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ABSTRACT Weevaluated the family-level richness, diversity, evenness, andabundanceofground-
and litter-dwelling beetles in two forested areas of southeasternKentucky for 2 yr, and related beetle
diversity to habitat characteristics in these deciduous forests. Using pitfall traps and leaf litter
samples, we collected over 13,420 beetle specimens in 42 families during this 2-yr study. Carabidae,
Scolytidae, and Staphylinidae were the most abundant families in pitfall traps, and Nitidulidae,
Staphylinidae, andPselaphidaeweremost common in litter samples. Pitfall traps captured thewidest
array, with 41 beetle families, whereas litter samples produced 25 families. Plots from Robinson
Forest had a higher family richness but lower evenness than Kentucky Ridge Forest plots in both
1997 and 1998. The greater evenness of the families at Kentucky Ridge contributed to a higher
Shannon index atKentuckyRidge than atRobinsonForest, though thesedifferenceswere signiÞcant
only in 1998. Kentucky Ridge plots tended to be less rocky, with greater amounts of coarse woody
debris, less denseherbaceous cover, a smallermid-canopycomponent, and less deciduous cover than
Robinson Forest. Family richness, diversity, evenness and abundance varied with site, plot, and
sample interval, but the site variables we measured were inconsistent in their ability to predict our
response variables, as was the multivariate cluster analysis. The effects of site characteristics and
habitat complexity on beetle family diversity are discussed.

KEY WORDS beetles, deciduous forests, disturbance, forest ßoor, Shannon diversity index, rich-
ness

THE FORESTED REGIONS of Kentucky occupy '50% of
the land area and are among the most diverse in North
America (Braun 1950). In eastern Kentucky, the se-
verely dissected mountainous terrain results in a di-
verse array of rugged ridgetops and valleys, with spe-
cies-rich mesic plant communities interspersed with
more xeric communities (Braun 1950). This diverse
plant community in turn supports a rich community of
arthropods. Because diversity of organisms in an eco-
system may be considered indicative of the stability,
productivity, and complexity of that ecosystem (Til-
man et al. 1996), it is important to quantify that di-
versity across all organisms.

The ground and soil fauna supported in plant com-
munities is closely correlated with litter productivity,
with mature forests supporting a more abundant, di-
verse fauna than forests in anearlier successional stage
(McBrayeret al. 1977;Blair et al. 1994), andconiferous
forests generally supporting greater densities than de-
ciduous forests (Blair et al. 1994). Coleopterans are
the largest order of insects, and those that are asso-
ciated with soil and litter are a numerically and func-
tionally diverse group (Dindal 1990). These organisms
play an integral part in above- and below-ground food
webs, and can impact litter decomposition (Witkamp
and Crossley 1966, Peterson and Luxton 1982, Dindal
1990) and nutrient dynamics within the soil/litter in-
terface (Seastedt and Crossley 1983, Lattin 1993,
Wardle 1999). Because of the ubiquitous distribution

and functional diversity of ground- and litter-dwelling
beetles, site conditions and habitat perturbations
could have profound impacts on their abundance and
diversity.

The objectives of our study were to evaluate the
richness, diversity, evenness, and abundance of
ground- and litter-dwelling beetles in two forested
areas of southeastern Kentucky, and to relate beetle
diversity to habitat characteristics in these deciduous
forests.

Materials and Methods

To assess coleopteran diversity, we sampled the
forest ßoor community over a 2-yr period using pitfall
traps and litter samples. We calculated measures of
diversity andevenness at the family level for all beetles
collected.

Weestablished18 researchplots inearly spring1997
at two sites in mountainous southeastern Kentucky, at
the University of Kentucky Robinson Forest, and at
Kentucky Ridge State Forest on Pine Mountain
(Breathitt and Bell Counties, respectively). The two
sites are separated by '95 km. The second-growth
forest in this area is characterizedasmixedmesophytic
(Braun 1950), and the overstory andmid-story species
composition at both sites is predominantly oaks,Quer-
cus spp., hickories, Carya spp., maples, Acer spp., and
tulip poplar, Liriodendron tulipifera L., with the un-
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derstory and herbaceous components dominated by
mountain laurel, Kalmia latifolia L., and greenbrier,
Smilax rotundifolia L.

The Robinson Forest site contained 12 plots that
were comparablewith respect to species composition,
stand age, and stocking density (mean basal area 5
17.31 m2 ha21 [75.4 feet2 acre21], Overstreet 1984),
but due to terrain characterized by deeply dissected
drainageswith steephillsides, theplots varied in slope,
aspect andelevation(325Ð475m).AtKentuckyRidge,
which is located on a single mountain 40 km wide and
201 km long, the slope, aspect, and elevation among
the six plots was more homogeneous (18Ð308, south-
southeasterly, 550Ð625 m, respectively), and stocking
density was comparable to Robinson Forest.

Within each plot, 6 by 6-m sample stations were
established. In addition, to slope and aspect, habitat
variables (Table 1) were visually assessed by two in-
dependent observers a single time at each sample
station in each plot at each site, to accurately char-
acterize habitat variability, using methods modiÞed
from Martinat et al. (1993). Rock and litter cover
(Table 1) are measures of the percent of the ground
covered by each variable within the 6-m2 sample sta-
tion. Litter depth is the mean of four measurements
takenateachof thecardinaldirectionswithin the6-m2

area. Coarse woody debris is a measure of the percent
of the ground covered by woody debris $6 cm in
diameter within the 6-m2 sample station. Herbaceous
cover is the percent cover within the 6-m2 sample
station occupied by herbaceous plants. Likewise,
shrub cover (cover ,3 m in height), lower canopy
cover (cover 3Ð6 m in height), mid-canopy cover
(cover 6Ð12 m in height), and upper canopy cover
(cover .12 m in height), were visual estimates of the
percent of each 6-m2 area covered by each speciÞc
variablewithin each sample station, aswas thepercent

deciduous cover, percent coniferous cover, and per-
cent total cover.

Historically, harvesting practices at each site were
comparable, although the timing differed. Robinson
Forest was originally clearcut between 1908 and 1923,
followed by selective cutting of high quality trees in
the 1960s (Overstreet 1984). The Kentucky Ridge site
was harvested in the 1940s, with subsequent selective
cutting occurring periodically through the 1970s. In
addition, salvage operations for southern pine beetle,
Dendroctonus frontalis Zimmermann (Coleoptera:
Scolytidae), infestations occurred on the lower slopes
of Pine Mountain adjacent to our plots in the mid-
1950s and again in the early 1970s (James Winter,
personal communication).

We obtained daily precipitation and maximum and
minimumtemperatures fromaweather station located
3.9Ð5.4 km from the Robinson Forest plots. No
weather data were available for the Kentucky Ridge
plots.

Insect Sampling. Using a randomized block design,
we blocked by location and established six plots, each
containing a sampling station, in one block at Ken-
tucky Ridge, and 18 plots, each containing a sampling
station, in threeblocksatRobinsonForest,whereeach
block was separated from the others by a distance of
0.25Ð0.5 km. At each sampling station, pitfall traps and
litter samples were used to collect forest-ßoor arthro-
pods every 2 wk from mid-May (1997) and late April
(1998) through July each year, and every 3Ð4 wk
thereafter into October.

Ground-Dwelling Beetles. Large capacity pitfall
traps were modiÞed from those developed by House-
weart et al. (1979), and consisted of a 2-liter Nalgene
holding jar (11.4 by 25.4 cm) attached to a 15.2-cm-
diameter funnel. A 30.5 cm by 30.5 cm by 4-mm
wooden support board, with a 15-cm-diameter center
hole removed, served as a support for the funnel and
holding jar, and provided a uniform entrance for ar-
thropods entering the trap. Approximately 300 ml of a
1:1 ethylene glycol: 70% ethanol mix was placed in
each holding jar to kill and preserve trapped arthro-
pods. The holding jar and funnel were sunk below
ground so that the funnel mouth and support board
were ßush with the ground surface. Trap contents
were removed and the preserving ßuid replenished at
each monitoring interval.

Litter-DwellingBeetles.Alitter samplewascollected
at a random location adjacent to each pitfall trap
during each sampling interval. All litter and surface
organic matter within a 0.11-m2 area were collected.
Litter sampleswereplacedon ice in theÞeld, returned
to the laboratory, andover a 72-hperiod all arthropods
were extracted using Berlese funnels.

Beetles from pitfall traps and litter samples were
stored in 70% ethanol before counting and sorting
according to family using available keys (White 1983,
Borror et al. 1989).

Data Analysis. For analysis we selected three sam-
pling intervals representing early- (22Ð23 June), mid-
(20Ð21 July), and late (24Ð25 August) season insect
activity periods in both 1997 and 1998. Because pitfall

Table 1. Habitat variables (mean 6 SE) describing two oak-
hickory forests in southeastern Kentucky, measured from a 6 by
6-m area at each plot (n 5 24)

Habitat variable
Robinson
Forest

(n 5 18)

Kentucky
Ridge

(n 5 6)
Pr . Z/uZu1 df

Rock cover (%) 4.8 (1.426)a 0.5 (0.342)b 0.0001/3.888
Litter cover (%) 91.6 (2.385)a 94.5 (1.088)a 0.6209/0.495
Litter depth (cm) 1.7 (0.820)a 1.8 (0.116)a 0.1788/1.346
Coarse woody debris

($6 cm)
2.8 (0.655)a 7.3 (3.593)b 0.0049/2.811

Herbaceous cover (%) 18.1 (2.508)a 12.0 (2.828)b 0.0389/2.065
Shrub cover (#3 m) 28.2 (4.062)a 37.2 (10.248)a 0.1967/1.291
Lower canopy

(3.0Ð5.9 m)
24.3 (3.960)a 23.8 (6.274)a 0.9580/0.053

Mid-canopy
(6.0Ð11.9 m)

47.3 (7.464)a 31.3 (8.212)a 0.0612/1.872

Upper canopy
(.12.0 m)

58.2 (7.659)a 67.5 (6.801)a 0.7282/0.035

Deciduous cover (%) 90.8 (1.294)a 84.2 (2.713)b 0.0002/3.705
Coniferous cover (%) 0.0 (0.0)a 4.3 (3.232)b 0.0001/5.490
Total canopy

cover (%)
90.8 (5.491)a 88.5 (9.138)a 0.4546/0.580

Slope (8) 19.7 (1.811)a 22.2 (1.759)a 0.4837/0.700

Means within rows followed by the same letter are not signiÞcantly
different (WilcoxonÕs rank sum test).
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trapsweremonitored at irregular intervals throughout
the season, we standardized results for each trap by
dividing the number of families collected by the num-
berof days that the trapwas active.Noadjustmentwas
needed for litter samples, each of which was collected
at a single point in time. We calculated beetle family
richness, the ShannonÐWeaver diversity index (Price
1997), beetle family evenness (Magurran 1988), and
beetle family abundance for each pitfall trap and litter
sample at each sample station, using beetle counts
pooled over the three sampling intervals.

The equation for the Shannon index (H9) is

H9 5 2 Spi logepi

where pi is the number of beetles in family ÔiÕ divided
by the total number of beetles.

Evenness (E) was calculated as

E 5 H9/logeS

where S is the number of families in the sample. Even-
ness ranges from 0 to 1, with a value of one indicating
that all families are equally abundant.

Study sites were compared by analyzing the habitat
variables from the Robinson Forest and Kentucky
Ridge stations using WilcoxonÕs rank sum test (SAS
Institute 1997). A chi-square analysis was used to as-
sess the vertical canopy stratiÞcation at each sample
station. We used analysis of variance (ANOVA)
(PROC MIXED) to test for differences in beetle fam-
ily richness, the Shannondiversity index, beetle family
evenness, and beetle abundance between Robinson
Forest and Kentucky Ridge for each year, and ana-
lyzed signiÞcant treatment differences using Fisher
protected least signiÞcant difference (LSD) test. We
also used WardÕs cluster analysis and KruskalÐWallis
nonparametric test to further characterize our sample
stations. The cluster analysis was coupled with
ANOVA (PROC MIXED) for a multivariate approach
to relate beetle family richness, diversity, evenness,
and abundance to the habitat variables we measured
at each sample station, with differences assessed by
Fisher protected LSD test. Correlation and regression
analysis was used to relate habitat variables to our
dependent variables for both 1997 and 1998 (SAS
Institute 1997). For the sake of simplicity, we used an
arbitrary cut-off of nine habitat variables, including a
factor allowing for site variability, and chose the best
regression model to describe our data.

Results

Several habitat variables differed signiÞcantly be-
tween the two study sites (Table 1). Sampling stations
atRobinsonForestwere signiÞcantly rockier,with less
coarse woody debris, a greater percentage of herba-
ceous ground cover, and more deciduous cover than
stations at Kentucky Ridge. Neither Robinson Forest
nor Kentucky Ridge had vertically homogeneous can-
opies (Robinson Forest: x2 5 13.8, df 5 2, P , 0.005;
Kentucky Ridge: x2 5 10.1, df 5 2, P , 0.01), and the
mid-canopy component (6.0Ð11.9 m) tended to be
greater at Robinson Forest, although this difference

was not signiÞcant. Finally, although the conifer com-
ponent at Kentucky Ridge was ,5%, coniferous cover
was absent from Robinson Forest sample stations.

WardÕs cluster analysis of the habitat variables re-
sulted in the grouping of plots into three distinct
clusters, independent of site (Table 2). The Þrst clus-
ter consisted of plots from both Robinson Forest and
Kentucky Ridge with vegetation dominated by the
upper canopy (H 5 10.2, df 5 2, P 5 0.0063), and with
relatively little rock and herb cover. The second plot
cluster had a dominant mid-story component (H 5
18.7, df 5 2, P , 0.0001), suggesting a less mature
forest, and consisted of plots only from Robinson For-
est.Cluster 2wasalsodistinct inhavinga relatively low
percentage of shrub cover and a lower percentage of
groundcoveredbyadeep litter layer.The thirdcluster
consisted of plots from both sites with a greater
amount of coarse woody debris (fallen debris $6 cm),
a relatively large shrub and lower canopy component,
and a very low mid-canopy component.

Where weather data were available (at Robinson
Forest only), conditions differed signiÞcantly be-
tween the two years, with warmer and wetter condi-
tions in 1998. Mean daily temperatures, calculated
from maximum/minimum temperatures, were differ-
ent betweenyears (utu 5 5.724; df 5 1, 321;P , 0.0001),
with warmer temperatures in the winter (December
through February 1997: 3.68C, 1998: 4.88C, utu 5 2.187;
df 5 1, 73; P 5 0.0319), summer (June through August
1997: 22.08C, 1998: 22.98C, utu 5 2.576; df 5 1,85; P 5
0.0117), and fall (September through November 1997:
12.38C, 1998: 15.98C, utu 5 9.479; df 5 1, 82; P , 0.0001)
of 1998. Overall precipitation was also signiÞcantly
greater in 1998 (128.6 cm) than in 1997 (102.2 cm, utu
5 2.160; df 5 1, 364; P 5 0.0314), primarily due to
increased precipitation in the summer months of 1998
(1997: 10.25 cm, 1998: 0.42 cm, utu 5 2.119; df 5 1, 91;
P 5 0.0368).

Insect Sampling. The ground-dwelling beetle fauna
consisted of 45 coleopteran families in pitfall traps and
leaf litter samples. The total number of beetles and

Table 2. Grouping of plots from two oak-hickory forests in
southeastern Kentucky using Ward’s cluster analysis, based on
mean 6 SE habitat variables measured from a 6 by 6-m area at each
plot (n 5 24)

Habitat variable

Cluster number

1
(n 5 10)

2
(n 5 4)

3
(n 5 10)

Rock cover (%) 2.7 (1.5)a 4.0 (3.7)a 4.7 (1.9)a
Litter cover (%) 95.3 (0.9)a 83.8 (9.0)a 92.7 (2.1)a
Litter depth (cm) 1.7 (0.1)a 2.0 (0.2)a 1.7 (0.1)a
Coarse woody debris ($6 cm) 2.3 (0.5)a 2.8 (1.3)a 6.0 (2.3)a
Herbaceous cover (%) 14.7 (3.4)a 17.5 (3.2)a 18.0 (3.5)a
Shrub cover (#3 m) 27 (5.2)a 22.5 (7.8)a 37 (7.2)a
Lower canopy (3.0Ð5.9 m) 23.4 (5.9)a 17 (6.2)a 27.8 (4.8)a
Mid-canopy (6.0Ð11.9 m) 54.4 (5.4)b 85 (8.7)a 15.5 (2.9)c
Upper canopy (.12.0 m) 77.1 (5.2)a 16.3 (9.9)b 61.7 (7.8)a
Deciduous cover (%) 90.5 (2.2)a 92.5 (2.5)a 86.5 (1.8)a
Coniferous cover (%) 0.5 (0.5)a 0 (0)a 2.1 (1.9)a

Means within rows followed by the same letter are not signiÞcantly
different (KruskalÐWallis rank sum test, P , 0.05).
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families collected did not vary signiÞcantly between
1997 and 1998 for either sampling method.

Ground-Dwelling Beetles. We collected 6,422 bee-
tles in pitfall traps in 1997, and 6,552 beetles in pitfall
traps in 1998, representing 41 different families (Table
3). More than 90% of the beetles in our pitfall traps
were from Þve families, with ground beetles (Cara-
bidae, 54%), bark/ambrosia beetles (Scolytidae, 22%),
and rove beetles (Staphylinidae, 9%) being the most
abundant. The 10 most common families collected
were consistent from 1997 to 1998, although their
relative abundances varied slightly between years
(Table 3). Most of the families collected (60%) were
represented by fewer than 10 individuals each year.

Beetle family richness (number of families present)
in pitfall trap samples was signiÞcantly affected by
sample interval across both years of the study (F 5
12.043; df 5 2, 140; P , 0.0001). In 1997 family richness
increased as the season progressed, reaching a maxi-
mum during the third (August) interval (Fig. 1a; F 5
21.415; df 5 2, 68; P , 0.0001). In 1998, family richness

increased gradually, also reaching a maximum in Au-
gust, but was not signiÞcantly affected by sample in-
terval. Beetle family richness was equivalent between
Kentucky Ridge and Robinson Forest (Table 4). The
habitat variables comprising the three plot clusters
explainedbeetle family richness in1997(F53.55; df5
2, 23; P 5 0.0471), when plots in cluster 2, which were
located in less mature forests with a dominant mid-
story canopy and deeper litter cover, contained sig-
niÞcantlymorebeetle families (utu 5 0.0286) thanplots
in the Þrst cluster. Plots in cluster 3 did not differ
signiÞcantly from plots in cluster 1 or 2 with respect
to beetle family richness. Beetle family richness in
1998 was not explained by the plot cluster analysis.
Regression analysis with the habitat variables was use-
ful in predicting beetle family richness in pitfall traps
during both years of the study (Table 5).

Beetle family diversity in pitfall traps, as measured
by the Shannon diversity index, did not vary signiÞ-
cantlywith sample interval in either 1997 or 1998 (Fig.
1b). The Shannon index was also equivalent between

Table 3. Beetles families collected in pitfall traps at Robinson Forest and Kentucky Ridge State Forest, KY in 1997 and 1998

Family Common name
Abundance

Total
1997 1998

Carabidae Ground beetles 2,730 4,233 6,963
Scolytidae Bark/ambrosia beetles 1,996 832 2,828
Staphylinidae Rove beetles 804 341 1,145
Nitidulidae Sap beetles 188 213 401
Silphidae Carrion beetles 146 452 598
Curculionidae Weevils 146 91 237
Leiodidae Round fungus beetles 78 82 160
Scarabaeidae Scarab beetles 55 42 97
Leptodiridae Small carrion beetles 35 53 88
Rhizophagidae Rhizophagid beetles 31 3 34
Elateridae Click beetles 24 32 56
Alleculidae Comb-clawed beetles 23 4 27
Ptilodactylidae Ptilodactylid beetles 20 6 26
Cicindelidae Tiger beetles 19 41 60
Mordellidae Tumbling ßower beetles 15 3 18
Chrysomelidae Leaf beetles 14 10 24
Anobiidae Death-watch beetles 8 12 20
Histeridae Hister beetles 5 7 12
Pselaphidae Short-winged mold beetles 5 3 8
Cantharidae Soldier beetles 4 6 10
Endomychidae Handsome fungus beetles 4 4 8
Scydmaenidae Antlike stone beetles 4 3 7
Cerambycidae Long-horned beetles 4 1 5
Ptiliidae Feather-winged beetles 3 6 9
Scaphidiidae Shining fungus beetles 3 3 6
Cucujidae Flat bark beetles 3 2 5
Melandryidae False darkling beetles 3 1 4
Rhysodidae Wrinkled bark beetles 3 1 4
Coccinellidae Ladybird beetles 2 2 4
Buprestidae Metallic wood-boring beetles 2 1 3
Lampyridae Lightning beetles 2 1 3
Meloidae Blister beetles 2 1 3
Corylophidae Minute fungus beetles 2 0 2
Euglenidae Antlike leaf beetles 1 1 2
Mycetophagidae Hairy fungus beetles 1 1 2
Erotylidae Pleasing fungus beetles 0 3 3
Brentidae Primitive weevils 0 1 1
Ciidae Minute tree-fungus beetles 0 1 1
Eucinetidae Eucinetid beetles 0 1 1
Lucanidae Stag beetles 0 1 1
Phalacridae Shining mold beetles 0 1 1
UnidentiÞed 0 1 1

Totals 6,422 6,552 12,974
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the Kentucky Ridge and Robinson Forest sites in
1997 (Table 4), but in 1998 diversity in pitfall traps
located at Kentucky Ridge was marginally greater
than from traps located at RobinsonForest (F 5 4.153;
df 5 1, 22;P 5 0.0538). Beetle family diversity in pitfall
traps did not vary among our three plot clusters in
either year, but regression analysis with the habitat
variables was somewhat useful in predicting diversity
(Table 5).

Beetle family evenness declined signiÞcantly as the
season progressed in 1997 (Fig. 1c; F 5 11.078; df 5 2,
68;P, 0.0001), butnot in 1998.Beetle family evenness
was equivalent between the Robinson Forest and
Kentucky Ridge sites in 1997, but in 1998 evenness in
pitfall traps was greater at Kentucky Ridge (Table 4;
F 5 7.860; df 5 1, 22; P 5 0.0104). The plot clusters

failed to explain the observed variability in beetle
family evenness in pitfall traps in either year, but the
habitat variables were somewhat useful in predicting
family evenness in 1997 and 1998 (Table 5).

Total beetle abundance increased as the seasonpro-
gressed in both years (F 5 48.832; df 5 2, 140; P ,
0.0001) and in each individual year (Fig. 1d, 1997: F 5
33.690; df 5 2, 68; P , 0.0001; 1998: F 5 15.134; df 5
2, 69;P, 0.0001). SpeciÞchabitat variables andcluster
analyses were not consistent in their ability to explain
the abundance of the more common beetle families
found in pitfall traps.

Abundance of ground beetles (Carabidae) in our
pitfall traps was strongly affected by site in 1997 and
1998 (Table 6), with traps at Robinson Forest captur-
ing signiÞcantly more beetles per trap than traps at

Fig. 1. Beetle family a) richness, b) diversity, c) evenness, andd) abundance asmeasuredbypitfall traps in twodeciduous
forest sites in 1997 (F) and 1998 ( ).

Table 4. Richness, diversity and evenness of beetle families in pitfall traps and litter samples from Kentucky Ridge State Forest and
Robinson Forest, KY, in 1997 and 1998

Site
Families
collected

Mean
beetles
per trap

Beetle
family

richness

Shannon index mean 6 SE Evenness mean 6 SE

1997 1998 1997 1998

Pitfalls

Kentucky Ridge 29 64.1 7.6a 1.55 (0.12)a 1.41 (0.06)a 0.61 (0.05)a 0.58 (0.04)a
Robinson Forest 41 99.4 7.9a 1.44 (0.05)a 1.11 (0.08)b 0.55 (0.02)a 0.43 (0.03)b

Litter

Kentucky Ridge 15 3.7 2.2a 1.27 (0.11)a 1.39 (0.14)a 0.89 (0.02)a 0.88 (0.02)a
Robinson Forest 24 3.4 2.1a 1.29 (0.08)a 1.35 (0.09)a 0.85 (0.03)a 0.89 (0.02)a

Means within columns within sample types followed by the same letter are not signiÞcantly different (FisherÕs LSD, P , 0.05).
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Kentucky Ridge. Within sites, plot position had no
effect on abundance in 1997, but strongly inßuenced
abundance in 1998. In addition, abundance signiÞ-
cantly increased as the season progressed in 1997 and
1998. The abundance of ground beetles in our pitfall

traps in 1997 was poorly described by the habitat
variables (Table 5), whereas Carabidae abundance in
1998 was more adequately described. Abundance of
ground beetles was not explained by the plot cluster
analysis in either year.

Table 5. Regression analysis of habitat variables and beetle family richness, diversity, evenness, and abundance in pitfall traps from
deciduous forests of southeastern Kentucky, 1997 and 1998

Pitfall traps
Model

R2/Pr . F

Beetle family richness

1997 Richness 5 225.027 1 (0.115 3 litter cover) 1 (2.127 3 litter depth) 1 (0.244 3 coarse woody debris) 1 (0.176 3
herb cover) 2 (0.036 3 shrub cover) 2 (0.038 3 mid-canopy) 2 (0.042 3 upper canopy) 1 (0.291 3 deciduous
cover)

0.75/0.002

1998 Richness 5 24.8211(0.149 3 rock cover) 1 (4.889 3 litter depth) 2 (0.082 3 shrub cover) 2 (0.021 3 mid-
canopy) 1 (0.137 3 deciduous cover)

0.61/0.0025

Shannon index (H*)

1997 H9 5 1.078 1 (0.021 3 coarse woody debris) 1 (0.004 3 mid-canopy) 1 (0.002 3 upper canopy) 1 (0.064 3 site
factor)

0.39/0.04

1998 H9 5 0.927 2 (0.005 3 litter cover) 1 (0.474 3 litter depth) 2 (0.015 3 coarse woody debris) 2 (0.012 3 herb
cover) 2 (0.006 3 shrub cover) 1 (0.006 3 lower canopy) 1 (0.001 3 aspect) 1 (0.343 3 site factor)

0.64/0.02

Beetle family evenness (E)

1997 E 5 0.748 1 (0.003 3 coarse woody debris) 2 (0.003 3 herb cover) 1 (0.002 3 mid-canopy) 1 (0.001 3 upper
canopy) 2 (0.003 3 deciduous cover) 1 (0.025 3 site factor)

0.50/0.04

1998 E 5 0.681 2 (0.006 3 rock cover) 2 (0.006 3 litter cover) 1 (0.221 3 litter depth) 2 (0.005 3 coarse woody
debris) 2 (0.004 3 herb cover) 2 (0.002 3 shrub cover) 1 (0.002 3 upper canopy) 1 (0.014 3 conifer cover) 1
(0.046 3 site factor)

0.73/0.008

Beetle family abundance

Carabidae 1997 abundance 5 8.199 1 (0.044 3 litter cover) 1 (1.084 3 litter depth) 2 (0.078 3 coarse woody debris) 1
(0.042 3 herb cover) 2 (0.022 3 mid-canopy) 2 (0.016 3 upper canopy) 1 0.069 3 total canopy) 2 (0.762 3 site
factor)

0.33/0.001

1998 abundance 5 23.974 1 (0.879 3 rock cover) 2 (0.039 3 (rock cover)2) 1 (0.083 3 litter cover) 2 (0.049 3 herb
cover) 1 (0.038 3 shrub cover) 2 (0.047 3 lower canopy) 2 (0.121 3 slope) 2 (0.957 3 site factor)

0.48/0.0001

Scolytidae 1997 abundance 5 21.134 1 (0.126 3 rock cover) 1 (0.062 3 litter cover) 2 (0.011 3 shrub cover) 2 (0.029 3
lower canopy) 2 (0.021 3 mid-canopy) 2 (0.019 3 upper canopy) 1 (0.048 3 conifer cover) 2 (1.158 3 site factor)

0.54/0.001

1998 abundance 5 1.108 1 (0.291 3 rock cover) 2 (0.015 3 (rock cover)2) 1 (0.0273 3 litter cover) 1 (0.028 3 coarse
woody debris) 2 (0.010 3 shrub cover) 2 (0.014 3 lower canopy) 2 (0.008 3 upper canopy) 2 (0.030 3 total canopy)
1 (1.594 3 site factor)

0.40/0.0001

Staphylinidae 1997 abundance 5 24.849 1 (1.121 3 litter depth) 1 (0.027 3 herb cover) 2 (0.019 3 lower canopy) 2
(0.007 3 mid-canopy) 1 (0.056 3 deciduous cover) 1 (0.039 3 conifer cover) 2 (0.535 3 site factor)

0.34/0.0006

1998 abundance 5 1.108 1 (0.291 3 rock cover) 2 (0.015 3 (rock cover)2) 1 (0.027 3 litter cover) 2 (0.028 3 coarse
woody debris) 2 (0.009 3 shrub cover) 2 (0.014 3 lower canopy) 2 (0.008 3 upper canopy) 2 (0.030 3 total canopy
cover) 2 (1.594 3 site factor)

0.28/0.0032

Table 6. Factors affecting abundance of common ground- and litter-dwelling beetle families collected in deciduous forests of
southeastern Kentucky over a 2-yr period

Family Year
Fdf/Pr . F

Site df Plot df Interval df

Pitfall traps

Carabidae (ground beetles) 1997 F 5 12.870/0.0006 1, 65 F 5 0.0569/1.723 23, 47 F 5 6.460/0.0028 2, 65
1998 F 5 17.906/,0.0001 1, 66 F 5 3.798/,0.0001 23, 48 F 5 4.055/0.0218 2, 66

Scolytidae (bark/ambrosia
beetles)

1997 F 5 8.661/0.0045 1, 65 F 5 4.822/,0.0001 23, 47 F 5 2.790/0.0688 2, 65

1998 F 5 35.105/,0.0001 1, 66 F 5 2.560/0.0030 23, 48 F 5 17.270/,0.0001 2, 66
Staphylinidae (rove beetles) 1997 F 5 9.149/0.0036 1, 65 F 5 1.787/0.0459 23, 47 F 5 3.077/0.0529 2, 65

1998 F 5 2.163/0.1462 1, 66 F 5 1.253/0.2504 23, 48 F 5 2.541/0.0865 2, 66
Litter samples

Nitidulidae (sap beetles) 1997 F 5 3.444/0.0680 1, 65 F 5 1.343/0.1923 23, 47 F 5 1.897/0.1583 2, 65
1998 F 5 3.246/0.0762 1, 66 F 5 0.932/0.5608 23, 48 F 5 0.036/0.9643 2, 66

Pselaphidae (short-winged
mold beetles)

1997 F 5 3.842/0.0543 1, 65 F 5 5.447/,0.0001 23, 47 F 5 0.467/0.6288 2, 65

1998 F 5 0.371/0.5447 1, 66 F 5 1.694/0.0618 23, 48 F 5 0.794/0.4565 2, 66
Staphylinidae (rove beetles) 1997 F 5 6.774/0.0114 1, 65 F 5 0.774/0.7434 23, 47 F 5 0.656/0.5221 2, 66

1998 F 5 4.394/0.0399 1, 66 F 5 1.017/0.4640 23, 48 F 5 1.239/0.2963 2, 66
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Therewas also a signiÞcantdifference in abundance
of Scolytidae between sites in 1997 (Table 6) when
pitfall traps at Robinson Forest captured more Sco-
lytidae per trap than traps at Kentucky Ridge. How-
ever, in 1998 this effect was reversed, and pitfall traps
at Kentucky Ridge captured more scolytids per trap
than traps at Robinson Forest. Plot position within
sites was also a signiÞcant factor explaining bark/am-
brosia beetle abundance in 1997 and 1998, though
theseplot differenceswerenot consistent fromyear to
year. Furthermore, sample interval also affected sco-
lytid abundance in both years, with numbers increas-
ing from June to July before declining in August.
Scolytidae abundance in 1997 pitfall traps was signif-
icantly described by the habitat variables we mea-
sured (Table 5), but again, our cluster analysis failed
to explain abundance.

Rove beetle abundance was signiÞcantly affected
by site and plot in 1997 (Table 6), but not in 1998.
Staphylinid numbers increased throughout the season
at both sites in both years, though differences were
only weakly signiÞcant. The abundance of rove bee-
tles in pitfall traps was poorly predicted by our habitat
variables in both years (Table 5), and was not ex-
plained by our plot clusters in either year.

Although the abundance of the more common bee-
tle families was not related to our plot clusters, there
were a few beetle families whose abundance was
weakly associated with plot clusters in both 1997 and
1998.Cicindelidae,Rhizophagidae andTenebrionidae
abundancewasweakly associated (P , 0.10)with plot
clusters in 1997, and Cicindelidae, Malandryidae, and
Meloidae in 1998. The Cicindelidae were the only
family whose abundance in pitfall traps was explained
by the cluster analysis in both years of the study.

Litter-Dwelling Beetles. We collected 267 beetles in
litter samples in 1997, and 254 beetles in 1998 in 25
different families (Table 7). More than 90% of the
beetles extracted from leaf litter were from only eight
families. Sap beetles (Nitidulidae, 23%), short-winged
mold beetles (Pselaphidae, 18%), rove beetles
(Staphylinidae, 18%), and weevils (Curculionidae,
14%) comprised 74% of the total specimens collected
in our litter samples.

Beetle family richness was affected by sample in-
terval across both years (F 5 3.247; df 5 2, 140; P 5
0.0418). In 1997, beetle family richness in litter sam-
pleswas greatest during June, declining rapidly during
July, and increasing during August (Fig. 2a, 1997: F 5
10.873; df 5 2, 68; P , 0.0001). In 1998, beetle family
richness was not signiÞcantly affected by sample in-
terval, but was greatest during July. Beetle family
richness in litter samples was equivalent between
Kentucky Ridge and Robinson Forest (Table 4). The
habitat variables proved to be poor predictors of bee-
tle family richness in litter samples in either years
(Table 8). Family richness of litter-dwelling beetles
was weakly explained by our plot clustering in 1997,
but not in 1998. In 1997, plots in cluster 3, which had
relatively large amounts of coarse woody debris and a
large shrub and lower canopy component, had greater
family richness than did plots in the remaining clus-
ters.

The Shannon index for beetle family diversity in
litter samples did not vary signiÞcantly by sample
interval across years, nor each year individually (Fig.
2b), and was equivalent between plots in Kentucky
Ridge and Robinson Forest in both years (Table 4).
Beetle diversity at the family level also did not vary
among our plot clusters in either year. Regression

Table 7. Beetle families collected in leaf litter samples at Robinson Forest and Kentucky Ridge State Forest, KY, in 1997 and 1998

Family Name Common name
Abundance

Total
1997 1998

Nitidulidae Sap beetles 75 47 122
Staphylinidae Rove beetles 53 43 96
Pselaphidae Short-winged mold beetles 55 39 94
Curculionidae Weevils 25 46 71
Leiodidae Round fungus beetles 10 12 22
Tenebrionidae Darkling beetles 9 20 29
Scydmaenidae Antlike stone beetles 8 13 21
Chrysomelidae Leaf beetles 6 13 19
Carabidae Ground beetles 5 3 8
Ptiliidae Feather-winged beetles 4 2 6
Ptilodactylidae Ptilodactylid beetles 3 1 4
Scarabaeidae Scarab beetles 3 2 5
Anobiidae Death-watch beetles 2 0 2
Leptodiridae Small carrion beetles 2 0 2
Scaphidiidae Shining fungus beetles 2 1 3
Corylophidae Minute fungus beetles 1 1 2
Cucujidae Flat bark beetles 1 2 3
Dermestidae Dermestid beetles 1 0 1
Elateridae Click beetles 1 2 3
Scolytidae Bark/ambrosia beetles 1 1 2
Alleculidae Comb-clawed beetles 0 2 2
Anthribidae Fungus weevils 0 1 1
Cryptophagidae Silken fungus beetles 0 1 1
Erotylidae Pleasing fungus beetles 0 1 1
Phalacridae Shining mold beetles 0 1 1

Totals 267 254 521
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analysis with the habitat variables (Table 8) failed to
predict diversity in 1997, but did so in 1998.

Beetle family evenness in litter samples was signif-
icantly affected by sample interval across years (F 5
5.938; df 5 2, 140; P 5 0.0033) and in 1997 (Fig. 2c; F 5
12.476; df 5 2, 68; P , 0.0001), but not in 1998. Beetle
family evenness in our litter samples was equivalent
betweenplots inKentuckyRidgeandRobinsonForest
in both 1997 and 1998 (Table 4), and again, did not
vary with plot clusters in either year. Our habitat
variables did not explain beetle family evenness in
litter samples in 1997, but did in 1998 (Table 8).

Total beetle abundance was affected by sample in-
terval across both years (F 5 43.805; df 5 2, 140; P ,
0.0001), in 1997 alone (Fig. 2d; F 5 33.640; df 5 2, 68;
P , 0.0001), and in 1998 (F 5 15.134; df 5 2, 69; P ,
0.0001). Cluster analysis did not explain beetle abun-
dance, and habitat variables were only marginally suc-
cessful in explaining the abundance of the more com-
mon beetle families found in litter samples.

Sitewas not a signiÞcant factor explainingNitidulidae
abundance in litter samples in 1997 or 1998 (Table 6),
and sap beetle abundance in litter samples was not sig-
niÞcantly affected by either plot or sample interval in
eitheryear. Inaddition, thehabitatvariablesprovedtobe
poorpredictors of sapbeetle abundance in litter samples
in both 1997 and 1998 (Table 8).

Robinson Forest contained signiÞcantly greater
numbers of litter-dwelling rove beetles per litter sam-
ple than did Kentucky Ridge in both 1997 and 1998
(Table 6). There was no signiÞcant difference in
Staphylinidae abundance based on plot or sample in-
terval in either year. The abundance of rove beetles
was poorly described by the habitat variables in 1997
and 1998 (Table 8).

Litter-dwelling pselaphid beetles were more abun-
dant at Robinson Forest than at Kentucky Ridge in
1997 (Table 6), but not in 1998. Abundance of litter-
dwellingPselaphidaewas also signiÞcantly affectedby
plot in 1997, but did not vary with sample interval in
either year. Regression analysis with the habitat vari-
ables resulted in poor predictions of Pselaphidae
abundance (Table 8).

As with the pitfall trap samples, there were only a
few beetle families whose abundance was weakly as-
sociated with our plot clusters in 1997 (Elateridae)
and 1998 (Phalacridae), and no consistency between
years.

Discussion

The temporalpatternsofbeetle familydiversity that
we observed varied between years and with sampling
technique. Beetle family diversity in 1997 tended tobe

Fig. 2. Beetle family a) richness, b) diversity, c) evenness, and d) abundance as measured by litter samples from two
deciduous forest sites in 1997 (F) and 1998 ( ).
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greatest in midsummer, which is consistent with stud-
ies of other temperate arthropodcommunities, includ-
ing agricultural (Pimentel and Wheeler 1973, Root
1973), grassland (Evans and Murdoch 1968, Lewis
1969), and forest ßoor systems (Uetz 1975, Martinat et
al. 1993). However, diversity in 1998 pitfall trap sam-
ples tended to be lowest during the midsummer sam-
ple interval. The pattern of beetle family diversity in
litter samples was opposite that of pitfall traps: mid-
summer diversity in 1997 litter samples was lowest,
whereas midsummer diversity in 1998 was highest. In
addition, to seasonal population ßuctuations, a num-
ber of abiotic factors such as temperature, humidity,
and prevailing winds, may inßuence arthropod abun-
dance and distribution patterns. The signiÞcantly
lower family-level diversity in 1997 litter samples may
be due to lower precipitation during the summer of
1997, which could have affected the distribution and
mortality of the less mobile, litter-dwelling beetles.
The warmer, wetter conditions of 1998 may have in-
ßuenced arthropod distribution and abundance in un-
predictable ways.

Although pitfall traps were more productive than
litter samples, producing 41 versus 25 beetle families,
there was a high degree of complementarity between
sampling methods (Tables 3 and 7). Only three beetle
families were exclusive to litter samples. A much
higher number of beetle families were collected in

both pitfall traps and litter samples at Robinson Forest
than at Kentucky Ridge (Table 4), although the mean
number of families per pitfall trap or litter sample was
similar. This increasednumberof beetle families at the
Robinson Forest location may be due to a greater
number of plots, and therefore the opportunity to
sample a greater diversity of habitats, because many
soil-associated arthropods have highly clumped dis-
tribution patterns (Dindal 1990). However, despite
the larger number of beetle families at Robinson For-
est, Kentucky Ridge generally had greater diversity
and evenness in pitfall traps than traps at Robinson
Forest (Table 4). There was no signiÞcant difference
in diversity evenness between study sites for litter
samples, although more families were collected from
litter samples at Robinson Forest than from litter sam-
ples at Kentucky Ridge.

Although both sites had fairly heterogeneous ver-
tical stratiÞcation, vertical variation in canopy struc-
ture was greater at Kentucky Ridge. This vertical vari-
ation was attributed to differences in the mid-canopy
component, probably because selectiveharvesting oc-
curred later at Kentucky Ridge and the remaining
smaller trees had not yet expanded into the midstory.
Kentucky Ridge also had greater amounts of coarse
woody debris than Robinson Forest. Terrestrial ar-
thropod diversity, including that of coleopterans, has
been shown to be inßuenced by coarse woody debris

Table 8. Regression analysis of habitat variables and beetle family richness, diversity, evenness, and abundance in litter samples from
deciduous forests of southeastern Kentucky, 1997 and 1998

Litter samples
Model

R2/Pr . F

Beetle family richness

1997 Richness 5 0.276 1 (0.087 3 rock cover) 1 (0.090 3 coarse woody debris) 2 (0.032 3 herb cover) 1 (0.064 3
deciduous cover) 2 (0.008 3 aspect)

0.43/0.052

1998 Richness 5 20.678 2 (0.092 3 rock cover) 2 (0.056 3 herb cover) 2 (0.023 3 shrub cover) 1 (0.060 3 total cover)
1 (0.101 3 slope)

0.38/0.103

Shannon index (H9)

1997 H9 5 20.607 1 (0.003 3 (rock cover)2) 2 (0.033 3 rock cover) 1 (0.442 3 litter depth) 2 (0.008 3 herbaceous
cover) 1 (0.003 3 upper canopy) 1 (0.014 3 deciduous cover) 2 (0.001 3 aspect) 2 (0.069 3 site factor)

0.47/0.20

1998 H9 5 1.928 2 (0.023 3 rock cover) 2 (0.012 3 herbaceous cover) 2 (0.004 3 mid-canopy) 2 (0.031 3 coniferous
cover) 2 (0.079 3 site factor)

0.64/0.02

Beetle family evenness (E)

1997 E 5 0.704 2 (0.003 3 litter depth) 1 (0.002 3 shrub cover) 1 (0.002 3 mid-canopy) 2 (0.010 3 coniferous cover)
2 (0.0005 3 aspect) 1 (0.120 3 site factor)

0.46/0.13

1998 E 5 1.402 2 (0.007 3 rock cover) 2 (0.006 3 coarse woody debris) 2 (0.001 3 lower canopy) 2 (0.001 3 mid-
canopy) 2 (0.001 3 upper canopy) 2 (0.003 3 deciduous cover) 2 (0.006 3 coniferous cover) 2 (0.004 3 slope 2
(0.011 3 site factor)

0.71/0.010

Beetle family abundance

Nitidulidae 1997 abundance 5 3.942 2 (1.387 3 litter depth) 1 (0.074 3 coarse woody debris) 2 (0.050 3 herb cover) 1
(0.016 3 mid-canopy) 1 (0.109 3 conifer cover) 2 (0.004 3 aspect) 1 (06067 3 site factor)

0.22/0.0207

1998 abundance 5 21.878 1 (0.024 3 litter cover) 1 (0.041 3 coarse woody debris) 2 (0.017 3 herb cover) 2 (0.006 3
shrub cover) 1 (0.009 3 lower canopy) 1 (0.002 3 aspect) 1 (0.222 3 site factor)

0.21/0.0321

Pselaphidae 1997 abundance 5 1.740 1 (0.181 3 rock cover) 1 (0.023 3 (rock cover)2) 1 (1.674 3 litter depth) 1 (0.039
3 herb cover) 2 (0.046 3 lower canopy) 2 (0.028 3 mid-canopy) 1 (1.48 3 conifer cover) 2 (0.007 3 aspect) 2 (1.931
3 site factor)

0.39/0.003

1998 abundance 5 0.454 1 (0.093 3 rock cover) 2 (0.010 3 (rock cover)2) 1 (0.631 3 litter depth) 1 (0.017 3 herb
cover) 2 (0.022 3 lower canopy) 2 (0.009 3 mid-canopy) 2 (0.189 3 site factor)

0.13/0.2389

Staphylinidae 1997 abundance 5 20.037 1 (0.015 3 herb cover) 1 (0.012 3 mid-canopy) 2 (0.009 3 upper canopy) 1
(0.024 3 deciduous cover) 1 (0.043 3 conifer cover) 2 (0.002 3 aspect) 1 (0.879 3 site factor)

0.21/0.0267

1998 abundance 5 1.719 1 (0.116 3 rock cover) 1 (0.009 3 (rock cover)2) 1 (0.017 3 litter cover) 1 (0.009 3 mid-
canopy) 1 (0.022 3 conifer cover) 1 (0.019 3 slope) 2 (0.252 3 site factor)

0.19/0.0484
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(Harmonet al. 1986, Lattin 1993,Hutcheson and Jones
1999) and the vertical complexity of the habitat (Uetz,
1975, Lawton 1983, Humphrey et al. 1999), both of
which are critical components of structural diversity,
andbothofwhichweregreater atKentuckyRidge, the
site with the higher diversity.

The physical complexity of an environment has
been correlated with species diversity in other sys-
tems, includingbirds (McArthur andMcArthur 1961),
spiders (Uetz 1975), and insects (Murdoch et al. 1972,
Southwood et al. 1979), and is one basis for the de-
termination of terrestrial arthropod abundance and
diversity. Habitat fragmentation and disturbance fac-
tors contribute to environmental complexity, and
therefore can impact the structural integrity and di-
versity of a system (Coyle 1981, McIver et al. 1992,
Muzika and Twery 1997, Hutcheson and Jones 1999).
Golden and Crist (1999) found richness of speciÞc
insect feeding guilds to be negatively inßuenced by
habitat fragmentation. Some species in undisturbed
forests are lost after disturbance, even though overall
abundance is unaffected and actual diversity appears
to increase (Martinat et al. 1993, Lewis and WhitÞeld
1999). Moreover, in some terrestrial systems there is
considerable functional redundancy within a speciÞc
trophic group, and theproductivity of a systemmaybe
independent of which species within a trophic group
are present, as long as the trophic groups themselves
are present (Lewis and WhitÞeld 1999, Wardle 1999).

In general, our habitat variables did not consistently
account for the abundance, diversity or richness of
beetle families. Our results support other studies
(Humphrey et al. 1999, Jonsson and Jonsell 1999)
which have demonstrated that speciÞc habitat fea-
tures may be relevant only to particular groups of
species.
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