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The paper presents data on the use of simple crown traps for studying the insect fauna. The crown trap
is a five-litre plastic container with a window cut out on one side of it at a distance of 10 cm from the
bottom. The height of the trap location is from 2 m to 10 m from the soil surface. Fermenting beer, vari-
ous dry wines with the addition of honey, jam or sugar were used as bait. It turned out that crown traps
are an effective way to study the insect fauna of the upper layers of forests. During the field seasons
of 2018-2019, specimens of the following 12 insect orders were caught in crown traps: Blattoptera,
Dermaptera, Orthoptera, Heteroptera, Coleoptera, Lepidoptera, Trichoptera, Neuroptera, Raphidioptera,
Mecoptera, Hymenoptera, Diptera. For trap establishment, it was better to choose places with the growth
of deciduous trees secreting sap (Quercus, Acer, Fraxinus, Ulmus, Tilia). This trap type can be used to
study the vertical insect distribution in forest systems, seasonal capture, and biotopic distribution. The
use of crown traps is recommended during a comprehensive examination to supplement standard field
methods. For example, when used properly, such traps can be an effective way of monitoring biodiversity
and/or studying threatened insect species. We give seven recommendations to study the entomofauna

using crown traps.
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Introduction

The study of the insect fauna of a certain
region is usually carried out using a small set
of methods which are well described in vari-
ous manuals (e.g. Golub et al., 2012). The most
popular methods are hand-picking, sweep net
trapping, Barber traps, pitfall traps, light traps,
Malaise traps, flight interception traps, cow ma-
nure-baited pitfall traps, rodent burrow pitfall
traps (Jackman & Nelson, 1995; Bouget et al.,
2008; Worthington & Larsen, 2010; Alekseev &
Shapoval, 2011; Vrdoljak & Samways, 2012; Ali
et al., 2015; Egorov & Semishin, 2016; Jocque
et al., 2016; McCravy et al., 2016; Alexeev &
Aleksanov, 2017; McCravy, 2017, 2018; To-
maszewska et al., 2018; Bulgakova & Pyatina,
2019; Kazantsev et al., 2019; Krivosheina & Kri-
vosheina, 2019; Rozhnov et al., 2019; Ruchin et
al., 2019). Recently, acoustic signals, automatic
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light traps, green Lindgren funnel traps, baited
tube traps, emergence traps covering tree hol-
lows, cryptozoan boards, and other trap types
are widely used to determine the entomofauna
(Dobony & Edwards, 2001; Carrel, 2002; Quin-
to et al., 2013; Skvarla & Dowling, 2017; Korb,
2018; McCravy, 2018; Ruchin & Mikhailenko,
2018; Benediktov & Belyaev, 2019).

Some collection methods are time-consum-
ing. Therefore, entomologists rarely use them.
At the same time, there is a simple and effective
method using fermental traps (MacRae, 2015).
This method is based on the attractiveness of a
bait (e.g. a food source simulating a fermented
sap) poured into a plastic cylindrical container
(Allemand & Aberlenc, 1991). Fermental traps
with fermenting liquid baits (e.g. wine, molas-
ses, beer with bananas, apples, sugar, and other
natural fillers) have been shown to be effective
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in detecting many Coleoptera families (Williams
et al., 1995; MacRae & Rice, 2007; Guarnieri,
2009; Shapovalov, 2012; Wong & Hanks, 2016;
Redolfi De Zan et al., 2017; Egorov & Ivanov,
2018). Similar traps, where the process of ac-
tive fermentation of sugars is taking place, also
attract some other insect groups, in particular
Lepidoptera (Devries & Walla, 2001; Dumbrell
& Hill, 2005; El-Sayed et al., 2005; Barlow et
al., 2007; Uehara-Prado & Freitas, 2009; Jaku-
bikova & Kadlec, 2015), Hymenoptera (Dvorak,
2007; Sorvari, 2013, 2019; Demichelis et al.,
2014), Neuroptera (Duelli et al., 2006; Makar-
kin & Ruchin, 2019), Diptera (Dvotakova, 2008;
Dvorék, 2014; Dvoiak et al., 2017) and a num-
ber of other insects (Hongayo et al., 2014), as
well as Gastropoda (Lucid et al., 2018).

The effective use of such traps depends on
many factors. In the present study, we have
summarised the experience of using simple
crown traps for collecting insects and discuss-
ing some methodological issues of their use.

Material and Methods

Trap configuration

Each trap consisted of a plastic five-litre
container with a window cut into it on one side
at a distance of 10 cm from the bottom (Fig. 1).
A rope with an attached trap was thrown onto
a tree branch at a height of 2 to 10 m from the
soil surface with the help of a load. At lower

Fig. 1. The exterior of the crown trap (left) and its working position right).
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heights, the trap can be attached at a tree branch
without special loads. In each case, fermenting
beer, various mixtures of dry wine with honey,
jam or sugar were used as bait.

The use of different baits

In several series of experiments, we tried
to find out whether sugar was important for at-
tracting insects for determining the most attrac-
tive bait for different insect groups. The mixture
for attraction consisted of liquids: beer, red and
white wine, sugar added to them. Moreover, in
the first series of experiments (five replicates),
the following mixtures were studied: 1) beer
with sugar (BS), 2) beer without sugar (B), 3)
red wine with sugar (RvS), 4) red wine without
sugar (Rv), 5) white wine with sugar (WvS),
6) white wine without sugar (Wv). In another
series of experiments (five replicates) two vari-
ants of mixtures were studied: 1) beer with sug-
ar and yeast, 2) beer with sugar without yeast.
These experiments have been carried out from
April to July. In each series of experiments, all
traps were placed on oaks (Quercus robur L.)
at the same height (5.5-6 m) at a close distance
from each other (no more than 10 m). Each rep-
etition of the experiment (exposure) was car-
ried out during 7-10 days (from April to July).
Moreover, each repetition was conducted with-
in one biotope. Studies were carried out in the
Mordovia State Nature Reserve (Russia).

(Y
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Seasonal collections

In two series of experiments, we studied the
possibility of capturing insects using crown traps
during the field season. We established two traps
at a distance of 5 m from each other in a pine
(Pinus sylvestris L.) forest in the Mordovia State
Nature Reserve at a height of 7 m (3 km from
the village Pushta, Temnikov district, Repub-
lic of Mordovia, Russia). Traps were located on
branches in the shade of tree crowns. The study
site was represented by Pinus sylvestris forest
with lime (7ilia cordata Mill.) participation. The
forest stand (first layer) was composed by Pinus
sylvestris trees. The second layer included 7ilia
cordata (projective cover of 65-70%) and sin-
gular trees of birch (Betula pendula Roth). The
shrub layer contained Acer platanoides L. (40—
45%), Tilia cordata saplings (8%), Euonymus
verrucosus Scop., Sorbus aucuparia L. The herb
layer was composed predominantly by Carex
pilosa Scop. with a projective coverage of 70%
with participation of Glechoma hederacea L.,
Lathyrus vernus (L.) Bernh., Rubus saxatilis L.,
Asarum europaeum L., Dryopteris filix-mas (L.)
Schott, Vicia sylvatica L., Convallaria majalis
L., Aegopodium podagraria L., Pteridium aquili-
num (L.) Kuhn, and Mercurialis perennis L. Such
forest community was selected as it is one of the
widely distributed habitats in the Mordovia State
Nature Reserve (Khapugin, 2019) with a rich fau-
na (Ruchin & Khapugin, 2019) and flora (Khapu-
gin & Ruchin, 2019) of threatened species. The
collection period was from 25 April to 29 Octo-
ber 2019. We checked traps at intervals of 7 to 20
days. The weather conditions in the village Push-
ta were recorded. In the calculations, the data ob-
tained by two traps were then averaged.

The trap height

The dependence of the height of trap location
was studied in two series of experiment. Traps
were hung on Quercus robur in a mixed forest in
the Mordovia State Nature Reserve with moder-
ately dense undergrowth. All traps were placed
on Quercus robur within 10-12 m from each
other. The study site was located at 200 m north
of the village Pushta, quarter 446 of the Mordo-
via State Nature Reserve (54.7218 N, 43.2256
E). The selected forest community was condi-
tionally divided into four layers. The first layer
was represented by sparsely distributed Betula
pendula trees (coverage is 10—-15%). There were
large gaps between trees of the first layer. The
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second layer (upper of 3—4 m) was more clearly
expressed and delimited from the first layer by
the wide crowns of Quercus robur and Betula
pendula. The projective cover of the second
layer trees was 40-50%. The shrub layer (from
0.7-1.0 m to 3.0-3.5 m), including saplings of
trees, was characterised by 50-60% projective
cover. This layer consisted predominantly of
Acer platanoides (25-30%), Sorbus aucuparia
(12—-15%), Frangula alnus Mill. (4—6%), Tilia
cordata (5-7%), as well as Euonymus verruco-
sus, Lonicera xylosteum L., Amelanchier spicata
(Lam.) K.Koch., saplings of Pinus sylvestris and
Populus tremula L. The herb layer (up to 0.5 m)
has a projective cover about 30—40%. The most
dominating species were Calamagrostis arundi-
nacea (L.) Roth (7-10%), Glechoma hederacea
(5-8%), Melampyrum nemorosum L. (3—5%),
M. pratense L. (3—-5%), and Convallaria maja-
lis (2-3%). In addition, Hypericum perforatum
L., Asarum europaeum, Viola mirabilis L., Poa
nemoralis L., Carex digitata L., Melica nutans
L., Aegopodium podagraria, Veronica chamae-
drys L., Festuca pratensis Huds., Pimpinella
saxifraga L., Pteridium aquilinum, Fragaria
vesca L., and Achillea millefolium L. were reg-
istered there. The trap height was as follows: 1)
the level of the middle of the undergrowth, 2)
the level of the undergrowth height, 3) the level
of the lower branches of the first forest layer, 4)
the average level of the forest crown formed by
the first forest layer. Beer was used with jam or
sugar as bait. In all cases, the fluids were identi-
cal. Each repetition of the experiment (exposure
time) was carried out for seven days. The first
sampling period was from 01 July to 07 July
2019. The second sampling period was from 07
July to 14 July 2019.

The number of traps

In the first series of experiment, we stud-
ied the trapping rate dependence on the number
of traps and the distance between them. At the
same time, an analysis of the possible effect of
tree species on the trapping rate was conducted.
In this case, the traps were located at the for-
est edge in the botanical region-level natural
monument «Tarkhanovskaya Dachay», (near the
village Tarkhany, Temnikov district, Republic of
Mordovia, Russia). It is a medium-sized wood-
land area surrounded by farmland (Fig. 2).

The main area was occupied by forest with
a predominance of Quercus robur and Tilia cor-
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data. Populus tremula is included in the forest
stand composition as an impurity or it forms
small independent forest patches. The structure
and floristic composition of plant communities
are characteristic of broad-leaved forests, i.e.
Quercus robur, Tilia cordata, Populus tremu-
la were in the first layer with singular trees of
Fraxinus excelsior L. and Acer platanoides. The
shrub layer was represented by Corylus avellana
L., Euonymus verrucosus and Lonicera xyloste-
um. The herb layer was poorly developed under
the closed forest crown. Many species of north-
ern meadow steppes (e.g. Filipendula vulgaris
Moench., Pyrethrum corymbosum L., Ranuncu-
lus polyanthemos L., Trifolium montanum L.,
Potentilla alba L., and Fragaria viridis Duch.)
were located near the meadow-forest borders,
on the open slopes among the abundant forbs’
vegetation. Traps were hung at the southern for-
est edge in Quercus robur, Acer platanoides and
Fraxinus excelsior trees at the same height of
7-8 m. The distance between the traps was dif-
ferent (Fig. 2).

Exposure time

The dependence of trapping rate on the ex-
posure time of traps was studied in a series of
experiments. Traps were exposed from two to
ten days in one biotope at a distance of 15-20 m
from each other. The height of all traps in Quer-
cus robur was 5—6 m. The study was conducted
in July in the Temnikov district of the Republic
of Mordovia (Russia).

Fig. 2. The location of traps (indicated by red dots) in the study
area (near the village Tarkhany (Republic of Mordovia, Russia).
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Conducted calculations and used terms

We applied a multivariate analysis to in-
vestigate the differences and similarities in
the structure of insect assemblages among the
heights of trap location. Nonmetric multidi-
mensional scaling (NMDS) ordination was per-
formed on Bray—Curtis similarity matrices using
the obtained data. We used SIMPER (similarity
percentage) analysis to assess the contribution
of various insect orders to the differences in the
taxonomical composition of samples obtained
by traps located at different heights. We used
violin plots with boxplots. The boxplots repre-
sent the graphical representation of the median
(horizontal line in the «box» of boxplots), 25%
and 75% of the quartiles (box) 1.5 times the
height of the box height (horizontal lines at the
end of the whiskers) as well as remote observa-
tions (outliers, a ring means that the value is
more than 1.5 times the range of values in the
box and an asterisk that the value is more than
three times larger). The violin plots were used
to show the distribution of specimens’ number
of different insect orders by indicating the data
density mirrored and flipped over. We analysed
differences in the trap effectiveness by insect
orders, which have a relative abundance of
more than 5% in the sample from the sampling
period. All analyses and graphical outputs were
performed using the PAST software (ver. 3.19;
Hammer et al., 2001).

The effectiveness of baits was evaluated on
the basis of the presence of the total number
of individuals caught. The following terms are
used in the article:

Occurrence — the ratio of the number of sam-
ples where a species (taxonomic group) is present
to the total number of samples (expressed in %).

Exposure time — the period between hang-
ing a trap and taking samples for analysis (ex-
pressed in days).

The bait (agent) is an insect-attracting lig-
uid trapped and consisting of various mixtures
(beer, wine, water) and natural fillers in the
form of solid and liquid food additives (sugar,
honey, jam).

Results and Discussion
Traps have been exposed during 2018 (June
to August) and 2019 (April to October) in five
regions: Republic of Mordovia, Chuvash Re-
public, Nizhny Novgorod region, Ulyanovsk
region, and Penza region. A large number of
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insect taxa and specimens was caught in those
traps. We did not count all the insects in all the
traps. The total number of traps exposed was
more than 350 over two years. We counted all
taxa in only 170 traps. In these traps, 50 489 in-
dividuals were caught. They were represented
by species belonging to 12 orders: Blattoptera,
Dermaptera, Orthoptera, Heteroptera, Cole-
optera, Lepidoptera, Trichoptera, Neuroptera,
Raphidioptera, Mecoptera, Hymenoptera, Dip-
tera (Fig. 3).

The number of insects caught during the
long exposure of the trap could be estimated
at hundreds per trap. Many insect groups were
well preserved in the traps we used. Among
Coleoptera, Scarabaeidae, Cerambycidae,
Nitidulidae, and Staphylinidae were well and
constantly attracted by the established traps.
Species of Coccinellidae, Cantharidae, Eu-
cnemidae, Elateridae, Chrysomelidae, Silphi-
dae, and Curculionidae were found irregularly
in the traps. However, such groups as Lepidop-
tera species, despite their large numbers, were

poorly preserved during prolonged exposure
and are difficult to identify. We recommend
another trap type for collecting butterflies. In
these traps, beer or wine were used as bait (Ja-
las, 1960). Among Diptera, many Calliphoridae
and Muscidae were found. Families developed
on flowing sap and in tree cavities (Nematoc-
era and Drosophilidae) were well represented
in the traps. Among Hymenoptera, Vespidae
insects were regularly caught in the traps. For-
micidae, Chrysididae were occasionally caught
in low-lying traps. Species of Mecoptera and
Neuroptera were often found.

Species of Blattoptera, Raphidioptera, Der-
maptera, Orthoptera, Heteroptera, and Trichop-
tera in traps were less abundant. It seems that
with such a small number, they are trapped ac-
cidentally. However, in a certain season and at
certain stations, representatives of Blattoptera,
Raphidioptera, Dermaptera, and Trichoptera
were constantly caught. We are sure that only
representatives of Orthoptera and Heteroptera
were randomly caught.

B Coleoptera MLepidoptera [[IHymenoptera B Diptera B Others

Fig. 3. Taxonomic composition and ratio of orders caught by crown traps. Note: Category «Others» includes the following orders:
Neuroptera (715 specimens; 1.42% of total number of caught specimens), Heteroptera (106; 0.21%), Mecoptera (82; 0.16%),
Blattoptera (42; 0.08%), Dermaptera (34; 0.07%), Orthoptera (25; 0.05%), Trichoptera (19; 0.04%), Raphidoptera (12; 0.02%).
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Dependence of capture effect from attract-
ing liquids

The composition of the bait depends on the dura-
tion of the capture and the goal pursued. The bait qual-
ity can affect numbers of both individuals and species
caught by traps (Utrio & Eriksson 1977; Sourakov
& Emmel 1995; Sussaenbach & Fiedler, 1999; Laak-
sonen et al., 2006). Several effective bait recipes have
been identified in a number of studies. For example,
while studying two attracting compounds in traps, it
turned out that during September and October pine-
apple attracted Scyphophorus acupunctatus Gyllen-
hal, 1838, more than fermented maguey (Valdés et
al., 2005). Different bait compositions were tried. In
some traps sweet wine was applied. In others, a com-
bination of ripe banana with non-alcoholic beer was
used (Ali et al., 2015).

For trapping in the tropics, Brazilian scientists
recommended a wide variety of fluids and ingredi-
ents (Freitas et al., 2014). However, there is a bet-
ter-known bait called «standard baity». In the Neo-
tropics, the traditional, widely used and successfully
employed bait in trap studies is a mixture of mature
banana (processed, hand mashed or in pieces) with
sugar cane juice, fermented to become attractive to
fruit-feeding butterflies. This mixture type has a num-
ber of practical advantages. This is attractive for all
butterflies eating the fruit. It is easy to prepare, and
has a long shelf life. In some studies, beer and rum
were used as an addition to the standard bait (Daily
& Ehrlich, 1995).

However, there are other data. Pettersson & Fran-
z¢n (2008) used beer and wine as bait. They concluded
that both bait types are good to catch butterflies. The
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choice of bait primarily depends on the taste, cost, and
availability of ingredients. Both baits showed appro-
priate results. There were no statistically significant
differences in indicators either in the number of cap-
tured species or in the total number of individuals.

Some chemical compounds, such as turpentine,
alcohols, esters or organic acids, may also be attrac-
tive to certain insect groups. For example, grape juice,
sugarcane molasses, and a solution containing brown
sugar were used to attract the butterfly Grapholita
molesta (Busck, 1916). Of all the Ajar / TAS variants
(this is an Ajar trap with a solution containing brown
sugar (8.69%) and terpinyl acetate (0.05%) solution)
can be used to maximise the species appearance in
apple orchards (Padilha et al., 2018). Laboratory
choice tests were conducted to compare attractiveness
of vinegar, ethanol, apple juice, the vinegar-ethanol
mixture, vinegar-apple mixture, ethanol-apple mix-
ture and vinegar-ethanol-apple mixture in relation
to Eucryptorrhynchus scrobiculatus (Motschulsky,
1853). It turned out that the vinegar-ethanol-apple
mixture is much more effective than the rest of the
blends (Yang et al., 2019).

Thus, the number of caught specimens (hereafter
— catch index) in traps with baits are clearly biased
towards species attracted by specific baits (Ausden &
Drake 2006). Hence, the bait selection is crucial in the
sampling design relevant to the target insect group.

In our study, we used several mixtures on the ba-
sis of red wine, white wine or beer. Sugar and yeast
were added to this bait. From late May to early July,
Blattoptera, Heteroptera, Coleoptera, Lepidoptera,
Neuroptera, Mecoptera, Hymenoptera, and Diptera
were attracted by various wines and beer (Fig. 4).

Diptera

S\vys

Lepidoptera

-25 -20 -15 -10 -5 0

5 10 15 20 25 30 35

PC 1(80.1%)
Fig. 4. Distribution of captured specimens of insect orders depending on various attracting liquids. Designations: BS — beer
with sugar; B — beer without sugar; RvS — red wine with sugar; Rv — red wine without sugar; WvS — white wine with sugar;

Wyv — white wine without sugar.
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Fig. 4 shows that the arrows of biplot graph
indicated an increase in factor strength for Diptera
and Lepidoptera, as well as for Hymenoptera in the
direction of white wine with sugar and red wine
with sugar. This means that using wine (white or
red) with sugar increased the proportion of Dip-
tera, Lepidoptera, and Hymenoptera specimens
caught in the sample. On the graph, the mixtures
of white wine with sugar and red wine with sugar
were located separately of other mixtures and, in
turn, not far from each other. The same situation
was with the arrangement of white wine without
sugar and red wine without sugar in Fig. 4. This
supposes that there was no significant difference
in the use of red or white wine, while the pres-
ence of sugar matters. While the arrows of Dip-
tera, Lepidoptera, and Hymenoptera were directed
towards white and red wine with sugar, if we con-
tinue these arrows in the opposite direction from
the centre of all biplot graph arrows, then white
wine and red wine without sugar will be located
in this direction. This means that if these mixtures
are used, the number of individuals of Diptera,
Lepidoptera, and Hymenoptera will decrease or
at least it will be lower than in the case with the
use of wines with sugar. According to some other
observations, the most effective bait was wine for
Scatopsidae (Diptera), beer and wine for Droso-
philidae (Diptera). However, no significant differ-
ence between baits for Anisopodidae was found
(Manko et al., 2018). Grapes and beer turned out
to be the most effective baits for capture of Teph-
ritidae species (Bharathi et al., 2004).

In mixtures, sugar obviously played a more
significant role for Lepidoptera and Hymenoptera.
The arrows of the biplot graph for these orders were
directed towards the beer-sugar mixture, while the
size of all other taxonomic groups decreased in the
case of using both beer with or without sugar. Sus-
saenbach & Fiedler (1999) pointed out that sugar
was necessary for catching butterflies. The authors
demonstrated that almost two times more species
and almost ten times more individuals were attract-
ed to sugar in compare to banana bait.

The Coleoptera and Neuroptera showed
a similar predisposition to the mixtures used.
Fig. 3 shows that the abundance of species from
these orders was lower when beer with or with-
out sugar was used. At the same time, a higher
predisposition of Coleoptera and Neuroptera to
white wine without sugar and partly to red wine
without sugar was shown. Traps with red wine,
white wine, and sugar also showed the highest
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detection probabilities for Coleoptera species
belonging to the genera Dorcus, Protaetia, and
Cetonia (Bardiani et al., 2017).

Other groups (Heteroptera and Blattoptera)
were represented by a very small number of in-
dividuals. At two locations of the Mordovia State
Nature Reserve, we compared beer-sugar mixtures
with and without yeast. We hypothesised that the
yeast use led to fermentation of the beer-sugar
mixture, while the fermentation of baits without
yeast would start later. Location 1 was located at
the forest edge, while location 2 was situated un-
der the forest canopy. The distance between the lo-
cations was 300 m. In location 1, our experiment
had four repetitions, while it was conducted in two
repetitions in location 2. The comparison of data
obtained in two locations was conducted using
NMDS analysis. It demonstrates remarkable dif-
ference between the data obtained at the edge of
the forest and under the forest canopy (Fig. 5).

Most probably, so remarkable differences be-
tween tested locations could be explained by dif-
ferences in catch index of insects at both locations.
SIMPER analysis (Table 1) indicated that the or-
ders Diptera (average dissimilarity contribution
(ADS) — 57.3%) and Lepidoptera (ADS — 27.3%)
had the highest contribution in dissimilarity be-
tween both locations. Table 1 demonstrates that
the mean abundance values of these orders differ
remarkably between location 1 and location 2. To
a certain extent, it is applicable to Hymenoptera,
which also contribute (ADS —4.7%) to differences
between locations tested.

Then we tested the applying of different mix-
tures. The comparison of obtained data using
NMDS analysis shows insignificant differences
between sugar-beer baits with and without yeast
(Fig. 6). These results underline no influence of
yeast in beer-sugar mixtures on the catch index
for insects. Perhaps, sugar plays a more significant
role in attracting insects than substances released
into bait during the fermentation process.

SIMPER analysis (Table 2) indicates the rela-
tively low contributions of insect orders into dif-
ference between types of baits (Table 2), although
Diptera, Lepidoptera and Hymenoptera have the
highest ADS. The obtained results coincide with
non-remarkable difference between the mean val-
ues of the catch index in almost each insect order.
Only the Diptera order forms an exception. Its
catch index was 2-fold higher using beer-sugar bait
without yeast compared to beer-sugar bait with
yeast (Table 2).
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Coordinate 2
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04 03 02 01 ) 01 02 03 04
Coordinate 1

Fig. 5. Ordination diagram of the abundance of insect
orders among the location 1 (blue dots) and location 2
(red dots) (3D NMDS; 1 + 2 plot axes; locations as ex-
planatory variables).

)

. Coordinate 2
8

)
Coordinate 1

Fig. 6. Ordination diagram of the abundance of insect orders
among the beer-sugar mixtures with (blue dots) and without
(red dots) yeast (3D NMDS; 1 + 2 plot axes; mixtures as
explanatory variables).

Table 1. Similarity percentage analysis (SIMPER) of the taxonomical structure (order level) of insect assemblages among the

locations tested

Taxon Average dissimilarity| Contribution %| Cumulative % Mean Pushta Mean Forest
Diptera 57.33 62.19 62.19 1.63 161
Lepidoptera 27.5 29.84 92.03 0.625 69.5
Hymenoptera 4.692 5.09 97.12 4.63 17.5
Coleoptera 1.392 1.511 98.63 4.63 4.25
Neuroptera 0.6018 0.6528 99.28 0 1.5
Heteroptera 0.5484 0.5949 99.88 0.25 1.5
Blattoptera 0.1124 0.1219 100 0 0.25

Table 2. Similarity percentage analysis (SIMPER) of the taxonomical structure (order level) of insect assemblages among the

baits tested

Taxon Average dissimilarity| Contribution %| Cumulative % Mean BS Mean BSY
Diptera 31.89 48.26 48.26 75.2 34.5
Lepidoptera 14.49 21.93 70.19 23 242
Hymenoptera 11.46 17.34 87.53 10.2 7.67
Coleoptera 6.749 10.22 97.75 3.83 5.17
Heteroptera 1.126 1.704 99.45 0.333 1
Neuroptera 0.3017 0.4567 99.91 0.333 0.667
Blattoptera 0.06076 0.09195 100 0 0.167

Note: BS — beer-sugar mixture without yeast, BSY — beer-sugar mixture with yeast.

Dependence of catch index on the season and
weather conditions

Experiments showed (Allemand & Ab-
erlenc, 1991) that rain and temperature were
two significant factors influencing the trap at-
tractiveness. Rain, especially during thunder-
storms, can dilute the bait and, therefore, reduce
its attractiveness. The temperature does not af-
fect so much the bait in contrary to activity of
insects as ectothermic animals. Low tempera-
ture limits the trap effectiveness by reducing
the insect flight activity. This is only possible
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if the temperature is above a certain threshold.
A significant positive correlation was found be-
tween the number of attracted noctuid moths,
species number, and temperature (Sussaenbach
& Fiedler, 1999). Ribeiro & Freitas (2010)
found a positive relationship between the aver-
age temperature and wealth and the abundance
of captured butterflies. Grotan et al. (2012) also
found a positive relationship between butterfly
abundance and temperature and rainfall, as well
as a negative relationship between insect diver-
sity and rainfall.
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Wind speed can also affect catch index. On
the one hand, higher wind speed and the ac-
companying more powerful convective cooling
inhibit the insect flight activity. On the other
hand, due to the wind the bait smell spreads
more freely and reaches much further. Studies
demonstrated that wind has a significant effect
on the specimens’ number of noctuid moths,
but not on the species number (Sussaenbach &
Fiedler, 1999).

In our study, the captures were carried out
from 25 April to 29 October 2019 in a typical
pine forest in the Mordovia State Nature Re-
serve. A total of 4862 specimens from nine
insect orders (Blattoptera, Heteroptera, Cole-
optera, Lepidoptera, Neuroptera, Trichoptera,
Mecoptera, Hymenoptera, and Diptera) were
recorded in two series of experiments. The
largest number of caught individuals was dis-
tinguished by the orders of Lepidoptera, Dip-
tera, and Coleoptera. Their proportion exceed-
ed 95% of all caught individuals. Throughout
the season, representatives of only three orders
fell into traps: Lepidoptera, Hymenoptera, and
Diptera (Fig. 7).

The dynamics of the Coleoptera abundance
was one-peaked. In May, we observed a sharp
increase in the abundance of this group. Then
the abundance gradually decreased. In late
September — early October, Coleoptera were no
longer trapped (Fig. 8, Fig. 9). The number of
Lepidoptera falling into traps varied unevenly
and was three-peaked. The maximum number
of insects was found in mid-June.

The dynamics of the Diptera assemblages
was two-peaked with maximum peaks in late
June and late August. The June peak is indi-
cated by similar Diptera catch index values ob-
served in the Czech Republic (Dvotak, 2014).
In October, under a temperature increasing in
10-15°C, Diptera were caught again into the
trap more often. The Hymenoptera (mainly
Vespidae) abundance was high in May with
a consequent declining, and again increas-
ing in August and September. Representatives
of the Chrysopidae family (Neuroptera order)
were attracted by traps. The largest number of
caught Neuroptera individuals was observed in
late July and August. According to Duelli et al.
(2006), it was during a peak in the abundance of
this group. The number of insect orders caught
by traps had a maximum in June (6—7 orders)
and in late July — August (6 orders).
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Fig. 7. The ratio of insect orders caught during the activity season from April to October 2019 in a pine (Pinus sylvestris) forest.



Nature Conservation Research. 3anoeeonan nayxa 2020. 5(1):

87-108 https://dx.doi.org/10.24189/ncr.2020.008

25.1V.-6.V.

25

11-29.X. 6-14.V.

11-17.X. 14-24.V.

20

15

2-11.X 24.V.-4.VI.

10

18.1X.-2.X. 4-11.VI.

S

6-18.IX. 11-24.VI.

26.VIIL-6.1X. 24.VI.-2.VIL.

20-26.VIIl. 2-10.VII.

3-20.viIl. 10-14.VIl.

23.VIL.-3.VIIl. 14-23.VIl.

Coleoptera  ==Lepidoptera
Fig. 8. Secasonal dynamics of the number of individuals in
four insect orders attracted by traps (per one day of exposure)
in a pine (Pinus sylvestris) forest.

Hymenoptera Diptera

By testing a possible impact of certain mete-
orological factors, we revealed that pronounced
trends did not appear. We can only talk about
some dependencies (Fig. 8). For example, in
May, a distinct peak of Coleoptera abundance
was observed during a sharp increase in day and
night temperature and a corresponding decrease
in humidity. However, the further increase in
temperature in the summer months no longer
had a special effect on catching this group by
traps. The first (June) peak of Lepidoptera abun-
dance was also apparently associated with an
increase in both night and day temperature val-
ues. However, in July, an even larger increase
in the Lepidoptera abundance can be explained
only by a stably high night temperature, which
allows species attracted by fermenting solutions
in traps to be quite active. Diptera was also in-
fluenced by temperature. But this schedule was
quite variable. On the other hand, an increase in
day temperature in October sharply increased
the Diptera abundance in crown traps.

In our opinion, this trap type can be used
to study the seasonal activity cycles of some
insects (e.g. phenological studies). It especially
concerns Coleoptera and Diptera, which are
well preserved during capture and can be sub-
sequently identified by specialists.

The trapping rate dependence on traps height
Traps with attracting liquids established at
various heights have been tested in the USA
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(Dodds, 2014). The author demonstrated that
species diversity, abundance, and number of
unique species were higher in traps located in
undergrowth layer compared to ones situated
in canopy layer. The number of individual spe-
cies and the species composition of the entomo-
fauna itself varied depending on the height of
the trap location. In another study, Schmeelk et
al. (2016) established the traps at three height
types: understory (1.5 m), lower canopy (6 m),
and mid-canopy (12 m). In total, the authors
caught 50 Cerambycidae species, seventeen of
which were the most common. The remaining
species were noted by a few specimens. More-
over, there was a number of different baits at-
tracting 13 of the widespread species. Three
species were captured primarily in understory
traps, while another five species were primar-
ily caught in mid-canopy traps. The variation
among Cerambycidae species in their vertical
distribution in forests explained similar over-
all abundance and species richness across trap
height treatments. Data on poorly studied Co-
leoptera species can be obtained using traps
located at higher heights. For some of these
species, the geographical distribution (in par-
ticular, their northern range boundary) could
be identified depending on their environmental
preferences (Allemand & Aberlenc, 1991). In
temperate forests, the proportion of sapropha-
gous beetles is higher in lower forest layers,
while in tropical forests, it increases with the
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height of trap location on tree trunks. This is
associated with a higher competition between
separate insect groups in each forest layer of
tropical forests (Weiss et al., 2019).

During the study period (from 01 July to
14 July 2019), our traps caught 1580 insect in-
dividuals, i.e. 732 individuals in the first sam-
pling period and 848 individuals in the second
sampling period. In both sampling periods, the
following orders were represented in the traps:
Lepidoptera, Diptera, Hymenoptera, Coleop-
tera, Neuroptera, Heteroptera, and Blattoptera.

A non-metric multidimensional scaling
indicates that differences in the taxonomical
composition between two sampling periods are
more pronounced than between selected heights
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of trap location (Fig. 10). Different sizes of con-
vex hulls at the NMDS plot indicate the higher
differences in abundance of caught insects dur-
ing the first sampling period compared to the
second sampling period. According to the SIM-
PER analysis, the abundance of Diptera and
Lepidoptera explains most of the differences in
the taxonomical structure of samples accord-
ing to used heights of trap location (more than
89% dissimilarity in the sum of both sampling
periods) (Table 3). Among the obtained orders,
Diptera and Lepidoptera have a relative abun-
dance higher than 5%. These orders have also a
higher contribution to the dissimilarity between
sampling periods with different heights of trap
location (Table 3).

T T T T
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T T T T
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Coordinate 1
Fig. 10. Non-metric Multidimensional Scaling (NMDS) ordination diagram of the taxonomical structure (order level) of in-
sect assemblages among the heights of trap location from both sampling periods (2D NMDS; 1 + 2 plot axes; heights of trap
location as explanatory variable; Shepard plot in the upper left corner of the diagram; sampling sites coding: dot — height: 1.8
m, filled square — height: 3.4 m; filled triangle — height: 5.1 m; filled diamond — height 7.8 m).

Table 3. Similarity percentage analysis (SIMPER) of the taxonomical structure (order level) of insect assemblages among the

heights of trap location in both sampling periods

Order Average dissimilarity| Contribution % | Cumulative % | Mean 1.8 m | Mean 3.4 m|Mean 5.1 m | Mean 7.8 m
Lepidoptera 16.88 56.08 56.08 110 153 82.5 116
Diptera 10.07 33.44 89.53 42.5 105 71.5 40.5
Hymenoptera 1.423 4.728 94.25 10 11.5 4.5 5.5
Neuroptera 0.9808 3.259 97.51 2.5 10.5 3 2.5
Coleoptera 0.5302 1.761 99.27 3.5 35 6.5 5
Blattoptera 0.1142 0.3794 99.65 0 1 0
Heteroptera 0.1042 0.3462 100 0 0.5 0 0.5
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Our results confirm unequal effectiveness of
traps located at different heights for different or-
ders. Fig. 11 shows that the height of 3.4 m was
highly different to others heights in the PCA plot.
At the same time, extreme heights of 1.8 m and 7.1
m were closely located in a plot, while a height of
5.1 m was located apart from other heights. This
picture is most probably explained by the high-
est effects of the orders Diptera and Lepidoptera
(Table 3) on the total taxonomic structure of in-
sects caught during the experiment. Studying the
occurrence of noctuid moths on various baits at
two heights of 0.5 m and 2.0 m demonstrated that
in the first case all bait types were the least effec-
tive, while most of the caught species were found
at a height of 2.0 m (Sussaenbach & Fiedler, 1999).
Indeed, the heights of 1.8 m and 7.8 m were lo-
cated closely due to the lowest Diptera abundance
at these heights.

At the same time, the separate location at a
height of 5.1 m in Fig. 11 is most probably ex-
plained by the lowest abundance of Lepidoptera
caught at this height. Finally, the most distinct lo-
cation of height 3.4 m is undoubtedly caused by the
highest abundance of the most influencing orders
Lepidoptera and Diptera together with the highest
specimens’ number of Blattoptera (captured only
at the 3.4 m height), Hymenoptera, Neuroptera,
Heteroptera caught at this height (Table 3). There-
fore, most orders were represented by a maximum
of specimens’ number captured at the height of 3.4
m, except for Coleoptera, which maximal speci-
mens’ number was at a height of 5.1 m (Table 3).
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The taxonomic composition of Coleop-
tera and Diptera attracted by the trap has been
studied separately (Fig. 12, Fig. 13). It is well
known that some Coleoptera families and sepa-
rate species have a clear preference for a cer-
tain forest layer (Su & Woods, 2001; Ulyshen,
2011; Prochazka et al., 2018; Sheehan et al.,
2019). A three-year study of the bait impact on
Cerambyx cerdo Linnaeus, 1758 (Coleoptera)
in [taly showed that this species was more com-
mon at a height of 10 m than at a height of 2 m
(Redolfi De Zan et al., 2017). Traps in the forest
understory caught the highest specimens’ num-
ber of Xylotrechus colonus (Fabricius, 1775)
and Graphisurus fasciatus (DeGeer, 1775),
whereas more adults of Neoclytus mucronatus
mucronatus (Fabricius, 1775) were caught in
the forest canopy rather than in the understory
layer (Wong & Hanks, 2016).

During the exposure, species from four fami-
lies Staphylinidae, Scarabaeidae, Nitidulidae, and
Cerambycidae were caught in our traps (Fig. 12).
We found that Nitidulidae (Epuraea sp., Cych-
ramus luteus (Fabricius, 1787) and Cryptarcha
strigata (Fabricius, 1787)) were more often caught
at heights of 3.4 m and 5.1 m, while Scarabaei-
dae (Protaetia marmorata (Fabricius, 1792) and
Staphylinidae  (Quedius dilatatus (Fabricius,
1787)) were found with the highest abundance at
the second and first forest layers (7.8 m). Ceram-
bycidae (Leptura quadrifasciata Linnaeus, 1758)
was predominantly caught at the most catchable
height for all insects (3.4 m).

Lepidoptera
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Diptera
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PC 1(76.5%)
Fig. 11. Principal component analysis (PCA) ordination diagram indicating efficiency of traps located at different heights
depending on the abundance of different insect orders caught in the study. «Mean» indicates that we used the averaged insect
abundance from two sampling periods. Mean values of insect abundance per order were plotted onto PCA ordination diagram

as supplementary en-vironmental variables.
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Fig. 12. Principal component analysis (PCA) ordination diagram indicating efficiency of traps located at different heights
depending on abundance of Coleoptera families in the Mordovia State Nature Reserve (Russia). Mean values of insect abun-
dance per order were plotted onto PCA ordination diagram as supplementary environmental variables.
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Species from 16 Diptera families were identi-
fied in the study area (Fig. 13). At all four heights
examined (i.e. 1.8 m, 3.4 m, 5.1 m, 7.8 m), only
three common (background) species were found in
traps: Pollenia rudis Fabricius, 1794 (Calliphori-
dae), Phaonia pallida Fabricius, 1787 (Muscidae),
and Helina impuncta Fallen, 1825 (Muscidae). It
should be noted that the specimens’ number of the
most widespread species was approximately the
same at heights of 1.8 m to 5.1 m, while it begins
to decline only at a height of 7.8 m. Pollenia rudis
larvae parasitise on earthworms (Rognes, 1987).
Phaonia pallida larvae were hatching from rot-
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ting residues of plant origin and rotting protein
substrates (Gaponov & Panteleeva, 2017). Thus,
two of the three mass species were not associated
with wood as a place of larvae development. Their
presence in traps was associated with imago activ-
ity. According to our observations, imagos of Pha-
onia pallida and Pollenia rudis have been usually
caught in grass or on low shrubs. The high activity
of these species in higher forest layers was an un-
expected result. Another species that was caught at
all heights is Helina impuncta Fallen, 1825 (Musci-
dae). The spatial arrangement of H. impuncta spec-
imens was different than for the previous species:
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its smallest number of specimens was observed at
a height of 1.8 m. This is consistent with the typi-
cal H. impuncta behaviour because it is usually al-
located at higher parts of tree trunks. We must note
that our study has been conducted during limited
time, in July. Therefore, many other Diptera spe-
cies have not been caught in traps, although they
could also be common species in certain seasons.

A few caught specimens do not allow making
reasonable conclusions concerning the less wide-
spread species. We believe that most of the Diptera
specimens were caught occasionally in traps, al-
though the presence of some of them was expected
in trunk traps. For example, like other Odiniidae
representatives, Neoalticomerus formosus Loew,
1844 was usually found only on trunks. And the
larvae of Odiniidae species develop in dead wood
and in flowing sap (Bree & Ketelaar, 2018). As a
rule, window gnats of the genus Sylvicola (An-
isopodidae) inhabit tree trunks. They are caught
in traps with beer (Dvotak, 2014; Dvorék et al.,
2017). Finally, Metalimnobia quadrimaculata Lin-
naeus, 1760 (Limoniidae) larvae inhabit tree fungi
(Krivosheina & Krivosheina, 2010).

Trapping rate dependence on the number of traps

There is always a logical question: how many
traps should be established during a study? The an-
swer depends on the goals and objectives of the re-
search. If the fauna of a particular biotope needs to
be analysed, an understanding of its nature is need-
ed. If this is a glade surrounded by forest, 1-2 traps
can be enough. If this is the forest edge, then a dozen
of traps may not be completely enough. On the other
hand, to make an initial study of the fauna, one trap
established at the correct time could be quite enough
(Barlow et al., 2007; Ribeiro & Freitas, 2012).

Some literature data indicate the need to estab-
lish a group of 3-5 traps to cover the entire biotope
as much as possible (Uehara-Prado et al., 2007; Ri-
beiro & Freitas, 2012). However, it has been reported
that some traps attract a large number of individuals,
while a neighbouring trap can hardly attract anyone.
By combining three or more bait traps, the sampling
becomes more uniform and it is more likely to re-
veal the biotope fauna (Freitas et al., 2014). Among
other aspects, it is also important to understand,
what distance is necessary to establish traps within a
biotope. For example, Ribeiro et al. (2012) showed
that the sampling is strongly affected by structure
of landscape within about 200-m radius around a
trap. Seven traps with beer-based bait placed at a
distance of 40-80 m from each other attracted sev-

eral insect groups, among which representatives of
Hymenoptera were present. However, other insect
groups were caught irregularly and were not found
in all traps (Hongayo et al., 2014).

We hypothesised that the distance between
trees with established traps is an important factor
influencing the catch index for insects. To test the
hypothesis, we used NMDS analysis, where the
distance between trees (30 m, 40 m, 60 m, 90 m,
110 m, 160 m) was predictor, while the catch in-
dex per tree (Quercus robur, Tilia cordata, Acer
platanoides, Fraxinus excelsior) formed environ-
mental variables. Fig. 14 demonstrated no signifi-
cant influence of the distance to the catch index of
insects. In addition, SIMPER analysis (Table 4)
did not confirm our assumption either. At the same
time, we found that Quercus robur played a leading
role in the catch index of insects (average dissimi-
larity contribution between tree species — 47.1%).
The lower values of average dissimilarity contri-
bution were obtained for Tilia cordata (19.1%),
Fraxinus excelsior (16.0%), and Acer platanoides
(7.7%). However, our results could be possibly ex-
plained by a larger number of Quercus robur trees
involved in our research. Thus, we believe that
the distance between trees with traps should be
less than 300 m during field entomological studies
within a single forest habitat with mixed structure.
Experiments in California forests revealed that the
relative abundance and faunistic similarity of in-
sect assemblages in various traps varied highly in
the trap types, while it depended little on the tree
species. Family-level taxonomic wealth varied be-
tween different types of traps, tree species, and trap
locations (Sussaenbach & Fiedler, 1999).

Taking into account that Quercus robur trees
characterised by the highest cumulative contribution
in difference between distance groups, we assessed
an influence of distance on the catch index of insects
only on Quercus robur trees. We used NMDS analy-
sis, where distances (30 m, 40 m, 90 m, 110 m) acted
as predictors, while the numbers of insect specimens
caught per Quercus robur tree were environmental
variables. Fig. 15 demonstrates a clear distinguish-
ing of polygons responsible for different distances.
It indicates the considerable role of the distance be-
tween Quercus robur trees on the catch index values.
On the other hand, it could be explained by the small
sampling size. So, it should be confirmed in future by
increasing the sampling size. Moreover, a SIMPER
analysis of these data demonstrates relatively equal
values of average dissimilarity contribution for all
Quercus robur trees used in the study (Table 5).
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Fig. 14. Ordination diagram of the taxonomic structure of insects (order level) among the different distance up to the nearest
tree (3D NMDS; 1 + 2 plot axes; distance as explanatory variables).

Table 4. Similarity percentage analysis (SIMPER) of the abundance of insects caught on trees among the different distances
up to the nearest tree

Tree |[Average dissimilarity |Contribution % | Mean40 m | Mean 60 m | Mean 160 m | Mean 30 m | Mean 110 m | Mean 90 m
Q 47.12 52.45 88.6 0 0 55.3 75.8 70.8
T 19.07 21.23 0 89.1 0 0 0 0
F 15.96 17.77 0 0 71.3 0 0 0
A 7.682 8.552 0 0 0 0 0 57.4

Note: Q — Quercus robur, T — Tilia cordata, F — Fraxinus excelsior, A — Acer platanoides.
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Fig. 15. Ordination diagram of the taxonomic structure of insects (order level) among the different distance up to nearest
Quercus robur tree (3D NMDS; 1 + 2 plot axes; distance as explanatory variables).

Table 5. Similarity percentage analysis (SIMPER) of the abundance of insects caught on Quercus robur trees among the
different distances up to nearest tree

Tree Average dissimilarity |Contribution % Mean 40 m Mean 30 m Mean 110 m Mean 90 m
Q110 25.79 25.79 0 0 75.8 0
Q90 24.25 24.25 0 0 0 70.8
Q30 20.6 20.6 0 55.3 0 0
Q40 15.71 15.71 39.4 0 0 0
Q40 13.65 13.65 49.3 0 0 0
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Trapping rate dependence on exposure time

It is also important for a researcher to know
the exposure time of a trap (i.e. a number of days
to achieve sampling). It can depend on various rea-
sons, both unbiased (weather, biotope, landscape
remoteness) and subjective factors. The number of
days for sampling may vary depending on the area
of study site and the season. Ideally, the sampling
sufficiency should be checked before attempting to
conduct it in each sampling period. The sampling
success varies in different biotopes. For example,
in some semi-deciduous forests of Eastern Brazil,
one trap can capture dozens of individuals per day
at late dry season (Ribeiro & Freitas 2012). This
means that in this case, the exposure time should
be slightly reduced. In our study, we also found
that the exposure time affects the total amount of
captured insects (Fig. 16).

Among all orders of captured insects, a direct
correlation of the catch index and the exposure
time was characteristic only for Lepidoptera, and
only for Vespa crabro Linnaeus, 1758 from the or-
der Hymenoptera. At the same time, the number
of caught Diptera specimens was approximately
similar between exposure times of 2 days and 10
days being thus slightly varied. This means that
Diptera are immediately attracted to the bait and
within 2—4 days their capture could be stopped. At
the same time, the number of caught specimens of
Lepidoptera and V. crabro increased over time.

Thus, the number of caught specimens in-
creased with increasing exposure time. However,
their number stabilised after 68 day. Within this
time, all abundant taxonomic groups were already
present in the sampling of individuals caught. But
the increase in number of caught individuals oc-
curred only due to Lepidoptera, which are difficult
to be determined after getting wet in a trap. There-
fore, we recommend establishing crown traps in
the summer for no more than 6-8 days.

Conclusions

According to Golub et al. (2012), the de-
scribed type of trap can be classified as «Trap
with bait in a container». Many insects have re-
ceptors perceiving carbohydrates. It explains why
they are attracted to beer-based fermented baits
with added sugar and other sugar-containing
baits. According to many recent studies (Foster,
1995; Sanchez-Gracia et al., 2011; Engsontia et
al., 2014; Xu, 2019), insects have the ability to
absorb sugar playing a critical role in the insect
life as valuable energy and food resource. Sugar
perception is always used by insects to evaluate
the nutritional value of feed. Sugar and its de-
composition products form the primary stimulat-
ing signal for insect nutrition (Kent & Robertson,
2009). The use of crown traps with a bait on the
basis of sugars and products of their fermentation
is explained precisely by this insect perception.

Exposure time

0% 10% 20% 30% 40%

50% 60% 70% 80% 90% 100%

EHeteroptera WColeoptera EMLepidoptera ENeuroptera DHymenoptera MMecoptera EDiptera

Insect orders
Fig. 16. The taxonomic composition (order level) and the ratio of the number of collected insect specimens (OY axis) depend-

ing on the exposure time (OX axis).
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Crown traps are an effective tool to study the
insect fauna of the upper forest layers. Crowns of
forest stand are usually less studied than the ground
and herb layers (Basset, 2001). The choice of a spe-
cific trap location should not cause doubts. But it is
better to inspect the surroundings and establish traps
at a distance of at least 10 m from sap-producing
trees. In temperate regions of the forest natural zone,
these species are Quercus, Acer, Fraxinus, Ulmus,
and Tilia. On the other hand, we have repeatedly
established traps in solid Pinus sylvestris forests,
mixed forests with Pinus sylvestris dominance. As a
result, we obtained appropriate results on the species
composition in these biotopes. However, it should
be noted that in such forests the insect fauna attract-
ed to traps was depleted in comparison with broad-
leaved forests (our unpublished data). In large for-
est areas, sites with sparsely located trees are more
favourable for establishing of traps. Traps should be
placed on the branches, along glades and clearings,
at the edge of the forest. Traps should be suspended
to living tree trunks, located on thick branches (with
a diameter of at least 5 cm) to limit the wind effects.

This trap type can be used to study the verti-
cal insect distribution in forest systems. Such traps
are easy to use, unlike some other proposed methods
(Su & Woods, 2001). On the other hand, they could
complement other methods to obtain better results. Ac-
cording to recently published research results (Ruchin
et al., 2019; Ruchin & Khapugin, 2019), only 13 lo-
calities were indicated in the Republic of Mordovia
where Protaetia fieberi (Kraatz, 1880) was registered
in 2013-2018. In this study, manual collection and
partially window traps were mainly used. In 2019, 37
locations of this species (occurrence of 37.4%) from
99 crown traps at different study sites were identified.
Thus, Protaetia fieberi is probably much more com-
mon. Until 2017, there was little information about
Leptura thoracica Creutzer, 1799. This species was
considered as very rare (Ruchin & Egorov, 2018c).
However, 11 new localities of this species were im-
mediately registered using crown traps only in 2018
(Ruchin & Egorov, 2018a,b). This confirms the earlier
conclusions that the insect fauna in the tree crowns can
differ significantly from the fauna of the ground and
herb layers (Tanabe, 2002; Wermelinger et al., 2007;
Roche et al., 2015; Weiss et al., 2019).

From year to year, the catch index of the species
can vary widely at the same locality. Therefore, we be-
lieve, it is necessary to repeat the experiment for two
years to roughly determine the fauna in a biotope. Our
2018 and 2019 experiments in the Mordovia State Na-
ture Reserve confirm this assumption. Different results

on the Coleoptera fauna were obtained by establishing
traps on the same places in a similar season. For exam-
ple, a significant amount of Gnorimus variabilis (Lin-
naeus, 1758) was caught in 2018 (Ruchin & Egorov,
2018a), whereas this species was represented by single
specimens in 2019 at the same time on the same place
traps. Similar data were obtained by Allemand & Ab-
erlenc (1991) who caught two rare Coleoptera species
on one place in different years in different number. The
recent studies of Leptura thoracica Creutzer, 1799
have demonstrated interesting results. Danilevsky et
al. (2019) found that in European Russia this species
has a pronounced sexual dimorphism in the colour of
the elytra. These data were obtained exactly by using
crown traps. Also, these traps can be used to study the
seasonal activity cycles of some insects, i.e. in pheno-
logical studies. It especially concerns some species and
families in the orders Coleoptera and Diptera.

According to the results of catches, the insect spe-
cies composition revealed by crown traps iffered from
those caught using other approaches. Therefore, we rec-
ommend using crown traps to make a comprehensive
examination where a variety of methods complement
each other. Being used correctly, such traps can be an
effective toolto study the biodiversity and/or biology
and ecology of threatened insect species (Laaksonen
et al., 2006). For example, there was a lack of data on
a very rare saproxyl species Protaetia speciosissima
(Scopoli, 1786), which was found mainly in broadleaf,
less often in mixed forests, and its localities in the Re-
public of Mordovia, Russia (Ruchin & Egorov, 2017).
However, the use of crown traps made it possible to
identify several new localities and the question arose
about the conservation of its habitats.

Recommendations

All the recommendations presented above could
be summarised as follows: 1) it is very important to
determine the sampling size, number of established
traps, as well as the general efforts for sampling; 2) a
correct taxonomic treatment is needed to understand
the local insect fauna; 3) it is necessary to know the
local insect flora, especially in forests with tree spe-
cies forming their basic conditions; 4) it is necessary
to determine the research objective (study of the en-
tire fauna in the study area or the fauna of individual
taxonomic groups), as it determines the choice of
study site(s), and trap height; 5) it is better to use
sugar and honey in a bait; 6) for better capture, it is
necessary to correctly determine the composition of
the bait mixture, the height and location of the traps;
7) the exposure time should not exceed (seven or)
eight days in the summer months.
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HNPUMEHEHMUME ITPOCTBIX KPOHOBbBIX JIOBYHIEK
JJIS1 CBbOPA HACEKOMBIX

A. B. Pyunn!, JI. B. Eropos'?, A. A. Xanyruu'?, H. E. Buxpes*, M. H. Ecun®
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2[ocyoapcmeennblii npupoonslil 3anoeednux «Ilpucypckuily, Poccus
e-mail: platyscelis@mail.ru
3Tiomenckuii 2ocyoapcmeennwiil yHusepcumem, Poccus
*3oonoeuneckuii myzeu Mockosckoeo eocyoapcmeenno2o ynugepcumema, Poccus
SHuoicecopoockuil 2ocyoapcmeentblil nedazoeuyeckull yHusepcumem umenu Kozomol Mununa, Poccus

[TpuBoasTCS MaTepHrasbl IPUMEHEHHMS TPOCTHIX KPOHOBBIX JIOBYIIEK /IS M3y4eHHs payHbI HaceKoMbIX. JIoByI-
Ka TpeJICTaBIsIeT COOO0H IIIACTHKOBYIO MSTHINTPOBYIO EMKOCTb C BBIPE3aHHBIM B HEH C OTHOM CTOPOHBI OKHOM
Ha paccTtostHuu 10 cM oT 1Ha. BeicoTa noxasemmuBanus J1oBylek or 2 M 10 10 M 0T noBepxHOCTU MOYBHI. B Ka-
YeCcTBE MPUMaHUBAIOLICH JKUIKOCTH UCIIONIB30BAIN OpoJIsilee TUBO, Pa3IMuHbIe CyXHe BHHA C JOTIOJIHEHUEM B
BHUJIE M€/1a, BapeHbs MK caxapa. OKa3aloch, YTO KPOHOBBIE JIOBYIIKH SBISIOTCS 3 ()EKTUBHBIM HHCTPYMEHTOM
n3ydeHust (hayHbl HACEKOMBIX BEPXHUX SIPYCOB JecoB. 3a ce30HbI 2018—2019 IT. B KpOHOBBIE JIOBYIIIKH OTIABIIH-
BaJINCh TpeacaBuTeny 12 oTpsmoB HacekoMbix: Blattoptera, Dermaptera, Orthoptera, Heteroptera, Coleoptera,
Lepidoptera, Trichoptera, Neuroptera, Raphidioptera, Mecoptera, Hymenoptera, Diptera. J[ns ycTaHOBKH JTyd-
11e BHIOMpATh MecTa C MPOU3pACTaHNEM JIMCTBEHHBIX JE€PEBLEB, BBIACIAIONNX COK (Quercus, Acer, Fraxinus,
Ulmus, Tilia). lanHbBI THI JIOBYIIKA MOYKHO HCIIOJIB30BATh JUISl U3yYSHHUS] BEPTUKAILHOIO paclpe/iesIeHHs Ha-
CEKOMBIX B JIECHBIX CHCTEMAaX, CE30HHBIX OTJIIOBAX, TP N3yYEHUH OMOTOIMYECKOro pacrpeneneHus. Pexomen-
JIyeTcsl IPUMEHSTh KPOHOBBIE JIOBYIIKH ITPH KOMITJIEKCHOM 00CJIEI0BaHUM JUIS JIOTIOJHEHHS CTAaHJapTHBIX I10-
JIEBBIX METOJO0B. Takue JIOBYIIKH PU NPABHILHOM HCIIOJIB30BAHIH MOTYT OBITH 3()()eKTHBHBIM HHCTPYMEHTOM,
HarpuMep, B MOHUTOPHUHTE OMOPa3HOO0pa3ys W WM M3YYEHHN PEAKHX BHIOB HACEKOMBIX. MBI JlaeM ClIe/1yro-
1€ PEKOMEHIalNH ISl NCCIIEJOBAHNSI SHTOMO(]AYHBI C IIOMOIIBIO KPOHOBBIX JIOBYIIEK: 1) OU€Hb BayKHO OIIpe-
JITIUTH KOJIMYECTBO TOBTOPHOCTEH M KOJIMYECTBO JIOBYIIEK, @ TAKKE OOIIHE YCHIIHS 110 0TOOpY Mpod; 2) HeoOxo-
JMa TIpreMJIeMasi TAKCOHOMHUUECKast TOATOTOBKA ISl IIOHUMAaHUsI MECTHOH (hayHbI; 3) HY)KHO 3HATh MECTHYIO
(opy 1 0COOEHHO JIECHBIE MAaCCUBBI C TPOM3PACTAIOIIMMH B HUX BUAAMH JA€PEBLEB; 4) HY)KHO ONPEACTUTH IS
cebst 3a1ady uccieoBaHus (BCio (hayHy JaHHOM MECTHOCTH WK (hayHy OTIENIBHBIX IPYII), OT KOTOPOW 3aBUCHT
BBIOOP MECTa M BBICOTHI PACIIONIOKEHHS JIOBYIIEK; 5) B Ka4eCTBE IPUMaHKH JIy4llle UCIIOIb30BaTh caxap U MeJl;
6) 171 ONTUMAJIBHBIX PE3YJILTATOB OTIIOBA HYXKHO ONPEEIINTh COCTaB CMECH ITPUMAaHKH, BBICOTY M MECTO pac-
IIOJIOKEHUS JIOBYIIEK; 7) BpPeMsl SKIIO3ULMY HE JOKHO MPEBBIIATh 7—8 CYTOK B JIETHHE MECSIIBL.

KuaroueBbie cioBa: Arthropoda, Meton cOopa HaCEKOMBIX, HACEKOMEBIE, TIPUBIICKAIONIAS KUAKOCTb, IPHBIICYE-
HUE, IPUMaHKa Ha TTHBO
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