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Abstract

Overall, 409 Coleoptera species (369 identified to species, 24 to genus only, and 16 to
subfamily only), representing 275 genera and 58 beetle families, were collected from late
May through late September 2017 at the Grass River Natural Area (GRNA), Antrim Coun-
ty, Michigan, using baited multi-funnel traps (210 species), pitfall traps (104 species), and
sweep nets (168 species). All three collecting methods were used in three distinct habitats:
a rich conifer swamp (cedar), near the edge of a red pine plantation (pine), and within a
mesic northern hardwood forest (hardwoods). Additional collections were made along two
trails and in an open field by sweep netting only. Of the 409 species, 322 were collected in
one or more of the cedar, hardwoods, and pine habitats, and 152 were collected along the
two trails and the grassland site. Of the 322 species collected in the three main habitats,
40 species (36 genera and 14 families) were collected in all three habitats, 105 species (80
genera and 32 families) were collected in the cedar, 176 (131 genera and 38 families) in
the hardwoods, and 199 (158 genera and 47 families) in the pine habitats. With respect to
adult seasonal activity, 21% of the 409 species were first collected in May, 40% in June,
23% in July, 10% in August, and 6% in September. Of the 210 species collected in funnel
traps, 144, 123, and 114 species were collected, respectively, in traps baited with a-pinene,
ethanol, or ipsenol. Diversity indices were calculated for the funnel trap data by site and
lure. Overall, 32 of the 409 species were considered exotic to North America, and 18 were
considered new state records for Michigan. In addition, 16 species of aquatic beetles (12
genera in 5 families) were identified from GRNA stream samples collected during 2013—2019.

Keywords: beetles, diversity index, state records, funnel trap, pitfall trap, sweep net

Interest in insect biodiversity and con-
servation has grown in recent decades along
with recognition of the many important eco-
system services that insects provide (Foottit
and Adler 2017, Samways 2019). Moreover,
recent reports of global insect declines have
heightened public awareness of the threats
faced by many insects (van Klink et al. 2020).
Just over one million species of insects have
been described worldwide (Zhang 2011),
including nearly 400,000 species of beetles
(Coleoptera) (Bouchard et al. 2017). In North
America north of Mexico, over 25,000 beetle
species have been described (Marske and
Ivie 2003), and in Michigan there are about
4000 beetle species recorded (W. G. Ruesink
et al., unpublished data).

Beetle surveys in various parts of
Michigan have been published since the
late 1800s. Schwarz (1876) published one
of the first lists based on beetles collected
mostly in the Detroit area. Two years later,
Hubbard and Schwarz (1878) published a
more extensive list (> 2000 species) based
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on collections in both Michigan’s Lower and
Upper Peninsulas, including Isle Royale
in Lake Superior where they recorded 123
beetle species. Townsend (1889) published
a list of beetles (161 species) collected in St.
Joseph County, MI. Later, Adams (1909)
and Wolcott (1909) added several more spe-
cies to the list of beetles known to occur on
Isle Royale, raising the total to 206 species.
Andrews (1916) published an extensive
list of beetle species (623 species) found on
the Charity Islands in Saginaw Bay, Lake
Huron. Andrews (1921) published another
long list of beetle species (886 species) found
at Whitefish Point in the Upper Peninsula
of Michigan. One additional early list of
Michigan beetles (580 species) was published
by Hatch (1925) for Charlevoix County,
including Beaver, Garden and Hog Islands
in Lake Michigan. More recently, several
authoritative lists of Michigan beetles have
been published for specific families or sub-
families, such as Buprestidae (Wellso et al.
1976), Cerambycidae (Gosling 1973, 1983;



The Great Lakes Entomologist, Vol. 53, No. 2 [2020], Art. 9

2020

j o 0.25 0.5

‘ u&‘ W ;

Wit %, VAR
ot ' et iy

Ly v

THE GREAT LAKES ENTOMOLOGIST

N == SR

139

Lake Bellaire

Grass River
Natural Area | |

Figure 1. Map of Grass River Natural Area (GRNA), Antrim County, MI, showing all
property as of 2020 except for a few parcels at the north end of Lake Bellaire. The green-col-
ored parcels are open to hunting, while the orange-colored area is closed to hunting. Labels
for the 2017 sampling sites are: C = cedar habitat, G = grassland, H = hardwoods, P = pine,
RT =Rail Trail, and SMT = Sedge Meadow Trail. The three creeks where sampling occurred
are marked (Cold, Finch, and Shanty Creeks). The red star inside the inset map of Michigan

is the approximate location of GRNA.

Gosling and Gosling 1977), Ciidae (Grey
and Cognato 2019), Cleridae (Gosling 1980),
Scolytinae (Cognato et al. 2009), Tenebrion-
idae (Spilman 1973), and several families of
aquatic beetles (Bright 2020).

The Grass River Natural Area (GRNA)
is in Antrim County in northwestern Lower
Michigan, where it straddles much of the
Grass River that connects Lake Bellaire to
Clam Lake (Fig. 1). GRNA began in 1969
with a single 62 ac (25 ha) parcel and has
now expanded to 1492 ac (603 ha), consisting
of 73 discrete and mostly contiguous land
parcels (GRNA 2020). The staff at GRNA
welcomes and supports on-site field research
(GRNA 2020).

The Michigan Natural Features In-
ventory (MNFI) has identified 77 natural
community types in Michigan (Kost et al.
2007, Cohen et al. 2015), of which 9 were
identified by MNFT staff at GRNA (Hackett
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et al. 2017). Using MNFI terminology the
nine natural communities (habitats) found at
GRNA, in decreasing order of size as estimat-
ed in 2017, were rich conifer swamp (503 ac;
204 ha), mesic northern forest (283 ac; 115
ha), northern fen (185 ac; 75 ha), poor coni-
fer swamp (82 ac; 33 ha), hardwood-conifer
swamp (53 ac; 21 ha), northern wet meadow
(49 ac; 20 ha), northern shrub thicket (41
ac; 17 ha), dry-mesic northern forest (30
ac; 12 ha), and emergent marsh (6 ac; 2 ha)
(Hackett et al. 2017).

Beetles can be collected in a variety of
ways with equipment such as sweep nets,
beating sheets, light traps, pitfall traps,
baited or unbaited flight-intercept traps,
Berlese funnels, and Malaise traps (Dillon
and Dillon 1972, White 1983, Evans 2014).
In the present study, we used sweep nets,
pitfall traps, and baited multi-funnel traps
to collect beetles at GRNA in 2017. In this
paper, we provide a list of the beetle species
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collected with details on their habitat asso-
ciations, seasonality, methods by which they
were collected, and status as being native
or exotic to the United States as well as a
new state record for Michigan. In addition,
diversity indices were calculated for the
funnel trap data.

Methods and Materials

Habitats sampled. Trapping and
sweep netting was conducted in three GRNA
habitats, including rich conifer swamp
(which we refer to as “cedar”), mesic north-
ern forest (hardwoods), and along the edge
of a mature, red pine (Pinus resinosa Sol.
ex Aiton) plantation (pine) (Fig. 1). The rich
conifer swamp was dominated by northern
white cedar (Thuja occidentalis L.), with oth-
er occasional tree species such as tamarack
[Larix laricina (Du Roi) K. Koch], balsam fir
[Abies balsamea (L.) Mill], red maple (Acer
rubrum L.), yellow birch (Betula alleghanien-
sis Britton), and black ash (Fraxinus nigra
Marshall). The mesic northern forest was
dominated by hardwood trees such as sugar
maple (Acer saccharum Marshall) and Amer-
ican beech (Fagus grandifolia Ehrh.), with
occasional yellow birch, northern red oak
(Quercus rubra L.), eastern hemlock [Tsuga
canadensis (L) Carriére], and white pine
(Pinus strobus L.). Along the edge of the red
pine plantation were occasional red maple,
black cherry (Prunus serotina Ehrh.), and
white pine. A detailed floristic description of
each GRNA habitat is given in Hackett et al.
(2017). The Latitude-Longitude coordinates
of the three main trapping sites were: N
44.9135° Lat and W 85.2186° Long for the
cedar site, N 44.9128° Lat and W 85.2246°
Long for the hardwood site, and N 44.9050°
Lat and W 85.2223° Long for the pine site.

Sweep netting was also conducted
along two GRNA trails (Rail Trail and Sedge
Meadow Trail) and in an open field (grass-
land; N 44.9100° Lat and W 85.2333° Long)
(Fig. 1). The Rail Trail occurs along the for-
mer Pere-Marquette Railway track bed and
typically grades on each side from grasses,
forbs and shrubs to trees that reflect the
adjacent habitats. The Sedge Meadow Trail
traverses three habitats: rich conifer swamp,
hardwood-conifer swamp, and northern wet
meadow. The hardwood-conifer swamp was
dominated by northern white cedar, yellow
birch, balsam poplar (Populus balsamifera
L.), and bigtooth aspen (Populus grandiden-
tata Michaux), whereas the northern wet
meadow was dominated by sedges, grasses,
and occasional small shrubs (Hackett et al.
2017).

Sampling methods and frequen-
cy. The three main methods of collecting
beetles at GRNA involved funnel traps,
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pitfall traps, and sweep netting. Sampling
with funnel traps occurred from 19 May to
24 September 2017, and similarly from 19
May to 22 September 2017 for pitfall traps,
and from 23 May to 20 September 2017 for
sweep netting. Starting in June or July, re-
spectively, the pitfall traps and funnel traps
were “closed” for two weeks each month,
usually the first two weeks of each month.
Sweep netting occurred at all sites, starting
in May or June, and occurred usually two to
three times per month, including the trails
and grassland site.

Funnel traps. At each of the three
main collecting sites, three 12-unit multi-fun-
nel traps (Contech Enterprises Inc., Victoria,
British Columbia, Canada) were deployed.
The color of the funnels was green as shown
in Petrice and Haack (2015). The individual
funnels in all traps were coated with Fluon
(Northern Products Inc., Woonsocket, RI), a
slippery substance that improves trapping
efficiency (Graham et al. 2010). The traps
were suspended from lower branches of trees
so that the bottom of the collection cup was
about 1 m above groundline. To make sure
the traps were clearly visible to flying in-
sects, any interfering branches were pruned
away. The distance between traps at each
site ranged from 4—25 m, depending on the
location of suitable trees. The collection cup
at the bottom of the funnel trap was fitted
with a small screen to allow rainwater to
drain. Inside each collection cup, a circular
piece of window screening was fitted near
the bottom that suspended captured insects
above any moisture that accumulated at
the base of the cup. A few pieces of No-Pest
Strip (Spectrum Group, St. Louis, MO), were
placed inside each collection cup on top the
screen to quickly Kkill trapped insects. The
active ingredient in No-Pest Strips is dichlor-
vos, an organophosphate insecticide. Three
different lures were used at each site, using
one lure per trap, including an a-pinene UHR
(ultra-high release) pouch with a release
rate of 2.3 g per day at 26°C (Alpha Scents,
Inc., West Linn, OR), an ethanol UHR pouch
with a release rate of about 300 mg per day
at 20°C (Contech Enterprises Inc.), and a
racemic ipsenol bubble-cap with a release
rate of about 0.1-0.2 mg/d at 25°C (Contech
Enterprises Inc.). These lures are common
attractants to a wide range of bark- and
wood-infesting insects and their associates
(Miller et al. 2015, Millar and Hanks 2017,
Rabaglia et al. 2019). The lures and No-Pest
Strips pieces were changed at approximately
6-week intervals. At the end of a sampling
period, all insects were removed and placed
in a labeled zip-lock plastic bag and frozen
until sorted. The collection cup was then
cleaned, the screen and No-Pest Strips re-
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positioned in the cup, and then the cup was
reattached to the trap.

Pitfall traps. Two pitfall traps were
installed at the three main collection sites.
Each trap consisted of an 18 oz (0.5 1) plastic
cup with a ca.10-cm diameter opening that
was sunk into the ground so that the top was
flush with the soil surface. Two 1-m-long bar-
riers, made from black plastic lawn edging,
were partially buried on opposite sides of
the cup and positioned flush with the cup’s
rim at the hardwoods and pine sites, but
not the cedar site because the sphagnum
surface there was too irregular for the edging
to make an effective barrier. Such barriers
direct ground invertebrates towards the cup
and have been shown to increase trap catch
(Durkis and Reeves 1982, Hansen and New
2005, Skvarla et al. 2014). At the start of a
sampling period each cup was cleaned and
then filled to a depth of ca. 5 cm with 70%
ethanol. To reduce dilution from rain, a 25-
cm diameter plastic plate was placed ca. 5 cm
above each collection cup, supported by large
nails. At the end of each sampling period, all
beetles were removed and placed in labeled
vials with fresh 70% ethanol and then stored
until mounted for identification.

Sweep netting. A standard 15-inch
(38 cm) diameter heavy duty sweep net with
a sailcloth bag was used. Typically, 10-30
min was spent sweeping each site when
visited. Most sweeping was conducted on
non-woody vegetation, but in each habitat
about ten percent of all sweeps consisted
of strongly beating the net against woody
shrubs and lower tree limbs. The number of
sweeps taken was not predetermined and
varied with each sampling date, depending
on conditions and productivity. The number
of sweeps varied among habitats. For exam-
ple, in the hardwoods habitat only 40-50
sweeps would be taken because there was
little appropriate vegetation given that most
tree branches were too high to reach with the
net and relatively little ground vegetation
grew in areas of deep shade. By contrast, as
many as 500 sweeps were made in the grass-
land site where there was about 1 ha of open
herbaceous vegetation interspersed with a
few shrubs available for sweeping. The bee-
tles collected during sweeping were placed
in labeled vials with fresh 70% ethanol and
stored until mounted for identification.

Aquatic beetles. In addition to the
beetles collected by the methods described
above, the authors also examined vials of
stored aquatic macroinvertebrates collect-
ed by netting in three GRNA creeks (Cold
Creek, Finch Creek, and Shanty Creek;
Fig. 1) during the spring and fall sampling
efforts during 2013-2019. These collections
were made by GRNA staff and volunteers as
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part of the MiCorps Volunteer Stream Mon-
itoring Program, sponsored by Michigan’s
Department of Environment, Great Lakes,
and Energy (https://micorps.net/). Beetles
were removed from the stored vials, pinned,
labelled, and later identified.

Specimen identification and loca-
tion. Nearly all beetles were identified by
WGR using an AmScope 7X-90X binocular
zoom microscope (AmScope, Irvine, CA, USA)
and the keys in Downie and Arnett (1996).
The identifications were checked against
information and photographs on BugGuide
(https://bugguide.net/). In cases where some
doubt existed regarding the identification,
literature suggested on BugGuide as well
as the keys in Arnett and Thomas (2001)
and Arnett et. al. (2002) were consulted. In
addition, for some beetle groups, taxonomic
advice and assistance were provided by
national experts (see Acknowledgments).
The specimens discussed in this paper are
currently in the authors’ private collections
but later a few will be retained at GRNA
with the vast majority being deposited in
the Michigan State University, Department
of Entomology, Albert J. Cook Arthropod
Research Collection in East Lansing, MI.

New Michigan state records. The
status of each beetle species as being a
potential new state record for Michigan
was based on data presented in the sever-
al authoritative lists of Michigan beetles
mentioned in the introduction plus over 350
other publications that have been reviewed
in preparation of a formal list of Michigan
Coleoptera by W. G. Ruesink et al. Many of
these papers mention only one or a few spe-
cies, but others cover entire major families
for all of North America north of Mexico.
Examples of the latter include Beal (2003)
[Dermestidae], Bousquet (2012) [Carabidae],
Bousquet et al. (2018) [Tenebrionidae], Her-
man (2001) [Staphylinidae, in part], O'Brien
and Wibmer (1982) [Curculionidae], Peck
and Newton (2017) [Leiodidae], Pelletier
and Hébert (2014) [Cantharidae], and Ri-
ley et al. (2003) [Chrysomelidae, excluding
Bruchinae]. In addition, the online SCAN
database (https://scan-bugs.org/) of over 100
North American arthropod collections was
consulted to determine if they had Michigan
specimens for any of the potential new state
records, as well as photographs of identified
specimens submitted to BugGuide (https:/
bugguide.net/) and iNaturalist (https://www.
inaturalist.org/) of beetles collected in Mich-
igan. Gary Parsons, Collection Manager of
the A. J. Cook Arthropod Research Collection
(ARC) at Michigan State University (MSU),
was also consulted to check if specimens of
any of the potential new state records had
recently been deposited in the ARC-MSU
collection.
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Figure 2. Venn diagrams indicating the number
of beetle species and corresponding percent of the
total for A: the 322 species that were collected in
the cedar, hardwoods, and pine habitats (the label
of one specimen was lost so the numbers add to
321); B: the 409 species that were collected in
funnel traps, pitfall traps, and by sweep netting;
and C: the 210 species that were collected in fun-
nel traps baited with either a-pinene, ethanol, or
ipsenol (values add to 209 due to one lost label).
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Status as native or exotic. As above,
notes were recorded for each species as to
whether they were native or exotic to the
United States. The main sources of informa-
tion were again Downie and Arnett (1996)
and the internet site BugGuide. The native
range of the exotic species was described as
Asian, Eurasian, European, or Palearctic
(northern portion of Eurasia).

Diversity indices. Several diversity
indices have been used in ecological studies
to characterize community diversity, with
some, such as the Shannon index, combining
species richness (i.e., the total number of
different species) and the proportion of each
species into a single value (Washington 1984,
Chao et al. 2014). Using EstimateS (Colwell
2013), we calculated the Shannon index (H)
and the effective (or equivalent) number of
species [ENS = exp(H)] values for the funnel
trap data given that the total number of each
beetle species collected was recorded from
all traps. We computed separate values for
each of the three main habitats (cedar, hard-
woods, and pine) by combining all funnel
trap data (i.e., from the three different lures)
within each habitat, and also for each of the
three lures (a-pinene, ethanol, or ipsenol) by
combining the funnel trap data by lure type
across the three habitats. The ENS value is
calculated as the exponential of the Shan-
non index, exp(H), and is equivalent to the
number of equally common species required
to produce the same diversity index value
(Jost 2006). For example, Shannon index
values of 2, 3, 4, and 5 would be equivalent to
communities with 7, 20, 55, and 148 equally
common species, respectively.

Results

For all three collecting methods com-
bined, 409 beetle species were identified from
the 2017 GRNA samples, including 369 taxa
identified to species, 24 to genus only, and
16 to subfamily only (Appendix 1). These
409 species represented 58 families, with
the five most speciose being Curculionidae
(47 species), Staphylinidae (43), Carabidae
(41), Chrysomelidae (40), and Elateridae
(21) (Table 1). By contrast, there were 20
families represented by only a single species,
and another 22 families represented by only
2-5 species each (Table 1). There was a sig-
nificant positive linear correlation between
the number of species collected per beetle
family at GRNA and the corresponding total
number of North American species (north of
Mexico) recognized in those same families,
using the values presented in Table 1 and
Evans (2014) (r = 0.91, R? = 0.83, N = 58,
P<0.0001). The 40 taxa that were not identi-
fied to species represented 16 beetle families,
22 of which were Staphylinidae, and 16 of
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Table 2. Number of families, genera, and species of beetles collected
at Grass River Natural Area in 2017 in the cedar, hardwoods, and pine
habitats by trapping method (funnel traps, pitfall traps, and sweep net-

ting); see text for details.

No. families, genera, species by trapping method
Habitat Funnel traps Pitfall traps Sweep net
Cedar 30, 63, 78 10, 23, 34 11, 18, 24
Hardwoods 34, 98, 116 11, 38, 57 10, 27, 38
Pine 43, 118, 140 14, 41, 53 19, 47, 53

the 22 staphylinids were only identified to
the subfamily Aleocharinae (Appendix 1).

Habitats. Of the 409 species collected
at GRNA, 322 were collected at the three
main sampled habitats (cedar, hardwoods,
and pine) using all three trapping methods,
compared with 152 species being collected
by sweeping along the two GRNA trails and
the grassland site (Appendix 1). Of the 322
species, 105 species (80 genera in 32 fami-
lies) were collected in the cedar habitat, 176
species (131 genera in 38 families) in the
hardwoods habitat, and 199 species (158
genera in 47 families) in the pine habitat
(Appendix 1). Similarly, of these 322 spe-
cies and the three main habitats sampled,
27 species were collected only in the cedar
habitat, 76 only in the hardwoods habitat,
and 99 only in the pine habitat, whereas 40
species were collected in all three habitats
(Fig. 2a). For the three GRNA locations
where only sweep netting occurred, 57 beetle
species (47 genera in 18 families, including
16 unique species) were collected along the
Sedge Meadow Trail, 69 species (56 genera
in 18 families, including 18 unique species)
along the Rail Trail, and 83 species (67
genera in 19 families, including 36 unique
species) in the grassland site (Appendix 1).

Trapping methods. Of the 409
species collected in this study, 210 species
(165 genera in 51 families) were collected in
funnel traps, 104 species (66 genera in 20
families) in pitfall traps, and 168 species (124
genera in 26 families) with sweep nets (Fig.
2b, Appendix 1). Similarly, the greatest num-
ber of species were collected in funnel traps
when considering the cedar, hardwoods, and
pine habitats separately (Table 2). Of the
409 species, 145 species were collected only
with funnel traps, 86 species only with pitfall
traps, and 108 species only with sweep nets
(Fig. 2b). By contrast, only three species were
collected with all three methods (Fig. 2b),
including the carabid Calathus gregarious
(Say), the coccinellid Brachiacantha decem-
pustulata (Melsheimer), and a ptilodactylid
Ptilodactyla sp. (Appendix 1).

https://scholar.valpo.edu/tgle/vol53/iss2/9

Lures. Of the 210 species collected
in funnel traps, 144 species (119 genera in
39 families) were collected in funnel traps
baited with a-pinene, 123 species (97 genera
in 36 families) in ethanol-baited traps, and
114 species (97 genera in 38 families) in
ipsenol-baited traps (Fig. 2¢, Appendix 1). Of
these 210 species, 45 species were collected
only with a-pinene, 25 species only with eth-
anol, and 23 species only with ipsenol (Fig.
2¢). By contrast, 56 species were collected
with all three lures (Fig. 2¢). The label was
lost on one specimen and thus the values in
Fig. 2c only add to 209, not 210. Considering
all collections made from the nine funnel
traps used in 2017, 707 individual beetles
were collected in the three funnel traps
baited with a-pinene lures, 513 individuals
in the three traps with ethanol lures, and
553 individuals in the three traps with
ipsenol lures (Appendix 1). When combining
the funnel trap data at each site, 79 beetle
species were collected at the cedar site, 116
at the hardwoods site, and 143 at the pine
site. Several beetle species showed a strong
preference for one of the three lures tested.
For example, a-pinene was most attractive
to the curculionid Pissodes affinis Randall
(capturing 96% of 23 individuals) and the
histerid Paromalus bistriatus Erichson
(95% of 20), ethanol was most attractive to
the curculionid Anisandrus sayi Hopkins
(97% of 72) and the nitidulid Glischrochilus
sanguinolentus (Olivier) (93% of 27), and
ipsenol was most attractive to the ceram-
bycid Monochamus scutellatus (Say) (61% of
66) and the clerid Madoniella dislocata (Say)
(73% of 108) (Appendix 1).

Diversity indices. The Shannon
index values H, based on funnel trap data
only, were 3.297 for the cedar habitat, 3.971
for the hardwoods habitat, and 4.075 for the
pine habitat. The corresponding effective
number of equally common species (ENS)
for these Shannon index values are 27 for
cedar, 53 for hardwoods, and 59 for pine.
Similarly, considering the three lures tested,
the Shannon Index values H were 4.314 for
the a-pinene, 4.005 for ethanol, and 3.764 for
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Figure 3. Percentage of beetle species collected by three sampling methods at Grass River Natural
Area in 2017 by month of first collection and habitat for the beetle species collected in the cedar (105
species), hardwoods (176 species), and pine (199 species) habitats. Values above each column are

percentage values within each habitat.

ipsenol, which correspond to ENS values of
75, 55, and 43, respectively.

Seasonality. Of the 409 beetle species
collected at GRNA in 2017, 21% (85 species)
were first collected in May, 40% (162) in
June, 23% (95) in July, 10% (41) in August,
and 6% (26) in September (Appendix 1). A
broadly similar pattern emerged for each
of the three main habitats sampled, with
most species being first collected in May or
June (Fig. 3). Moreover, when considering
just those beetle species collected in funnel
traps, the resulting season-long species
accumulation curves for each of the three
main habitats were similar in shape with
more species consistently being collected at
the pine site compared with the hardwoods
and cedar sites (Fig. 4). At the family level,
48% (28 families) of the 58 beetle families
recorded were first collected in May, 38%
(22) in June, 9% (5) in July, 3% (2) in August,
and 2% (1) in September (Table 1). The two
beetle families first collected in August were
Ciidae and Endomychidae, with members of
Ptiliidae being first collected in September
(Table 1). Considering the number of beetle
species collected each month for all 409 spe-
cies, 21% (85 species) were collected in May,
59% (243) in June, 46% (187) in July, 33%
(133) in August, and 27% (111) in September
(Appendix 1).
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New Michigan state records. Of the
369 species that were identified to the species
level, we found published, in print, collection
records from Michigan for 336 species. For
the remaining 33 species, 14 were listed
online in SCAN as having been collected in
Michigan and deposited in the Albert J. Cook
Arthropod Research Collection at Michigan
State University (1 of the 14 was also depos-
ited in the C.A. Triplehorn Insect Collection
at The Ohio State University), 1 was listed on
BugGuide as having been collected in Mich-
igan, and the remaining 18 were considered
new state records for Michigan (Appendix
1). These 18 new state records are members
of 12 beetle families, including Brentidae (1
species), Cantharidae (2), Chrysomelidae
(4), Cryptophagidae (1), Curculionidae (3),
Hydrophilidae (1), Laemophloeidae (1),
Melyridae (1), Silvanidae (1), Staphylinidae
(1), Tenebrionidae (1), and Throscidae (1)
(Appendix 1). Four of these 18 species are
exotic to the United States, including the
brentid Perapion curtirostre (Germar), the
chrysomelids Chrysolina hyperici (Forster)
and Mantura chrysanthemi (Koch), and the
staphylinid Tasgius melanarius (Heer).

Status as native or exotic. Overall,
32 of the beetle species collected at GRNA
were exotic to the United States (Appendix
1). These 32 species represent 9 beetle
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Figure 4. Cumulative number of species collected in funnel traps (all lures combined within sites)
by month in three habitats (cedar, hardwoods, and pine) sampled during May to September 2017 at

Grass River Natural Area.

families, including Brentidae (1 species),
Buprestidae (1), Carabidae (1), Chrysomel-
idae (4), Coccinellidae (2), Curculionidae
(13), Dermestidae (1), Scarabaeidae (4), and
Staphylinidae (5). The natural range of these
32 exotics was Asia for 4 species, Europe for
12, Eurasia for 5, and the Palearctic for 11
(Appendix 1).

Aquatic beetles. Examination of the
invertebrates from the stored GRNA stream
samples from 2013-2019 revealed 16 species
of adult aquatic beetles, representing 12
genera in 5 families (Table 3). Of these 16
species, 11 were identified to the species level
and 5 to genus only (Table 3). Overall, there
were 4 species of Dytiscidae, 1 Elmidae,
3 Gyrinidae, 2 Haliplidae, and 6 Hydro-
philidae. All taxa identified to species are
considered native to the United States and
none were new state records for Michigan.
Aquatic beetles were collected from each of
the three creeks sampled at GRNA, including
Cold Creek, Finch Creek, and Shanty Creek
(Table 3, Fig. 1).

Discussion

Although over 400 beetle species were
collected at GRNA in 2017, this number un-
doubtedly represents only a fraction of the
total number of beetle species present. Insect
diversity tends to increase with sampling
intensity in insect surveys (Samways et al.
2010). As an example, consider the work of

https://scholar.valpo.edu/tgle/vol53/iss2/9

Muona (1999), who used large numbers of
pitfall traps and flight-intercept traps in
three separate studies at Oulanka National
Park in Finland, where the beetle fauna is
very well known, but reported collecting
only 54-61% of the known terrestrial beetle
species present in each study. If these same
ratios are applied to our GRNA data (409
species), then the total number of terrestrial
beetle species at GRNA would be estimated
at 670-757 species. Still we would postulate
that there would be even more beetle species
present at GRNA than these estimates given
that sampling intensity in Muona’s (1999)
studies involved 100-240 pitfall traps and
32—120 flight-intercept traps, depending
on the study. Additionally, sampling over
successive years typically results in more
species being discovered at any site. To
demonstrate this point, consider the 10-year
study by Martikainen and Kaila (2004) in
Finland that focused on saproxylic beetles
(those species dependent on dead or decaying
wood; Ulyshen and Sobotnik 2018) at two
forest sites. They reported that only 50% of
all 258 saproxylic species collected over the
entire 10-year study were collected every
single year, that many species showed great
year-to-year variation in population size (as
reflected in trap catch numbers), and that
new species were collected in every year of
the study.

Our single-year trapping effort fo-
cused on just three habitats, using three
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Table 3. Species of aquatic beetles collected during 2013-2019 in three creeks that cross
Grass River Natural Area, including Cold Creek, Finch Creek, and Shanty Creek (see text

for details and Fig. 1 for creek locations).

FAMILY
Subfamily
Species

Creek name (number collected, date)

DYTISCIDAE (Predaceous diving beetles)
Agabinae
Ilybiosoma seriatum (Say)

Shanty (3, 16 V 2015), Shanty (1, 3 X 2015);

Agabus sp.

Finch (1, 28 IX 2019)

Hydroporinae
Liodessus crotchi Nilsson

Finch (1, 27 IX 2014), Cold (1, 17 X 2017)

Neoporus sp.

Cold (2, 16 V 2015), (Shanty (1, 16 V 2015)

ELMIDAE (Riffle beetles)
Elminae
Dubiraphia bivittata (LeConte)

Shanty (1, 16 V 2015)

GYRINIDAE (Whirligig beetles)
Gyrininae
Gyrinus maculiventris LeConte

Cold (1, 27 IX 2014)

Gyrinus lecontei Fall

Finch (3, 28 IX 2019)

Gyrinus sp.

Cold (1, 6 V 2017), Shanty (2, 21 V 2014)

HALIPLIDAE (Crawling water beetles)

Haliplus canadensis (Wallis)

Cold (1, 16 V 2015)

Haliplus immaculicollis Harris

Cold (1, 16 V 2015)

HYDROPHILIDAE (Water scavenger beetles)
Hydrophilinae
Anacaena lutescens (Stephens)

Cold (2, 16 V 2015)

Enochrus ochraceus (Melsheimer)

Shanty (2, 16 V 2015)

Hydrobius fuscipes (Linnaeus)

Shanty (1, 16 V 2015)

Hydrobius melaenus (Germar)

Shanty (2, 3 X 2015)

Paracymus sp.

Cold (1, 12 X 2013)

Tropisternus sp.

Finch (6, 12 X 2013)

sampling methods and deploying only three
funnel traps and two pitfall traps per site.
We recognize that many more beetle species
would have been collected at GRNA if we had
sampled in multiple years, started sampling
earlier and ended later in the year, sampled
more habitats, deployed more traps per site,
used a greater variety of baits in the funnel
traps, sampled at different heights within
the canopy, and sampled over multiple
years. In addition, many more beetle species
would have been collected if we had used
additional methods, such as flight-intercept
window-pane traps, light traps, Malaise
traps, and Berlese funnels. Nevertheless,
our modest trapping effort did document
about 10% of the beetle species known to
occur in Michigan, given that Michigan has
around 4000 recognized beetle species (W. G.
Ruesink et al., unpublished data).

Published by ValpoScholar, 2020

Of the three collection methods used
in the present study, baited funnel traps
caught the greatest number of beetle species,
whereas pitfall traps caught the fewest (Fig.
2b). Multiple collection methods have been
compared in many other studies. At forest-
ed sites in Finland, Hyvérinen et al. (2006)
found that two types of flight-intercept traps
caught a greater number of beetle species
than did pitfall traps. Similarly, in a forest-
ed area of Arkansas, Skvarla and Dowling
(2017) compared 12 trapping methods for
collecting four groups of beetles (Carabidae,
Buprestidae, Cerambycidae, and Curculion-
oidea excluding Scolytinae) and found that
the best trapping method varied by beetle
family. For example, the greatest diversity
of buprestids was collected in Malaise traps
and unbaited green funnel traps; whereas
Malaise traps, canopy SLAM traps, and
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funnel traps were best for cerambycids;
pitfall traps and funnel traps were best
for non-scolytine curculionoids; and pitfall
traps were best for carabids. In the present
study, 33 (80%) of the 41 carabid species
collected at GRNA were collected in pitfall
traps, compared with only 4 carabid species
in funnel traps and 6 species in sweep-net
samples (Appendix 1).

The three lures used in the present
study are commonly used in surveys for
bark- and wood-infesting beetles, especially
Cerambycidae and Scolytinae (Brockerhoff et
al. 2006, Millar and Hanks 2017, Rabaglia
et al. 2019, Rassati et al. 2019). In fact,
since 2007 the USDA Forest Service has
implemented a nationwide survey for exotic
bark and ambrosia beetles, using funnel
traps baited with a-pinene, ethanol and a
three-component pheromone lure containing
ipsdienol, cis-verbenol, and methyl-butenol
(Rabaglia et al. 2019). As noted in the pres-
ent study, Miller et al. (2015) and Rabaglia
et al. (2019) also reported that many ceram-
bycid and scolytine species showed strong
preferences for individual lures similar to
the lures we tested, either individually or
in various combinations.

Volatile compounds such as a-pinene
and ethanol are often produced at increased
levels in stressed trees, and thus many bark-
and wood-infesting insects have evolved to
use these compounds to locate stressed host
plants (Mattson and Haack 1987, Millar
and Hanks 2017). Besides cerambycids and
scolytines, many other beetles use a-pinene
and ethanol, as well as bark beetle pher-
omones, as kairomones to locate stressed
plants (e.g., some Bostrichidae, Buprestidae,
and Nitidulidae) or potential prey (e.g., some
Cleridae, Histeridae, and Tenebrionidae)
(Chénier and Philogéne 1989, Schroeder
and Lindelow 1989, Erbilgin and Raffa 2002,
Bouget et al. 2009, Millar and Hanks 2017).

Variation in seasonal adult activity
among insects reflects their overwintering
life stage, overwintering site, and voltinism
pattern (Wolda 1988). In temperate areas,
many insects overwinter as larvae (Danks
1978), and thus must still complete meta-
morphosis before adult activity can begin.
Many others overwinter as adults and are
thus most abundant in late spring or in late
summer and autumn. Adults of temperate
insects tend to have one of three seasonal
patterns: a single peak, multiple peaks (for
multivoltine species), or one broad maximum
(Wolda 1988). Although we collected new
beetle species at GRNA in all months from
May to September, June had the greatest
number (162 of 409) of new species collect-
ed for any single month. Similar seasonal
patterns have been reported by others for
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Coleoptera. For example, in New Zealand,
using Malaise traps, Hutcheson (1990) noted
that both insect species richness and abun-
dance increased from spring to summer and
then declined into fall. In Arkansas, using
multiple trapping methods, Skvarla and
Dowling (2017) noted different adult activity
patterns among different groups of beetles:
Carabidae were active from spring to fall
with a slight peak in June, Buprestidae and
Cerambycidae were most active in June and
July, and Curculionoidea (excluding Scolyti-
nae) were most active in May and June. In
the present study, we had similar results for
members of these same beetle groups with
most species initiating adult activity in June
(Appendix 1).

Shannon index (H) values have been
reported in dozens of Coleoptera survey stud-
ies, but usually with a focus on just one or a
few beetle families. However, all Coleoptera
families and species were included in the
analyses of a few studies and therefore can
be compared to our results for the cedar (H
= 3.297; ENS = 27), hardwoods (H = 3.971,
ENS = 53), and pine sites (H=4.075, ENS =
59). For example, Coulson et al. (1971), work-
ing in North Carolina, reported diversity
values for the canopy Coleoptera collected in
a monoculture stand of white pine (seasonal
range of H=0.969-2.205, ENS = 3-9) and a
mostly oak-hickory (Quercus-Carya) forest
(seasonal range of H = 1.931-2.941, ENS =
7-19). Trieff (2002), working at multiple sites
in Tennessee, collected canopy Coleoptera by
fogging northern red oak trees and reported
a range in season-long H values of 3.04 to
3.70 (ENS = 21-40) for the various sites. In a
third study, working in a mixed-conifer forest
in California, Apigian et al. (2006) reported
an overall H value of 3.73 (ENS = 42) for all
Coleoptera collected in pitfall traps collected
over a 3-year period.

Faunistic surveys provide basic knowl-
edge on the occurrence, abundance and
distribution of selected species within a
given area. To that end, the present study
provides information on over 400 beetle spe-
cies found at the Grass River Natural Area
in Antrim County, Michigan, and will serve
as a baseline for future surveys of Coleoptera
in Michigan.
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Haack and Ruesink: Coleoptera Collected at Grass River Natural Area
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