial polluter nor with the number of moths captured by pheromone traps. Thus,
the four phenotypes of A. podana similarly respond to pollution.

Abstract: Morphological polymorphism offers rich opportunities for studying the eco-evolutionary
mechanisms that drive the adaptations of local populations to heterogeneous and changing environ-
ments. In this study, I explore the association between pollution load, abundance of large fruit-tree
tortrix Archips podana and its within-species diversity (expressed in the presence of apical and/or
lateral prongs on the phallus in male genitalia) across 26 study sites located 0.5 to 31 km from
the industrial city of Lipetsk in central Russia. The Shannon diversity index, calculated from the
frequencies of four morphs, correlated neither with the distance to the nearest industrial polluter (a
proxy of pollution load) nor with the number of moths captured by pheromone traps (a measure
of population abundance). The statistical power of the correlation analysis was sufficient (67%) to
detect a medium effect (i.e., Pearson correlation coefficient with an absolute value of 0.40), if it existed.
I conclude that the four phenotypes of A. podana do not differ in tolerance to industrial pollution
and similarly respond to pollution-induced environmental disturbance. This is the first study of
industrial pollution impacts on within-species diversity of insects expressed in the discrete traits of
their male genitalia.

Keywords: male genitalia polymorphism; steel smelter; phenotypic diversity; pheromone trapping;
population abundance; sulphur dioxide

1. Introduction

Polymorphism, i.e., the co-existence of two or more clearly different morphs (alter-
native phenotypes) in the population of a species, offers rich opportunities for studying
the eco-evolutionary mechanisms driving the adaptations of local populations to hetero-
geneous and changing environments [1–3]. These opportunities are especially important
in the face of rapid environmental change, which is increasingly recognized as a crucial
evolutionary force [4,5].

The analysis of temporal changes in the diversity and abundance of different groups
of biota near industrial polluters suggests that evolutionary adaptation to the impact
of pollution is a general phenomenon [6]. Nevertheless, the rate of this adaptation is
currently insufficient to counterbalance the adverse effects of human-induced disturbance
on biodiversity, and the decrease in diversity is commonly seen as a general ecosystem
response to stress [7,8].

The published evidence on the decline in biodiversity with an increase in industrial
pollution is dominated by species-level studies [6,9,10]. These studies demonstrated that
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species differ in their ability to sustain a polluted environment, and that this ability can
be predicted from species’ life history traits [11]. Thus, some character states present in
the ancestral (pristine) environment (termed exaptations [12]) facilitate colonisation of and
survival in a novel (polluted) environment.

Previous studies addressing exaptations of certain phenotypes (morphs) of insects to
polluted environments have focused on industrial melanism, i.e., on an increased occur-
rence of melanic individuals in heavily polluted regions [13]. Melanic morphs, which were
described in several dozens of insect species well before the industrial revolution, appeared
better adapted to coal-polluted urban environments relative to typical (i.e., non-melanic)
morphs [14]. The best studied insects showing these exaptations are the peppered moth
Biston betularia [15,16] and the two-spot ladybird Adalia bipunctata [17].

Surprisingly, increased frequencies of melanic morphs have never, to my knowledge,
been observed in insect populations living close to large industrial polluters emitting huge
amounts of sulphur dioxide, fluorine and trace elements in ambient air, although these
emissions greatly affect the performance, abundance and diversity of many insects [6,18,19].
Three studies conducted in the impact zone of a copper–nickel smelter in Monchegorsk,
NW Russia, did not discover pollution-related changes in the occurrence of melanic morphs
of noctuid moths [20], leaf beetle Chrysomela lapponica [21] and brassy tortrix Eulia minis-
trana [22]. I am not aware of any study of the industrial pollution impacts on within-species
diversity in insects expressed in discrete traits of their genitalia.

At the same time, rapid genetic and/or biochemical adaptations to pollution were
reported in many insect species [23–25], suggesting that insect assemblages do respond
dynamically to major anthropogenic evolutionary challenges. This finding stresses the
urgent need to overcome a gap between studies exploring changes in the genetic structure
of insect populations exposed to environmental pollution and those exploring pollution
effects on insect morphological or functional traits. It seems apparent that meeting this goal
would be greatly facilitated by the discovery of a species whose alternative phenotypes
(morphs) differ in their tolerance to pollution.

The study described below was designed to check whether the large fruit-tree tortrix
Archips podana (Scopoli, 1763) could serve as a model polymorphic species for investigation
of pollution-driven microevolution in insect populations. In this study, I explore the
association between the distance from the nearest industrial polluter around the city of
Lipetsk in central Russia, abundance of A. podana and its phenotypic diversity. The four
morphs of A. podana differ in sexual behaviour [26] and host plant preference [27]. Industrial
pollution was reported to disrupt pheromone communication in insects [28], thus affecting
sexual selection [29], and change both the composition of plant communities [9,10] and host
plant quality for herbivores [18,30]. Therefore, there was a good reason to expect that these
morphs differently respond to industrial pollution, and therefore the intraspecific diversity
of A. podana—in parallel with the species-level diversity of moths and butterflies [11,20,31]—
declines with an increase in pollution load.

2. Materials and Methods
2.1. Study Species

Archips podana is a relatively large (wing span 18–26 mm) leafroller widely distributed
in Europe. Its larvae feed on a variety of deciduous trees and shrubs, including apple and
pear [32]. In the study region (central Russia), moths are on wing from early June to early
July and then from early August to mid-September. Females lay eggs in groups of 50–100
on the leaf surface. Larvae spin a fine web and feed on the underside of a leaf. Second and
third instars feed on the surface of a fruit, often webbing leaves to it. Larvae of the second
generation overwinter in the second instar and continue development in the following
spring. Pupation occurs in the larval shelter [33–35].

Archips podana is polymorphic in male genitalia traits which have long been considered
as diagnostic for Archips species [36]. This polymorphism was discovered in the 1980s [37]
and has been intensively studied since then as a morphological marker of many ecological
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and physiological traits of A. podana males [26,38–40]. The four morphs differ by the
presence or absence of a ventrally directed prong at the apex of the phallus and a laterally
directed prong on the left side of the phallus, ca. 0.7 of its length counting from the base
(Figure 1). These two characters are heritable [41], and males of all phenotypes may occur
in a progeny of the same parents (M. Kozlov, pers. obs.).
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Figure 1. Traits of phallus in male genitalia of Archips podana used to distinguish the four morphs.

2.2. Study Area

Lipetsk (52◦37′ N, 39◦36′ E) is a medium-sized industrial city located 450 km SE
of Moscow. In 1991, 92% of aerial emissions in Lipetsk emerged from the metallurgical
industry [42]. The main polluters were a steel factory, a metallurgical factory combined
with a tractor plant, and an agglomeration factory, which were established in 1902, 1935,
and 1944, respectively [43]. The primary pollutants emitted by the first two factories were
sulphur and nitrogen oxides, whereas the third factory emitted large amounts of dust. No
other strong emission sources existed within 50 km from Lipetsk during the study period.

In 1991, all industries located in Lipetsk jointly emitted 32,500 metric tons (t) of sulphur
dioxide, 23,300 t of nitrogen oxides and 41,000 t of dust in ambient air [42]. Emission of
trace elements had not been reported; nevertheless, the fine roots of the Scots pine (Pinus
sylvestris L.) near the steel factory contained 10 times more zinc and 25 times more cadmium
compared with a forest located 17 km away [44]. Despite the decline in emissions during
the past decades, the peak concentration of sulphur dioxide in the ambient air of Lipetsk in
2020 reached 1100 µg m−3 [45].

2.3. Sampling

Males of A. podana were collected using cardboard delta traps with a sticky insert from
26 sites (Table S1) located 0.5 to 31 km from the nearest of the three polluters specified above.
This design assured the coverage of the entire impact zone of these polluters, because sites
located 17–34 km from Lipetsk represent regional pollution background [46,47]. The traps
(five per site) were exposed within forest shelterbelts from 5 June to 12 July 1992. The
bait (a piece of rubber pipe) contained 1.0 mg of (E)-11-tetradecenyl acetate and 0.5 mg of
(Z)-11-tetradecenyl acetate (trademark AO—81, Flora Inc., Tartu, Estonia). In total, 12 of the
130 deployed traps were vandalised; thus, moth abundance was estimated from 118 traps
(Data S1). Furthermore, the abdomina of all A. podana males in 11 traps were destroyed
by predatory and saprophagous animals; thus, polymorphism was measured in samples
from 107 traps only. For this purpose, intact abdomina of A. podana were cleaned of glue in
medicinal ether, macerated in a 10% solution of KOH and classified to one of four morphs
(Figure 1) based on phallus morphology (no prongs; only apical prong(s) present; only
lateral prong(s) present; both prongs present) using a stereomicroscope (Data S1).

2.4. Statistical Analysis

For each sample, I calculated the proportion of each morph and the Shannon diversity
index based on the natural logarithms of these proportions. Ten samples consisting of
1–5 individuals were excluded from the analyses, because these samples yielded outlying
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values of morph frequencies and diversity. The numbers of moths captured by pheromone
traps and the Shannon diversity index were compared among sites by ANOVA. Following
a widely used practice [10,48,49], the log10-transformed distance from the nearest polluter
was used as a proxy of pollution load. The relationships between site-specific values of all
variables (pollution load, number of captured moths, frequencies of individual morphs,
and Shannon diversity index) were quantified by calculating Pearson product–moment
correlation coefficients. The direction from the polluter was not included in the analysis,
because pollutant deposition around Lipetsk similarly decreased in the four compass
directions [47].

All correlations reported in this study (see below) appeared non-significant. Therefore,
I estimated the statistical power of my analysis, i.e., the likelihood of a significance test
detecting a correlation in a sample when it occurs in the study population [50]. For
calculation of statistical power (power.phs.wakehealth.edu/index.cfm?calc=cor, accessed
on: 10 November 2023: α = 0.05, one-tailed test), I used |r| = 0.40 obtained by averaging
1446 absolute values of correlation coefficients between the measures of pollution load and
diverse biotic variables [10].

3. Results

The abundance of A. podana varied among study sites (F25,92 = 2.58, p = 0.0006);
however, this variation was not explained by the log10-transformed distance to the nearest
polluter (r = −0.03, n = 26 sites, p = 0.89). The frequencies of individual morphs correlated
neither with the distance to the nearest polluter nor with the number of males captured by
pheromone trap (Table 1). The Shannon diversity index did not vary among study sites
(F25,74 = 0.73, p = 0.81) and did not correlate with either of these explanatory variables
(Figure 2). The statistical power of the correlation analysis, i.e., the probability of detecting
a medium-size effect (|r| = 0.40), was 67%.

Table 1. Pearson correlation coefficients between frequencies of Archips podana morphs, log10-
transformed distance to the nearest polluter and population abundance (n = 26 sites).

Morph Characteristics
Distance to Polluter Population Abundance

r p r p

No prongs 0.28 0.17 −0.18 0.38
Apical prong(s) only 0.08 0.71 −0.31 0.12
Lateral prong(s) only −0.03 0.88 0.26 0.20

Both prongs −0.13 0.52 0.07 0.75
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4. Discussion
4.1. How Robust Are the Results?

A chance to detect a medium (as classified by [51]) effect in my data, if it exists in
nature, was 67%. This statistical power is reasonably high relative to an average of 23–47%
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calculated for studies reported in ecology, evolution and behaviour journals two to three
decades ago [52,53], and especially relative to 15% across the studies summarised by
current meta-analyses in ecology and evolutionary biology [54]. The statistical power of
67% is exceptionally high for correlation studies conducted in industrial pollution gradients,
because only 25% of them had a chance to detect a medium effect [10]. Thus, my conclusions
on the absence of association between the pollution load, the abundance of A. podana and
the level of its polymorphism are robust if a medium or large effect is expected. By contrast,
the chances of detecting a small (|r| = 0.10) effect were only 12%.

4.2. Potential Drivers of the Phenotypic Structure of Archips podana Populations

Previous studies of pollution impacts on insect polymorphism mainly employed
colour morphs and attributed the observed changes in morph frequencies to their thermal
preferences; selection by visually hunting predators, primarily birds; sexual attraction; and
immunity [13–15]. By contrast, no direct adaptive explanation exists for two morphological
characters in male genitalia (i.e., apical and lateral prongs on the phallus), the occurrence
of which defines the phenotypes of A. podana. This naturally hampers the interpretation of
my results.

In 1991, the abundance of A. podana near the city of Lipetsk was more than two-fold
greater relative to distant (unpolluted) sites, whereas moth size declined while approaching
the polluters [34]. This decrease in moth size could be attributed to the toxic effects of
pollutants, whereas an increase in moth abundance implies a decline in an overall mortality
risk due to predation or parasitism (the enemy-free space hypothesis [18,30]). Thus, despite
pollution impacts near the city of Lipetsk affected the size and abundance of A. podana, the
phenotypic structure of this species did not change. The latter result suggests a similar
tolerance of A. podana morphs to industrial pollutants and the absence of differential
selection of morphs by natural enemies.

Pollution gradients are often accompanied by climatic gradients arising due to urban
heat island effect [55] and alterations of microclimate caused by adverse pollution effects on
vegetation [10,56]. Across Europe, the proportion of A. podana males with apical prong(s)
on the phallus decreases, while the proportion of males with lateral prong(s) on the phallus
increases from north-west to south-east [38]. The clinal changes in morph frequencies in
ectothermic animals are often associated with climatic gradients [57,58]. However, the
absence of differences in the phenotypic structure of A. podana populations between proxi-
mate (urban and suburban) and distant (rural) sites suggests that morphs of A. podana have
similar climatic requirements; therefore, the geographic variation in morph frequencies in
A. podana populations is likely driven by factors other than temperature.

To conclude, the phenotypic structure of A. podana populations does not change along
an industrial pollution gradient. Consequently, this species could not serve as a model for
studies of phenetic changes in polymorphic insect populations caused by pollution.

4.3. Should Old Data Be Published?

The data reported in this study were collected more than 30 years ago in the course
of an environmental project addressing the impacts of industrial pollution on insects. The
results were not published at that time because of the negative attitude of the scientific
community towards non-significant results which was prevalent in the 1990s. The amount
of sulphur dioxide emitted by metallurgical industries in Lipetsk has declined by one-third
since then [59], and so from an environmental perspective, these old data are of limited
interest. However, these data can still be used for testing eco-evolutionary hypotheses
addressing pollution impact on phenotypic diversity of insect populations.

The delayed publication of data showing no statistically significant effect, which is
widespread in ecological and evolutionary studies, results in a decline in the cumulative
effect size over time [60,61]. The acute need for obtaining unbiased estimates of effect
sizes [54] further justifies the publication of old data. I hope that this publication will
stimulate a debate on relationships between animal polymorphism and industrial pollution.
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Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/insects14120927/s1, Table S1: Coordinates and elevations of
industrial polluters and study sites, and distances to the nearest polluter; Data S1: Numbers of
A. podana males captured by pheromone traps (total and by morphs).

Funding: Data collection was supported by the University of Turku Foundation and the Academy of
Finland through research grants to E. Haukioja.

Data Availability Statement: All data are included in Supplementary Materials.

Acknowledgments: I am very much obliged to E. Haukioja for long-lasting support and methodolog-
ical advice. I thank M. E. Motorkin and V. Zverev for assistance in sample processing, E. L. Zvereva
and A. Forsman for useful comments to an earlier draft of the manuscript, and two anonymous
reviewers for their inspiring suggestions.

Conflicts of Interest: The author declares no conflict of interest.

References
1. McLean, C.A.; Stuart-Fox, D. Geographic variation in animal colour polymorphisms and its role in speciation. Biol. Rev. 2014, 89,

860–873. [CrossRef] [PubMed]
2. Forsman, A.; Wennersten, L. Inter-individual variation promotes ecological success of populations and species: Evidence from

experimental and comparative studies. Ecography 2016, 39, 630–648. [CrossRef]
3. Strickland, L.R.; Arias, C.F.; Rodriguez, V.; Johnston, J.S.; McMillan, W.O.; Windsor, D. Inheritance, distribution and genetic

differentiation of a color polymorphism in Panamanian populations of the tortoise beetle, Chelymorpha alternans (Coleoptera:
Chrysomelidae). Heredity 2019, 122, 558–569. [CrossRef]

4. Hendry, A.P.; Gotanda, K.M.; Svensson, E.I. Human influences on evolution, and the ecological and societal consequences. Phil.
Trans. R. Soc. B 2017, 372, 20160028. [CrossRef] [PubMed]

5. Catullo, R.A.; Llewelyn, J.; Phillips, B.L.; Moritz, C.C. The potential for rapid evolution under anthropogenic climate change.
Curr. Biol. 2019, 29, R996–R1007. [CrossRef] [PubMed]

6. Kozlov, M.V.; Zvereva, E.L. A second life for old data: Global patterns in pollution ecology revealed from published observational
studies. Environ. Pollut. 2011, 159, 1067–1075. [CrossRef] [PubMed]

7. Odum, E.P. Trends expected in stressed ecosystems. BioScience 1985, 35, 419–422. [CrossRef]
8. Rapport, D.J.; Regier, H.A.; Hutchinson, T.C. Ecosystem behavior under stress. Am. Nat. 1985, 125, 617–640. [CrossRef]
9. Wood, C.W., Jr.; Nash, T.N., III. Copper smelter effluent effects on Sonoran desert vegetation. Ecology 1976, 57, 1311–1316.

[CrossRef]
10. Kozlov, M.V.; Zvereva, E.L.; Zverev, V.E. Impacts of Point Polluters on Terrestrial Biota: Comparative Analysis of 18 Contaminated Areas;

Springer: Dordrecht, The Netherlands, 2009.
11. Kozlov, M.V.; Castagneyrol, B.; Zverev, V.; Zvereva, E.L. Recovery of moth and butterfly (Lepidoptera) communities in a polluted

region following emission decline. Sci. Total Environ. 2022, 838, 155800. [CrossRef]
12. Winchell, K.M.; Losos, J.B.; Verrelli, B.C. Urban evolutionary ecology brings exaptation back info focus. Trends Ecol. Evol. 2023, 38,

719–726. [CrossRef] [PubMed]
13. Cook, L.M. Records of industrial melanism in British moths. Biol. J. Linn. Soc. 2018, 125, 862–866. [CrossRef]
14. Kettlewell, H.B.D. The Evolution of Melanism. The Study of a Recurring Necessity; Oxford University Press: Oxford, UK, 1973.
15. Majerus, M.E.N. Melanism: Evolution in Action; Oxford University Press: Oxford, UK, 1998.
16. Saccheri, I.J.; Rousset, F.; Watts, P.C.; Brakefield, P.M.; Cook, L.M. Selection and gene flow on a diminishing cline of melanic

peppered moths. Proc. Natl. Acad. Sci. USA 2008, 105, 16212–16217. [CrossRef]
17. Muggleton, J.; Lonsdale, D.; Benham, B.R. Melanism in Adalia bipunctata L. (Col., Coccinellidae) and its relationship to atmospheric

pollution. J. Appl. Ecol. 1975, 12, 451–464. [CrossRef]
18. Heliövaara, K.; Väisänen, R. Insects and Pollution; CRC: Boca Raton, FL, USA, 1993.
19. Belskaya, E.; Gilev, A.; Belskii, E. Ant (Hymenoptera, Formicidae) diversity along a pollution gradient near the Middle Ural

copper smelter, Russia. Environ. Sci. Pollut. Res. 2017, 24, 10768–10777. [CrossRef] [PubMed]
20. Kozlov, M.V. Pollution impact on insect biodiversity in boreal forests. In Disturbance and Recovery in Arctic Lands: An Ecological

Perspective, Proceedings of the NATO Advanced Research Workshop on Disturbance and Recovery of Arctic Terrestrial Ecosystems,
Rovaniemi, Finland, 24–30 September 1995; Crawford, R.M.M., Ed.; NATO ASI Series, Partnership Subseries 2, Environment;
Kluwer: Dordrecht, The Netherlands, 1997; Volume 25, pp. 213–250.

21. Zvereva, E.L.; Hunter, M.D.; Zverev, V.; Kruglova, O.Y.; Kozlov, M.V. Climate warming leads to decline in frequencies of melanic
individuals in subarctic leaf beetle populations. Sci. Total Environ. 2019, 673, 237–244. [CrossRef]

22. Zverev, V.; Kozlov, M.V. Decline of Eulia ministrana (Lepidoptera: Tortricidae) in polluted habitats is not accompanied by
phenotypic stress responses. Insect Sci. 2021, 28, 1482–1490. [CrossRef]

23. Zvereva, E.L.; Serebrov, V.; Glupov, V.; Dubovsky, I. Activity and heavy metal resistance of non-specific esterases in leaf beetle
Chrysomela lapponica from polluted and unpolluted habitats. Comparat. Biochem. Physiol. C 2003, 135, 383–391. [CrossRef]

https://www.mdpi.com/article/10.3390/insects14120927/s1
https://www.mdpi.com/article/10.3390/insects14120927/s1
https://doi.org/10.1111/brv.12083
https://www.ncbi.nlm.nih.gov/pubmed/24528520
https://doi.org/10.1111/ecog.01357
https://doi.org/10.1038/s41437-018-0149-z
https://doi.org/10.1098/rstb.2016.0028
https://www.ncbi.nlm.nih.gov/pubmed/27920373
https://doi.org/10.1016/j.cub.2019.08.028
https://www.ncbi.nlm.nih.gov/pubmed/31593684
https://doi.org/10.1016/j.envpol.2010.10.028
https://www.ncbi.nlm.nih.gov/pubmed/21071124
https://doi.org/10.2307/1310021
https://doi.org/10.1086/284368
https://doi.org/10.2307/1935056
https://doi.org/10.1016/j.scitotenv.2022.155800
https://doi.org/10.1016/j.tree.2023.03.006
https://www.ncbi.nlm.nih.gov/pubmed/37024381
https://doi.org/10.1093/biolinnean/bly149
https://doi.org/10.1073/pnas.0803785105
https://doi.org/10.2307/2402167
https://doi.org/10.1007/s11356-017-8736-8
https://www.ncbi.nlm.nih.gov/pubmed/28290083
https://doi.org/10.1016/j.scitotenv.2019.03.458
https://doi.org/10.1111/1744-7917.12862
https://doi.org/10.1016/S1532-0456(03)00115-7


Insects 2023, 14, 927 7 of 8

24. Merritt, T.J.S.; Bewick, A. Genetic diversity in insect metal tolerance. Front. Genet. 2017, 8, 172. [CrossRef]
25. McCulloch, G.A.; Waters, J.M. Rapid adaptation in a fast-changing world: Emerging insights from insect genomics. Glob. Change

Biol. 2023, 29, 943–954. [CrossRef]
26. Safonkin, A.F. The influence of food change on the development of Archips podana Sc. (Lepidoptera: Tortricidae), a polyphagous

insect. Russ. J. Ecol. 2000, 31, 203–206. [CrossRef]
27. Safonkin, A.F.; Triseleva, T.A. Phenotypic composition of a laboratory population of large fruit-tree tortrix Archips podana

(Lepidoptera, Tortricidae) on different plants. In Biodiversity and the Role of Zoocenosis in Natural and Anthropogenic Ecosystems:
Proceedings of the II International Scientific Conference; Dnepropetrovsk National University: Dnepropetrovsk, Ukraine, 2003;
pp. 162–163.

28. Jiang, N.J.; Chang, H.; Weißflog, J.; Eberl, F.; Veit, D.; Weniger, K.; Hansson, B.S.; Knaden, M. Ozone exposure disrupts insect
sexual communication. Nat. Commun. 2023, 14, 1186. [CrossRef] [PubMed]

29. Henneken, J.; Jones, T.M. Pheromones-based sexual selection in a rapidly changing world. Curr. Opin. Insect Sci. 2017, 24, 84–88.
[CrossRef] [PubMed]

30. Riemer, J.; Whittaker, J.B. Air pollution and insect herbivores: Observed interactions and possible mechanisms. In Insect-Plant
Interactions; Bernays, E.A., Ed.; CRC Press: Boca Raton, FL, USA, 1989; pp. 73–105.

31. Meléndez-Jaramillo, E.; Cantú-Ayala, C.M.; Treviño-Garza, E.J.; Sánchez-Reyes, U.J.; Herrera-Fernández, B. Composition and
diversity of butterflies (Lepidoptera, Papilionoidea) along an atmospheric pollution gradient in the Monterrey Metropolitan Area,
Mexico. ZooKeys 2021, 1037, 73–103. [CrossRef] [PubMed]

32. Litvinova, A.N. On feeding specialisation of leafrollers (Lepidoptera, Tortricidae)– fruit-tree tortrix (Archips podana Scop.) and
others. In Problems of Entomology; Lopatin, I.K., Ed.; Belarus State University: Minsk, Russia, 1974; pp. 97–112. (In Russian)

33. Bradley, J.D.; Tremewan, W.G.; Smith, A. British Tortricoid Moths. Cochylidae and Tortricidae: Tortricinae; The Ray Society: London,
UK, 1973.

34. Kozlov, M.V.; Haukioja, E. Density and size of Archips podana (Lepidoptera, Tortricidae) males in an air pollution gradient as
revealed by pheromone traps. Environ. Entomol. 1993, 22, 438–444. [CrossRef]

35. Sterling, P.; Parsons, M.; Lewington, R. Field Guide to the Micromoths of Great Britain and Ireland; British Wildlife Publishing:
Gillingham, UK, 2012.

36. Kuznetzov, V.I. Family Tortricidae (Olethreutidae, Cochylidae)–leafrollers. In Keys to the Insects of the European Part of the USSR;
Lepidoptera, pt 1; Medvedev, G.S., Ed.; Nauka: Leningrad, Russia, 1978; Volume 4, pp. 193–680. (In Russian)

37. Ivanova, T.V.; Mõttus, E. Heterogenity of geographical population of Archips podana. In Chemical Communication of Animals. Theory
and Practice; Sokolov, V.E., Ed.; Nauka: Moscow, Russia, 1986; pp. 79–82. (In Russian)

38. Kozlov, M.V.; Motorkin, M.E. Geographical variability of the leafroller, Archips podana (Lepidoptera, Tortricidae). Entomol. Rev.
1990, 69, 57–65.

39. Safonkin, A.F. Polymorphism and ecological plasticity of leaf roller Archips podana Sc. (Lepidoptera, Tortricidae). J. Fundam. Biol.
1990, 51, 393–400. (In Russian)

40. Liblikas, I.; Mõttus, E.; Nikolaeva, Z.V.; Ojarand, A.; Borg-Karlson, A.K.; Ovsyannikova, E.I.; Grichanov, I.Y.; Ivanova, T.V.;
Yemelyanov, V.A. Variability of genitalia and pheromone communication channels of Archips podana (Scopoli) (Lepidoptera:
Tortricidae). Proc. Estonian Acad. Sci. Biol. Ecol. 2004, 53, 75–87.

41. Safonkin, A.F.; Kulikov, A.M. Genetic basis of heterogeneity for morphological and behavioral characters in a population of
Archips podana Scop. (Lepidoptera: Tortricidae). Russ. J. Genet. 2001, 37, 240–246. [CrossRef]

42. Berlyand, M.E. (Ed.) Annual Report of Ambient Air Pollution in Cities and Industrial Centres of the Russian Federation. Emissions of
Pollutants: 1991; Voeikov Main Geophysical Observatory: St. Petersburg, Russia, 1992. (In Russian)

43. Cherkasov, M.S. The Industrial Lipetsk; Lipetsk Publishing House: Lipetsk, Russia, 1959. (In Russian)
44. Zaitsev, G.A.; Dubrovina, O.A.; Kulagin, A.Y.; Shainurov, R.I. Cadmium and zinc migration in Scots pine stands growing in

contaminated areas from metallurgical plant emissions. Int. J. Environ. Sci. Technol. 2021, 18, 3625–3634. [CrossRef]
45. Sedykh, V.A.; Kurolap, S.A. Assessment of aerotechnogenic pollution of the city of Lipetsk with using geoinformation mapping

of the territory. In Geoinformation Mapping in the Regions of Russia: Materials of the XI All-Russian Scientific and Practical Conference
(Voronezh, Russia, 23–24 November 2020); Nesterov, Y.A., Ed.; Digital Polygraphy: Voronezh, Russia, 2020; pp. 309–316. (In Russian)

46. Zaytsev, G.A.; Kulagin, A.Y.; Urazgildin, R.V.; Dubrovina, O.A.; Logvinov, K.V.; Afanasov, N.A.; Chaban, A.N.; Shaynurov, R.I.;
Tagirova, O.V.; Amineva, K.Z. Relative vital condition of woody plantings under industrial pollution. Bull. Ufa Sci. Centre Russ.
Acad. Sci. 2017, 2, 63–68.

47. Kurbakov, D.N.; Kuznetsov, V.K.; Andreeva, N.V.; Sidorova, E.V. Influence of metallurgical production on snow cover contamina-
tion. In Nuclear and Physical Investigations and Technologies in Agriculture. (To the 50th Anniversary of Russian Institute of Radiology and
Agroecology), Proceedings of the International Research and Practice Conference Obninsk, Obninsk, Russia, 16–18 September 2020; Shubina,
O.A., Ed.; Russian Institute of Radiology and Agroecology: Obninsk, Russia, 2020; pp. 270–273. (In Russian, English Summary)

48. Salemaa, M.; Uotila, T. Seed bank composition and seedling survival in forest soil polluted with heavy metals. Basic Appl. Ecol.
2001, 2, 251–263. [CrossRef]

49. Kapusta, P.; Sobczyk, L. Effects of heavy metal pollution from mining and smelting on enchytraeid communities under different
land management and soil conditions. Sci. Total Environ. 2015, 536, 517–526. [CrossRef]

50. Zar, J.H. Statistical Analysis, 2nd ed.; Prentice-Hall, Inc.: Englewood Cliffs, NJ, USA, 1984.

https://doi.org/10.3389/fgene.2017.00172
https://doi.org/10.1111/gcb.16512
https://doi.org/10.1007/BF02762822
https://doi.org/10.1038/s41467-023-36534-9
https://www.ncbi.nlm.nih.gov/pubmed/36918554
https://doi.org/10.1016/j.cois.2017.09.010
https://www.ncbi.nlm.nih.gov/pubmed/29208228
https://doi.org/10.3897/zookeys.1037.66001
https://www.ncbi.nlm.nih.gov/pubmed/34054315
https://doi.org/10.1093/ee/22.2.438
https://doi.org/10.1023/A:1009048808306
https://doi.org/10.1007/s13762-020-03104-1
https://doi.org/10.1078/1439-1791-00055
https://doi.org/10.1016/j.scitotenv.2015.07.086


Insects 2023, 14, 927 8 of 8

51. Cohen, J. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Lawrence Erlbaum: Hillsdale, NJ, USA, 1988.
52. Jennions, M.D.; Møller, A.P. A survey of the statistical power of research in behavioral ecology and animal behavior. Behav. Ecol.

2003, 14, 438–445. [CrossRef]
53. Smith, D.R.; Hardy, I.C.; Gammell, M.P. Power rangers: No improvement in the statistical power of analyses published in animal

behaviour. Anim. Behav. 2011, 81, 347–352. [CrossRef]
54. Yang, Y.; Sánchez-Tójar, A.; O’Dea, R.E.; Noble, D.W.A.; Koricheva, J.; Jennions, M.D.; Parker, T.H.; Lagisz, M.; Nakagawa,

S. Publication bias impacts on effect size, statistical power, and magnitude (Type M) and sign (Type S) errors in ecology and
evolutionary biology. BMC Biol. 2023, 21, 71. [CrossRef] [PubMed]

55. Oke, T.R. City size and urban heat island. Atmos. Environ. 1973, 7, 769–779. [CrossRef]
56. Belskii, E.; Belskaya, E. Thermal effect of the Middle Ural copper smelter (Russia) and growth of birch leaves. Environ. Sci. Pollut.

Res. 2021, 28, 26064–26072. [CrossRef]
57. de Jong, P.W.; Brakefield, P.M. Climate and change in clines for melanism in the two-spot ladybird, Adalia bipunctata (Coleoptera:

Coccinellidae). Proc. R. Soc. B—Biol. Sci. 1998, 265, 39–43. [CrossRef]
58. Umina, P.A.; Weeks, A.R.; Kearney, M.R.; McKechnie, S.W.; Hoffmann, A.A. A rapid shift in a classic clinal pattern in Drosophila

reflecting climate change. Science 2005, 308, 691–693. [CrossRef]
59. Anufrieva, A.F.; Zagainova, M.S.; Ivleva, T.P.; Lyubushkina, T.N.; Smirnova, I.V. Annual Report: The State of Ambient Air Pollution

in Cities of Russia in 2021; Voeikov Main Geophysical Observatory: St. Petersburg, Russia, 2022. (In Russian)
60. Jennions, M.D.; Møller, A.P. Relationships fade with time: A meta-analysis of temporal trends in publication in ecology and

evolution. Proc. R. Soc. B—Biol. Sci. 2002, 269, 43–48. [CrossRef]
61. Koricheva, J.; Kulinskaya, E. Temporal instability of evidence base: A threat to policy making? Trends Ecol. Evol. 2019, 34, 895–902.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1093/beheco/14.3.438
https://doi.org/10.1016/j.anbehav.2010.09.026
https://doi.org/10.1186/s12915-022-01485-y
https://www.ncbi.nlm.nih.gov/pubmed/37013585
https://doi.org/10.1016/0004-6981(73)90140-6
https://doi.org/10.1007/s11356-020-12327-1
https://doi.org/10.1098/rspb.1998.0261
https://doi.org/10.1126/science.1109523
https://doi.org/10.1098/rspb.2001.1832
https://doi.org/10.1016/j.tree.2019.05.006

	Introduction 
	Materials and Methods 
	Study Species 
	Study Area 
	Sampling 
	Statistical Analysis 

	Results 
	Discussion 
	How Robust Are the Results? 
	Potential Drivers of the Phenotypic Structure of Archips podana Populations 
	Should Old Data Be Published? 

	References

