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INFLUENCE OF MATRIX ELEMENTS ON PRAIRIE-INHABITING CURCULIONIDAE, TENEBRIONIDAE, AND SCARABAEIDAE IN THE PALOUSE

Influence of Matrix Elements on Prairie-inhabiting
Curculionidae, Tenebrionidae, and Scarabaeidae

in the Palouse

by Timothy D. Hatten!, Sandford D. Eigenbrode!, Nilsa A. Bosque-Pérez !, Sarah Gebbiel’ 2, Frank Merickel!

and Chris Looney!

! University of Idaho, Department of Plant, Soil and Entomological Sciences, P.O. Box 442339, Moscow, ID 83844-2339
? Lake Champlain-Lake George Regional Planning Board, P.O. Box 765, Lake George, NY 12845

Abstract

It is well established that the invertebrate community in cropland under conservation-tillage (consT) is often
enriched relative to the community under conventional-tillage (CT) systems. The question posed in this research is
whether consT contributes to the maintenance of regional biodiversity and to the conservation of prairie-inhabiting
species in agriculturally dominated landscapes that contain prairie remnants. During 2002, we sampled the ground-
dwelling beetle fauna of remnant Palouse prairie and surrounding cropland (under CT and consT) in the Palouse
region of northwestern Idaho and southeastern Washington. Biological diversity of the representative taxa—
Curculionidae (weevils), Tenebrionidae (darkling beetles) and Scarabaeidae (scarab beetles)—is significantly higher
in the prairie than in agricultural fields, while diversity of these groups in fields under consT is intermediate to that
found in the prairie and fields under CT. Faunal similarity (Bray-Curtis Index) is greater between consT and prairie
than between CT and prairie. Together, these results indicate that ConsT potentially improves conservation and the
preservation of prairie species in agriculturally dominated landscapes.

Keywords: Palouse prairie, habitat fragmentation, matrix, insect biodiversity, conservation-tillage, Coleoptera,

Curculionidae, Tenebrionidae, Scarabaeidae

Introduction

The destruction and fragmentation of habitat is a leading
contributor to biodiversity loss globally. Fragmentation results
in a net reduction of native habitat for biota, a change in its
spatial configuration, and a reduction in connectivity (Haila
2002). This in turn may alter ecological processes including
plant and animal dispersal, movement, reproduction, and
population dynamics (see Collinge 2000 for discussion and
references). Nevertheless, relatively small native habitat
remnants can be important repositories of regional species
diversity (Panzer and DeMauro 1983, Daily and others 2001,
Ricketts and others 2001, Rodger and Woedliffe 2001,
Vidrine and others 2001, Tscharntke and others 2002a) and
can be targets for conservation efforts.

While the human-dominated habitats surrounding
remnant habitat (termed the ‘matrix’) have historically been
viewed as uniformly hostile to the native biota, it is now
understood that the varying quality and structure of the
matrix influences 1) movement of biota across the matrix
containing native habitat patches and 2) use by native biota
of matrix habitats for foraging, reproducing, overwintering,
and other activities (Turner and others 2001, Tscharntke and
others 2002b). Assessing the distribution and abundance of
native biota in matrix and native habitats of fragmented land-

scapes has been dubbed “countryside biogeography” (Daily
1997, Ricketts and others 2001). Such a landscape-level
analysis can guide conservation efforts that consider the role
of the matrix in sustaining native biota.

Worldwide, grasslands are among the ecosystems most
intensely impacted by human activity because of their rich
potential for agriculture (Tscharntke and others 2002a). In
many former grasslands, including the prairie grasslands of
North America, the native habitat has been reduced to small,
scattered patches isolated within vast matrices of cropland.
Two questions arise: “Does the agricultural matrix provide
resources or habitat for prairie faunae or is it largely hostile to
these species?” and “Do specific agricultural practices influ-
ence the suitability of the agricultural matrix as habitat for
prairie faunae, especially insects?”

Insects are an important component of biodiversity and
perform a large number of ecological functions in ecosystems
including herbivory, population regulation, pollination, and
nutrient cycling (Samways 2005). Some low-disturbance
tillage systems, for example conservation-tillage (consT),
have enriched invertebrate faunae relative to high-distur-
bance tillage systems, such as conventional-tillage (CT), and
hence might provide conservation benefits for prairie insects
in grassland agro-ecosystems. Conservation-tillage reduces
the intensity of tillage and thus maintains more crop residue
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on the soil surface after planting than CT systems (greater
than 30% compared to less than 15%, Uri 1999).
Consequently, consT is also less disruptive to the soil strata
than is CT, allowing soil organic matter (Stinner and House
1990), nutrients, and microbial activity (Doran 1980, House
and Parmelee 1985) to be concentrated near the soil surface
as occurs in undisturbed habitats. Conservation-tillage may
also create greater vertical habitat structure in surface crop
residue (Hendrix and others 1986), reduce moisture loss, and
dampen temperature extremes and fluctuations (House and
Parmalee 1985). Both soil biota (e.g., earthworms, mites and
Collembola) and soil-surface biota (including many beetle
taxa) have been shown to benefit from consT (see Stinner
and House 1990 for references).

The Palouse region of southeastern Washington State
and adjoining Idaho provides an ideal setting to test the
hypothesis that consT increases the richness and diversity of
the native faunae in agricultural fields, with potential benefits
for conservation of prairie remnants in the landscape. Prior to
settlement by Euroamericans, the Palouse supported grass-
lands and prairie with a rich flora of perennial grasses (Weaver
1917, Daubenmire 1942, Tisdale 1961), forbs and shrubs
(Lichtharde and Moseley 1997). Since the 1830s, the region
has been steadily developed and transformed. Today, the land-
scape is a mosaic comprised of cereal and legume crops,
grazing lands, USDA Conservation Reserve Program lands,
managed forests, urban areas, and isolated parcels of original
prairies and grasslands (Dziedzic 1951, Weddell 2001). The
remnants are scattered and typically only a few hectares in
size. The extent of this conversion has made the Palouse
prairie one of the most endangered ecosystems in the United
States (Noss and others 1995).

The conditions in the Palouse region are similar to those
in other American prairies converted for agriculture.
Remnants of Palouse prairie are embedded in a matrix domi-
nated by agriculture, with less than 0.1% of the prairie
remaining (Noss and others 1995). In the tallgrass prairie of
the midwestern United States, insects whose distribution is
limited to remnants of fragmented ecosystems occur in prairie
remnants as small as 2.5 ha (Panzer and others 1995). The
dominant crop grown in the Palouse is wheat, as in much of
the northern Great Plains and Canada. The percentage of
cropland under consT in the Palouse is approximately 45%, as
is true in other United States’ agro-ecosystems (Uri 1999).
The Palouse prairie remnants still contain a rich native flora,
however. For example, 14 rare and sensitive plant taxa,
several of which are listed as globally imperiled (Lichchardt
and Moseley 1997), are associated with remnants of Palouse
prairie (Weddell and Lichthardt 1998).

In this study we examine the distribution and diversity of
selected beetle species across the Palouse landscape, specifi-
cally comparing such beetle fauna in consT, CT, and prairie
habitats to determine whether faunae are more similar
between consT and prairie than between CT and prairie.

Methods

During 2002, we surveyed the ground-dwelling (epigeal)
beetle fauna in matrix and prairie habitats of the Palouse. We
sampled six consT and six CT agricultural fields, located in
Latah County and northem Nez Perce County, Idaho. We
also sampled five prairie remnants located in Latah Co., and
in Whitman Co., Washington. A large number of beetle fami-
lies were collected. However, at the time of this publication
only three families of Coleoptera-Curculionidae (weevils),
Tenebrionidae (darkling beetles) and Scarabaeidae (scarab
beetles)-were processed and fully analyzed (The remaining
families will be reported at a later date.). Species belonging to
these three families differ in feeding habits, vagility, and
ecological function, providing an opportunity to assess matrix
effects on a diverse subset of the epigeal fauna. Weevils are
almost exclusively herbivorous, both in the adult and larval
stages. Their host range tends to be natrow, although some are
polyphagous (Anderson 2002). Scarab adults tend to be either
dung feeders, herbivores, pollenivores or carrion feeders
(Ratcliffe and others 2002). In contrast, darkling beetles tend
to be vagile generalist detritivores (Wiens and Milne 1989).

Site Selection and Sampling

The agricultural fields sampled were selected based upon rain-
fall zone, soil type, topography, grower participation, type of
crop rotation, and tillage system. Operations that use mold-
board plows or extensive tillage, including cultipackers, were
classified as CT, whereas operations that used alternative
tillage practices, such as light chiseling or harrowing, and
drills to insert seed through the preceding years’ crop residue
were classified as consT. This latter method is also referred to
as “direct seeding” (Veseth and Karow 1999). Crop rotations
used in the Palouse have two- to five-year cycles. Wheat is the
dominant cash crop and hence grown in these rotations as
frequently as possible. Legume crops are included to provide
nutrients and to break-up disease cycles. Both winter and
spring wheat are grown in the region. For this study we
sampled only spring wheat (SW) and spring pea (SP) grown
in three-year rotations. These crops were chosen because: 1)
only two crops could be efficiently sampled during the study;
2) they could be sampled together over the same growing
season, and 3) sampling a cereal and a legume provided a
better opportunity to assess average tillage effects across crops
than by sampling two wheat crops in the rotation. We then
identified growers using CT or consT systems, selecting three
fields from each crop-tillage system in the rotation (i.e., three
CT-SP, three consT-SP, three CT-SW and three consT-SW),
for a total of 12 fields.

To capture the arthropods, pitfall traps were placed 50 m
apart along transects. Each field received two transects with
five traps/transect. Traps consisted of 6-cm diameter, 9 oz.
plastic drink cups (70 mm top diameter, 45 mm bottom, and
a depth of 95 mm) set in plastic liners flush with the soil
surface (Hatten and others 2003). Each trap was filled weekly
with 1 to 2 oz. of low-toxicity antifreeze (Sierra brand) and
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left open for seven days at a time. Arthropods that fell into the
traps were preserved by the antifreeze and subsequently
collected. Samples were collected weekly for eight weeks.
Trap contents were processed by transferring all specimens
into 70% ethanol. Adult beetles of the selected families were
then identified to the lowest taxonomic level, or pending
identification, sorted to morphospecies (i.e., individuals that
are very similar based upon size, shape and color).

The selection of remnant prairies was based largely upon
their floral integrity (Weddell and Lichthardt 1998) and size.
Intact native plant communities support a greater diversity of
native faunae than do disturbed, native plant communities.
Larger “habitat islands” support greater species richness of many
taxa than do smaller habitat islands (MacArthur and Wilson
1967, Brown 1991). Because we were interested in character-
izing as much of the extant prairie-inhabiting beetle fauna as
possible, we sampled only the largest Palouse prairie remnants
available to us during the 2002 field season. To capture the
arthropods, we used a sampling method similar to that
employed in the agricultural fields. Differences included: 1) a
three-week earlier start date in the fields than in the prairie; 2)
a four-week later stop date in the prairie than in the fields; 3)
bi-monthly sampling in the prairie as opposed to weekly
sampling in the fields; 4) closer spacing between pitfall traps in
Rose Creek (the smallest remnant) than in the other remnants
and fields (i.e., 15-m intervals in Rose Creek as opposed to 50-
m intervals in the other sites); and 5) greater trap densities in
each prairie remnant (n = 18) than in each field (n = 10 traps).

In all habitats, traps were left open for one week at a time.
Prior to analysis, sample sizes among habitats were standard-
ized by randomly deleting from the data set one sample from
the consT data set, and 43 samples from the prairie data set,
so that each habitat was described by 477 traps collected
during the study.

Analytical Methods

The distribution of selected beetles was calculated by noting
presence-absence of species by habitat type (prairie, CT, and
consT). Beetle diversity for each habitat type was calculated
using the following non-parametric indices: richness (S);
evenness (E); and Shannon-Wiener (H'):

Richness, S =3 5 (1)
where § = number of species (richness) and s = species.
Evenness, E=H' -InS (2)

where E = evenness of species, In = the natural logarithm, and
H’ = Shannon-Wiener index.

Shannon-Weiner index, H' = - p, In p, (3)
where H' = biological diversity, p, = the observed relative

abundance of species i, and In= natural logarithm (indices
according to Southwood and Henderson 2000, p.474).

The true number of species $* for the three beetle fami-
lies combined was estimated for each habitat with the first-

order jackknife using EstimateS (Colwell 2000).
S*=§ , +L{n-1/n),

where n = the number of samples and L = the number of
unique species occurring in only one sample (Heltshe and
Forrester 1983). In this study, the data were randomly selected
and mean S* estimated 500 times for each cumulative sample.
The confidence intervals for $* was compared to determine
whether §* differed among habirats.

To test whether the diversity of the selected beetle taxa
differed significantly among habitats, we used a randomization
test. As described by Solow (1993), the prairie data and each
matrix data set (CT and consT) used to calculate H' were
combinedinto single data sets (CTeprairie, consT-prairie, and
CT-consT). Each of these combined data sets was then
randomly partitioned by shuffling the data (without replace-
ment) into two subsets of size N (where N = number of indi-
viduals trapped per habitat). The Shannon-Wiener index was
then calculated for each subser and the difference recorded.
This procedure was repeated 10,000 times utilizing
Resampling Stats (Resampling Stats, Inc. 2001), and the p-
value calculated as described by Manly (1991).

Faunal similarity among prairie remnants and fields was
determined using the Bray-Curtis similarity index (Bray and
Curtis 1957, see Southwood and Henderson 2000):

Cy = INJ(N,N,)

where C,; = faunal similarity, N, = the total number of indi-
viduals sampled in habitat a, N, = the same in habitat b, and
Nj = the sum of the lesser values common to both habitats.

Results
Composition, Richness and Distribution

The composition, distribution, and abundance of the weevils,
darkling beetles, and scarab beetles captured during 2002 are
presented in Table 1. Species richness, which is the total
number of species per habitat type, is summarized in Table 2.
Twelve (39%) of the 31 species captured during the study
were exotics. If we exclude the two unidentified weevil
species, the exotics accounted for 41% of all species captured.
All the exotic species, except for one scarab, were weevils
(Table 1). Composition, distribution and diversity patterns
differed considerably with and without the inclusion of exotic
species. For clarity and comparison purposes, we treat these as
two separate analyses below.

All species

Twenty-three (74%) of the 31 species captured occurred in
prairie, 13 (42%) occurred in consT, and 17 (55%) occurred
in CT. Of the species captured, 10 (32%) occurred only in
prairie, 13 (42%) occurred in both prairie and matrix habitats,
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Table 1. Composition and abundance of weevils
(Curculionidae), darkling beetles (Tenebrionidae), and scarab
beetles (Scarabaeidae) across prairie and matrix habitats
[conservation-tillage (ConsT) and conventional-tillage (CT)
fields] of the Palouse during 2002. The status of each species
indicates whether it is native (N) or exotic (Ex), a released
biological control agent (BC), or a pest (P) species.

Family

Species Status Prairie ConsT CT

Curculionidae

Sitona lineatus (Linnaeus) Ex, P 357 1479 8403
Hypera postica (Gyllenhal) Ex 0 0 3
Spenophorus cicatristriatus Fahraeus N 0 4 1
Otiorhynchus orvatus (Linnaeus) Ex, P 6 1 0
Ceutorhyncus erysimi (Fabricius) Ex 0 0 1
Ceutorhynchus rapae Gyllenhal — Ex, P 0 0 2
Ceutorhynchus assimilis (Paykull) Ex, P 1 1 0
Barypeithes pellucidus Boheman N 12 1 1
Cull (morphospecies) 0 0 2
Gymnetron tetruwm (Fabricius)  Ex, BC 1 0 1
Eustenopus wvillosus (Boheman) Ex, BC 3 1 2
Sibinia maculata (LeConte) N 0 1 4
Larinus planus (Fabricius) Ex, BC 0 0 1
Rhinocyllus conicus (Frolich)  Ex, BC 1 0 1
Thchius picirostris (Fabricius) Ex 0 1 0
Mesagroicus elongatus Buchanan N 3 0 0
Panscopus squamosas Pierce N 3 0 0
Anthonomus spp. N 2 0 0
Cunose {morphospecies) 2 0 0
Lixus perforatus LeConte N 1 0 0
Tenebrionidae
Eleodes nigrina LeConte N 44 13 5
Blapstinus substriatus Champion N 83 64 2
Elecdes novoverrucula Boddy N 47 1 0
Coniontis ovalis (LeConte) N 18 0 0
Coelocnomis californicus Mannerheim N 2 0 0
Scarabaeidae
Euphoria inda rufobrunnea (Casey) N 300 1 7
Onthophagus nuchicwmius (Linneus) Ex 2 5 14
Serica curvata LeConte N 9 0 1
Bolboceras obesus (LeConte) N 1 0 0
Aphodius militaris LeConte N 1 0 0
Aphodius cribratulus (Schmidt) N 3 0 0

and eight (26%) occurred only in the matrix. Of the species
found across habitats, ten occurred in prairie and consT, and
ten occutred in prairie and CT. Of the species found only in
the matrix, three occurred in consT, while seven occurred in
CT. By family, 20 (65%) of the 31 species captured were
weevils, five (16%) were darkling beetles, and six (19%) were
scarabs. Of the ‘prairie only’ subgroup, five were weevils, two
were darkling beetles, and three were scarabs. All of these are
native species, excluding the unidentified weevils. Of the
“across habitat subgroup,” eight were weevils, three were dark-
ling beetles, and two were scarabs. There was little difference
in the composition or distribution of species found among
prairie and each matrix habitat (see Native species).
Concerning the species found only in the matrix, all eight

Table 2. Richness (S), evenness (E), and diversity (H') of all
species (native + exotics) (a) and natives species (b) of
weevils (Curculionidae), darkling beetles (Tenebrionidae), and
scarab beetles (Scarabaeidae) by family across prairie and
matrix habitats [conservation-tillage (ConsT) and
conventional-tillage (CT) fields] captured during 2002 in the
Palouse. Here S = X s, where S = number of species (richness)
and s = species; E=H - In S, where E = eveness of species,
In = the natural logarithm; and H' = -% p, In p,, where H' =
Shannon-Weiner index of biological diversity, p, = the
observed relative abundance of species i, and In = natural
logarithm; D = 1/C, where D = the Simpson index of
biological diversity, C = % p;?, with parameters as described
above (see Southwood and Henderson 2000, p. 474).

a Habitat  Family S E H’

Prairie Curculionidae 12 0.194 0.483
ConsT 8 0.025 0.052
CT 12 0.008 0.021
Prairie Tenebrionidae 5 0.815 1.311
ConsT 3 0.470  0.517
CT 2 0.863 0.598
Prairie Scarabaeidae 6 0.147 0.263
ConsT 2 0.650 0451
CT 3 0.526  0.578
Prairie Combined 23 1.644  0.524
ConsT 13 0.299  0.116
CT i 0.044  0.016
b Habitat  Family 8 E H’

Prairie Curculionidae 6 0.836  1.498
consT 4 0.832  1.154
(& 3 0.790 0.868
Prairie Tenebrionidae 5 0.815 1.311
consT 3 0.470 0.517
CT 2 0.863 0.598
Prairie Scarabaeidae 5 0.141 0.226
consT 1 0.000 0.000
CT 2 0918  0.637
Prairie Combined 16 0.546 1.515
consT 8 0.436  0.907
CT 7 0.899 1.750

were weevils. Of this group, seven occurred in CT, while only
three occurred in consT.

Native species

Excluding theexotic species and the two unidentified weevil
species, we captured 18 species. Eight of these (44%) were
weevils, five (28%) were darkling beetles, and five (28%)
were scarabs. Sixteen of these occurred in prairie, nine
occurred only in prairie, seven occurred across prairie and
matrix habitats, while two occurred only in the matrix.
Within the matrix, eight species occurred in consT, while
seven species occurred in CT. With respect to the “prairie
only” subgroup, four were weevils, two were darkling beetles,
and three were scarabs. Of the “across habitat subgroup,” one
was a weevil, three were darkling beetles, and two were

104 PROCEEDINGS OF THE 19™ NORTH AMERICAN PRAIRIE CONFERENCE



INFLUENCE OF MATRIX ELEMENTS ON PRAIRIE-INHABITING CURCULIONIDAE, TENEBRIONIDAE, AND SCARABAEIDAE IN THE PALOUSE

2

scarabs. The distribution of species was similar between prairie
and each matrix habitat, though one darkling beetle species
was found in consT, but not in CT. The two species detected

only in the matrix were weevils and occurred in both consT
and CT fields.

Abundance
All species

By habitat, abundance of natives and exotics combined was
greatest in CT (8,446), lowest in prairie (902), and interme-
diate in consT (1,573). By species, the weevils were the most
abundant group with 10,303 individuals captured, compared
to 279 and 339 darkling beetle and scarab individuals, respec-
tively. However, the exotic weevil Sitona lineatus (Linnacus)
accounted for more than 99.3% of all weevils collected, and
94% of all beetles. Of S. lineatus individuals, 85% occurred in
CT fields, while only 14% and 1% occurred in consT and
prairie, respectively. Similarly, the native scarab species,
Euphoria inda rufobrunnea (Casey), accounted for 89% of all
scarabs collected, while a native Blapstinus species accounted
for 53% of all darkling beetles collected. Relative to these
species, the other species had low abundance patterns, with
the exception of the native Eleodes nigrina (LeConte) and
Eleodes novoverrucula (Boddy), which made up an additional
22% and 17% of the darkling beetles, respectively.

The relative abundance pattern of communities, or
species by habitat, can be expressed as evenness (E). More
evenly structured communities within and across habitats
result in higher E values compared to less evenly structured
communities. The dominance of S. lineatus among the
weevils, especially in the CT fields, is reflected by low E
values within CT and among all habitats (Table 2). Similarly,
the low E value for the scarab community
in prairie habit compared to other habitats

darkling beetles was no different than that of the entire
community, given that all the darkling beetles captured are
natives. If S. lineatus is not included, the relative abundance
pattern of native weevils was even among and across habirats,
with species abundance being low.

Diversity (with and without exotics)

The true number of species (5%) in each habitat type was
extrapolated by jackknifing the 31 species data set. With this
procedure, $* was greatest in prairie (28.99 = 0.11), interme-
diate in CT (25.98 + 0.14), and lowest in consT (20.98 +
0.13). The same analysis, excluding the exotic species, hence
resampling an 18-species data set, yielded a different richness
pattern with S* greatest in prairie (19.99 + 0.08), lowest in
CT (9.99 + 0.08), and intermediate in consT (12.99 + 0.1).
As none of the confidence intervals for $* overlapped, differ-
ences in S* for all pairwise comparisons are significant (P <
0.05). The relative values of §* with and without exotic
species is consistent with the relative values of observed
number of species (Table 2). Species diversity as described by
H’ of the three beetle families with and without exotics are
presented in Table 2a, and Table 2Zb, respectively. For the
entire data set, H’ was greatest in the prairie, lowest in CT,
and intermediate in consT. Pairwise comparisons using a
randomization test indicate these differences are highly signif-
icant (Table 3).

For the data set without exotics, the diversity patterns
were very different, with H’ greatest in CT, least in consT, and
intermediate in prairie. The strong contrasts in H’ for the
weevil data sets with and without the abundant S. lineatus
illustrate the sensitivity of H’ to species numbers and their
relative abundance patterns. For this reason, the observed
number of species (S) may provide the most straightforward

reflects the dominance of Euphoria inda
rufobrunnea in prairie habitat. In contrast, 4
the E values for the darkling beetles are
quite similar for each habitat, reflecting the
more even abundance patterns of these 0%
beetles among habitats.

Native species

By habitat, abundance of native beetles was
greatest in the prairie (535), lowest in CT 01
(16), and intermediate in consT (86).
Excluding the exotics, the scarabs were the
most abundant group with 315 individuals,
compared to 279 darkling beetle and 40
weevil individuals captured, respectively |

Hamilariy
[ =
1]
i

L~}
I

PralonsT

ConsT-CT

(Table 1). Scarabs had the most uneven
abundance pattern of the three families,
owing to the high number of Euphoria inda
rufobrunnea individuals captured in the
prairie relative to the other habitats or rela-
tive to other scarab species captured. The
relative abundance pattern of the native

Figure 1. Similarity of weevils, darkling beetles, and scarab beetles among
prairie (Pra) and matrix habitats [conventional-tillage (CT) and conservation-
tillage (ConsT) fields] during 2002 across the Palouse. Similarity was measured
with the Bray-Curtis index C,; = 2jN/(aN+bN), where C,, = faunal similarity, aN =
the total number of individuals sampled in habitat a, bN = the same in habitat b,
and jN = the sum of the lesser values common to both habitats (see Southwood
and Henderson 2000).
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Table 3. Results from a randomization test using 1,000
partitions to determine whether the overall diversity (H) of
weevils, darkling beetles, and scarab beetles differed among
prairie and matrix habitats [conservation-tillage (ConsT) and
conventional-tillage (CT) fields] during 2002 across the
Palouse. The notation & equals the difference in diversity, or
community structure, observed among habitats. In this case
& was so large for each paired comparison that the simulated
& used in one-tailed tests and | & | used in two-tailed tests
never exceeded the observed 8§, indicating that diversity
among habitats differed significantly (P < 0.001) (Solow
1993).

Shannon-Wiener H'

Observed Prairie 0.524
Observed CT 0.016
Difference & 0.508
Number simulated | 8 | > | § | 0.000
Number simulated & > observed & 0.000
Observed Prairie 0.524
Observed consT 0.116
Difference & 0.408
Number simulated | & | > | & | 0.000
Number simulated & > observed & 0.000
Observed consT 0.116
Observed CT 0.016
Difference & 0.100
Number simulated | & | > | & | 0.000
Number simulated & > observed & 0.000

measure for comparing diversity among habitats with the
proviso that sample sizes are equivalent among habitats
(Southwood and Henderson 2000). In our study, sample data
were adjusted to standardize sample size among habitats (n =

477 for each habitat).

Faunal similarity (with and without exotics)

Faunal similarity among habitats as measured by the Bray-
Curtis (C,;) index is both a function of the number of species in
common to both habitats and the abundance of species in
common. Habitats with a greater number of species shared
among them exhibit greater faunal similarity than those with
fewer species shared among them, assuming that abundance
patterns for each comparison are the same. Habitats with the
same number of species in common but with different abun-
dance patterns will differ in similarity. Those with similar abun-
dance patterns among shared species will exhibit greater faunal
similarity than those with less similar abundance patterns.

In our study, faunal similarity was greatest among prairie
and consT, least among prairie and CT, and intermediate
among CT and consT (Figure 1). We observed the same simi-
larity patterns when the exotic species were excluded from the
analysis, with C,, greatest among prairie and consT (0.26),
least among prairie and CT (0.039), and intermediate among
CT and consT (0.215). Analysis of faunal similarity by taxo-
nomic family (Table 4) clearly indicates that the darkling
beetle faunae are much more similar among prairie and consT

than among prairie and CT, and contributes significantly to
overall similarity patterns observed during this study.

Discussion

The first question we posed in this study was whether the agri-
cultural matrix provides resources or habitat for prairie faunae,
or is it largely hostile to these species. Our study clearly indi-
cates that native prairie-inhabiting weevils, darkling beetles,
and scarabs use matrix habitats of the Palouse. For instance,
within these three families we found that as many as 39% of
the native species occurred in both prairie and matrix habi-
tars. An additional 11% occurred only in the matrix, while
the remaining 50% occurred exclusively in prairie remnants.
Orher studies have found similar insect distribution patterns
in fragmented ecosystems, suggesting matrix support for
native biota. For example, Ricketts and others (2001) docu-
mented that 42% of forest-inhabiting moth species occurred
across a variety of agricultural habitats, while 58% were
restricted to forest remnants. Similarly, bird studies in tropical
agro-ecosystems have also shown that many forest bird species
commonly use matrix habitats (Estrada and others 1997, Daily
and others 2001), indicating the potential for matrix manage-
ment to improve conservation of these and perhaps other
species (Daily and others 2001).

Our data indicate that weevils, darkling beetles, and
scarabs respond in a differential manner to habitat fragmenta-
tion. The mechanisms contributing to the observed distribu-
tion and abundance patterns are not known, and the scope of
our study limits our ability to detect underlying mechanisms.
Nonetheless, we offer the following observations. Of the
native species found only in the remnants, four were weevils,
three were scarabs, and two were darkling beetles. In contrast,
of the native species found across habitats, one was a weevil,
two were scarabs, and three were darkling beetles. Hence, the
distribution patterns of the taxa found during our study follow
a gradient, with a greater proportion of probable specialists,
such as weevils, restricted to the remnants, and a greater
proportion of generalists, such as darkling beetles, occurring
across habitats. Vagility and polyphagy have been identified as
important characteristics of biota using fragmented ecosys-
tems (Thomas 2000). Polyphagous species are more likely to
find resources in highly fragmented ecosystems than are
monophagous or specialist feeders. For the generalist, remnant
habitat may be connected by useable, lower quality habitat
patches across the landscape (Tscharntke and others 2002b).
Thus, it is not unexpected that the most widely distributed
native species found during this study are darkling beetles.
Nor is it unexpected that a higher proportion of specialist
feeders are restricted to prairie remnants. For the specialist,
resources are inherently more isolated. Specialists, especially
those with poor dispersal capabilities, are more vulnerable to
fragmentation effects and extinction than generalists
(Steffan-Dewenter and Tscharntke 2000). Remnant-
dependent species tend to be specialists or poor dispersers.

The second question we asked is whether specific agricul-
tural practices influence the suitability of the agricultural
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Table 4. Similarity of weevils, darkling beetles, and scarabs among prairie and matrix habitats [conservation-tillage (ConsT) and
conventional-tillage (CT) fields] captured during 2002 across the Palouse. Similarity was measured with the Bray-Curtis index C,
= 2jN/(aN+bN), where C,, = faunal similarity, aN = the total number of individuals sampled in habitat a, bN = the same in habitat
b, and jN = the sum of the lesser values common to both habitats (see Southwood and Henderson 2000). Higher C,, values reflect
greater faunal similarity among habitats. Similarity estimates for the entire weevil community (natives + exotics) was not

feasible due to extreme differences in relative abundance patterns.

Data set Compared habitats Weevils Darkling beetles Scarabs

Natives + exotics Prairie - consT # 0.57 0.02
Prairie - CT wok 0.07 0.03
CT - consT % 0.16 0.52

Natives only Prairie - consT 0.12 0.57 0.01
Prairie - CT 0.06 0.07 0.02
CT - consT 0.46 0.16 0.50

matrix as habitat for prairie faunae. Qur results showing
greater similarity in the native beetle faunae between consT
and prairie than between CT and prairie, suggest that low-
disturbance tillage is conducive to prairie species in the land-
scape. The response pattern of these faunae to tillage also
indicates that species and taxa respond differentially to tillage
on the Palouse, perhaps owing to the influence of tillage on
environmental or ecological factors. Our study indicates the
native darkling beetle community in consT, as opposed to CT
fields, is more similar to the native darkling beetle community
in prairie. Three species of darkling beetles were found in
consT fields compared to two in CT fields, and the abundance
patterns were more similar between these species in consT
and prairie than between those found in CT fields and prairie.
This clearly suggests that adults of these vagile generalist
detritivores, which are known to forage on the soil surface
across large areas (Wiens and Milne 1989), benefit from
consT. More research is required to elucidate the mechanisms
contributing to their conservation under low-disturbance
tillage regimes.

We hypothesized that consT should increase the richness
and diversity of native prairie faunae relative to CT systems
across the matrix. Our results yield unexpected findings. First,
we found that diversity as measured by H’ is greatest in prairie,
least in CT and intermediate in consT, as hypothesized. These
diversity patterns include, however, 12 exotic species (39% of
the overall faunae), 11 of them weevils, collected during the
study. Five of these species are biocontrol agents, and at least
one species, S. lineatus, feeds broadly on legumes, and is a key
pest of spring peas in the Palouse. Of these 12 exotics, we
found five in prairie remnants. Diversity patterns for the
native faunae differed depending on the analysis method
applied. Observed richness yielded the most straightforward
index of diversity for both overall faunae and native faunae.
With this metric, the number of observed species was lower in
consT than CT fields when both native and exotic species
were considered, but slightly higher in consT than CT when
exotic species were excluded from the analysis. In contrast,
observed richness was always greater in prairie than in matrix
habitats. Extrapolation methods confirm these richness
patterns, and indicate these differences to be significant. Qur
findings underscore the importance of small remnant habitats

for biodiversity conservation. Fifty percent of prairie species
were found only in remnant habitats, suggesting that the
matrix is hostile for a large proportion of prairie species, but,
perhaps, not as hostile for other prairie species.

The implications for management are twofold: 1) because
species respond differently, management strategies may differ
depending on which species are of concern; and 2) discov-
ering more broadly applicable principles for management will
require a better understanding of mechanisms that lead to
idiosyncratic responses by species.

Acknowledgments

We owe our thanks to numerous individuals and organizations
that made this research possible. First, we thank the following
growers, landowners, managers, and organizations for allowing
us to sample their fields or prairie remnants: W. Jensen, J.
Hermann, R. Zenner, M. Zenner, N. Ogle, G. Moser, D.
Nelson, M. Becker, Lewis Paine, Fayette Krause, The Nature
Conservancy, and Washington State University. We thank
Rod Sprague for technical support, and Ding Johnson for use
of lab space and equipment. We are grateful to the USDA
STEEP Program, the NSF-IGERT program, the NSF-REU
program, and the Idaho Wheat Commission for their financial
support. This is a publication of the Idaho Agricultural
Experiment Station.

References

Anderson, R.S. 2002. Curculionidae. Pp. 722-815 in Arnett, Jr.,
R.H., M.C. Thomas, P.E. Skelley and ].H. Frank (eds.}, American
beetles. Volume 2. Polyphaga: Scarabaeoidea rthrough
Curculionoidea. Boca Raton, Florida: CRC Press.

Bray, J.R. and J.T. Curtis. 1957. An ordination of the upland forest
communities of southern Wisconsin. Ecological Monographs
27:325-349.

Brown, K.S. 1991. Conservation of neotropical environments:
Insects as indicators. Pp. 350-404 in N.M. Collins and J.A.
Thomas (eds.), The conservation of insects and their habitats.
London, England: Academic Press.

Collinge, S.K. 2000. Effects of grassland fragmentation on insect

species loss, colonization, and movement patterns. Ecology
81(8):2211-2226.

PROCEEDINGS OF THE 19™ NORTH AMERICAN PRAIRIE CONFERENCE 107



ParT II:

PRAIRIE WILDLIFE AND ANIMAL STUDIES

Colwell, R.K. 2000. User’s guide to EstimateS 6bla. Statistical estima-
tion of species richness and shared species from samples. Storrs,
Connecticut: University of Connecticut.

Daily, G.C. 1997. Countryside biogeography and the provision of
ecosystem services.Pp. 104-113 in P. Raven (ed.), Nature and
human society: The quest for a sustainable world. Washington,
D.C.: National Research Council, National Academy Press.

Daily, G.C., PR. Ehrlich and G.A. Sdnchez-Azofeifa. 2001.
Countryside biogeography: use of human-dominated habitats by
the avifauna of southern Costa Rica. Ecological
Applications11(1):1-13.

Daubenmire, RE 1942. An ecological study of the vegetation of
southeastern Washington and adjacent Idaho. Ecological
Monographs (12}1:53-79.

Doran, J.W. 1980. Soil microbial and biochemical changes associated
with reduced tillage. Soil Science Society of America Journal
44:465-771.

Dziedzic, E.S. 1951. Land-use and wildlife on farms in southeastern
Washington. M.S. thesis, Washington State University-Pullman.

Estrada, A., R. Coatees-Estrada and D.A. Meritt, Jr. 1997.
Anthropogenic landscape changes and avian diversity at Los
Tuxtlas, Mexico. Biodiversity and Conservation 6:19-43.

Haila, Y. 2002. A conceptual genealogy of fragmentation research:
from island biogeography to landscape ecology. Ecological
Applications 12(2):321-334.

Hatten, T., N.A. Bosque-Pérez and S.D. Eigenbrode. 2003.
Examination of the effect of rillage practices upon ground
dwelling predators in the Palouse. Pp. 56-57 in Department of
Plant, Scil and Entomological Sciences 2003 Field Day Research
and Extension Report. Moscow: University of Idaho.

Heltshe, ]. and N.E. Forrester. 1983. Estimating species richness
using the jackknife procedure. Biometrics 39:1-11.

Hendrix, PE, R.W. Parmelee, D.A. Crossley, Jr., D.C. Coleman, E.P.
Odum and PM. Groffman. 1986. Detritus food webs in conven-
tional and no-tillage agroecosystems. BioScience 36(6):374-379.

House, G. J. and R.W. Parmalee. 1985. Comparison of soil arthro-
pods and earthworms from conventional and no-tillage agroe-
cosystems. Soil and Tillage Research 5:351-360.

Lichthardt, J. and R.K. Moseley. 1997. Status and conservation of
the Palouse grassland in Idaho. Report to the U.S. Fish and
Wildlife Service, on file at Idaho Department of Fish and Game
Conservation Data Center, PO. Box 25, Boise, ID 83707.

MacArthur, R.H. and E.O. Wilson. 1967. The theory of island biogeog-
raphy. Princeton, NJ: Princeton University Press.

Manly, EE]. 1991. Randomization and Monte Carlo methads in biology.
London: Chapman and Hall.

Noss, R.E, E.T. LaRoe III and ].M. Scott. 1995. Endangered ecosys-
tems of the United States: a preliminary assessment of loss and
degradation. Biological Report 28, National Biological Service,
U.S. Department of the Interior, Washington, DC.

Panzer, R. and M. DeMauro. 1983. Fire, insects studied on a hill
prairie remnant. Restoration & Management Notes 1(4):17-18.
Panzer, R., D. Stillwaugh, R. Gnaedinger and G. Derkovitz. 1995.
Prevalence of remnant dependence among the prairie- and
savanna-inhabiting insects of the Chicago region. Natural Areas

Journal 15:101-116.

Ratcliffe, B.C., M.L. Jameson and A.B.T. Smith. 2002. Scarabaeidae.
Pp. 39-81 in R.H. Arnett Jr., M.C. Thomas, PE. Skelley and J.H.
Frank (eds) American beetles. Volume 2. Polyphaga:
Scarabaeoidea through Curculionoidea. Boca Raton, Florida:
CRC Press.

Resampling Stats, Inc. 2001. Resampling stats add-in for Excel user’s
guide, Version 2. Arlington, Virginia: Resampling Stats.

Ricketts, T.H., G.C. Daily, PR. Ehrlich and ].P. Fay. 2001.
Countryside biogeography of moths in a fragmented landscape:
Biodiversity in native and agricultural habitats. Conservation
Biology 15:378-388.

Rodger, L. and PA. Woodliffe. 2001. Recovering tallgrass communi-
ties in Southern Ontario: an ecosystem-based recovery plan and
implementation progress. In N.P. Bernstein and L.J. Ostrander
(eds.), Proceedings of the 17% North American Prairie
Conference. Seeds for the Furure; Roots of the Past. Mason City,
lowa: North lowa Area Community College.

Samways, M.]. 2005. Insect diversity conservation. Cambridge:
Cambridge University Press.

Solow, A.R. 1993. A simple test for change in community structure.
Journal of Animal Ecology 62:191-193.

Southwood, T.R.E. and P.A. Henderson. 2000. Ecological methods,
3rd edition. London: Blackwell Science.

Steffan-Dewenter, I. and T. Tscharntke. 2000. Butterfly community
structure in fragmented habirats. Ecology Letters 3:449-456.

Stinner, B.R. and G.J. House. 1990. Arthropods and other inverte-
brates in conservation-tillage agriculture. Annual Review of
Entomology 35:299-318.

Thomas, C.D. 2000. Dispersal and extinction in fragmented land-
scapes. Proceedings of the Royal Society of London, Series B
267:139-145.

Tisdale, EW. 1961. Ecologic changes in the Palouse. Northwest
Science 35(4):134-138.

Tscharntke, T., I. Steffan-Dewenter, A. Kruess and C. Thies. 2002a.
Contribution of small habitat fragments to conservation of insect
communities of grassland-cropland landscapes. Ecological
Applications 12(2):354-363.

. 2002b. Characteristics of insect populations on habitat frag-
ments: A mini review. Ecological Research 17:229-239.

Turner, M.G., R.H. Gardner and R.V. O'Neill. 2001. Landscape
ecology in theory and practice. New York: Springer-Verlag.

Uri, N.D. 1999. Conservation tillage in U.S. agriculture. New York:
Food Products Press.

Veseth, R. and R. Karow. 1999. Direct seeding or no-
till....what’s the difference? Pacific Northwest Conservation
Tillage Handbook, Series No. 23. PNW Extension publica-
tion in Idaho, Oregon and Washington. Moscow, ID:
University of Idaho, Pullman, WA: Washington State
University, and Corvallis, OR: Oregon State University
(pnwsteep.wsu.edu/tillagehandbook/chapter2/022097.htm).

Vidrine, M.E, CM. Allen, B. Borsari and L. Allain. 2001.
Lepidopteran and odonate communities in the Cajun prairie
ecosystem in southwestern Louisiana. In N.F. Bernstein and L.J.
Ostrander (eds.), Proceedings of the 17 North American Prairie
Conference. Seeds for the Future; Roots of the Past. Mason City,
lowa: North lowa Area Community College.

Weaver, J.E. 1917. A study of the vegetation of southeast
Washington and adjacent Idaho. The University Studies of the
University of Nebraska 17(1):1-114.

Weddell, B.J. 2001. Changing perspectives in nineteenth century
written descriptions of Palouse and canyon grasslands. Idaho
Bureau of Land Management, Technical Bulletin No. 01-03.

Weddell, B.J. and ]. Lichthardt. 1998. Identification of conservation
priorities for and threats to Palouse grassland and canyon grass-
land remnants in Idaho, Washington and Oregon. Idaho Bureau
of Land Management, Technical Bulletin No. 98-13.

Wiens, J.A. and B. Milne. 1989. Scaling of ‘landscapes’ in landscape
ecology, or, landscape ecology from a beetle’s perspective.
Landscape Ecology 3:87-96.

108 PROCEEDINGS OF THE 19™ NORTH AMERICAN PRAIRIE CONFERENCE



	Influence of Matrix Elements on Prairie-inhabiting Curculionidae, Tenebrionidae, and Scarabaeidae in the Palouse
	
	Authors

	tmp.1297717292.pdf.8Gxdn

