Habitat Preferences of Ground Beetle (Coleoptera: Carabidae) Species in the Northern
Black Hills of South Dakota

Dylan Brandenburg, Samantha Petit, Brian Smith, Mark Gabel, and David Bergmann*
Black Hills State University, Spearfish, SD 57799

*to whom correspondence should be addressed

ABSTRACT: Ground beetles (Coleoptera: Carabidae) were collected from pitfall traps at two
sites in each of five kinds of habitats (native grassland, burr oak-ironwood forests, ponderosa
pine — common juniper forests, aspen-pine forests, and a spruce forest) in the Black Hills of
Lawrence County, SD, from which habitat structure characteristics and plant abundance data
were collected. A total of 25 species of ground beetles were identified, most of which were
collected only once or twice. While some species, such as Dicaelus scultpilis Say were found in
most habitats, other species showed distinct habitat preferences: Poecilus lucublandus (Say)
preferred oak forests, Pasimachus elongatus LeConte preferred grasslands , and Calathus
ingratus Dejean preferred high-altitude aspen-pine forests. Pterostichus adstrictus Escholtz was
found only in woodlands, and Carabus faedatus Say strictly in high-altitude (over 1500 m) aspen

or coniferous woods.
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The Black Hills has sometimes been referred to as a forested island surrounded by the mixed-
grass prairies of the Great Plains. It possesses an interesting mix of plant species; many of Rocky
Mountain or Great Plains affinity but others with boreal, eastern, or southwestern affinity as wellL
(Larson and Johnson 1999). The Black Hills has been described to have four major vegetation
complexes which include 1) Rocky Mountain coniferous forest, 2) boreal forest, 3) grassland
complex and 4) the deciduous forest complex (Froiland 1990). A fifth vegetation complex, the
southern Great Plains, was described in the Black Hills by Marriott (1985). An extensive
northern coniferous forest covered the northern and central Great Plains during the late
Wisconsin glaciation. It was replaced across most of the range by grasslands (Wright 1970).

The timing of specific climate changes in the Black Hills during the IHolocene is unclear
(Gabel.et al 1997 Parrish et al. (1996) noted understory diversity, a general decline in riparian
habitats and introductions of exotic plant species in the Black Hills ecosystem since the invasion
of European-Americans. Fire intervals increased after about 1900 due to fire suppression (Fisher
et al. 1987), and resulted in an increase in Pinus ponderosa Laws. (Covington and Moore 1994).
Previous vegetation studies of the Black Hills include Rydberg (1986), Hayward (1928),
Mclntosh (1931), Thilenius (1971), Dorn (1977) Marriott (1985), Van Bruggen (1996), Marriot
et al. (1999) and Gabel and Gabel (2007).

Disjunct populations of some vertebrates, such as the American Dipper (Cinclus
mexicanus) and Redbelly Snake (Storeria occipitomaculata (Smith and Stephens 2003) are
found in the Black Hills. With the exception of Tiger Beetles (Coleoptera: Cicindelidae)
(Backlund et al. 2001) and Click Beetles (Coleoptera: Elateridae) (Johnson 2007) communities
of invertebrates in the Black Hills have not been characterized in detail. It is known that there
are about 120 species of ground beetles in the Black Hills (Kirk and Balsbaugh 1975). The Black
Hills has experienced various sorts of natural and anthropogenic habitat disturbances, such as
crown-replacing forest fires, Mountain Pine Beetle defoliation of Ponderosa Pine stands, logging,
grazing, and mining. How local invertebrate communities are impacted by these factors is not
known, and hence additional data on habitat requirements of some terrestrial invertebrate species
would be informative. Here we present data on the abundance and habitat preferences of species
of ground beetles (Coleoptera: Carabidae) in the northern Black Hills, focusing on Spearfish

Canyon and the surrounding region.



Ground beetles are relatively large and abundant insects in many terrestrial habitats. Most
species are polyphagous and largely predaceous on invertebrates, while others may consume
seeds. They have been used as “bioindicators” of natural (fire) and anthropogenic (logging)
disturbance to boreal forests, because they constitute a significant amount of insect biomass, are
relatively easy to systematically collect by pitfall trapping, can usually be identified to species,
and because the abundance of individual species may change dramatically in response habitat
changes (Pearce and Venier 2006) such as fire (Moretti and Duelli 2004) logging (Heliola et al.
2001), and grazing (Dennis et al. 2002). Most of these studies have been conducted in northern
Europe and in the boreal forests of Canada. One recent study in ponderosa pine fofests of
northern Arizona indicated that both mechanical thinning of forest stands and wildfire resulted in
significant changes in composition of communities of carabid and tenenebrionid beetles (Chen et
al. 2005). However, before assessing the roles of fire and anthropogenic agents in shaping
ground beetle communities in the Black Hills, baseline data on these communities must be
acquired.

In addition to traditional morphological methods for identifying arthropods, molecular
methods of taxonomy, based on extraction of DNA from specimens, polymerase chain reaction
(PCR) amplification of a gene, and sequencing PCR products, have allowed identification of
specimens whose morphological traits are uncertain, especially larval forms of holometabolous
insects. The sequence variability of the mitochondrial gene for cytochrome oxidase subunit [
(col) has proved useful for identifying ﬁrthropods, especially Ground Beetles (“barcoding”)
because its sequence is generally unique in each species (Greenstone et al. 2005). This data may

also be useful in studying the genetics of isolated populations of ground beetles.

In this project we describe the communities of ground beetles in five different kinds of
vegetation in the northern Black Hills of South Dakota, and correlate the abundance of individual
ground beetle species with floristic and structural features of their habitat. For several species of

Black Hills ground beetles, we compiled a small database of mtDNA Col sequences.



Materials and Methods

Sites. Ground beetles were collected and plant cover was surveyed in five different kinds
of plant communities: (a) wheatgrass-needlegrass mixed-grass prairie, (b) burr oak-ironwood
forest, (¢) ponderosa pine common juniper woedland, (d) aspen-ponderosa pine woodland, and
(f) white spruce forest; all located in Lawrence County, SD (Marriott and Faber- Langendoen
2000)(Table 1). For the first four plant communities, two separate sites were sampled, while only
a single spruce forest site was sampled.

Ground Beetle Collection. At each site, two lines of five pitfall traps, 20 m apart, were
set in place. Each trap consisted of plastic cups 9 cm in diameter and 11 cm deep, filled with 100
ml of undiluted propylene glycol antifreeze (Sierra antifreeze/ coolant, Old World Products,
Northbrook, IL) and covered with a 15 cm X 15 cm shingle lid to prevent dilution by rain. Four
picces of wooden lath, 4 cm high and 30 cm long, radiated from the trap and supported the
shingle. The traps were sampled for two week periods in early June, early July, and early August.
Specimens were transported to the laboratory in antifreeze and were and identified using keys in
Lindroth {1961) and Downie and Amett (1995). Most specimens were rinsed in ethanol and
mounted on insect pins, while several specimens of each species were rinsed in ethano! and kept

for mtDNA extraction and col barcoding.

Habitat and Plant Surveys of Sites, Habitat characteristics were surveyed and
specimens of vascular plants were collected within a ten meter radius of each pitfall trap at each
of the nine sites monthly from June through September. Plants were collected in flowering or
fruiting condition when possible, and vouchers were deposited in the BHSU herbarium.
Diameter breast heights were recorded of any live tree over two meters tall and 12 cm or greater
in circumference. Trees not meeting these requirements, along with all other woody plants, were
recorded shrubs, and the percent of area covering each 20m diameter plot was noted. The slope
and aspect of each trap plot were recorded using a clinometer. Three times during the summer, a
densiometer was used to measure the percent sun over each trap, and readings were averaged for
each location. Finally, a one meter squared area around each trap was measured in order to

assess the immediate ground cover/litter, which was recorded as type present and percent area



covered.

The soil survey of Lawrence County, SD (Meland, 1979) indicated that soils of the study
areas (Tablel) include Citadel Association, hilly (CBE) which has deep well-drained soils along
drainage ways with dark gray loam covered by forest litter, Vale silt loam, (VaC) with deep,
well-drained soils on terraces, uplands and alluvial fans with a surface layer of 15 cm of dark silt
loam), Paunsaugunt-Rock outcrop complex (PbE) which has shallow well-drained soils with
moderate to steep slopes with most areas in rangelands, Rock outcrop Vanocker association
(RCF) which is very steep, drained, and on the side of mountains, and the Stovho association
(SEE) which has deep well-drained soils with smooth upland divides and gray brown silt loam
covered with forest litter and moderately low organic matter.

Principal component analyses (PCA) were conducted on habitat and plant structure, plant
species presence, and abundance of ground beetle species using NTSYSpc (Rohlf, 2005).
Variables were first standardized to eliminate the effects of different scales of measurement. The
data were standardized using the formula for a linear transformation of the variables in the data
mattix: Y'= (Y-a)/b where "a" is the mean of each variable and "b" is the standard deviation.
Correlations were calculated among variables, and eigen values were calculated to extract the
first three principle components. The results were graphed to produce a three dimensional
diagram.

DNA Extraction from Ground Beetles and col PCR. DNA was extracted from a leg
of each specimen stored in ethano! using the DNAeasy tissue extraction kit (Qiagen Inc.,
Valencia, CA). PCR of the col gene was performed using 3 pM primers CIJ1751 and
C1N2191 (Simon et al. 1994) with a touchdown PCR program modified from Greenstone et al.
(2005): initial denaturation at 94 °C for 2 min; 6 cycles of denaturation at 94 °C from 45s,
annealing at 40 °C (-0.5 °C/cycle) for 1 min, and extension at 68 °C for 2 min; 34 cycles of
denaturation at 94 °C from 45s, annealing at 37 °C for 1 min, and extension at 68 °C for 2 min;
final extension at 68 °C for 10 min; and storage at 10 °C for 1-18 hours. Portions of the PCR
product were sequenced using the dideoxy-chain-termination method (Sequenase Version 3.1,
ABI, Inc) using primers CIN2191 and C1J1859 (Simon et al. 1994) at the BHSU Center for the
Conservation of Biological Resources. Col sequences were deposited in GenBank (accession

numbers GQ502298 - GQ502307 and GQ502310- GQ3502314).



Results

Plant Cover and Surface Characteristics of Sites. The nine sites examined ranged in
elevation from 1243 m to 2059 m and exhibited considerable variation in slope, exposure to
sunlight, plant litter present, and cover of tree and shrub species (Table 1). We found that the
total percent shrub cover was highest for the two oak forest sites. The two pine forest sites
contained the largest number of trees, with the McGuigan pine forest (MG Pine) having more
than double the number of trees found in the Christensen Pine forest (CH Pine). The largest
average tree DBH was found in the Ebbert spruce forest (EB Spruce). The number of vascular
plant species at each site ranged from 12 to 62 (Table 1). A complete list of the vascular plant

species present at each site is presented in Table 2.

Distribution of Carabid Species among Sites. A total of 1138 specimens were
obtained, comprising 24 species (Table 3). Apart from relatively large numbers of individuals
collected from traps along seasonal stream beds in the two oak forest sites (which may have
trapped many beetles fleeing from flash floods), numbers of beetles collected at most sites were
low. Less than 10 specimens were collected for each of 16 carabid species, so conclusions cannot
be drawn concerning their habitat preferences. However, eight species appear to have distinct
preferences for certain plant communities. Pasimachus elongatus LeConte and Cyclotrachelus
alternans (Casey) were largely _Iimited to grasslands, while Pterostichus adsirictus Escholtz was
limited to woodlands. Platyderus decentis (Say), Poecilus lucublandus (Say), and to a lesser
degree, Dicaelus sculptilis Say, preferred oak-ironwood forests. Calathus ingratus Dejean and
especially Carabus taedatus Say preferred relatively high-altitude aspen-pine and spruce forests.
Pterostichus melanarius llliger, a species introduced from Eurasia, was abundant only in parts of
an oak-ironwood forest (MG Oak) disturbed by a flash flood.

Some patterns in seasonality of a few carabid species can be discerned, despite the rather
short collecting season (early June to early August}(Table 4). P. elongatus, P. adstrictus, P.
decentis, and P. lucublandus were more abundant in June and July than in August. D. sculptilis
was most abundant in July, while C. taedatus and P. melanarius were most abundant in July and

August.



The abundance of several beetle species was significantly [P > 0.90] correlated with
certain plant cover and site characteristics (Table 5). The abundance of P. elongatus was
positively correlated with percent sunlight. The abundances of C. ingratus and C. taedatus were
positively correlated with altitude. The abundances of P. decentis, D. sculptilis, and P.
Iucublandus were all positively correlated with (1) percent cover of all shrubs (2) percent cover
of Symphoricarpos spp., and (3) density of Quercus macrocarpus. The abundance of P.

elongatus was negatively correlated with the D.B.H. of the largest tree.

Number of Beetle Species and Sampling Effort. The cumulative number of species per
site is plotted against sampling effort (number of individuals collected per site) in Figure 1. It is
possible that enough individuals were collected at the MG Oak and UM Aspen sites to sample
nearly all the species present, but at other sites, such as RN Aspen and EB Spruce, only a

fraction of the species likely present may have been collected.

PCA Ordination of Plant and Ground Beetle Communities on Sites. PCA ordination
of the nine sites according to their similarity in surface and plant structure characteristics
accounted for 87.1 % of variance among the 3 main PCA axes, and resulted in the two grassland
sites (MG Grass and CH Grass) clustering together, the two oak-ironwood forest sites (MG Oak
and CH Oak) clustering together, and the two open pine-aspen forest sites (UM Aspen and RN
Aspen) clustering together (Figure 2) although the two pine-juniper forest sties (MG Pine and
CH Pine) and the spruce forest remain separated. Ordination of sites by similarities in abundance
of plant species (Figure 3) accounted for only 54.7% of variance among the three main PCA
axes, and did not group any sites closely together, except for the two pine-juniper forest sites.
Ordination of sites by similarities in the abundance of ground beetle species (Figure 4) accounted
for 78.8% of variance among the three main PCA axes, and resulted in three groupings of sites:

the two grassland sites, the two pine-juniper sites, and the two oak-ironwood sites.

col Amplification and Sequencing. DNA extraction was attempted from single legs or
tarsi of 26 carabid specimens of seven common species from pitfall traps. Although no genomic
DNA band was visible when samples were analyzed by agarose gel electrophoresis and ethidium

bromide staining, 20 samples yielded col amplicons when PCR was conducted. Fourteen col



PCR products, from C. ingratus, C. taedatus, D. sculptilis, P. fucublandus, P. adstrictus, and P.

melanarius, were successfully sequenced (Table 6).

Discussion

Vegetation structure, if not diversity, appears to exert a strong influence on the
abundance of ground beetle species in the northern Black Hills. For example, two species, 7.
elongatus and C. alternans, were largely restricted to grassland sites while others, such as C.
ingratus and P. adstrictus, are found only in woodland sites. It is also possible that altitude,
through its effects on climate or vegetation, may also be important; C. faedatus was noted only
from sites above 1500 m. Although the species P. iucublandus was found only within oak-
ironwood forest in our study area, literature indicates that this species is found in wide variety of
habitats, including cultivated fields (Larochelleand Lariviere 2003). In our study area, it is
possible that this species is limited to moister habitats, such as ravines, where oak-ironwood
forests occut. An introduced species, P. melanarius, was abundant in part of an oak forest
disturbed by a flash flood, hence, it is not likely that P. melanarius is displacing other carabid
species from the northern Black Hills. Although Spence and Spence (1988) found a negative
relationship between abundance of P. melanarius and both numbers and diversity of other
species of ground beetles in human-disturbed sites in Alberta, Niemelae and Spence (1961) could
find no evidence that P. melanarius was displacing other carabid species from less disturbed
sites in central Alberta, despite its abundance in these sites.

Despite the influence of vegetation structure on the abundance of some ground beetle
species, the diversity of vegetation appears to be less important in influencing the abundance of
ground beetles. The two grassland sites, CH Grass and MG Grass, had similar assemblages of
ground beetle species. However, the MG Grass site had far fewer plant species than the CH
Grass site, as well as an extensive cover of Bromus inermis, indicating considerable disturbance
to the site. The two grassland sites grouped together in PCA ordination of sites by plant structure
and by beetle species abundance, but not in PCA ordination of sites by plant species.

It is likely that the total species richness is underestimated by our pitfall trap collections,
because the majority of species collected are represented by only a few specimens, and also

because the numbers of individuals collected at most sites are low. The large number of



individuals collected at the MG Oak site may be due partly to the presence of a seasonal stream,
which was flooding during the collecting season, adjacent to five of the 10 traps at this site.
Ground beetles fleeing the flooding stream apparently became concentrated in the region of the
traps.

Two species we found in frequently in spruce, or pine-aspen forests in the northern Black
Hills, Carabus taedatus and Calathus ingratus, are found mainly in the boreal regions of North
America (Lindroth 1961). Both have been previously recorded in extreme eastern South Dakota
as well as the Black Hills, and appear to have disjunct distributions. Another species,
Pterostichus coracinus (Newman), common at the UM Aspen pine-aspen forest, may have a
similar distribution. Qur study indicates that these species, which appear to be relicts of a boreal
fauna now isolated in the higher portions of the Black Hills, may be more common than
previously thought in favorable habitats. One specimen of Notiphilius semistriatus Say from the
RN Aspen pine-aspen forest is a new state record for South Dakota.

Mitochondrial DNA was adequately preserved in ground beetles from pitfall traps
containing commercial propylene glycol antifreeze and yielded col PCR products which could be
sequenced. The antifreeze preserved specimens despite being diluted by rainwater in some traps
and being left at ambient temperatures for intervals up to two weeks. Future studies of the
genetics of some isolated populations of ground beetles, in the Black Hills, such as those of C.

taedatus, could be conducted using the pitfall trapping methods used in this study.
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Tables
1. Location and characteristics of study sites, including surface and structure of vegetation.
Abbreviations: Avg = average, Lgst = largest, conif = coniferous, decid = deciduous, coryl =
Corylus cornuta, ] com = Juniperus communis, ] hor = Juniperus horizontalis, Ostr = Ostrya
virginiana, Pop = Populus tremuloides, Prun = Prunus species, Symp = Symphoricarpus species.
2. Occurrence of individual plant species at study sites. Plant species are designated as T (tree), S
(shrub), G (graminoid), or F (forb). The presence of a species at a site is indicated by the
number 1.

3. Abundance of individual species of ground beetles at each site, for the entire summer of 2008.

4. Abundance of individual ground beetle species at all sites during each of the three collecting
periods in summer 2008.

5. Correlation coefficients for regression of the abundance of the eight most common species of
ground beetles vs. habitat structure variables at sites. An asterisk indicates significance at the 5
% level.
6. Ground beetles specimens from which col DNA sequences were obtained: specimen, species;
site, and Genbank accession numbers.

Figures
1. Number of carabid species vs. number of specimens collected for each site.
2. PCA of sites by surface and vegetation structure variables.

3. PCA of sites by occurrence of plant species.

4. PCA of sites by abundances of the eight most common ground beetle species.
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Table 2. List of plant species found on sites, June — September, 2008. Species are designated as F
(forb), G (grass), S (shrub), or T (tree). The presence of a species at a site is designated by “1.”



Ostrya virginiona (Mills.} K. Koch

Oxytropis lambertl] Pursh

Packera pouperculus (Michx.} Love & Love

Packera plattensis {Nutt.} Weber & Love

Pascopyrum smithii Rybd.

s el

Pediomelum argophyllum (Purshj ). Grimes

Pediomelum esculenturn |Pursh) Rybd.

Pensternon gracilis Nutt,

Penstemnon grandifiora Nutt,

Perideridio gairdneri (H. & A.} Mathias

Phleum pratense L.

Phlox alyssifolia Greene

Phlox hoodii Richardson

Piptathertm micranthum {Trin. & Rupr.} Barkworth

Platanthera huronensis {Nutt.) Lindl.

Poa pratensis L.

Poiygala senega L.

Prosartes trachycarpo 5. Watson

Prunelfa valgoris L.

Prunus pumila L

Prunus virginiana L.

Pterospora andromedeg

Quercus macrocarpa Michx,

Ranunculus abortivus L

Rotibida columnifera (Nutt.) Woot. & Standl.

Ribes lacustre (Pers.) Poir,

Rosa aciculoris Lindl.

Rudbeckia hirta L

Rudbeckia laciniota L.

Rurmex ocetoselfo L.

Sambucus nigra L.

Sambucus rocemosa L.

Securigero varig (L) Lassen

Sedum lanceolatum Torr.

Senecio integerrimus Nutt,

Shepherdio canadensis (L) Nutt.

Sitene latifolia Poir.

Silene vulgaris (Moench) Garcke

Sisyrinchium montonum Greene

Spiraea betulifolia Pall.

Sympharicarpos afbus (L) Blake

Symphericarpos occidentolis Hook.

Symphyotrichum lgeve (L.} Love & Love

Taraxacum foevigotum (Willd.) DC.

Taraxacum officinale 'Weher

Tetraneuris acaulis [Pursh) Greene

Thatlictrum dioicum L

Thalictrum venulosum Trel.

Thilaspi arvense L.

Tradescantia brocteata Small

Tradescontia occidentalis [Britt.) Smyth

Trogopogon dubius Scop.

Trifolium hybridum L.

Trifalium incarnatum L

Trifolium pratense L.

Trifolium repens L

Urtica diojca L.

vaccinium scoporium Leiberg

Voleriona dioica L

Verbascum thopsus L.

Verorica gmericana Schw.

Viburnum edule (Michx.) Raf.

Vicio americang Muhl.

Violg odunca Smith

Viola canadensis L.

viole pubescens Ait.

Zigadenus venenosus Wats.

Zizio aptero (Gray) Fern.

ﬂm-r:-n'n‘n'n'n'n'r|f.n'r|'n'n'n"r|'n-n-n'-n"n-n'n'n-n'nLnu'ivl'r|'n-n(.n"h'11'ﬂw(ﬂ'n-n-nt.nl.n'nﬂﬂhmmmmmmhmmmm'ﬂ'ﬂ'ﬂ‘n“ﬂmm'ﬂmq

Total species

37

45

12

45

56

45

45

21

33




Delphinium bicolor Nutt.

Dianthus armerig L-

Dodecotheon pulchellum {Raf.} Merr.

Fchinacea ongustifolic DC.

Elymus conadensis L.

Flymus efymoides [Raf.) Swezey

Elymus trochycoulus {Link) Gould ex Shinners

Efymus villosus Muhl.

Equisetum loevigatum A, Braun

Erigeron philadelphicus L.

Erigeron subtrinervis Rybd.

Erysimum asperum {Nutt) DC.

Escoburia missouriensis {Sweet] D.R. Hunt

Eupatoriodelphus moacuiatus (L) King & Rob.

Euphorbio spathulata Lam.

Fragario vesco L.

Fragario virginiano Duchne.

Fraxinus pennsylvanica Marsh,

Gaillardia aristata Pursh

Galium gparine L.

Golium boreale L.

Gatium trifforum Michx.

Gaura coccineg Pursh

Geranium richardsonii F. & T.

Geum aleppicum Jacq.

Geum canadense Jacqg.

Glyceria striata {Lam.) Hitch.

Halenia deflexa (Sm.) Griseb.

Helianthus paucifforus Nutt,

Heracleum moximum Bartram

Hesperostipa comata (Trin. & Rupr.} Barkw.

Heterotheca villosa {Pursh} Shinners

Hypericum perforatum L.

Juniperus communis L

Juniperus horizontalis Moench

Koelerio macrantha {Ledeb.) Schult

Loctuca tatarica {L} C.A. Mey.

Loppula occidentalis (5. Watson) Greene

tathyrus ochroleucus Hook.

Lesquerella fudoviciona {Nutt.} Wats.

Leucocrinum montanum Nutt. ex Gray

Leymus innovatus (Beal) Pilger

Liatris punctata Hook.

Liflum philadelphicum L

Linngea borealis 1.

Lithospermum incisum Lehm.

Lonicera dioica L

Lenicero totarica L

Lupinus orgenteus Pursh

Lupinus sericeus Pursh

Lysimachia ciliota L.

Mahonia repens (Lindl.}) G. Don

Maianthemum canadense Desf.

Moianthemum stellotum (L) Link

L=

Medicago Jupuling L.

Medicago sativa L.

Melilotus alba Medic.

Melifotus officinelis (L) Lam

= e e

Mentha arvensis L.

Mertensia oblongifolio (Nutt.) G. Don

Mimulus guttotus OC.

Moehringio lateriffora (L.} Fenzl

Monarda fistulosa L.

Myosotis scorpioides L.

Nuossello viridula (Trin.) Barkw.

Onosmodium bejoriense DC,

Gpuntia polyacontha Haw.

Orthocarpus luteus Nutt,

Qryzopsis osperifolic Michx.

Osmorhiza longistylis (Torr.] DC.




Species

M{HGrass

MGOak

MGPine

CHGrass

{HOak

CHPine

EBSpruce

UMAspen

RNAspen

Acer negundo L,

Achillea millefolium 1.

Aconitum columbianum Nutt,

Agosers glauca (Pursh} Raf.

Agropyron cristatum (L) Gaertn.

Allium textile Nels. & Mac Br.

Alyssurn olyssoides L

[ L

Alyssum desertorum Stapf

Amelanchier humilis Wieg.

Amorpha canescens Pursh

Anaphalis margaritacea (L) 8. & H.

Androsece occidentalis Pursh

Anemone cylindrica A. Gray

Anemone virginiana L,

Antennario microphylia Rybd.

Antennaria neglecte Greene

Antennorio parvifolia Nutt.

Apocynum androsaemifolium L.

Aquilegia brevistyla Hook.

Arabis halboellii Hornem.

Aralfia nudicaulis L.

Arctostaphylos uva-ursi (L) Spreng

Arnica cordifolia Hook.

Artemisia compestris L.

Artemisia frigida Willd.

Artemisig ludoviciang Nutt.

Asclepias ovalifolic Dene.

Asclepias vicidiflora Raf.

Astragolus alpinus 1.

Astrogalus crossicarpus Nukt.

Astrogolus Jaxmonail lacg.

Astragalus miser Dougl.

Bromus grvensis L

Bromus inermis Leyss,

Bromus racemosus L.

Bromus tectorum L,

Colochortus guanisonii 5. Wats.

Calochortus nuttollii 7. & G.

Calylophus serrulatus (Nutt.) Raven

Calypso bulbosa (L.} Gakes

Campenula rotundifolia L.

Carex filifolia Nutt,

Carex inops LK. Bailey

Carex cbtusata Liljeblad

Carex proegracilis Boott

Carex sprengelii Dewey

Carex utricufato Boott

Costillejo sessififlora_Pursh

Castillejo sulphurea Rybd.

Ceanothus herbaceus Raf.

Cerastium orvense L.

Cirsium drummondii T. & G.

Cirsium undulatum (Nutt.} Spreng.

Collinsio parvifforg Lindl.

Coflomia linearis Nutt.

Comandra umbelfate {L.) Nutt.

Convoivilus arvensis L.

Corallorhiza wisteriono Conrad

Cornus conadensis L

Cornus sericea L

Cerylus cornuta

Cratgegus chrysocorpe Ashe

Cynoglossum officinale L.

Cystopteris frogifis (L.} Bernh.

Doctylis glomerate L

T

Dactylorhiza viridis (L) R.M. Bateman, A.M. Pridgeon & M.W. Chq

Dalea condida Michx,

Duolea purpurea Vent.

Danthenio spicata {L.) Beauv.
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Specimen Species Site Date Accession Number
BHSUGB1  Poecilus lucublandus CH Oak 6-10-08 GQ502298
BHSUGB2  Poecilus lucublandus CH Oak 6-10-08 GQ502299
BHSUGB3  Poecilus lucublandus MG Oak 6-10-08 GQ502300
BHSUGBS5  Pterostychus melanarius MG Oak 7-09-08 GQ502301
BHSUGB6  Pterostychus melanarius MG Oak 7-09-08 GQ502302
BHSUGB7  Pterostychus adstrictus RN Aspen 6-20-08 GQ502303
BHSUGBS8  Pterostychus adsirictus RN Aspen  6-20-08 GQ502304
BHSUGBI10 Dicaelus sculptilis CH Pine 7-10-08 GQ502305
BHSUGBI11 Dicaelus sculptilis MG Oak 7-09-08 GQ502306
BHSUGBI12  Dicaelus sculptilis CH Oak 7-10-09 GQ502307
BHSUGB20 Carabus taedatus UM Aspen  8-08-08 GQ502311
BHSUGB23 Calathus ingratis UM Aspen  8-08-08 GQ502312
BHSUGB24 Calathus ingratis UM Aspen  §-08-08 GQ502313
BHSUGB25 Carabus taedatus UM Aspen  8-08-08 GQ502314

Table 6. Ground beetle specimens from which the col gene was partially sequenced from

mitochondrial DNA.
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Figure 1. Cumulative numbers of ground beetle species collected vs. number of individuals

collected, for each of nine sites sampled in 2008.
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Figure 2. Principal components analysis of sites according to structural and
plant cover variables.
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Figure 3. Principal component analysis of sites according to the presence of
plant species.
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Figure 4. Principal components analysis of sites according to the abundance of the

eight most common ground beetle species.



