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GENOTYPES OF THE CACOECIA PODANA SC. LARVAE IN THE
AES-1 ESTERASE LOCUS DIFFER IN THEIR FOOD MICRO-NICHES

ANDRIY SIMCHUK

Abstract. Intergenotypic differentiation of trophic niche was studied in the system “apricot
(Prunus armeniaca L.) - Cacoecia podana Sc.”. C. podana larvae, carried alternative Aes-1 genotypes,
were found to prefer host plant leaves, differing by length and stiffness, in their diets. Trophic
micro-niches for each genotype coincided with the whole population niche in width, but differed
by their optimums. There data are discussed in respect to the herbivore food specialization and
population dynamics.
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1. INTRODUCTION

Grinnell, (1917, cited after Pianka, 1978 [1]) seem to be first who used the term “niche”. As a niche
he awakened that functional role, which an organism plays in natural community. More common
approach to niche description was offered by Hutchinson in 1957 [2]. He described a niche as a range of
conditions, at which an individual (or population) lives and reproduces itself. Later Odum in 1959 [3]
defined ecological niche as a position, or status of an organism in natural community, or ecosystem,
which follows from its adaptations, physiological reactions and specific behavior. Thus, today the term
“niche” is awaked enough wide and contains some components, one of which is a trophic or food
niche.

Special attention to the trophic niche of a population may be addressed due to its role in
determination of matter and energy flow into the given link of food chain. Some organisms
(polyphagous) have wide trophic niches, other (monophagous) have narrow trophic niches. Ecologists
usually describe trophic niche for the whole population. But from the genetic point of view,
intrapopulative differentiation of food niche. is more interesting than its general width. From 60-70
years of previous century the whole population niche has been devided into the two basic components
of its width: “interphenotypic” component and “intraphenotypic” component [4, 5, 6]. If a population
consists of specialized individuals, which exploit slowly overlapping resources, then the
interphenotypic component mainly contributes to the population niche width. If the population
contains unspecialized individuals, and each its member may successfully exploit all the range of
resources, then the intraphenotypic component of niche width reaches its maximum value. However,
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the real populations presumably exist between these two extreme limits. Nevertheless, experimental
data on differentiation of trophic niche in diverse organisms have been rarely appeared in literature.

Earlier the differentiation of trophic niche was documented in monophagous Tortrix viridana L.
[7, 8]. Presented research is focussed on an attempt to reveal genetic differentiation of trophic niche in
polyphagous herbyvore, studying system “apricot (Prunus armeniaca L.) - Cacoecia podana Sc. “. Results
may be interesting in respect to understanding mechanisms of interaction between these two species
and for developing of the ecologically based approaches for the pest control.

2. RESEARCH OBJECTIVE, METHODOLOGY

The research was performed in the Cacoecia podana Sc (Lepidoptera, Tortricidae) population. Material
was collected in 2016 spring from three trees of apricot (Prunus armeniaca), which grow in “Agrarnoe”
village, situating 5 km North from Simferopol city (Crimean Autonomous Republic, Ukraine). Fifth-
instar larvae were collected simultaneously with the leaves, on which they fed. Each larva placed in
separate vial together with proper leaf. The same day that material was delivered in laboratory. The
larvae were measured (body width and length), enumerated and placed in refrigerator, and each leaf
was measured (length) and taken to define its stiffness using device, consisting of punch on spring.
Leaf stiffness was expressed in symbolic units (distance in mm, which must be passed by a spring,
pushing the punch to made a hole in a leaf tissue).

As it proceeds from the task of the investigation, the genes participating in food relations of the
organism should be preferably included in the study. Thus, preference was given to allozyme-analysis.
Allozymes are phenotypic signs, carrying one or another function. Some of them participate in the
trophic relations of the insect with its host plant, in digestion or protection from plant defensive
compounds. The technique of electrophoretic separation was used to obtain allozyme spectrums [9].
Esterase allozymes were chosen as genetic markers, because, as it has been shown earlier for T. viridana,
this enzyme immediately participates in insect interaction with host plant, plays a role in detoxification
of phenols [10], and displays a relation with host plant’s leaf pH and stiffness [7]. Specification of the
esterase isozymes were performed using appropriate inhibitors. Gels with the esterases separated after
the electrophoresis were incubated during 5 min at 37 ° C with following solutions: paraoxon (10# M),
inhibiting carboxyl-esterase; CuSOs (10-°M), inhibiting aril-esterase; all the inhibitors were solved in
0,05 M tris-H Cl buffer, pH 7,2.

3. RESULTS AND DISCUSSION

Electrophoretic spectrum of the esterases from C. podana consists of acetyl-esterase, aril-esterase and
carboxyl-esterase, which after electrophoretic procedure were located in the same part of the gel (Fig.
1a). Specific inhibitors paraoxon, inhibiting carboxyl-esterase (Fig. 1b); CuSOs, inhibiting aril-esterase
(Fig. 1c)) were used for their separation. Simultaneous application of these inhibitors allowed to expose
only acetyl-esterase (Fig. 1d). Nominally this enzyme possesses clear polymorphism in C. podana and its
allozymes were used as markers of the two Aes-1 alleles: F and S.
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Fig. 1. Electrophoretic spectrums of the esterases from C. podana: (a) common spectrum; (b) acetyl-esterase and aril-

esterase (treatment by paraoxon); (c) acetyl-esterase and carboxyl-esterase (treatment by CuSQOs); (d) acetyl-esterase

(treatment by both inhibitors simultaneously).

Statistic parameters of host plant leaves, on which the insect larvae of different Aes-1 genotypes fed,
are presented in Tab. 1. Only FF and FS genotypes significantly differ between themselves in stiffness
variance of the leaves, which they ate. Variance value for FF and leaf length distributions for alternative
genotypes essentially differed in asymmetry and excess (Tab. 1). Thus, these distributions are different,
and individuals of alternative Aes-1 genotypes, hence, preferred to feed on leaves of different

properties.
Host plant feature
Parameter Leaf length (mm) Leaf stiffness (s.u.)
Aes-1 genotype Aes-1 genotype

FF FS SS FF ES SS
Mean 39,00 36,16 42,25 2,83 2,09 1,99
Standard Error 3,50 1,81 2,45 0,16 0,08 0,11
Variance 134,80 62,58 119,99 0,26 0,08 0,18
Excess 4,27 0,30 0,50 -0,64 2,05%** -0,60
Asymmetry 1,85** 0,48 0,85 0,13 -0,72 -0,27

N 11 19 20 10 14 17

Tab. 1. Statistic parameters of host plant leaves, on which the Cacoecia podana larvae of different Aes-1 genotypes fed
(“Agrarnoe” village, 2016): significant differences in leaf stiffness variances: FF vs. FS, F = 3,14* * - P<0,05; ** - P<0,01; ***
- P<0,001; asymmetry and excess estimates deviations of experimental distributions from normal distribution; N —sample

size.
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Fig. 2. The Aes-1 genotype frequencies in the classes of distributions on length (A) and stiffness (B) of host plant leaves,
eaten by these genotype carriers: q— genotype frequency; f—rank frequency for leaf future distributions; significant relations
with: leaf length — FS, R =-0,80; d.f=5; P<0,05; SS, R=0,92; d.f=5; P<0,01; leaf stiffness — FS, (rank correlation) Rr =
0,96; d.f=5; P<0,05; SS, R=-0,80; d.f.=5; P<0,05.

Graphic form of the data presentation makes it clear the picture of inter-genotype differentiation of
C. podana trophic niche. The Aes-1 genotype frequencies in the classes of host plant’s leaf length and
stiffness distributions are shown in Fig. 2. Only FS and SS genotypes indicated gene-environment
relationships, showing statistically significant relations with both leaf futures. The FS genotype
frequency was negatively related to leaf length, while SS frequency showed positive correlation with
this sign (Fig. 2a).

Relationships became severally different when studying leaf stiffness as an environmental future
(Fig. 2b)). Correlation coefficient for SS genotype was negative, whereas FS genotype frequency showed
positive rank correlation with leaf stiffness. Leaf stiffness negatively correlated with the leaf length (R =
-0,34; df = 40; P<0,05) and this might be the cause of differences between these leaf features in relations
with the insect genotype frequencies.

Found gene-environment relationships show intergenotypic differentiation of trophic niche in C.
podana. Herewith, SS genotype preferred to feed on most “soft” leaves, and heterozygous individuals
mainly ate the leaves of intermediate stiffness. The Individuals of FF genotype displayed a tendency to
preference of more stiff leaves, but the relation was out of authenticity limits. At the same time, the
fatness coefficient (body width/body length) of SS genotype carriers was correlated with leaf length (R
= 0,47; df = 18; P<0,05), while only fatness coefficient of the FF genotype carriers showed positive
relation with the leaf stiffness (R = 0,65; df = 8; P<0,05). Thus, FF genotype larvae reached maximum size
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when feeding on the stiff leaves, and this is an indirect argument in the favor of the statement that the
larvae of FF genotype really preferred stiff leaves in their diet.

Earlier, intergenotypic differentiation of trophic niche was found in the system “oak — oak leafroller
moth” [7]. Oak leafroller, T. viridana, is a monophagous herbivore and feeds only on oak leaves. Pts-4
and Est-4 genotypes showed relationships with pH and stiffness of host plant leaves. Both the studied
loci were polyallelic in T. viridana, and many genotypes divided population trophic niche into narrow
micro-niches. Each genotype had its own micro-niche, to which it was most adapted, i.e. larvae of given
genotype might eat only leaves of certain properties and did not eat other leaves [7].

Some different picture was found in C. podana. In spite of intergenotypic differentiation of tropic
niche, each of the genotype’s micro-niche widths were practically coincided with the whole population
niche width, although genotypes differ between themselves by optimums. Possibly, some other
important factors might be not taken into the account, but herein reported data allow to consider C.
podana as a species, which trophic niche width is mainly determined by intra-phenotypic component
(see above).

Obviously, enzymes, coded by alternative alleles, in C podana are less specialized than those in T.
viridana. Widely specific digestive and protective enzymes may bring an evolutionary advantage to
polyphagous C. podana, because they allow it to feed on different host plants. Such point of view is well
coincided with the data on dependence of allozyme polymorphism level from the level of food
specialization in insects. Monophages were more polymorphic than olygophages [11]. Olygophagous
and polyphagous insects, producing few enzyme forms, are able to exploit wide trophic niche due to
widely specialized digestive and protective enzymes.

Theoretical description of a model, in which genotypes differ in their requirement to environment,
was elegantly developed and described by H. Levene [12]. F. ]. Ayala used close notions for explanation
of frequency-dependent selection and overcompensation effect, when polymorphic population
exceeded uniform populations in productivity [13, 14]. This effect may serve as a basis of an idea that
the level of genetic variability may contribute to regulation of population density [15]. Actually, if
alternative genotypes differ in their ability to utilize different resources, then polymorphic populations
exploit heterogenous environment more efficiently than those uniform, and, hence may reach higher
densities.

Detailed model of cyclic population dynamics, based on intergenotypic differentiation of trophic
niche, was proposed and described for T. viridana [7]. However, strict differentiating selection is critical
for the model. It is obvious that this condition is not actual for C. podana due to high plasticity of
unspecialized enzymes. Therefore, proceeding from earlier proposed hypothesis, it may be concluded
that cyclic, bimodal population dynamics should be inherent to species with prevailing intergenotypic
component of niche width, while species with prevailing intragenotypic component of niche width
should have sustainable dynamics with equilibrium density. Nevertheless, the data obtained may
contribute to the development of pesticide-free method of the pest control in the garden. Analysis of the
properties of host plants and the pest genetic structure may be useful for prognosis of pest densities on
them and efficiency of the bio-preparations against the pest.
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Cimuyk Angpiit. 'enorurmm amamnok Cacoecia podana Sc. B ectepasHOMY AOKyci Aes-1 po3pisHAIOTLCS 3a
CBOIMM Xap4oBUMM Mikpo-Himamu. 2Kyprar Ilpuxapnamcvoiozo ynisepcumemy imeni Bacurs Cmeparuxa, 7 (4)
(2020), 27-33.

MixxreHoTHUIINYHY AudepeHLialiiio TpogiuHOI HIlllM BUBYAaAM B cuUcTeMi: abpukoc (Prunus armeniaca
L.) — Bceigna aucrosiiika-Tosctynka Cacoecia podana Sc. Byao BCTaHOBAEHO, IO AMYMHKY KOMAaXM Pi3HMX
TeHOTUIIB B A0Kyci Ace-1 HagaBaau mepeBary Xapd4yBaHHIO AMCTSIM, SIK€ PO3Pi3HIOBAAOCh 3a AOBXUHOIO i
>xopcerkocTio. Tpodiuni MiKpOHIIIM BCIX T@HOTUINB CHiBIIagaan 3 TPOQIUHOIO HillleI0 BCi€l MOIMyAAIii 3a
poaMipoM, ade pospizHIOBaAuCh 3a omrTuMmymamm. Yacrora rexorumy FS HeraTusHO KopeaioBada 3
po3MipaMu AMCTsI POCAMHM-Xa3siHa, a 4yacToTa TreHoTuIry SS Oyaa IO3UTUBHO 3B'sA3aHa 3 Ii€I0 O3HAKOIO.
Kopeasania aasa resotuny SS 3 JKOPCTKICTIO AMCTa 3MiHMAAC Ha HeTaTUBHY, TOAL sk TeHoTun FS nmokasysas
IIO3UTUBHMI PAHTOBUII 3B'SI30K 3 KOPCTKICTIO AMcTa. BigMiHHOCTI y 3B'13KaX 9aCTOT TEHOTUIIIB 3 4OBXKIHOIO
Ta >KOPCTKICTIO AMCTa MOXKYTh ITOSICHIOBATMCS TUM, IO IIi ABI O3HaKM AMCTSI ITOKa3aAy HeTaTUBHY
xkopezsnio (R = -0,34; df = 40; P<0,05). Illsuame 3a Bce, 3B'sI30K YacTOT T€HOTUIIB 3 AOBXKMHOIO AVICTa
BIMHMKAE SIK HaCcAiA0K KopeAsllii MixXK Ii€I0 03HaKoIO Ta >XopcTkicTio. IIpeacraBaeHi gaHi HAOYHO MOKa3yIOTh
MIXXTeHOTUIINYHY AudepeHnianio Tpodiunoi Himm Beeignoi amcrosiriku. [Ipu mpomy, HOCIT renoTumy SS
HaJalOTh IlepeBary Xap4yyBaHHIO HalfOiAbII “M'SKMM” AUCTAM, a OCOOMHM TIeTepPO3MIOTHOTO TeHOTHIIA -
AVCTSM 3 IPOMIXKHOIO KopcTKicTio. Ocodnnn reHotuny FF xapakrepusysaancs TeHAEHITIEIO A0 IlepeBarn
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HalOiABII JKOPCTKOTO AMCTS, ale 3B's130K OyB 3a MeXXaMU 40cToBipHOCTi. OTpuMaHi AaHi 0OTOBOPIOIOTHCS 3
TOYKM 30Py Xap4OBOI CIlelfiaisanil i xapakTepy AMHaMiKM 41CeAbHOCTI KOMaXxMu.

Karouosi caoBa: B3aeMO4isl THUIIy TeH-HaBKOAMIIHE cCepeAOBUINle, IIMPMHA HIIM, XapdoBa
crertiaaizartis, Cacoecia podana Sc.



