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Epigaeic Carabidae and Staphylinidae 
(Coleoptera) are regarded as good bioindica-
tors of environmental changes (Luff 1996, 
Bohác 1999, Rainio and Niemelä 2003, Scott 
and Anderson 2003, Pohl et al. 2008, Brunke 
et al. 2014). They are influenced by agricul-
tural and forestry practices, habitat frag-
mentation and loss, heavy metal pollution, 
soil acidification, urbanization, etc. These 
beetles are also of a great interest in long-
term studies to promote the conservation 
of insect biodiversity. For example, Irmler 
(2018a, 2018b) presented the results of a 
15 years investigation after the conversion 
from conventional to organic farming for the 
families Carabidae and Staphylinidae. He 
observed that 1) the number of staphylinid 
species remained on the same level in the 
first eight years, but increased from the 
eighth to the 15th year, and 2) the direction 

of the succession of carabids and rove beetles 
was similar: the change after the conversion 
was primarily based on the loss of forest 
species and the invasion of open grassland 
species. In Canada, a few long-term studies 
presented results on epigaeic beetles from 
boreal forests (e.g., Holliday 1992, Pohl et 
al. 2007, Lee et al. 2023, Work et al. 2023), 
but none on beetles from a grassland and 
adjacent woods in eastern Canada.

Among epigaeic Carabidae and 
Staphylinidae in north-temperate regions, 
it is not unusual for a few species to be most 
numerous and representing 60–90% of the 
catches in a site during consecutive years 
(Byers et al. 2000, Scott and Anderson 2003, 
Schwerk and Szyszko 2009, Sushko 2014); 
nevertheless, there are strong year-to-year 
fluctuations in the relative abundance of 
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Abstract
We present results of the first long-term study on spatiotemporal variations in the 

composition and structure of ground-dwelling beetle (Coleoptera) assemblages from a 
grassland and adjacent woods in eastern Canada. It is the third part of an investigation on 
the beetle biodiversity using diverse methods between 2006 and 2012. During the entire 
snow-free season (April/May to October) in 2006–2010, we collected by pitfall trapping 
67,694 individuals representing 386 Coleoptera species and morphospecies belonging to 35 
families in southern Québec. Adventive species represented at least 51.9% of individuals. 
Carabidae and Staphylinidae were the most abundant families and had the highest species 
richness in all seven pitfall trap lines (two lines in a grassland, one line at the edge of the 
woods, two lines in the woods, and two lines near a ditch parallel to the woods). We did 
not detect a trend in annual variations of total catches and species richness in each pitfall 
trap line. A large part of the species (42.2%) occurred as singletons or doubletons over 
all sampling months. We collected at least 100 individuals for 50 species, including four 
eudominant species: Tachinus limbatus Melsheimer (14.0% of the total catches), Pteros-
tichus melanarius (Illiger) (10.5%), Drusilla canaliculata (Fabricius) (9.6%) and Anotylus 
rugosus (Fabricius) (5.3%). Over all sampling years, between 49 and 63% of species from 
one pitfall trap line were sporadically collected (i.e., during one to three months only over 
five years), whereas only a few species were active during at least 26 months over all the 33 
sampling months in each pitfall trap line. Fourteen species were dominant in at least one 
pitfall trap line; we observed strong year-to-year fluctuations in the relative abundance of 
dominant and subdominant species in each line, and spatiotemporal variations of each of 
these species. We determined the sex-ratio for 42 abundant species, including 17 species 
with a female biased sex-ratio, and 13 species with a predominance of males. Adults of the 
most abundant species were mostly macropterous (73% of catches), and we discuss on their 
dispersal power by flight.

Keywords: Carabidae, Coleoptera, long-term monitoring, phenology, pitfall traps, 
Québec, sex-ratio, Staphylinidae, wing polymorphism.
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species and a large percentage of species 
are observed only sporadically. McCravy 
and Willand (2020) showed that pitfall 
sampling throughout the growing season 
during multiple years provides a substan-
tial contribution for assessments of carabid 
diversity in Illinois.

Venn (2016) provides a comprehensive 
overview of the role of flight capacity or its 
absence in carabid species and populations 
in the temperate regions from the perspec-
tive of ecological studies. The carabid mac-
roptery seems primarily an adaptation for 
dispersal and there exists a mechanism for 
subsequently reducing the ratio of macrop-
terous to brachypterous species under stable 
conditions, due to the competitive advantage 
of brachyptery. Brachypterous species tend 
to disappear from disturbed habitats. Some 
macropterous species do not possess func-
tional flight muscles.

We investigated the beetle biodiversity 
using diverse methods in southern Québec 
(Canada) between 2006 and 2012, including 
flight interception traps (FIT) and a black-
light trap (Levesque and Levesque 2019, 
2023). In the present manuscript, we report 
the spatiotemporal variations in the com-
position and structure of ground-dwelling 
beetle assemblages collected by pitfall traps 
from a grassland and the adjacent woods 
in southern Québec, and the edge effects, 
during 2006–2010. Furthermore, we discuss 
on factors driving the large percentage of 
species observed only sporadically, and the 
dispersal power by flight of some abundant 
species.

Materials and Methods

Study site. We sample beetles at 
Scotstown (45°32´ N, 71°17´ W, about 370 
m above sea level), in a forest region of 
southern Québec. This site, about 350 m 
by 60 m, on a wet soil, includes a grassland 
(pasture for horses during many years and 
abandoned since 2004) (40%), and a mixed 
woods dominated by alders (Alnus sp.) (60%). 
A ditch, generally partially or totally shaded 
by shrubs and trees, runs parallel to the 
grassland and the woods.

Five-year study. During the entire 
snow-free season (April/May to October) in 
2006–2010 (total of 33 sampling months), we 
used pitfall traps consisted of plastic white 
jar (750 ml, 11.5 cm diameter at the top), 
with a plywood roof (20 by 20 cm), and filled 
with 100 ml of 50% ethylene-glycol solution 
plus a drop of soap. We installed seven lines 
of nine pitfall traps (5 m apart): at the edge of 
the woods (EDGE); at 20 and 50 m from the 
edge, in the grassland (GR–20 and GR–50) 
and in the woods (WO–20 and WO–50); and 

in two locations alongside the ditch, the first 
in a shaded zone (DI–SH), and the second 
in a herbaceous zone (DI–HE). Pitfall traps 
were in place continuously during the sam-
pling period and emptied once weekly.

The beetles collected in pitfall traps 
were identified using about 90 taxonomic 
publications (revisions, keys, notes) and, in 
several cases, we had taxonomic specialists 
help to confirm or complete our identifica-
tion. A list of main taxonomic references 
includes Kevan (1967), Smetana (1971, 1982, 
1989, 1995), Campbell (1973, 1975, 1979, 
1988), Stibick (1978), Anderson and Peck 
(1985), Downie and Arnett (1996), Peck and 
Cook (2002), Bright and Bouchard (2008), 
Bousquet (2010), Brunke et al. (2011), and 
Klimaszewski et al. (2018). We identified a 
morphospecies when the taxonomy of cer-
tain North American beetle groups is poorly 
known (e.g., for the staphylinid genus Car-
pelimus Leach), or when the available taxon-
omy is very difficult (e.g., for a single sex, for 
some Staphylinidae Aleocharinae groups); 
we used a local numbering for morphos-
pecies of a taxon (e.g., Carpelimus sp. S01 
for the first recorded morphospecies of this 
genus from Scotstown). The identification of 
adventive and Holarctic species was based 
on Bousquet et al. (2013) and Klimaszewski 
et al. (2012, 2013, 2015, 2017, 2020). For all 
species, voucher specimens were deposited 
in the Canadian National Collection of In-
sects, Arachnids, and Nematods (Central 
Experimental Farm, Agriculture and Agri-
Food Canada, Ottawa, Ontario), or in our 
personal collection.

Data analysis. We assessed the 
similarity of ground-dwelling beetles from 
two pitfall trap lines with the Renkonen’s 
percent similarity (Levesque and Levesque 
1992); the percent similarity is the sum of 
minimum (xi, yi) where xi and yi are the per-
centages representing species “i” in the two 
lines.  A dominant taxon (family or species) 
represented at least 5% of catches in a line 
of pitfall traps during 2006–2010, and a sub-
dominant taxon, between 2 and 5%. We used 
a chi-square test to determine whether the 
sex-ratio differed from a 1:1 ratio for some 
abundant species.

Results
Abundance and species richness. 

We collected by pitfall trapping 67,694 
individuals representing 386 Coleoptera 
species and morphospecies belonging to 35 
families from Scotstown in 2006–2010. We 
recorded at least 74 adventive species (51.9% 
of individuals) and at least 25 Holarctic 
species (2.0% of individuals). Adventive 
species represented at least 63% of catches 
in the grassland, 55% at the edge, 43% in 
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the woods, and 46% alongside the ditch. We 
caught mainly zoophagous beetles (nearly 
85% of individuals and 60% of species), 
representing 70% of catches in GR–50, 77% 
in GR–20, and more than 90% in five other 
pitfall trap lines.

A strong similarity occurred 1) be-
tween beetle assemblages from the two 
pitfall trap lines in the grassland (GR–50 
and GR–20) (77%), 2) between beetles col-
lected at the edge and the ones in WO–20 
(82%), 3) between beetles caught in WO–20 
and WO–50 (75%), and 4) between beetles 
captured in the two lines alongside the 
ditch (DI–SH and DI– HE) (76%) (Table 1). 
Whereas, the lower similarity was observed 
between beetles from the grassland and the 
ones near the ditch (Table 1).

We collected 11,620 individuals of 
222 species in 2006, 11,694 individuals of 
224 species in 2007, 16,046 individuals of 
210 species in 2008, 12,970 individuals of 

201 species in 2009, and 15,364 individuals 
of 203 species in 2010 (Table 2). We cannot 
detect a trend in annual variations of total 
catches and species richness in each pitfall 
trap line (Table 2).

The number of individuals per species 
over the five years ranged from 1 to 9,447 
adults. The number of species occurring as 
singletons or doubletons were 131 (33.9% of 
species) and 32 (8.3%), respectively. Four 
species were dominant in this study: the 
carabid Pterostichus melanarius (Illiger) 
(10.5% of total beetle catches), and three rove 
beetle species, Anotylus rugosus (Fabricius) 
(5.3%), Drusilla canaliculata (Fabricius) 
(9.6%) and Tachinus limbatus Melsheimer 
(14.0%); T. limbatus is a Nearctic species 
and the three others are adventive species.

Over 2006–2010, the species richness 
per pitfall trap line ranged from 149 to 203 
species (Table 2).  At the end of the first 
sampling year (2006), we recorded between 

Table 1. Renkonen’s percent similarity between beetle assemblages from pitfall trap lines 
at Scotstown during 2006–2010
Line	 GR–50	 GR–20	 EDGE	 WO–20	 WO–50	 DI–SH	 DI–HE
GR–50
GR–20	 77
EDGE	 56	 59
WO–20	 43	 45	 82
WO–50	 35	 37	 66	 75
DI–SH	 26	 28	 47	 46	 50
DI–HE	 27	 27	 44	 43	 49	 76

Table 2.  Total catches and species richness of beetles in each pitfall trap line at Scot-
stown during 2006–2010
Line		   2006	    2007	    2008	    2009	    2010	 Total

Individuals
GR–50		   1309	   1573	   3177	    2178	    2130	 10367
GR–20		   1569	   1820	    2760	    1978	    2265	 10392
EDGE	 	  1278	     913	    1531	    1283	    1809	 6814
WO–20	  	 1029	     861	    1009	      843	    1622	   5364
WO–50	    	 905	     768	      921	      883	    1522	 4999
DI–SH		   2833	   2996	 3341	 2880	 3291	 15341
DI–HE		   2696	   2763	    3307	 2925	    2726	 14417
Total		  11620	  11694	 16046	 12970	 15364	 67694
  

Species
GR–50		     87	     97	     92	      89	      89	 160
GR–20		     82	     93	     72	      80	      76	 158
EDGE		     96	     80	     88	      67	      91	 171
WO–20	    	 74	     81	     77	      69	      80	 149
WO–50	   	  84	     80	     89	      77	      86	 169
DI–SH	 	    85	     98	     92	      96	      92	 181
DI–HE		   108	     96	   105	      95	      99	 203
Total		   222	   224	   210	    201	    203	 386
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74 and 108 species per line; after five years 
of trap operation, this cumulative number of 
species in a specific line had nearly increased 
twofold. Over all sampling years, between 49 
and 63% of species from a line were collected 
during one to three months only, whereas 
only a few species (four to eight) were active 
during at least 26 months over all the 33 
sampling months in each pitfall trap line.

Dominant and subdominant fam-
ilies. Five families were dominant (at least 
5% of catches in a line) or subdominant 
(between 2 and 5%) in at least one pitfall 
trap line (Table 3); both Staphylinidae and 
Carabidae were dominant families in all 
lines, and Elateridae were dominant only 
in GR–50. We caught 35,451 individuals 
of 160 Staphylinidae species and 27,884 
individuals of 86 Carabidae species; both 
families together represented 93.6% of total 
catches and 63.7% of all species. Adults of 
Staphylinidae were more abundant than 
Carabidae in all lines except in WO–50 
with closer canopy (Table 3); the catches of 
Staphylinidae and Carabidae together were 
higher near the ditch (about 14,000 per trap 
line). The species richness of Staphylinidae 
was higher than for the Carabidae in all 
lines (Table 3). The number of ground beetle 
species was lower in the woods (WO–20 and 
WO–50) (Table 3).

Dominant and subdominant spe-
cies. Fourteen species were dominant (at 
least 5% of catches) in at least one pitfall trap 
line over 2006–2010 (Table 4). The elaterid 
Hypnoidus abbreviatus (Say) was dominant 
only in GR–50. The rove beetle Tachinus 
rufipes (DeGeer) was dominant in the grass-
land (GR–50 and GR–20).  The carabids Ago-
num gratiosum (Mannerheim) and Agonum 
muelleri (Herbst), and the staphylinids A. 
rugosus and Quedius curtipennis Bernhauer 
were dominant in the grassland and at the 
edge. Quedius molochinus (Gravenhorst) 
was dominant in the grassland, at the edge 
and in WO–20. Agonum palustre Goulet was 
dominant in the woods (WO–20 and WO–50), 
Liogluta intermedia Klimaszewski & Langor 
was dominant in WO–20 and DI–HE, and 
Platynus decentis (Say) was dominant in 
WO–50. The carabid P. melanarius and the 
rove beetle D. canaliculata were dominant 
at the edge, in the woods and near the ditch 
(DI–SH and DI–HE). Tachinus limbatus was 
dominant in WO–50 and along the ditch, and 
Blemus discus (Fabricius) was dominant only 
near the ditch. Strong year-to-year fluctua-
tions occurred in the relative abundance of 
the following species: A. muelleri (between 
5.8 and 26.8% in GR–50; 3.2–25.2% in GR–
20), A. palustre (2.3–18.7% in WO–50), A. 
rugosus (2.1–22.6% in GR–50; 1.9–27.6% in 

Table 3.  Total catches and species richness of dominant and subdominant beetle families 
in each pitfall trap line at Scotstown during 2006–2010
	 INDIVIDUALS	 SPECIES
Line	 Family	 N	 %	  n	  % 
GR–50	 Staphylinidae	 5084	 49.0	 63	 39.4
	 Carabidae	 3923	 37.8	 51	 31.9		
	 Elateridae 	 943	   9.1	   6	   3.8
GR–20	 Staphylinidae	 6042	 58.1	 69	 43.7
	 Carabidae	 3707	 35.7	 52	 32.9
	 Elateridae	   362	   3.5	   4	   2.5
EDGE	 Staphylinidae	 3455	 50.7	 70	 40.9
	 Carabidae	 3046	 44.7	 52	 30.4
WO–20	 Staphylinidae	 2740	 51.1	 69	 46.3
	 Carabidae	 2388	 44.5	 38	 25.5
WO–50	 Carabidae	 2550	 51.0	 38	 22.5
	 Staphylinidae	 2182	 43.6	 79	 46.7
	 Curculionidae	   111	   2.2	 11	   6.5
DI–SH	 Staphylinidae	 8360	 54.5	 80	 44.2		
	 Carabidae	 6352	 41.4	 48	 26.5
DI–HE	 Staphylinidae	 7588	 52.6	 86	 42.3
	 Carabidae	 5918	 41.0	 56	 27.6
	 Silphidae	   352	   2.4	   5	   2.5
All lines	 Staphylinidae	 35451	 52.4	 160	 41.5
	 Carabidae	 27884	 41.2	 86	 22.3
	 Elateridae	 1609	   2.4	 12	   3.1
	 Silphidae	   753	   1.1	   7	   1.8	
	 Curculionidae	   474	   0.7	 25	   6.5	
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GR–20), B. discus (4.8–22.2% in DI–HE), T. 
limbatus (3.5–20.2% in WO–50, 16.5–42.4% 
in DI–SH, 12.2–41.3% in DI–HE) and T. 
rufipes (5.9–24.3% in GR–20) (Table 4).

Over 2006–2010, many species showed 
a habitat preference (Table 5): A. gratiosum, 
A. muelleri, A. rugosus, H. abbreviatus , Q. 
curtipennis, Q. molochinus and T. rufipes in 
the grassland; Agonum retractum LeConte 
in the woods; Lesteva pallipes LeConte at the 
edge and in the woods; Carabus nemoralis 
O.F. Müller and P. decentis in the shaded 
places (Edge, WO–20, WO–50, DI–SH); 
B. discus, D. canaliculata, Oxypselaphus 
pusillus (LeConte), P. melanarius and T. 
limbatus near the ditch; and L. intermedia 
and Necrophila americana Linnaeus in DI–
HE. No clear preference was observed for A. 
palustre and Agonum sordens Kirby (Table 
5). Finally, Dinothenarus badipes (LeConte) 
was a habitat generalist (Table 5).

The most abundant species. We 
collected at least 100 adults for 50 species 
representing 94.2% of individuals in all pit-
fall traps during 2006–2010 (Table 6).

The activity patterns of the most 
abundant species were rather synchronous 
independently of the pitfall trap lines or 
years. Some species were mainly active in 
May–June (e.g., the carabids C. nemoralis 
and P. decentis, and the staphylinids Devia 
prospera (Erichson), D. badipes and Gyro-
hypnus angustatus Stephens); the ground 
activity peak for the majority of species was 
observed in June and/or July; whereas some 
species were primarily active later in season 
(August–October) (e.g., the ground beetle B. 
discus, the leaf beetle Longitarsus luridus 
(Scopoli), and the rove beetles L. pallipes, L. 
intermedia, Q. molochinus and T. limbatus) 
(Table 6).

We determined the sex-ratio for 42 
species on the basis of external morpholog-
ical characteristics. Seventeen species pre-
sented a female-biased sex-ratio (e.g., 75% 
of females for A. palustre), and we caught 
mainly males in 13 species (e.g., only 13% of 
females for Carabus maeander Fischer von 
Waldheim) (Table 6).

Macropterous beetles represented 
73% of adults from the study site. Adults 
of 36 species were all macropterous (Table 
6). Clivina fossor Linnaeus showed a wing 
polymorphism (70% of macropterous adults) 
(Table 6). We observed the predominance 
of micropterous or brachypterous adults 
in eight carabid species, the chrysomelid 
L. luridus, and three staphylinid species 
including D. canaliculata (Table 6).

Discussion

Brunke et al. (2019) reported that 
8,302 species of Coleoptera have been re-
corded in Canada, firstly the Staphylinidae 
(1,774 spp.) and Carabidae (983 spp.). In the 
present study, Staphylinidae was the better 
represented family, followed by Carabidae 
in terms of both species richness and abun-
dance, the only exception being more carabid 
individuals in WO–50 (Table 3). We observed 
similar results during an investigation with 
pitfall traps on the beetle activity in a rasp-
berry agroecosystem (raspberry plantation, 
woods edge, pine woods) at Johnville (about 
40 km from Scotstown) over 1987–1989 
(Levesque and Levesque 1994,1995). For 
ground beetles in temperate regions, higher 
species richness has generally been found 
in forest edges and surroundings than in 
forest interiors along forest-field transects 
and forest-grassland transects (Jung and 
Lee 2016); we observed a similar situation 
for Carabidae at Scotstown (Table 3). We 
suspect that the soil vegetation under the 
canopy (open or closed) of woodlands has pos-
sibly an important influence on the activity 
of ground-dwelling beetles.

Abundance and species richness 
of beetles using various sampling 
methods. To collect more species and cover 
a more complete spectrum of species traits, 
many researchers recommend to combine 
complementary sampling techniques in a 
single study (e.g., Work et al. 1998, Muona 
1999, González et al. 2020, Iannuzzi et al. 
2020, Knapp et al. 2020). We used three 
methods at Scotstown to understand the 
overall beetle diversity: pitfall traps (PF) (33 
months, 2006–2010), four flight interception 
traps (FIT) (33 months, 2006–2010) and a 
blacklight trap (LT) (34 months, 2007–2012). 
We collected 67,694 individuals of 386 spe-
cies in PF (Table 2), 34,629 individuals of 
848 species in FIT (Levesque and Levesque 
2019), and 33,382 individuals of 625 species 
in LT (Levesque and Levesque 2023). The 
total annual number of beetle species using 
the three sampling methods varied between 
590 and 748 species during 2007–2010. We 
collected nearly 1,200 species in 2006–2010, 
whereas at least 4,127 species of Coleoptera 
have been recorded in Québec (Bousquet et 
al. 2013).

With a combination of PF, FIT and 
LT, we collected yearly between 50 and 
60% of species recorded at Scotstown during 
2006–2010. Muona (1999) had observed 
similar results. Beetles have been collected 
in the general area of the Oulanka National 
Park in Eastern Finland since more than 90 
years; the beetle fauna of this region, about 
450 km2, was regarded to be as well known 
as early as the 1950s (Muona 1999).  This 
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Table 4.  Total catches of dominant and subdominant beetle species in each pitfall trap 
line during 2006–2010, and variations in annual percentages (minimum-maximum)
Species	 Fam.a	    N	   %	  Range

GR–50 
Anotylus rugosus (Fabricius)	 STA	 1319	 12.7	 2.1–22.6
Agonum muelleri (Herbst)	 CAR	 1316	 12.7    	   5.8–26.8
Hypnoidus abbreviatus (Say)	 ELA	   936	   9.0	   3.7–16.5
Quedius curtipennis Bernhauer	 STA	   818	   7.9	   4.4–12.3
Tachinus rufipes (DeGeer)	 STA	   740	   7.1	   0.6–15.2
Quedius molochinus (Gravenhorst)	 STA	   732	   7.1	   4.1–14.2
Agonum gratiosum (Mannerheim)	 CAR	   701	   6.8	   3.2–9.8
Pterostichus melanarius (Illiger)	 CAR	   390	   3.8	   2.4–7.7
Agonum sordens Kirby	 CAR	   248	   2.4	 0.8–4.3
Liogluta intermedia Klim. & Langor	 STA	   241	   2.3	   0.2–4.6
Drusilla canaliculata (Fabricius)	 STA	   238	   2.3	   0.4–4.3
Total		  7679	 74.1	 64.9–80.4 

GR–20 
Tachinus rufipes (DeGeer)	 STA	 1586	 15.3	   5.9–24.3
Anotylus rugosus (Fabricius)	 STA	 1551	 14.9	   1.9–27.6
Agonum gratiosum (Mannerheim)	 CAR	 1084	 10.4	   6.8–14.9
Agonum muelleri (Herbst)	 CAR	   862	   8.3	   3.2–25.2
Quedius curtipennis Bernhauer	 STA	   693	   6.7	   3.1–8.7
Quedius molochinus (Gravenhorst)	 STA	   563	   5.4	   2.5–8.6
Pterostichus melanarius (Illiger)	 CAR	   435	   4.2	   2.2–6.1
Drusilla canaliculata (Fabricius)	 STA	   401	   3.9	   2.9–5.9
Agonum sordens Kirby	 CAR	   372	   3.6	   2.4–6.0
Hypnoidus abbreviatus (Say)	 ELA	   359	   3.5	   0.5–8.3
Tachinus limbatus Melsheimer	 STA	   231	   2.2	   0.1–5.6
Total		  8137	 78.4	 70.0–85.2

EDGE 
Drusilla canaliculata (Fabricius)	 STA	 1063	 15.6	 13.3–18.8
Agonum muelleri (Herbst)	 CAR 	   550	   8.1	   3.3–18.0
Pterostichus melanarius (Illiger)	 CAR	   455	   6.7	   4.8–12.0
Agonum gratiosum (Mannerheim)	 CAR	   382	   5.6	   3.4–7.0
Anotylus rugosus (Fabricius)	 STA	   356	   5.2	  1.0–9.2
Quedius molochinus (Gravenhorst)	 STA	   352	   5.2	   3.1–7.2
Quedius curtipennis Bernhauer	 STA	   338	   5.0	   2.2–7.0
Agonum palustre Goulet	 CAR	   272	   4.0	   1.0–7.1
Liogluta intermedia Klim. & Langor	 STA	   250	   3.7	   0.8–7.1
Oxypselaphus pusillus (LeConte)	 CAR	   242	   3.6	   2.3–4.8
Agonum sordens Kirby	 CAR	   223	   3.3	   2.0–4.0
Platynus decentis (Say)	 CAR	   216	   3.2	   0.9–5.5
Tachinus limbatus Melsheimer	 STA	   212	   3.1	   0.6–5.0
Carabus nemoralis O.F. Müller	 CAR	   203	   3.0	   2.3–3.9
Lesteva pallipes LeConte	 STA	   188	   2.8	   0.0–7.4
Dinothenarus badipes (LeConte)	 STA	   143	   2.1	   0.6–3.5
Total		  5445	 79.9	 73.1–87.9

WO–20 
Drusilla canaliculata (Fabricius)	 STA	   880	  16.4	 12.9–20.3
Agonum palustre Goulet	 CAR	   524	    9.8	   5.3–17.4
Pterostichus melanarius (Illiger)	 CAR	   334	    6.2	   3.7–9.5
Liogluta intermedia Klim. & Langor	 STA	   275	    5.1	   2.4–9.2
Quedius molochinus (Gravenhorst)	 STA	   275	    5.1	   4.5–6.0
Quedius curtipennis Bernhauer	 STA	   260	    4.8	   3.4–5.9
Carabus nemoralis O.F.Müller	 CAR	   258	    4.8	   2.8–6.9

(Continued on next page)
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Table 4.  (Continued)
Species	 Fam.a	    N	   %	  Range

WO–20 
Agonum gratiosum (Mannerheim)	 CAR	   244	    4.5	   2.8–7.5
Anotylus rugosus (Fabricius)	 STA	   212	    4.0	   1.0–8.0
Platynus decentis (Say)	 CAR	   191	    3.6	   2.8–4.6
Tachinus limbatus Melsheimer	 STA	   181	    3.4	   0.6–4.8
Lesteva pallipes LeConte	 STA	   171	    3.2	   0.4–6.3
Agonum muelleri (Herbst)	 CAR	   165	    3.1	   1.5–4.3
Oxypselaphus pusillus (LeConte)	 CAR	   132	    2.5	   0.7–3.5
Dinothenarus badipes (LeConte)	 STA	   121	    2.3	   0.6–4.2
Total		  4223	  78.7	 76.6–80.8
					   

WO–50
Tachinus limbatus Melsheimer	 STA	   513 	 10.3	   3.5–20.2
Drusilla canaliculata (Fabricius)	 STA	   433	   8.7	   6.7–12.6
Agonum palustre Goulet	 CAR	   402	   8.0	   2.3–18.7
Pterostichus melanarius (Illiger)	 CAR	   399	   8.0	   5.8–10.5
Platynus decentis (Say)	 CAR	   251	   5.0	   3.7–7.9
Carabus nemoralis O.F.Müller	 CAR	   225	   4.5	   3.1–6.8
Agonum gratiosum (Mannerheim)	 CAR	   182	   3.6	   1.1–6.9
Liogluta intermedia Klim. & Langor	 STA	   175	   3.5	   0.9–11.0
Lesteva pallipes LeConte	 STA	   166	   3.3	   0.3–5.7
Quedius molochinus (Gravenhorst)	 STA	   166	   3.3	   2.2–4.5
Agonum retractum LeConte	 CAR	   160	   3.2	   0.3–6.0
Quedius curtipennis Bernhauer	 STA	   140	   2.8  	   1.5–5.0
Anotylus rugosus (Fabricius)	 STA	   110	   2.2	   1.2–4.1
Blemus discus (Fabricius)	 CAR	   108	   2.2	   1.2–2.5
Dinothenarus badipes (LeConte)	 STA	   102	   2.0	   0.5–4.0
Oxypselaphus pusillus (LeConte)	 CAR	     98	   2.0	   0.9–3.0
Total		  3630	 72.6	 67.1–77.5
					   

DI–SH
Tachinus limbatus Melsheimer	 STA	 4459	 29.1	 16.5–42.4
Pterostichus melanarius (Illiger)	 CAR	 3272	 21.3	 13.9–26.6
Drusilla canaliculata (Fabricius)	 STA	 2031	 13.2	   9.4–17.4
Blemus discus (Fabricius)	 CAR	   966	   6.3	   3.6–11.2
Oxypselaphus pusillus (LeConte)	 CAR	   416	   2.7	   1.0–4.5
Agonum palustre Goulet	 CAR	   407	   2.7	   0.8–7.0
Total		  11551	 75.3	 70.8–77.9
					   

DI–HE
Tachinus limbatus Melsheimer	 STA	 3756	 26.1	 12.2–41.3
Blemus discus (Fabricius)	 CAR	 1842	 12.8	   4.8–22.2
Pterostichus melanarius (Illiger)	 CAR	 1809	 12.5	   6.4–18.0
Drusilla canaliculata (Fabricius)	 STA	 1455	 10.1	   7.5–15.0
Liogluta intermedia Klim. & Langor	 STA	 1104	   7.7	   4.5–12.2
Oxypselaphus pusillus (LeConte)	 CAR	   505	   3.5	   0.9–5.2
Agonum gratiosum (Mannerheim)	 CAR	   468	   3.2	   0.9–4.5
Agonum palustre Goulet	 CAR	   344	   2.4	   0.3–9.0
Necrophila americana Linnaeus	 SIL	   331	   2.3	   0.6–6.3
Total		  11614	 80.6	 75.9–83.8
a Families: CAR Carabidae; ELA Elateridae; SIL Silphidae; STA Staphylinidae 
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beetle fauna includes about 850 species, 
630 of these being true forest dwellers. A 
combination of pitfall traps and FIT showed 
the presence of 55 to 60% of these in one year 
(Muona 1999).

The species in small numbers. At 
Scotstown, the species occurring as single-
tons or doubletons represented 42.2% of 
species in PF, 45.7% in FIT and 43.3% in 
the LT over all sampling months (33 or 34). 
Species sporadically collected (during 1–3 
months only over 33 or 34 sampling months) 
represented between 49 and 63% of species 
from one pitfall trap line, between 66 and 
74% of species from one FIT, and 59% of 
species in LT. We believe that the presence of 
species in small numbers may be associated 
with behavior of insects, particular habitat 
preferences, methodology, distribution of a 
species, migration, food availability and/or 
long larval development (two years or more).

Most of the small Carabidae (e.g., 
Bembidiini) and Staphylinidae (under 2 mm 
long) are often missed in pitfall traps (Pohl 
et al. 2008, Jocque et al. 2016); however, we 
caught small beetles in large numbers using 
FIT and the blacklight trap (Levesque and 
Levesque 2019, 2023). Among the 50 most 
abundant epigaeic species at Scotstown, we 
noted the occurrence of one or two adults only 
for nine taxa in FIT and six taxa in the light 
trap over 2006–2010. In north-temperate 

forests and in agricultural landscapes, the 
vertical stratification of flying Coleoptera 
may be observed (Levesque and Levesque 
2019), and some species may be in small 
numbers at a level at a certain time. A verti-
cal subterranean stratification of Coleoptera, 
such as observed by Jászayová et al. (2022) in 
Slovakia, is also plausible in North America.

Some rare species have a distribution 
by patches often associated with the last 
glaciation periods; among the beetles of this 
group, the staphylinid Acidota crenata (Fa-
bricius) (2 adults at Scotstown) can tolerate 
a wide range of temperatures and is found 
from northern boreal or colder habitats south 
to southernmost Canada (Motz and Morgan 
1997). Certain other species are apparently 
rare in southern Québec because this region 
is at the periphery of their distribution area; 
for example, Scaphinotus viduus (Dejean) is 
a carabid recorded from Québec to Florida 
(Downie and Arnett 1996). A true endan-
gered Nearctic species in North America is 
rare nearly on its entire geographical range, 
independently of geo-political frontiers 
(country, provinces, states).

During a migration (i.e., between 
two breeding sites, between a breeding 
site and an overwintering site, or within a 
single site), it is possible that an individual 
becomes a tourist in an unusual habitat 
(macro- or microhabitat) and this species 

Table 5.  Spatial distribution of each dominant or subdominant beetle species in pitfall 
trap lines during 2006–2010 (+ = line where less than 1% of catches)

Total catches (%)
		  GR–	 GR–	 ED–	 WO–	 WO–	 DI–	 DI– 
Species	 N	 50	 20	 GE	 20	 50	 SH	 HE
Agonum gratiosum (Mannerheim)	 3355	  21	 32	 11	   7	   5	  9	 14
Agonum muelleri (Herbst)	 3014	  44	 29	 18	   5	   3	  1	 +	
Agonum palustre Goulet	 2077	    3	   3	 13	 25	 19	 20	 17
Agonum retractum LeConte	 222	    1	   0	   5	 21	 72	   1	   0
Agonum sordens Kirby	 1319	  19	 28	 17	   6	   6	 17	   7
Anotylus rugosus (Fabricius)	 3571	  37	 43	 10	   6	   3	   1	   +
Blemus discus (Fabricius)	 3067	    1	   1	   1	   2	   4	 31	 60
Carabus nemoralis O.F. Müller	 1054	    5	   3	 19	 24	 21	 16	 11
Dinothenarus badipes LeConte	 854	  12	 11	 17	 15	 12	 18	 16
Drusilla canaliculata (Fabricius)	 6501	    4	   6	 16	 14	   7	 31	 22
Hypnoidus abbreviatus (Say)	 1496	  63	 24	   6	   +	   1	   1	   6
Lesteva pallipes LeConte	 562	    +	   4	 33	 30	 30	   2	   1
Liogluta intermedia Klim. & Langor	 2314	  10	   3	 11	 12	   8	   9	 48
Necrophila americana Linnaeus	 614	  19	   7	   1	   +	   2	 17	 54
Oxypselaphus pusillus (LeConte)	 1551	    4	   6	 16	   9	   6	 27	 33
Platynus decentis (Say)	 895	    3	   3	 24	 21	 28	 20	   1
Pterostichus melanarius (Illiger)	 7094	    6	   6	   6	   5	   6	 46	 26
Quedius curtipennis Berhnauer	 2489	  33	 28	 14	 10	   6	   6	   4
Quedius molochinus (Gravenhorst)	 2353	  31	 24	 15	 12	   7	   7	   4
Tachinus limbatus Melsheimer	 9447	    1	   2	   2	   2	   5	 47	 40
Tachinus rufipes (DeGeer)	 2673	  28	 59	   1	   +	   +	   7	   5
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will be apparently rare during a study.  At 
Scotstown, we collected only one individual 
of the carabid Platypatrobus lacustris Dar-
lington; this species was regarded as an old 
relict because of its great rarity until its hab-
itat requirements were discovered, i.e., wet 
places exclusively in inhabited or recently 
deserted beaver houses (Bousquet 2010). We 
collected six adults of Dromius piceus Dejean 
(forest canopy species) only by the light trap 
in the center of the grassland (Levesque and 
Levesque 2023).

A species may be rare in a site where 
its preferred food sources (host-plant, moss, 
fungus, seed, deadwood, prey, carrion, dung, 
etc.) are scarce or absent. In 2006–2010, we 
observed the ground activity for only three 
adults of Agriotes mancus (Say), common 
elaterid having a larval development of three 
years in Canada and a distribution governed 
by soil moisture (Campbell et al. 1989). We 
suspect that the evaluation of the rarity of a 
species with a long larval development (two 
years or more) may be problematic in the con-
text of a short-term study (one or two years), 
particularly if the number of newly emerged 
adults is very variable from year to year.

The most abundant species. The 
number of most abundant species (at least 
100 adults) collected at Scotstown during 33 
or 34 months was 50 in PF, 48 in FIT and 
57 in LT, and these species varied with the 
sampling method (Table 6; Levesque and 
Levesque 2019, 2023). Nevertheless, catches 
of certain ground-active species were also 
abundant in FIT and the blacklight trap 
over 2006–2010. We observed the flight of 
at least 100 adults for the eleven following 
species: the carabids B. discus, C. fossor 
and Harpalus rufipes (DeGeer), the elaterid 
H. abbreviatus, the silphid N. americana, 
and the staphylinids A. rugosus, Atheta 
crenuliventris Bernhauer, Carpelimus sp. 
S02, Gabrius subnigritulus (Reitter), Mocy-
ta fungi (Gravenhorst) and Q. curtipennis 
(Levesque and Levesque 2019, 2023). We 
caught also 3660 adults of the Chrysomeli-
dae Alticini L. luridus (5.5% of macropter-
ous individuals) in FIT during 2006–2010 
(Levesque and Levesque 2019).

With each method, we observed im-
portant variations in annual percentages 
for dominant species at Scotstown (Table 
4; Levesque and Levesque 2019, 2023). The 
maximal fluctuations were between 12.2 
and 41.3% for the staphylinid T. limbatus in 
pitfall traps, between 10.3 and 59.6% for the 
nitidulid Fabogethes nigrescens (Stephens) 
in FIT, and between 0.7 and 39.8% for the 
carabid Bembidion versicolor (LeConte) in 
LT. Species-level responses are probably 
driven by differences in behavior, various 
physiological factors, dispersal ability, eco-

logical interactions, abundance of ephemeral 
habitats, various environmental factors (e.g., 
photoperiod, soil pH, soil moisture, soil tex-
ture, vegetation, microclimate), time of day 
or night, season, spatial heterogeneity in 
food quality and quantity, and the nature 
of the trap installation (Matalin 1998, Pohl 
et al. 2008, Janssen et al. 2009, Maguire et 
al. 2014, Pohe et al. 2018,).

Sex-ratio of some species. We can 
compare the sex-ratio for 13 species captured 
at Scotstown in pitfall traps (2006–2010) 
(Table 6), FIT (2006–2010) and/or the light 
trap (2007–2010) (Levesque and Levesque 
2019, 2023). The assumed sex-ratio of 1:1 
was observed in pitfall traps and FIT for 
Catops alsiosus (Horn) only. We collected 
primarily males by pitfall trapping and 
females in flight traps for B. discus (in LT: 
62% of females) and G. subnigritulus (in 
FIT: 72% of females). The predominance of 
females occurred in A. rugosus (three meth-
ods), Agonum thoreyi Dejean (pitfall traps 
and light trap), A. sordens, H. abbreviatus, 
Stenus erythropus (Reitter) and T. limbatus 
(pitfall traps only), and H. rufipes (light trap 
only). Whereas, the predominance of males 
occurred in N. americana (pitfall traps and 
FIT), Q. curtipennis (pitfall traps only), and 
A. crenuliventris (in FIT only).

In a previous study, we investigat-
ed with pitfall traps and FIT the beetle 
activity in a raspberry agroecosystem at 
Johnville (about 40 km from Scotstown) over 
1987–1989. Among the carabids in pitfall 
traps, we collected mainly males of B. discus 
and P. melanarius, and the sex-ratio of A. 
muelleri and Poecilus lucublandus (Say) was 
not significantly different of 1:1 (Levesque 
and Levesque 1994). At Scotstown, our 
observations were similar for B. discus, P. 
lucublandus and P. melanarius, but not 
for A. muelleri (Table 6). At Johnville, the 
predominance of males in pitfall traps and 
females in FIT occurred in staphilinids A. 
rugosus and G. subnigritulus, and females of 
S. erythropus were primarily collected in pit-
fall traps and FIT (Levesque and Levesque 
1995). At Scotstown, we confirmed previous 
observations for G. subnigritulus. We ob-
served the predominance of females of B. 
discus and H. rufipes, but not of A. rugosus, 
in light trap at Compton (about 50 km from 
Scotstown) over 2014–2017 (Levesque and 
Levesque 2022). The sex-ratio of A. rugosus 
was variable in different studies, in possible 
relation with trophic preferences of this 
saprophilic species. Finally, the colonization 
by flight in new breeding sites seems mainly 
dependent on females in species B. discus, 
G. subnigritulus and H. rufipes.

Wing polymorphism in some ad-
ventive species. Among the most abundant 
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adventive species, adults of A. muelleri, B. 
discus, H. rufipes, A. rugosus, G. subnigrit-
ulus, G. angustatus, M. fungi, Q. curtipennis 
and T. rufipes are macropterous in Europe 
and in North America (Table 6; Levesque 
and Levesque 1994, 1995; Kunze and Kache 
1998). Whereas, C. fossor, P. melanarius, L. 
luridus and Tachinus corticinus Graven-
horst show a wing polymorphism in Europe 
and in North America (Table 6; Levesque and 
Levesque 1994, 1995, 1998). In Europe, D. 
canaliculata is wingless and Q. molochinus 
is wing-dimorphic (Assing 1994, Kunze and 
Kache 1998); at Scotstown, we observed the 
macropterous morph in few D. canaliculata 
(2% of individuals) and all Q. molochinus 
(Table 6).

Some European studies (e.g., in the 
Dutch polders) show that young assemblages 
of carabids (recently occupying new areas) 
consist predominantly of macropterous 
species and macropterous individuals of 
wing-dimorphic species; also, populations 
of wing-dimorphic carabid species at the 
periphery of their geographical range contain 
high proportions of macropterous individuals 
(Venn 2016). In P. melanarius populations 
from southern Québec, we observed 16% 
of macropterous adults in a raspberry 
agroecosystem at Johnville (Levesque and 
Levesque 1994), and 10% at Scotstown 
(Table 6). In Canadian regions that have 
established populations of P. melanarius, 
the proportions of short-winged individuals 
are greater than long-winged (Larson and 
Langor 1982, Bourassa et al. 2011, Cottrell- 
Callbeck et al. 2019). Macropterous beetles in 
wing-dimorphic species are important for ea 
rly colonization of unexploited territory, but 
that flightless individuals replace the flying 
morph relatively rapidly once populations 
are established (Bourassa et al. 2011).

Dispersal power by flight of some 
abundant species. Among the dominant 
and subdominant species in PF at Scotstown 
(Table 5), adults of sixteen species were 
all macropterous, and the predominance 
of micropterous or brachypterous adults 
occurred in A. retractum, C. nemoralis, D. 
canaliculata O. pusillus and P. melanarius 
(Table 6). We have been surprised to cap-
ture one macropterous adult of O. pusillus; 
Lindroth (1966) suspected that macropter-
ous individuals may exist in this species. 
During 2006–2010, we did not observe the 
flight of A. retractum, C. nemoralis, L. pal-
lipes, O. pusillus and Q. molochinus. Only 
A. rugosus and B. discus were collected in 
large numbers in the light trap (Levesque 
and Levesque 2023). Whereas we caught in 
FIT a very small number of macropterous 
adults for some abundant epigaeic species 
(e.g., four B. discus, five D. badipes, three 

D. canaliculata, two L. intermedia and four 
P. melanarius).

The Nearctic macropterous species 
D. badipes is broadly distributed over 
eastern North America, and collected in a 
wide variety of habitats including anthro-
pogenic habitats (Brunke et al. 2011). The 
adventive species D. canaliculata and P. 
melanarius are often found in large num-
bers in Canadian disturbed sites including 
synanthropic habitats (Klimaszewski et al. 
2012, 2013). At Scotstown, we did not detect 
habitat preferences of D. badipes; whereas 
D. canaliculata and P. melanarius occurred 
mainly alongside the ditch (Table 5). Across 
a period of ten years, Andorkó and Kádár 
(2006) have observed the eurytopic species 
P. melanarius associated with high level of 
soil moisture and dense shrub vegetation; 
similar conditions occurred in DI–SH of the 
present study, and P. melanarius was the 
dominant carabid species in raspberry rows 
of southern Québec (Levesque and Levesque 
1994). Some species, with high environmen-
tal plasticity, may occur in large numbers in 
disturbed habitats, independently of their 
dispersal power by flight. It is possibly the 
case of D. badipes, D. canaliculata and P. 
melanarius, three generalist species (Bohác 
and Bezdek 2004, Andorkó and Kádár 2006, 
Brunke et al. 2011), and practically not flying 
beetles at Scotstown.

During the present study, the phytoph-
agous and saprophagous ground-dwelling 
species were more abundant in the grass-
land. Among the species often soil-active in 
the grassland, we caught in FIT 569 adults 
of the phytophagous chrysomelid Hydroth-
assa vittata (Olivier), and many adults of 
saprophilic species (e.g., 113 A. rugosus, 247 
A. crenuliventris,100 Carpelimus sp. S02, 97 
C. alsiosus and 189 N. americana (Levesque 
and Levesque 2019)). We suspect that the 
flight may be very important in the food 
search for these species. Furthermore, we 
collected 3,413 H. vittata adults by sweeping 
net during 2011–2012, mainly in the grass-
land (unpublished data).
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