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Abstract

ADblacklight trap (LT) and a flight interception trap (FIT) were installed throughout the
May—September period during four years (2014—2017), near a farm pond within an orchard
at Compton, in southern Québec (Canada). We collected by LT 162,001 adults representing
560 beetle species and morphospecies belonging to 49 families, and using a FIT 10,159 in-
dividuals for 468 Coleoptera species belonging to 48 families. We observed a similarity of
9.8% between these two assemblages including 214 common species (26.3% of total of 814
caught taxa). We caught mainly nocturnal Carabidae, Hydrophilidae, Staphylinidae and
Dryopidae in the LT, and primarily diurnal Nitidulidae and Staphylinidae in FIT. Generally,
the maximal species richness was recorded during June—August in LT, and during May in
FIT. The number of species occurring as singletons or doubletons over all sampling years
were 202 (36.1% of species) in LT and 259 (565.3%) in FIT. Also, 283 species (50.5%) in LT
and 332 species (70.9%) in FIT flew during 1-3 months only over 20 sampling months. In
both traps, dominant and subdominant species represented together a large proportion of
catches 1n spite of strong year-to-year fluctuations in the relative abundance of species. It
is important to evaluate the rarity of a species with complementary sampling methods over
many years. We studied also the seasonal flight pattern for the 31 most abundant species
in LT and for seven abundant species in FIT; the flight peak of many nocturnal species
was in July and/or August, whereas six species collected in FIT flew mainly in early season
(May—duly). The pattern of flight period was different in LT and FIT for the cryptophagids
Atomaria ephippiata Zimmermann and A. fuscata Schonherr (Coleoptera: Cryptophagidae),
and for the throscid Trixagus chevrolati (Bonvouloir) (Coleptera: Throscidae). We deter-
mined the sex-ratio for 31 abundant species; 17 species presented a female-biased sex-ratio.

Keywords: Coleoptera, flight interception trap, light trap, long-term monitoring,
Québec

Light traps (LT) and flight interception
traps (FIT) are excellent for faunal surveys
and general biodiversity assessment (Young
2004). It is important to understand that no
one sampling method and trap technology is
suitable for surveying diverse insect groups
or even one taxon, as demonstrated in var-
ious ecosystems (Chong and Hinson 2015).
The use of passive trapping techniques can
complement a survey that traditionally relies
on active trapping techniques by capturing
species or populations that would not be
detected otherwise (Chong and Hinson
2015). For example, Zhang et al. (2004)
collected about 13,000 individuals of 231
beetle species belonging to 45 families, using
a LT and a FIT throughout the year during
1990-1995, in a Hong Kong forest; 65% of
the families contained species trapped by
one method but not by the other.
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Light traps (active trapping tech-
niques) are used to catch nocturnal insects
and also to detect the emergence of some pest
species; different light sources are attractive
to different insect types (e.g., ultra-violet
attracts many Coleoptera) (Young 2004).
Light trapping is particularly useful to col-
lect small Carabidae, often missed in pitfall
traps, such as species in the tribes Clivinini,
Dyschiriini, Tachyni, Trechini, Bembidiini
and Lebiini (Jocque et al. 2016).

Of the wide range of techniques avail-
able for sampling insects in flight are meth-
ods which are not dependent on attractants
such as light, odour or visual stimuli. The
use of passive, non-attractant techniques is
essential when trying to determine natural
flight paths and flight patterns of insects
in search of their plant or animal hosts,
or other sources of food, as well as flights
related to mating patterns and breeding
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foci (Muirhead-Thomson 1991). The ideal
would be a completely passive, invisible,
inert interception design of trap; also FIT
with transparent acrylic sheet may provide
unbiased collection of all flying insects if the
trap is clean (Young 2004).

To evaluate the importance of using
different trapping methods in a biodiversity
assessment, we studied Coleoptera with a
light trap and a FIT near a farm pond, within
an orchard, in southern Québec during four
years (2014—-2017).

Materials and Methods

The study site was located in an
orchard (Verger Ferland) at Compton
(45°14°N, 71°49” W, about 260 m above
sea level), within an agricultural region, in
southern Québec (Canada). This orchard
included about 10,000 fruit trees, mainly
apple trees, about 2,000 pear trees and 500
plum trees. In the orchard, there had a per-
manent artificial farm pond (about 40 X 100
m) established 50 years ago, surrounding of
cattail (T'ypha sp.) plants in large numbers,
and many herbaceous and ligneous plants.

The blacklight trap consisted of a 15
W UV tube, protected by a plastic cover,
and tied up to a heavy transparent acrylic
sheet (56 cm height, 28 cm width, at about
1.5 m above the soil). Insects were collected
in a funnel and a jar (filled with 300 ml of
ethanol-ethylene glycol solution) under the
tube. The trap was suspended under a ply-
wood panel for its protection against rains.

We used a flight interception trap of
the type “window trap”, with a transparent
acrylic sheet (1.2 m height, 0.6 m width) at
the soil level, white pan traps on both sides
containing water and a germicid detergent.

The LT and the FIT (about 15 m apart)
were installed in May—September over
20142017 (total of 20 sampling months), at
the side of the farm pond, 20 m from nearest
apple trees, about 200 m from a sheep farm,
and 500 m from a river (Riviere Coaticook,
slowly flowing water). These traps were set
in place continuously during the sampling
period, and emptied generally twice a week,
more often if required. The trap counts were
combined on a weekly basis.

The beetles collected were identified
using more than 100 taxonomic publications
(revisions, keys, notes) and, in several cases,
we had taxonomic specialists help to confirm
or complete our identification. A list of main
taxonomic references includes Bousquet
(2010), Bright (1976 and 1993), Bright and
Bouchard (2008), Brunke et al. (2011), Down-
ie and Arnett (1996), Easton (1955), Gordon
and Skelley (2007), Herman (1972,1976 and
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1983), King and Lago (2012), Klimaszewski
et al. (2018), Larson et al. (2000), Parsons
(1943), Pelletier and Hébert (2014 and 2019),
Rabaglia et al. (2006), Smetana (1988 and
1995), and Yensen (1975). We followed the
classification of Hydrophilidae according to
Bousquet et al. (2013), i.e., Hydrophilidae
including genera Helophorus Fabricius and
Hydrochus Leach. For poorly known groups,
we used a local numbering for morphospe-
cies of a taxon (e.g., Carpelimus sp. C1 for
the first recorded morphospecies of this
genus from Compton, and Carpelimus sp.
S01 for the first recorded morphospecies of
this genus from Scotstown (site previously
studied in 2006—2012)). The identification of
adventive and Holarctic species was based
on Bousquet et al. (2013) and Klimaszewski
et al. (2012, 2013, 2015, 2017 and 2020). For
all species, voucher specimens were depos-
ited in the Canadian National Collection of
Insects, Arachnids, and Nematods (Central
Experimental Farm, Agriculture and Agri-
Food Canada, Ottawa, Ontario), or in our
personal collection.

We assessed the similarity of flying
beetle assemblages collected by both traps
with the Renkonen’s percent similarity
(Levesque and Levesque 1992). A dominant
taxon (family or species) represented at least
5% of catches in a trap, and a subdominant
taxon, 2-5%. We used a chi-square test to
determine whether the sex-ratio of some
abundant species differed from a 1:1 ratio.

Results

During the four-year study, we collect-
ed 162,001 adults representing 560 beetle
species and morphospecies belonging to 49
families in the LT, and 10,159 individuals
for 468 Coleoptera species belonging to 48
families in the FIT. These two assemblages
included 214 common species (26.3% of total
of 814 taxa). Seventeen families contained
species trapped by one method but not by
the other. In the LT, the four dominant
families were Carabidae, Hydrophilidae,
Staphylinidae and Dryopidae, representing
together 84.8% of catches (Table 1). In the
FIT, only two families, Nitidulidae and
Staphylinidae, were dominant for a total of
71.1% of catches (Table 1). Families with the
highest species richness in both traps were
Staphylinidae (44 common species/175 total
species), Carabidae (39/128), Curculionidae
(21/77), Hydrophilidae (19/60), Chrysomeli-
dae (56/47), Scarabaeidae (7/30), Dytiscidae
(56/25), Nitidulidae (9/23), and Elateridae
(7/22) (Table 1). We recorded at least 83
adventive species (18.6% of individuals) and
23 Holarctic species (13.3%) in LT, and at
least 118 adventive species (22.5%) and 14
Holarctic species (53.4%) in FIT.
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Table 1. Total catches and species richness of flying beetle families from Compton,
collected in blacklight trap and flight interception trap (FIT), in 2014-2017 (+ = family

representing less than 0.1% of catches)

Blacklight trap FIT
Number Species Number Species

Family N % n % N % n %
Carabidae 58350 36.0 100 17.8 501 4.9 67 14.3
Hydrophilidae 53497 33.0 53 9.4 182 1.8 26 5.6
Staphylinidae 16662 10.3 107 19.1 796 7.8 112 23.9
Dryopidae 8880 5.5 2 0.4 1 + 1 0.2
Cryptophagidae 6438 4.0 12 2.1 374 3.7 9 1.9
Scirtidae 3822 2.4 13 2.3 34 0.3 7 1.5
Dytiscidae 2796 1.7 22 3.9 43 0.4 8 1.7
Throscidae 2505 1.6 2 0.4 222 2.2 3 0.6
Scarabaeidae 2462 1.5 27 4.8 189 1.9 10 2.1
Heteroceridae 2046 1.3 10 1.8 0 0 0 0
Phalacridae 1060 0.7 5 0.9 169 1.7 6 1.3
Latridiidae 823 0.6 6 1.1 64 0.6 6 1.3
Nitidulidae 659 0.4 19 3.4 6435 63.3 13 2.8
Histeridae 385 0.2 1 0.2 2 + 2 0.4
Curculionidae 342 0.2 46 8.2 288 2.8 52 11.1
Elmidae 191 0.1 9 1.6 1 + 1 0.2
Anthicidae 161 0.1 7 1.2 61 0.6 4 0.8
Coccinellidae 138 0.1 3 0.5 63 0.6 9 1.9
Ptiliidae 110 0.1 3 0.5 14 0.1 1 0.2
Elateridae 100 0.1 15 2.7 86 0.8 14 3.0
Silphidae 89 0.1 5 0.9 3 + 2 0.4
Haliplidae 80 + 5 0.9 16 0.2 3 0.6
Cantharidae 75 + 15 2.7 13 0.1 4 0.8
Chrysomelidae 73 + 10 1.8 381 3.8 42 9.0
Leiodidae 70 + 6 1.1 26 0.3 12 2.6
Other families 187 0.1 57 10.2 195 1.9 54 11.5
TOTAL 162001 560 10159 468

Similarity of both assemblages.
We observed a similarity of 9.8% between
beetles collected by both traps, particularly
associated with Cryptophagidae (2.4%),
Throscidae (1.5%), Carabidae (1.4%) and
Staphylinidae (1.2%). The cryptophagids
Atomaria ephippiata Zimmermann and A.
fuscata Schonherr, and the throscid Trix-
agus chevrolati (Bonvouloir) were together
responsible of 3.8% of the similarity between
both flying beetle assemblages.

Variations in the species richness.
In LT, the annual number of species ranged
from 322 (in 2014) to 390 (in 2016) (Table
2). Generally, the maximal flight period of
nocturnal species was recorded in June—
August (Table 2). During this four-year
study, the cumulative number of nocturnal
flying beetle species at the end of September
was 322 in 2014, 408 in 2015, 496 in 2016,
and 560 in 2017 (Table 2).

In FIT, the annual number of species
ranged from 224 (in 2017) to 246 (in 2016);
at least 50% of species observed during one
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sampling year flew in May; the cumulative
number of species was 238 in 2014, 343 in
2015, 4201n 2016, and 468 in 2017 (Table 2).

The constancy in the flight at Compton
was very variable in 2014-2017: 283 species
(50.5%) in LT and 332 (70.9%) in FIT flew
during 1-3 months only over 20 sampling
months (i.e., LT: 163 species in a single
month, 79 in two months and 41 in three
months; FIT: 202 species in a single month,
83 in two months and 47 on three months).
The maximal number of months with flight
record was 19-20 for 27 nocturnal species,
and 16-19 for only seven species in FIT.

Variations in the abundance. Year-
to-year fluctuations in total catches of flying
beetles were proportionally higher in the
LT than in the FIT: the annual number of
individuals varied between 23,947 (in 2014)
and 73,043 (in 2016) (ratio 1:3.1) in the LT,
and between 1,968 (in 2014) and 3,032 (in
2015) (ratio 1:1.5) in the FIT.

The number of individuals by species
over all sampling years ranged from 1 to
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Table 2. Monthly and annual numbers of flying beetle species collected by blacklight trap
(LT) and flight interception trap (FIT) at Compton in May-September 2014-2017, and
number of new record taxa and the cumulative number of species at the end of each year

Monthly number of species

Annual New Cumul.
Year M J J A S total rec. number
LT
2014 56 189 255 129 68 322 322 322
2015 107 125 244 167 120 343 86 408
2016 127 201 280 202 92 390 88 496
2017 148 237 218 165 79 370 64 560
FIT
2014 114 93 68 51 44 238 238 238
2015 142 65 66 51 34 234 105 343
2016 137 92 101 66 35 246 77 420
2017 109 99 65 41 39 224 48 468

23,626 adults in LT, and from 1 to 5,263
adults in FIT. The number of species occur-
ring as singletons or doubletons were 202
(36.1% of species) in LT and 259 (55.3%)
in FIT.

Nocturnal species. The four most
abundant nocturnal species (in LT) were
the carabid Bembidion versicolor (LeConte)
(14.6% of total beetle catches), the dryopid
Dryops viennensis (Laporte) (5.5%), and
the hydrophilids Cercyon quisquilius (Lin-
naeus) (5.4%) and Helophorus orientalis
Motschulsky (9.2%).

Now, we present variations for dom-
inant/subdominant species, belonging to
Carabidae, Dryopidae, Hydrophilidae and
Staphylinidae, collected by blacklight trap.
Among Carabidae, we collected mainly B.ver-
sicolor (40.5% of catches) and six other dom-
inant species: Stenolophus ochropezus (Say),
Dyschirius dejeanii Putzeys, Paratachys scit-
ulus (LeConte), Bembidion mimus Hayward,
B. patruele Dejean, and Stenolophus comma
(Fabricius) (Table 3). Dryopidae was nearly
exclusively represented by D. viennensis (Ta-
ble 3). Among Hydrophilidae, we captured
firstly H. orientalis (27.8% of catches) and
five other dominant species: C. quisquilius,
Enochrus hamiltoni (Horn), E. ochraceus
(Melsheimer), Cercyon praetextatus (Say),
and Helophorus lineatus Say (Table 3). For
Staphylinidae, Anotylus rugosus (Fabricius)
(20.3% of catches) was the most abundant
species, and four other species were dom-
inant: Carpelimus quadripunctatus (Say),
Bledius gallicus (Gravenhorst) (= B. phil-
adelphicus Fall), Carpelimus sp. S01 and
Lithocharis ochracea (Gravenhorst) (Table
3). Some dominant and subdominant species
showed considerable year-to-year fluctuation
in percentage: for examples, between 17.6
and 48.7% for the carabid B. versicolor, be-
tween 8.4 and 21.9% for the hydrophilid E.
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hamiltoni, and between 1.1 and 25.8% for the
staphylinid B. gallicus (Table 3).

Diurnal species. In the FIT, only
two nitidulid species were dominant: Fabo-
gethes nigrescens (Stephens) (= Meligethes
nigrescens Stephens) (51.8% of total beetle
catches; from 32.2 to 67.5% by year), and
Brassicogethes viridescens (Fabricius)
(10.4%; range: 2.4-23.7%); the throscid 7.
chevrolati (2.2%; range: 1.4—2.8%) was the
single subdominant species; these three spe-
cies represented between 57.4 and 72.7% of
annual catches in the FIT during 2014-2017.

Seasonal flight of the most abun-
dant species. The most abundant species
represented at least 0.5% of total catches in
LT (i.e., 31 species), and at least 1% of total
catches in FIT (i.e., seven species).

The nocturnal flight period (in LT) of
the most abundant species was unimodal,
i.e., mainly observed during a single month
or during two consecutive months, more of-
ten in July and/or August (Table 4). At least
90% of adults in the carabids S. comma and
S. ochropezus flew in May—dJuly (Table 4).
The flight of at least 70% of adults occurred
during July in the dryopid D. viennensis, the
phalacrid Stilbus sp. S2, the scirtid Cyphon
sp. S5, the rove beetle A. rugosus and the
throscid 7. chevrolati (Table 4). Among Hy-
drophilidae, Cercyon laminatus Sharp adults
flew mainly in August—September (83% of
catches) (Table 4).

Among diurnal species in FIT, A.
ephippiata and A. fuscata flew mainly in
May; T. chevrolati adults flew chiefly in
May—June; 88% of F. nigrescens adults
were collected in June; 79% of B. viridescens
individuals were caught in June—July; 82%
of Philonthus carbonarius (Gravenhorst)
adults flew in May—July; and Popillia japon-
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Table 3. Total catches of dominant and subdominant flying beetle species, belonging to
Carabidae, Dryopidae, Hydrophilidae or Staphylinidae, collected by blacklight trapping
at Compton in 2014-2017, and variations of annual percentages (minimum - maximum)

Family and species N % Range
Carabidae

Bembidion versicolor (LeConte) 23626 40.5 17.6-48.7
Stenolophus ochropezus (Say) 7402 12.7 9.0-19.4
Dyschirius dejeanti Putzeys 5697 9.8 8.4-12.4
Paratachys scitulus (LeConte) 4223 7.2 3.1-18.4
Bembidion mimus Hayward 4019 6.9 1.1-10.7
Bembidion patruele Dejean 3268 5.6 5.0-6.6
Stenolophus comma (Fabricius) 3138 5.4 2.4-10.7
Dyschirius erythrocerus LeConte 1709 2.9 0.3-4.2
Total 53082 91.0 82.5-94.6
Dryopidae

Dryops viennensis (Laporte) 8878 99.9 99.9-100.0
Hydrophilidae

Helophorus orientalis Motschulsky 14891 27.8 23.56-36.3
Cercyon quisquilius (Linnaeus) 8681 16.2 13.5-19.3
Enochrus hamiltoni (Horn) 7344 13.7 8.4-21.9
Enochrus ochraceus (Melsheimer) 5300 9.9 6.9-11.7
Cercyon praetextatus (Say) 4534 8.5 4.8-16.5
Helophorus lineatus Say 4100 7.7 2.0-14.0
Paracymus subcupreus (Say) 1446 2.7 1.5-3.9
Anacaena prob. lutescens (Stephens) 1066 2.0 0.7-3.8
Total 47362 88.5 83.6-91.1
Staphylinidae

Anotylus rugosus (Fabricius) 3391 20.3 15.3-30.0
Carpelimus quadripunctatus (Say) 2706 16.2 12.4-25.0
Bledius gallicus (Gravenhorst) 2060 12.4 1.1-25.8
Carpelimus sp. SO1 1729 10.4 6.4-12.2
Lithocharis ochracea (Gravenhorst) 1044 6.3 4.1-9.2
Bledius sp. S1 (annularis group) 619 3.7 2.3-7.8
Pseudolathra ambigua (LeConte) 506 3.0 1.6-5.9
Bledius sp. S3 (annularis group) 490 2.9 1.1-6.7
Achenomorphus corticinus (Gravenhorst) 464 2.8 1.8-4.5
Deleaster dichrous (Gravenhorst) 434 2.6 2.2-3.1
Carpelimus sp. S05 432 2.6 2.0-3.5
Carpelimus sp. S10 381 2.3 1.2-2.9
Total 14256 85.6 84.7-86.8

ica Newman activity was mainly observed in
August—September (Table 5).

The pattern of flight period is different
in LT and FIT for A. ephippiata, A. fuscata
and T. chevrolati (Tables 4 and 5): their flight
was mainly observed during the spring in
FIT, and during the summer in LT.

Sex-ratio of some abundant spe-
cies. We determined the sex-ratio for 31
abundant species on the basis of external
morphological characteristics. Seventeen
species in LT and A. ephippiata in FIT pre-
sented a female-biased sex-ratio (Table 6);
the sex-ratio of T. chevrolati was female-bi-
ased only in LT (Table 6). However, we
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caught mainly males of the hydrophilid E.
ochraceus and the rove beetle B. gallicus in
LT, and males of the nitidulid F. nigrescens
in FIT (Table 6).

Discussion

General observations. In the LT, we
collected mainly nocturnal species, partic-
ularly small Carabidae, many aquatic and
riparian species, and many Curculionidae
Scolytinae. Furthermore, the nocturnal
flight was primarily observed for some
fungivores (Cryptophagidae, Latridiidae),
dung beetles (Scarabaeidae Aphodiinae),
certain phytophagous scarabs (e.g., Malade-
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Table 4. Total and monthly catches of the 31 most abundant flying beetle species in the
blacklight trap at Compton in May-September 2014-2017

Monthly catchesP (%)

Family and species? N M J J A S
Carabidae

Bembidion mimus Hayward 4019 + 2 32 62 4
Bembidion patruele Dejean 3268 + 10 59 25 5
Bembidion versicolor (LeConte) 23626 + 16 60 20 4
Dyschirius dejeanti Putzeys 5697 1 12 47 31 9
Dyschirius erythrocerus LeConte 1709 + 5 45 47 2
Paratachys scitulus (LeConte) 4223 2 26 45 21 7
Stenolophus comma (Fabricius) 3138 29 36 27 4 5
Stenolophus ochropezus (Say) 7402 35 32 23 9 1
Cryptophagidae

Atomaria ephippiata Zimmermann 1980 3 2 50 42 4
Atomaria fuscata Schonherr** 3866 + 13 60 26 +
Dryopidae

Dryops viennensis (Heer)* 8878 0 5 89 6 0
Dytiscidae

Heterosternuta wickhami (Zaitzev) 1133 0 2 68 20 10
Heteroceridae

Heterocerus fenestratus (Th.)** 1550 4 23 24 44 5
Hydrophilidae

Anacaena prob. lutescens (St.)* 1066 + 1 36 61 2
Cercyon herceus Smetana 862 3 15 50 29 4
Cercyon laminatus Sharp* 902 + 1 16 42 41
Cercyon praetextatus (Say) 4534 5 12 29 44 11
Cercyon quisquilius (Linnaeus)* 8681 + 11 37 29 23
Enochrus hamiltoni (Horn) 7344 3 14 46 34 4
Enochrus ochraceus (Melsheimer) 5300 1 13 37 39 10
Helophorus lineatus Say 4100 + 68 32 + +
Helophorus orientalis Mots.** 14891 + 29 49 20 1
Paracymus subcupreus (Say) 1446 1 12 38 34 15
Phalacridae

Stilbus sp. S2 998 4 2 74 17 3
Scirtidae

Cyphon sp. S5 3419 + 3 79 17 +
Staphylinidae

Anotylus rugosus (Fabricius)* 3391 4 4 78 11 3
Bledius gallicus (Garvenhorst)* 2060 1 4 54 39 2
Carpelimus quadripunctatus (Say) 2706 7 25 39 23 5
Carpelimus sp. SO1 1729 6 5 51 27 11
Lithocharis ochracea (Grav.)* 1044 1 4 49 35 11
Throscidae

Trixagus chevrolati (Bonvouloir) 2503 1 27 70 3 +

a Adventive species with *, and Holarctic species with **

b+ = month with less than 1% of catches

ra castanea Arrow, Phyllophaga spp.),
many saprophagous beetles (Hydrophilidae,
Silphidae, Staphylinidae Oxytelinae), and
predators such as the histerid Aeletes politus
(LeConte), the ladybird Harmonia axyridis
(Pallas), and some Staphylinidae Paederinae
and Staphylininae.

In the FIT, we caught mainly diurnal
species. Our trap catches contained a high
number of pollen feeders such as nitidulids
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DOI: 10.22543/0090-0222.2438

B. viridescens and F. nigrescens. Additional-
ly, the FIT captured many Chrysomelidae,
diurnal Coccinellidae, diurnal Lampyridae,
P. japonica (84% of catches in FIT), and the
rove beetle P. carbonarius.

Our study supports that higher beetle
diversity can be quantified by using UV light
and FIT in tandem. This has also been shown
in South Carolina golf courses in a study
quantifying biodiversity of Scarabaeoidea.
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Table 5. Total and monthly catches of the seven most abundant flying beetle species from
Compton, collected using a flight interception trap in May-September 2014-2017

Monthly catchesP (%)

Family and species? M J J A S
Cryptophagidae

Atomaria ephippiata Zimmermann 180 59 22 8 9 2
Atomaria fuscata Schonherr** 104 48 19 17 12 4
Nitidulidae

Brassicogethes viridescens (Fabricius)* 1057 1 23 56 19 1
Fabogethes nigrescens (Stephens)** 5263 11 88 1 + +
Scarabaeidae

Popillia japonica Newman* 111 0 0 18 36 46
Staphylinidae

Philonthus carbonarius (Gravenhorst)* 132 30 27 25 9 9
Throscidae

Trixagus chevrolati (Bonvouloir) 220 55 35 7 2 +

a Adventive species with *, and Holarctic species with **

b + = month with less than 1% of catches

The use of these two traps together were able
to capture more species of dung and carrion
beetles and diurnal phytophagous scarab
beetles (e.g., P. japonica: 69% of captures in
FIT, 17% in LT) (Chong and Hinson 2015).
Additionally, a study in North Carolina
supports the suggestion that blacklight
traps give a biased description of coccinel-
lid species composition in a given area,
and indicates that seasonal and circadian
thresholds for flight activity, phototaxis, or
both in H. axyridis may diverge from those
in most other Coccinellidae (Nalepa 2013). At
Compton, the flight of H. axyridis is mainly
nocturnal (i.e., in LT), and other ladybirds
fly primarily during daytime.

According to Smetana (1988), the
hydrophilid C. quisquilius frequently flies
during daytime and also comes readily to
light, sometimes in large numbers; at Comp-
ton, we observed only the nocturnal flight of
this species. Whereas our observations on
the phenology of A. ephippiata, A. fuscata
and T. chevrolati (Tables 4 and 5) suggest
a change in the nyctemeral activity of some
beetles during the summer. In Oregon,
throscids are collected from April until leaf
fall in October; they fly in large numbers on
warm evenings, but remain in the litter on
cold days or during the very dry portion of
late summer (Yensen 1975).

As the study site at Compton is locat-
ed within an agricultural region including
apple orchards, fir plantations, maize fields,
fodder crops, cattle farms and a sheep farm,
we captured adults of some pest species
during their migration to colonize new sites.
These included the chrysomelid Diabrotica
barberi Smith and Lawrence (pest of corn),
the nitidulids B. viridescens (pest of Brassi-
ca spp.) and Glischrochilus quadrisignatus
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(Say) (secondary pest of several fruit and
vegetable crops including apple, corn, pear,
raspberry, strawberry), the Asiatic garden
beetle M. castanea (foliage pest of many
young trees),the Japanese beetle P. japon-
ica (pest of many plant species including
foliage of apple and plum), and the ambrosia
beetle Xylosandrus germanus (Blandford)
(pest of apple trunk) (Campbell et al. 1989,
Agnello et al. 2015, Klimaszewski et al.
2015). Among terrestrial Hydrophilidae, C.
quisquilius is often in sheep dung (Smetana
1988). Furthermore, we recorded species
associated with Typha sp.: the carabid S.
ochropezus, the cryptophagids Atomaria
fuscata Schéonherr and Telmatophilus typhae
(Fallén), the dytiscids Celina hubbelli Young
and Coptotomus longulus LeConte, and the
weevil Ceutorhynchus typhae (Herbst) (Lar-
son et al. 2000, Bousquet 2010, Pelletier and
Hébert 2019).

Variations in the species richness.
We collected by LT 33,382 individuals rep-
resenting 625 beetle species in a grassland
at Scotstown (about 50 km from Compton)
over a six-year study (2007-2012) (Levesque
and Levesque 2023); generally, the maximal
species richness of nocturnal flying species
occurred in June—dJuly; nearly 60% of spe-
cies flew during 1-3 months only over 34
sampling months. The results of the present
study generally are similar to our observa-
tions at Scotstown.

Burner et al. (2022) collected 19,854
individuals for 566 beetle species, from 26
May to 27 August 2020 (total of 12 weeks), in
a deciduous forest in southern Norway, using
100 FIT (four types) and 10 Malaise traps.
Traps emptied in late June captured 83% of
species caught by all 4-week traps across the
entire season; the July trapping period cap-
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Table 6. Female ratio for 31 abundant nocturnal flying beetle species from Compton, in
the blacklight trap (LT) and/or the flight interception trap (FIT) during 2014-2017, and
probability for an assumed sex-ratio of 1:1 (Female ratio in bold font when the sex-ratio

is significantly biased)

Family and species N Fem. % P
LT

Carabidae

Agonum placidum (Say) 481 45 0.04
Bembidion mimus (Hayward) 4019 54 <0.001
Bembidion patruele Dejean 3268 51 0.48
Bembidion versicolor (LeConte) 23626 51 <0.001
Blemus discus (Fabricius) 533 60 <0.001
Dyschirius dejeanti Putzeys 777 56 <0.001
Harpalus pensylvanicus (DeGeer) 256 54 0.17
Harpalus rufipes (DeGeer) 774 55 0.006
Paratachys scitulus (LeConte) 4223 54 <0.001
Cryptophagidae

Atomaria ephippiata Zimmermann 1980 55 <0.001
Dryopidae

Dryops viennensis (Heer) 8876 58 <0.001
Dytiscidae

Heterosternuta wickhami (Zaitzev) 523 53 0.17
Ilybius biguttulus (Germar) 207 53 0.44
Hydrophilidae

Anacaena prob. lutescens (Stephens) 1063 100 <0.001
Cercyon herceus Smetana 861 60 <0.001
Cercyon laminatus Sharp 902 51 0.39
Cercyon praetextatus (Say) 4534 53 <0.001
Cercyon quisquilius (Linnaeus) 8681 50 0.82
Enochrus hamiltoni (Horn) 7344 53 <0.001
Enochrus ochraceus (Melsheimer) 4654 44 <0.001
Helophorus orientalis Motschulsky 2044 100 <0.001
Paracymus subcupreus (Say) 1446 51 0.37
Latridiidae

Melanophthalma americana (Mannerheim) 718 65 <0.001
Staphylinidae

Achenomorphus corticinus (Gravenhorst) 464 78 <0.001
Anotylus rugosus (Fabricius) 3391 49 0.11
Bledius gallicus (Gravenhorst) 2060 46 <0.001
Lithocharis ochracea (Gravenhorst) 1044 69 <0.001
Throscidae

Trixagus chervrolati (Bonvouloir) 2503 95 <0.001
FIT

Cryptophagidae

Atomaria ephippiata Zimmermann 180 61 0.005
Nitidulidae

Fabogethes nigrescens (Stephens) 5263 8 <0.001
Scarabaeidae

Popillia japonica Newman 111 45 0.296
Staphylinidae

Philonthus carbonarius (Gravenhorst) 131 53 0.432
Throscidae

Trixagus chevrolati (Bonvouloir) 220 45 0.138

tured 60% of species including new additions

We collected 34,629 individuals of 848

totalling 11% of all species; although 47% of  beetle species using four FIT in a grassland
species were detected in August, only 4% of and an adjacent woods at Scotstown during

species were new additions to the species list

from this month.

https://scholar.valpo.edu/tgle/vol55/iss2/6
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a five-year study (April/May—October in
2006—2010) (Levesque and Levesque 2019);
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about 50% of species captured in a FIT
during one sampling year flew in May and/
or June; furthermore, about 70% of species
from a FIT flew during 1-3 months only
over 33 sampling months. Our observations
at Scotstown and at Compton were similar.

So, in north-temperate regions (i.e.,
southern Norway and southern Québec),
the maximal species richness of beetles
collected by FIT was observed in spring or
in early summer. Previously, we presented
the curve of cumulative number of beetle
species in each FIT over 33 sampling months
at Scotstown in 2006-2010 (Levesque and
Levesque 2019); we note a certain flattening
of these curves in last months of each year
because the seasonality in the flight activity
of many species.

Finally, the number of newly recorded
beetle species in inventories by LT or FIT
generally declined from year to year at
Scotstown (Levesque and Levesque 2019
and 2023) and at Compton (Table 2). Over
a multi-year sampling, we observed an
increase of the estimation for the species
richness of flying beetles from a site in rea-
son of the number more or less important
of tourist species. At Compton, we collected
beetles by five methods: a LT (four years,
560 species), six FIT in various locations
within the orchard (1-4 years/trap, total
781 species), six pitfall trap lines (one year/
line, total 133 species), beating of foliage of
wild fruit trees and other trees (one year, 95
species), and sweeping net (three years, 388
species), for a total of about 1150 species and
morphospecies, i.e., an addition of more than
300 taxa to the 814 species captured by the
LT and the FIT near the farm pond.

Variations in the abundance. At
Scotstown and at Compton, dominant and
subdominant species captured in both flight
trap types represented together a large pro-
portion of catches in spite of strong year-to-
year fluctuations in the relative abundance
of species. For example, in LT, B. versicolor
represented 27.4% of carabid catches at
Scotstown and 40.5% at Compton, and the
annual percentage varied between 0.7 and
39.8% at Scotstown, and between 17.6 and
48.7% at Compton (Levesque and Levesque
2023; Table 3). In FIT, F. nigrescens repre-
sented 34.3% of beetle catches in the grass-
land at Scotstown and 51.8% at Compton,
and the annual percentage varied between
10.3 and 59.6% at Scotstown (Levesque and
Levesque 2019), and between 32.2 and 67.5%
at Compton. Furthermore, species occurring
as singletons or doubletons represented a
large proportion of species captured by a
method: 43.3% of species in LT and 45.7%
of species in FIT at Scotstown, and 36.1% of
species in LT and 55.3% in FIT at Compton.
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At Compton and at Scotstown
(Levesque and Levesque 2019, 2023), we
observed that the apparent rarity of some
species collected by one trap type is not
confirmed by the other type. For example,
at Compton in 2014-2017, we collected
434 individuals of the rove beetle Deleaster
dichrous (Gravenhorst) in the LT (Table 3)
and only two adults in the FIT; at Scostown
in 2007-2010, we caught 412 D. dichrous in
LT and only one adult in FIT.

Sex-ratio of some species. We
caught only females of two hydrophilids,
Anacaena prob. lutescens (Stephens) and
H. orientalis (Table 6), predominantly par-
thenogenetic in North America (van Berge
Henegouwen 1986, Smetana 1988). In a
previous study, we investigated with FIT the
beetle flight in a raspberry agroecosystem at
Johnville (about 10 km from Compton) over
1987-1989; adults of the throscid 7. chev-
rolati (87% of females) were active mainly
from mid-May to mid-July (Levesque and
Levesque 1993). Generally, our observations
on the T. chevrolati flight in FIT at Compton
were rather similar at our previous ones
(Table 5), except for the sex-ratio (45% of
females). We may compare the sex-ratio for
13 nocturnal species and for three species
collected by FIT at Compton and at Scot-
stown (Levesque and Levesque 2019, 2023,
Table 6); the sex-ratio was similar in both
sites at the exception of three species caught
in LT (C. praetextatus, Melanophthalma
americana (Mannerheim) and A. rugosus).

Complementarity of both traps.
The blacklight trap and the FIT were useful
to study the species richness. At Compton,
we collected a total of 814 species including
some potential serious apple pests (e.g., X.
germanus). Both traps may be complemen-
tary to evaluate the rarity of certain species.
Furthermore, we may observe a different
seasonal abundance for the flight activity of
three species caught by these two methods;
we collected possibly these species in FIT
mainly during the spring reproduction peri-
od, and in LT during the aestival migration
of new generation towards new sites.
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