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New sex attractants for 14 boreal forest moth species (Lepidoptera)
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Abstract. Field screening was conducted in subarctic boreal forests of the central Kola Peninsula, northwestern
Russia, using eight (Z)-monounsaturated aliphatic compounds associated with moth sex pheromones: (Z)-5-de-
cenyl acetate, (Z)-7-dodecenyl acetate, (Z)-7-dodecen-1-ol, (Z)-5-tetradecenyl acetate, (£)-7-tetradecenyl ace-
tate, (£)-9-tetradecenyl acetate, (Z)-11-hexadecenyl acetate, and (Z)-11-hexadecenal. These compounds were
tested both singly and in binary combinations (in some cases at different ratios), yielding 26 lure types. A total
of 260 traps, deployed from 17 July to 12 August 1993, captured 18 moth species: one Yponomeutidae, one Ar-
gyresthiidae, one Coleophoridae, one Crambidae, two Geometridae, and 12 Noctuidae species. For 14 of these
species, this study provides the first information on attractive compositions of synthetic lures.

Introduction

The global fauna currently includes approximately 170,000 to 180,000 described species of moths and
butterflies (Lepidoptera), as indicated by species counts from the late 2000s (van Nieukerken et al.
2011) combined with rates of new species descriptions (Kristensen et al. 2007; Mitter et al. 2017). Most
Lepidoptera rely on pheromone communication for mate location (Lofstedt 1993; Allison and Cardé
2016), yet sex pheromones have been identified for only about 700 moth species, and field testing has
demonstrated male attraction to synthetic pheromone mixtures in an additional 1,300 species (Ando and
Yamamoto 2020). Consequently, sex attractant data are currently available for only about 2,000 Lepi-
doptera species, representing less than 2% of those presumed to use pheromone-based mate location.
Due to the cost and logistical constraints, pheromone research has focused primarily on agri-
cultural and forest pests, making it unlikely that keystone, indicator, or threatened Lepidoptera
species will be targeted in the near future. Nonetheless, synthetic sex attractants for many species
can be developed at reasonable cost by screening lures containing common pheromone compo-
nents characteristic of particular insect groups, and by monitoring species’ attraction across varied
environmental contexts (Roelofs and Comeau 1970; Millar et al. 2016; Barros-Parada et al. 2020).
Although often undervalued, field data on moth attraction to synthetic lures can provide crit-
ical insights when laboratory identification of sex pheromones is not available. Validated field
screening results support the production of effective synthetic lures, which are powerful tools for
environmental monitoring (Kozlov and Haukioja 1993; Ruohomiki et al. 1996), enabling long-
term tracking of population dynamics, range shifts, and the detection of invasive species (Elkinton
and Cardé 1981; Grant 1991). They are also widely applied in faunistic surveys to assess species
richness and distribution (Kozlov 1987; Velcheva 2000; Witzgall et al. 2010; Razov et al. 2017).

Copyright Kozlov et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.


mailto:mikoz@utu.fi
https://zoobank.org/C1201C48-9679-4E38-B840-C08E23E0479F
https://creativecommons.org/licenses/by/4.0/

52 Kozlov et al.: New lures for boreal forest moths

Pheromone-based research has focused primarily on agriculturally important regions (Brockerhoff et
al. 2013), which has resulted in a strong geographic bias in our knowledge of moth responses to synthet-
ic lures (Larsson 2016). Particularly, synthetic attractant blends have rarely been developed for species
restricted to high latitudes (Linnaluoto and Koponen 1983; Hallfors et al. 2021). Moreover, for widely
distributed species, pheromone blends optimized for certain populations may perform suboptimally, or
fail entirely, when deployed in another region due to among-population variation in pheromone com-
position (Duménil et al. 2014; Akinbuluma et al. 2024). This variation, combined with geographic bias,
could compromise both insect conservation and pest management in high-latitude ecosystems.

The present study aimed to develop synthetic lures for monitoring owlet moth (family Noctu-
idae) populations along an environmental pollution gradient. The goal was to identify attractants
for species rarely collected with fermented sugar bait traps (Kozlov et al. 1996) and to apply these
attractants in studies of industrial pollution effects on terrestrial ecosystems, as part of the Ento-
mological Bioindicators project on the Kola Peninsula. However, the termination of this project in
1993 prevented the implementation of these plans.

A comparison with Pherobase (El-Sayed 2025) revealed no published data on blends attract-
ing 14 of the 18 species collected during our 1993 field screening of 26 lure types made of eight
(Z)-monounsaturated aliphatic compounds associated with moth sex pheromones. Therefore, these
preliminary findings are published here to support the development of future monitoring programs
for boreal and subarctic forest moths.

Methods
Study area and study sites

The study was conducted in the central Kola Peninsula, northwestern Russia, within the subarctic
boreal forest zone. Three sites were selected from those used by Kozlov et al. (1996, 2022) to rep-
resent the range of moth communities shaped by vegetation type and environmental disturbance.

The first site, located 17 km south of Monchegorsk (67°46'37"N, 32°47'53"E), was a sparse,
dry Scots pine (Pinus sylvestris L.) forest severely damaged by emissions from the copper—nickel
smelter in Monchegorsk. The second site, 27 km south of Monchegorsk (67°40'39"N, 32°49'32"E),
comprised sparse Norway spruce (Picea abies (L.) H. Karst.) — mountain birch (Betula pubescens
var. pumila (G. Zanoni ex Murray) Govaerts) forest slightly affected by pollution and adjacent to a
sedge bog. The third site, 64 km southeast of Monchegorsk (67°32'16"N, 33°57'52"E), represented
dense, old-growth spruce forest bordering a peat-moss bog. Detailed descriptions of vegetation at
these sites are provided by Kozlov et al. (2009).

Composition of synthetic lures

The lure set was developed using available knowledge of noctuid moth pheromones and syn-
thetic attractants accumulated by the early 1990s (e.g., Steck et al. 1982a, 1982b; Renou et al.
1988). Eight commercially available compounds were selected: (Z)-5-decenyl acetate (hereafter
75-10Ac), (2)-7-dodecenyl acetate (Z7-12Ac), (£)-7-dodecen-1-ol (Z7-120H), (Z)-5-tetradecenyl
acetate (Z5-14Ac), (Z)-7-tetradecenyl acetate (Z7-14Ac), (Z)-9-tetradecenyl acetate (Z9-14Ac),
(Z)-11-hexadecenyl acetate (Z11-16Ac) and (Z)-11-hexadecenal (Z11-16Ald). These were used
to prepare 26 lure compositions, including eight single-component lures and ten binary mixtures,
five of which were tested at multiple component ratios (Table 1). The particular mixtures and



Nota Lepi. 49: 51-61 53

component ratios were chosen based on prior studies and known biologically active ranges, aiming
to capture the most likely attractive combinations for the target moth species while keeping the
number of lures manageable. Each compound or mixture was dissolved in hexane and impregnated
into red rubber septa (Arthur H. Thomas Co.) at a dose of 1 mg per dispenser. In total, 260 dispens-
ers were produced (10 replicates per lure composition).

Field experiment

Each of the 26 synthetic lure types was tested at three sites: three replicates at the first site, three
replicates at the second site, and four replicates at the third site. Each dispenser was placed in an
opaque white delta trap with an exchangeable sticky insert (Fig. 1; Atracon A trap and Pestifix glue;
Flora Co., Tartu, Estonia). Traps were suspended from tree branches at a height of 1-2 m and spaced
at least 10 m apart to reduce potential interference among lure plumes. Traps were positioned

Table 1. Number of moth individuals captured by ten traps baited with each lure composition (1 mg total
amount).
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75-10Ac  Z7-120H  10:1 10%
75-10Ac  Z7-120H 135 1
Z7-12Ac  Z7-120H 1 15 1
Z7-12Ac  79-14Ac 11 26
Z7-12Ac Z9-14Ac  1:10
Z7-12Ac  7Z9-14Ac 1100 16 6 1
Z7-12Ac  79-14Ac  100:1 1 12 8 5
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Z7-14Ac  79-14Ac 11 3+ 4
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*All specimens were caught in a single trap.
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Figure 1. Atracon A trap deployed in a pristine forest 64 km southeast of Monchegorsk. Photo: M. V. Kozlov.

haphazardly and not rotated among positions, and lures were not replaced during the study period.
All traps were deployed on 17.vii.1993 and inspected on 23.vii, 29.vii, and 12.viii.1993.

Captured moths were identified in the field; several problematic individuals were later con-
firmed by T. Tammaru. Species nomenclature and ordering follow Aarvik et al. (2017). Because
our focus was on whether a lure elicited attraction of some species rather than on site-level differ-
ences, catches from replicate traps were pooled across sites. For each lure type, the total number of
individuals of each species collected over the entire exposure period is reported in Table 1.

Artificial Intelligence (AI) use
ChatGPT (OpenAl) was used exclusively for language editing.

Results and discussion

Five lure compositions failed to attract any moths. Traps baited with the remaining 21 composi-
tions captured a total of 352 individuals belonging to 12 Noctuidae species, along with nearly 2100
specimens from six species of other families (Table 1).

Yponomeutidae
Paraswammerdamia conspersella (Tengstrom, 1848)

A binary 1:10 mixture of Z5-14Ac and Z7-14Ac proved highly attractive to this species. In con-
trast, Z7-14Ac alone attracted only a few individuals, while Z5-14Ac alone showed no attractive-
ness (Table 1). Notably, Z7-14Ac, but not Z5-14Ac, was previously identified as an attractant for
the related species P. nebulella (Goeze, 1783) (Mozuraitis et al. 1998).

Argyresthiidae
Argyresthia pygmaeella (Denis & Schiffermiiller, 1775)

Twenty individuals were attracted by Z11-16Ac (Table 1), which has previously been used in syn-
thetic sex attractants for several other Argyresthia species (Booij and Voerman 1984; Jaastad et al.
2002). However, as A. pygmaeella is the second most abundant moth species in the study region
(Kozlov et al. 2022), the modest catch suggests that further testing with additional known Argyres-
thia sex-attractant components is needed to develop an effective lure.
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Coleophoridae
Coleophora sp.

This unidentified species responded to five lure types, with the strongest attraction to a 10:1 mix-
ture of Z5-10Ac and Z7-12Ac (Table 1). Three of these five lures contained Z5-10Ac, a compound
known to attract multiple Coleophora species (Sziraki 1980; Priesner 1987; Willemse et al. 1987,
Subchev et al. 1990; Toth et al. 1992).

Crambidae
Eudonia murana (Curtis, 1827)

A moderate number of individuals were attracted by Z11-16Ac (Table 1), the same lure that attract-
ed A. pygmaeella. This compound has previously been reported to attract an Eudonia species in
New Zealand (Clearwater et al. 1986).

Geometridae
Entephria caesiata (Denis & Schiffermiiller, 1775)

Eleven individuals were collected by traps baited with seven lure types (Table 1). Given this spe-
cies’ high abundance at study sites (Kozlov et al. 2022), incidental captures cannot be excluded,
and it is therefore not possible to assign definite attractiveness to any of the tested compounds.

Eulithis populata (Linnaeus, 1758)

Single individuals were attracted by two lure types, both containing Z5-10Ac (Table 1).

Noctuidae
Syngrapha parilis (Hiibner, 1809)

All four attractive lure types for this species contained Z7-12Ac, either alone or in combina-
tions with other compounds (Table 1). This agrees with earlier findings from Northern Finland
(Linnaluoto and Koponen 1983).

Syngrapha diasema (Boisduval, 1829)

Five individuals were attracted to a 1:1 mixture of Z7-12Ac and Z7-120H (Table 1). A similar
composition, in a 3:2 ratio, has previously been reported as an attractant for S. ain (Hochenwarth,
1785) (Inomata et al. 2005).

Syngrapha interrogationis (Linnaeus, 1758)

This species was attracted by five lure types containing Z7-12Ac (Table 1), either alone or in
mixtures. Z7-12Ac has previously been identified as attractive to five other Syngrapha species
(Priesner et al. 1977; Steck et al. 1982a; Linnaluoto and Koponen 1983; Inomata et al. 2005), and
also for S. diasema (see above).
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Sympistis funebris (Hiibner, 1809)

This species responded most strongly to a 1:10 mixture of Z7-14Ac and Z9-14Ac and was also
captured by traps baited with two other binary lures, both containing 50% Z9-14Ac (Table 1).

Sympistis heliophila (Paykull, 1793)

Z7-14Ac was the most attractive lure for this species. The previously reported attractiveness of
Z7-12Ac (Linnaluoto and Koponen 1983) was also confirmed, although this compound was an
order of magnitude less effective than Z7-14Ac (Table 1).

Sympistis lapponica (Thunberg, 1791)

This species was best attracted by a 1:100 mixture of Z7-12Ac and Z9-14Ac, with Z9-14Ac alone
being slightly less effective (Table 1).

Enargia paleacea (Esper, 1788)

Two individuals were captured using a 10:1 mixture of Z9-14Ac and Z11-16Ac (Table 1). The
same components, though in a very different ratio (1:500), have been reported as attractants for the
North American species E. infumata (Grote, 1874) (Steck et al. 1982a, 1982b).

Mpniotype adusta (Esper, 1790)

This species was attracted to mixtures of Z9-14Ac and Z11-16Ac, with the 1:1 ratio being most
effective (Table 1). The same compounds have previously been reported to attract the North Amer-
ican species M. ducta (Grote, 1878) (Byers and Struble 1987).

Coranarta cordigera (Thunberg, 1788)

This species was attracted to five lure types containing Z9-14Ac, with the highest catch obtained
from a lure with a minor addition of Z11-16Ald (Table 1).

Diarsia mendica (Fabricius, 1775)

Moths were captured using four lure types containing Z9-14Ac, again with the largest catch
associated with a lure containing a minor proportion of Z11-16Ald (Table 1), the same com-
position that was most effective for C. cordigera. Z11-16Ald has not previously been reported
as an attractant for Diarsia species, whereas Z9-14Ac is known to attract D. deparca (Butler,
1879) (Ando et al. 1977) and was used as a minor lure component for D. dahlii (Hiibner, 1813)
(Priesner 1985).
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Eurois occulta (Linnaeus, 1758)

Two individuals were captured using a mixture of Z9-14Ac and Z11-16Ac (Table 1), a combina-
tion long known to attract this species in Canada (Steck et al. 1976). However, because E. occulta
is common in the region and six individuals were captured simultaneously by fermented sugar bait
traps (Kozlov et al. 1996), the tested lures are considered insufficiently effective for monitoring.
Three-component mixtures including Z11-16Ald have proved effective in North America (Steck
et al. 1982a, 1982b).

Xestia tecta (Hiibner, 1808)

Single individuals were captured by two lure types containing Z9-14Ac (Table 1), which has been
previously identified as an attractant for five other Xestia species (Priesner 1984, 1985; Struble
and Byers 1985). Neither Z11-16Ac nor Z11-16Ald, which were also present in the lures, has been
reported as attractive to closely related species (El-Sayed 2025).

Conclusions

Field screening of 26 lure types composed of eight common (Z)-monounsaturated aliphatic pher-
omone analogues in subarctic taiga forests has provided the first synthetic sex attractant data for
14 moth species. These results show that straightforward, widely accessible screening approaches
can reveal attractant blends for species rarely targeted in pheromone studies. At the same time, this
study did not confirm the previously reported attractiveness of Z11-16Ac for Anarta melanopa
(Thunberg, 1781) (Linnaluoto and Koponen 1983), although this species occurs in the study region
(Kozlov and Jalava 1994) and was on the wing during the trap-exposure period.

Several lures attracted multiple moth species, replicating the patterns detected in several previ-
ous studies. For example, synthetic pheromones targeting Grapholita funebrana Treitschke, 1835
and G. molesta (Busck, 1916) in Bulgarian orchards attracted, in addition to the focal species, 29
and 12 other leafroller species, respectively (Velcheva 2000). Similarly, synthetic lures developed
for six economically important forest pest moths in Czechoslovakia attracted a total of 32 moth
species (Brewer et al. 2009). These non-target species share one or more key pheromone compo-
nents with the focal species.

Only four of the 12 noctuid moth species attracted to our lures (E. paleacea, M. adusta,
D. mendica and E. occulta) were shared with the 21 species collected using fermented sugar bait
traps at the same study sites in 1991-1993 (Kozlov et al. 1996). This limited overlap suggests that
combining these two trapping methods would substantially enhance the efficiency of monitoring of
moth populations in subarctic forests. Notably, our lures did not attract Acronicta auricoma (Denis
& Schiffermiiller, 1775), Hyppa rectilinea (Esper, 1788), Polia conspicua (A. Bang-Haas, 1912),
Xestia alpicola (Zetterstedt, 1839) or X. rhaetica (Staudinger, 1871), all of which were among the
most abundant species in fermented sugar bait trap catches (Kozlov et al. 1996). The attractants of
these species remain unknown (El-Sayed 2025).
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For several captured species, the identified attractants closely match or extend earlier findings,
often from distant regions. For others, further tests are needed before reliable lure formulations
can be developed. By making these preliminary but unique results available, this study helps fill
a major geographic gap in the chemical ecology of boreal moths and supports the development of
more effective monitoring tools for high-latitude forest ecosystems.
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