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Diversity and Activity of Ground-Dwelling Spiders (Araneae)
in Four Sub-Communities in a Degraded Oak Woodland at
the Chicago Botanic Garden, Cook County, lllinois

James F. Steffen' and Michael L. Draney?

Abstract

Ground-dwelling spiders were sampled using pitfall traps over a twelve-
month period from four sub-communities within a 40-ha oak woodland complex
in northern Cook County, Illinois. Mesic and dry mesic oak woodland, mesic
upland forest, buckthorn dominated mesic oak savanna and a mesic woodland
control, where no restoration management is planned, were sampled. Fifty-five
species within 44 genera and 18 families were trapped. The results suggest
negative correlations between non-native spider abundance and spider species
richness. Also, phenology of the various species indicates that a year-round in-
ventory is necessary to adequately sample ground-dwelling spider assemblages.
Possibilities of using Bathyphantes concolor (Wider) abundance as an indicator
of oak woodland recovery are discussed. Three species, Linyphiidae: Oreonetides
vaginatus (Thorell), O. rotundus (Emerton), and Thomisidae: Ozyptila praticola
C. L. Koch), never before recorded for I1linois were documented. The non-native
species, Ozyptila praticola, is also a new regional record.

Much of the oak woodland and savanna ecosystems in the Midwestern
United States are in a degraded condition due to the effects of fire suppres-
sion, invasion by native and exotic species, fragmentation, past land use and
an over abundant white-tailed deer population (Nuzzo 1986, Lorimer 1987,
Packard 1988, Laatsch and Anderson 2000). Recent research (Heneghan et al.
2002, Heneghan et al. 2004, Ashton et al. 2005, Suarez et al. 2006, Heneghan
et al. 2007, Corio et al. 2009) has shown that invasive exotic species, primarily
common buckthorn (Rhamnus cathartica) and Eurasian earthworms, can have
dramatic impacts on the structure and sustainability of the litter layer and
nutrient cycling functions within oak dominated systems in the Midwest. The
combination of high nitrogen leaf litter from exotic shrubs and the rapid rate
at which exotic earthworms incorporate organic matter into the soil quickly
degrades the litter environment.

Spiders and other macroarthropods can play a crucial role in the regula-
tion of dead organic matter decomposition and nutrient cycling in the temper-
ate forest ecosystem (Moulder and Reichle 1972, Hansen 2000). Although
microarthropods, such as soil mites and collembola, are considered perhaps
the most important animal components of the temperate forest ecosystem biota
(Seastedt 1984, Moldenke and Lattin 1990, Hansen 2000), spiders have better
potential as ecological indicators because they are larger and their taxonomy is
better known (Willett 2001). This is a highly diverse group of organisms with a
total of 68 families, 569 genera, and 3,700 species occurring in North America
(Ubick et al. 2005). In addition, populations of the ground-dwelling portion of
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this large group are one of the top predatory guilds in the litter food web and
are directly tied to microarthropod prey abundance and detritivore food webs
(Crossley 1977, Toft and Wise 1999). Many studies have shown relationships
between spider diversity and litter habitat structure (Uetz 1975, Uetz 1991,
Brumwell et al. 1998, Wagner et al. 2003).

Many past studies have examined the recovery of spider assemblages from
various disturbances such as logging (Huhta 1971, Willett 2001), burning (Huhta
1971, Koponen 1993) and succussion after clearing (Brumwell et al. 1998, Draney
and Crossley 1999, Gajdos and Toft 2000, Pekar 2003, Mallis and Hurd 2005,
Oxbrough et al. 2005). Few studies have looked at spiders in oak woodlands
either undergoing invasion by exotic species or during the process of restora-
tion (Wolff 1990, Draney et al. 2002). Investigations that examine phenology
and diversity of spider populations over the course of a full year are uncommon
and most occur only in warmer regions where winter temperatures are mild
(Dorris et al. 1995, Draney 1997, Draney and Crossley 1999, Fassbender 2002).
Only partial or very few complete inventories have been conducted in northern
temperate regions of North America where winter temperatures are often sub-
freezing and snow cover is common (Olynyk and Freitag 1977, Aitchison 1978,
Aitchison 1984, Aitchison and Sutherland 2000).

The purpose of this investigation was to inventory the ground-dwelling
spiders, over a twelve-month period, in four sub-community types within
degraded sections of an oak dominated woodland displaying a naturally occur-
ring gradient of litter structure. Three research goals were to 1) describe the
ground-dwelling spider fauna of an oak dominated woodland in the Midwest, 2)
establish a baseline against which future re-sampling could be used to evaluate
the impacts of ongoing restoration efforts, and 3) to determine if there is a cor-
relation between litter mass and abundance of non-native spider species and
the richness and diversity of native ground dwelling spiders.

Methods

Study Area. This study was conducted in Mary Mix McDonald Woods
(N42.152°, W87.781°), a 40 ha oak woodland/savanna complex comprised of a
variety of different sub-communities at the Chicago Botanic Garden in Glencoe,
Cook County, Illinois. The site has a history of logging and grazing. In 1917, the
woodland was set aside as a forest preserve (Cook County (I11.) Board of Forest
Preserve Commissioners 1918). Since that time, second growth tree species, such
as ash (Fraxinus spp.), elm (Ulmus americana) and ironwood (Ostrya virginiana)
have filled in the understory. In 1918, the entire woodland area was considered
second growth timber and intensive grazing destroyed the shrub and sapling
layer (Schmoll 1919). Since the cessation of domestic grazing in the 1920’s or
30’s, numerous exotic woody species have also become established. While com-
mon buckthorn (Rhamnus cathartica) dominates, other exotics including privet
(Ligustrum vulgare), glossy buckthorn (Rhamnus frangula), various Eurasian
honeysuckles (Lonicera spp.) and oriental bittersweet (Celastrus orbiculatus) are
also found on the site. The study subplots were chosen to represent degraded
sections of the woodland. At the time of this study, these areas had received
no management and generally had depauperate herbaceous layers with the
exception of several exotic invaders. These exotic herbaceous species include
garlic mustard (Alliaria petiolata) with lesser percentages of Indian strawberry
(Duchesnea indica), orchard grass (Dactylis glomerata) and bluegrass (Poa spp.)
The five study subplots represent the four following community types: upland
forest, dominated by Quercus alba, Q. rubra and Acer saccharum; mesic wood-
land, dominated by Q. rubra and Q. alba; dry-mesic woodland, dominated by
Q. alba and Fraxinus spp.; and a mesic savanna dominated by @. alba and R.
cathartica. Two subplots were established in mesic woodland with one of the
subplots representing a control in which no restoration management is planned.
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Figure 1. Mean oven dry weight for leaf litter for 10 45 x 45¢cm quadrats from five
study subplots in Mary McDonald Woods, Chicago Botanic Garden, spring 2002. Whis-
ker bars represent standard error. Letters show significance (p < 0.05) relationships
based on Tukey’s mean separation test.

The study subplots were chosen to represent different community types, but also
to take advantage of a naturally occurring gradient in litter structure (Fig. 1).
A previous study involving these same subplots (Heneghan et al. 2007) found a
negative correlation between gradient in litter mass and abundance of Rhamnus
cathartica and Eurasian earthworms.

Sampling Methods. Pitfall trapping was chosen as the method of sam-
pling because it is more efficient than other techniques, such as quadrat sam-
pling, and allows for year-round sampling (Uetz and Unzicker 1976). However,
it should be noted that pitfall traps preferentially sample cursorial species (Uetz
and Unzicker 1976, Coddington et al. 1996). A single point was randomly located
within each study area and five pitfall traps were evenly spaced on a 20-meter
diameter circle around the point. The first pitfall trap was located by means
of a random compass angle. Pitfalls each consisted of a 9-cm diameter, 12-cm
deep plastic cup buried with its lip flush with the soil surface. A 22-cm square
translucent fiberglass cover was positioned 2.5 cm above each trap. Wooden lath
positioned from each corner to the center on the underside of the cover acted
as drift fences to direct spiders into the cups. A 9-cm diameter, 6-cm deep cup
was placed inside the larger pitfall and filled with water and a small amount
of dish detergent to reduce surface tension. A small amount of ethylene glycol
was added to the water during the coldest days in winter to prevent freezing.
Ethylene glycol was found to be a problem by attracting mammals to the traps
with earlier pitfall tapping on this site and has been found to be a problem in
other similar studies. This disturbance can result in significant loss of data
(Fassbender 2002). For this reason, ethylene glycol was not used at other times
in an effort to reduce disturbance by mammals. During periods of freeze and
thaw, dry sand was added around the traps to fill in any separation that formed
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between the trap and adjacent soil due to expansion or contraction of the soil.
This maintained a continuous surface for spider access to the traps.

Traps were run continuously from June 2002 through June of 2003. Traps
were emptied twice weekly during warm weather to avoid spoilage and less often
during the winter months, and fresh solution was placed in the traps. Spiders
were sorted from trap contents by use of a binocular microscope and specimens
were stored in 70% ethanol for subsequent identification. Nomenclature follows
Platnick (2006) except for the species listed as Diplostyla concolor (Wider) in
Platnick. Buckle et al. (2001) considers Diplostyla to be, at most, a subgenus of
Bathyphantes, and we follow them by calling the species Bathyphantes concolor
(Wider). Voucher specimens are being held at the Chicago Botanic Garden.

In the spring of 2002, ten 45 x 45 cm quadrats were randomly located to
sample litter in each of the five subplots. Liter was removed down to mineral
soil and the material dried at 120° F for a minimum of 48 hours in an electric
plant drier before weighing to the nearest gram (Fig. 1).

Data Analysis. For analysis, the data for each of the five pitfall traps
was pooled for each collection date for each subplot. Immature spiders were
identified to family and to genus or species if possible, but were excluded from
statistical analysis, since only adults can consistently be identified to species.
Only taxa determined to the level of species were included in the statistical
analysis. Shannon-Wiener diversity (H"), effective species number (ESN)
(Jost 2006), Jaccard similarity index, richness (S), and Pielou’s evenness (J°)
were calculated for each subplot (Table 1). The ESN is the number of equally
common species derived from H” or other diversity indices and is a means of
showing the true number of species represented by any of several diversity
indices. The ESN makes it easier to compare diversity indices derived by dif-
ferent formulas. Also, because diversity indices are nonlinear, the ESN more
effectively compares one value to another of a particular diversity index. Un-
less the species in a population are all equally abundant, the ESN value will
be less than the richness because of dominance of one or more species within
the population (Jost 2006).

Table 1. The shared number of species between subplots (above diagonal), Jaccard
index of percent similarity based on number of species held in common (bold), Shannon
Weiner diversity (H"), effective number of species (ESN), evenness (J”), richness (S),
estimates of species richness using two Jackknife estimators using PC-ORD (Jack1 and
Jack 2) and total number of individuals trapped for each plot.

Upland Mesic
Subplots Forest Mesic  Control Dry Mesic Savanna
Upland Forest - 15 15 11 10
Mesic 0.42 - 15 12 12
Mesic Control 0.41 0.54 - 10 14
Dry Mesic 0.31 0.48 0.36 - 10
Savanna 0.23 0.36 0.44 0.33 -
H 1.991 1.062 1.189 0.638 1.420
ESN 7.32 2.89 3.28 1.89 4.14
S 30 21 22 16 24
J’ 0.585 0.349 0.385 0.230 0.447
Jack 1 42 30 29 21 33
Jack 2 51 37 31 20 36

Total Ind. 616 428 425 749 412
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The ratio of species to genera (S/G ratio) has been suggested by Edwards
(1993) to serve as a possible generic diversity index when comparing com-
munities. In general, a higher S/G ratio would seem to indicate more habitat
complexity or greater number of potential available niches for the site being
investigated. It should be noted that this taxonomic ratio is sample-size
dependent (Gotelli and Colwell, 2001) and may lead to difficulties in inter-
pretation. The S/G ratio was calculated for the data pooled from all of the
subplots (Table 2).

Estimates of species richness were calculated using two Jackknife Estima-
tors provided in the species area curves option of PC-ORD (Table 1). The first
estimate is Jackl =S + rl(n-1)/n (Palmer 1990; Heltshe and Forrester 1983) and
the second estimate is Jack2 = S + rl(2n-3)/Im — r2(n-2)%(n(n-1)) (Burnham and
Overton 1979; Palmer 1991). Where S = the observed number of species, rl =
the number of species that occur in only one sample unit, r2 = the number of
species that occur in exactly two sample units, and n = the number of sample
units. A sample unit consists of the data pooled from the five pit traps in one
subplot on one date. These estimates were determined for each subplot and for
all subplots combined utilizing the sample units.

An individual-based Coleman rarefaction (Coleman 1981, Coleman et
al. 1982) was calculated for each subplot (Fig. 2) utilizing EstimateS (Colwell
2006). This procedure standardizes the data, making it possible to compare
sp(tlemels richness among populations comprlsed of differing numbers of indi-
viduals.

Graphs showing periods of activity for stenochronous species found only
between November and May and for multivoltine species found in every month,
N>20 are given to depict seasonality of occurrence (Figs. 3-5).

Table 2. The species to genus ratios (S/G) for McDonald Woods compared to twelve
other pitfall trap studies from the United States and elsewhere. Choice of comparison
was based on complete species lists presented for habitats or closely related groups of
habitats. If not all species were determined; a genus was counted if no other species
was found in that genus.

S G SIG Location/Habitat Reference

55 44 1.25  IL/oak woodland Steffen & Draney(this paper)
104 72 1.44  MA/ deciduous litter Edwards, 1993

57 48 1.19  MA/ deciduous pitfall Edwards, 1993

111 81 1.37  GA/floodplain agroecosystem Draney, 1997

94 57 1.65  Holland/ peat bog Deeleman-Reinhold, 1990
50 39 1.28 UK/ pasture and plantation Downie et al., 1996

90 52 1.73 UK/ mountain tops Downie et al., 1995

55 34 1.62  NE/ prairie Muma and Muma, 1949
100 69 1.45  Alberta/ populus forest Buddle 2001

136 78 1.74  Finland/ spruce/pine/birch forest Pajunen et al., 1995

60 46 1.30  Norway/ coastal heath Hauge, 2000

57 37 1.54  Saskatchewan/ wheat field Doane and Dondale, 1979

and grassy border

130 67 1.94  FL/Sand-pine dunes, pine woods, Muma, 1973
citrus grove, residential

88 51 1.73  Quebec/ mountain Koponen, 1987
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Figure 2. Individual-based Coleman rarefaction curves comparing species richness

between the five subplots sampled.

Number of adults trapped
o

Gnathonaroides pedalis

| |

0 T — — —— | —— t | | 1 T
A A A A A A AN NN NN NN ® ® 9 M 9 9 9 9 9 O O ©
S & &8 ¢ &9 & & & 8 & &9 & & & & & 8 & & 8 & & &8 & 8 &
S 8 &8 & &2 &8 & 2 & & &2 & &2 &2 & &2 & & &2 & & & & & & o
9 § 9 9 § g 9 & 4 9§ o g ¢ g 9 g g 9 9 9 9 9 9 9 9 o
E - 8 & 4 8 6 & K - ¥ & 4 & % 8 & S &6 S 8 K & B & «
9 g 9@ v § 5 3 0 5 & T @ g 8 ¢ & 8w 9 F 3 6 3 9 -
s k= & 5 ¥ 3 & & = & « = S & 3 s 5 O

Dates

Figure 3. Activity periods of Gnathonaroides pedalis displaying winter or early spring

activity periods.



THE GREAT LAKES ENTOMOLOGIST 191

2009

Anthrobia acuminata

© o~
paddeJ; s)npe jo JequinN

1

0

€0/2L/9
€0/62/5
€0/5L/S
€0/1/S
€0/LL Y
€0/ely
€0/02/€
€0/9/€
£0/02/2
€0/9/2
€0/€2/L
£0/6/1
co/9ziel
coreiie
co/8z/LL
co/pLiLL
co/1e/0lL
co/LLi0L
co/e/0L
20/6L/6
20/5/6
co/ee/
c0/8/8
20/s2/L
Co/LVIL
c0/L2/9

Dates

Figure 4. Activity periods of Anthrobia acuminata displaying winter or early spring

activity periods.

Walckenaeria subdirecta

H £002/€2/9

€002/9L/9
| €002/6/9
- €002/2/9
- €002/L2/S
. €00T/SL/S

€002/8/S

— £002/L/S

. €002/¥TlY
[ eoozmim
| eoozizzre
| ecozeL/e
| ooz/Lere
| eoozmire
| e0oz/ez/L
f eooz/e /L
[ z0oz/08/2)
[ zooz/LLey
| zooz/erzL
[ zoozwiny
| zoozmn
| zooz/iz/0L
| zooz/ei0l
| zooz/el/6
| zooz/oL/6
f zooz/L2/8
[ zooz/oz/8
[ zooz/e/g
2002/9/8
[ z0-0e-2
| z0zz2
| zooz/LLiL
2002/04/L
| zooz/eiL

w - ©
paddel; synpe Jo JaquinN

2002/L2/9
o

Dates

Figure 5. Activity periods of Walckenaeria subdirecta displaying early spring activity

periods.



192 THE GREAT LAKES ENTOMOLOGIST Vol. 42, Nos. 3 & 4

Results

Twenty-five pitfall traps were operated for 363 days for a total of 9075 trap
days. A total of 2632 adult specimens was collected, representing 18 families,
44 genera, and 55 species of spiders (Table 3).

The number of taxa represented by a single individual (singletons) has
been used as a measure of the thoroughness of a sample (Coddington et al. 1996).
The relatively low percentage of singletons or doubletons represented in this
study, 27.5% and 11.8% respectively, suggests a fairly complete inventory of the
ground spiders was obtained. Glesne (1998) found what were considered to be
low values for singletons between 15.8% and 17.4% for two different years in the
Pacific Northwest, while Coddington et al. 1996 found values for singletons or
doubletons (species represented in a sample by exactly two individuals) of 40%
for an Appalachian hardwood forest and 62% for a Bolivian tropical forest. In
the present study, members of the arboreal spider fauna that over winter on the
forest floor, including araneids, philodromids, theridiids and salticids (Edwards
1993) represent many of the singletons, but are not important members of the
ground hiving spider guild.

New Geographic Records. Two species of Linyphiidae new for the
state of Illinois were recorded from the upland forest plot. Oreonetides rotundus
(Emerton) and O. vaginatus (Thorell) were both found during late winter to early
spring. O. vaginatus was represented by one individual while O. rotundus was
represented by 19 individuals. These two species, more typical of boreal forest,
tundra and alpine habitats, are at the southern limit of their range here.

A species of Thomisidae new to the Great Lakes region, Ozyptila praticola
(C. L. Koch) (Sierwald et al. 2005), and apparently an introduction into North
America (Dondale & Redner 1978), was found to be common in this study, with
40 individuals being found approximately equally distributed on all study sub-
plotsf, Witél the exception of the upland forest subplot where only 1 individual
was found.

Community Diversity. There was a noticeable difference in the distri-
bution of species within families for the different subplots (Table 4). Members
of the family Linyphiidae predominated in all subplots. The upland forest plot
had 13 species of Linyphiidae, more than twice as many as in any other subplot,
except the savanna, which had 7. The savanna had 6 species of Lycosidae, twice
as many as any of the other subplots. The upland forest also had the highest
number of total species with 35. The dry mesic plot had the lowest with 17.

The total number of species and genera recorded for all of the subplots
combined was 55 and 44 respectively. This resulted in a S/G ratio of 1.25. This
value was compared to S/G ratios reported for other pitfall data from North
America and elsewhere (Table 2).

Table 3. Ground-dwelling spiders of McDonald Woods, Chicago Botanic Garden, Glencoe,
Cook Co. IL. All species were trapped in pitfall traps between June 27, 2002 and June 25,
2003. Specimens were determined only to genus when no adult material was sampled.
Species marked with an (¥) are considered being non-native to the Great Lakes region.

Family Species

Agelenidae Agelenopsis pennsylvanica (Gertsch & Ivie, 1936)
Amaurobiidae Coras lamellosus (Keyserling, 1887)
Anyphaenidae Anyphaena fraterna (Banks, 1896)

Anyphaena pectorosa L. Koch, 1866
Hibana gracilis (Hentz,1847)
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Table 3. Continued.

Family Species

Araneidae Eustala emertoni (Banks,1904)
Mangora sp.

Clubionidae Clubiona abbotti L. Koch, 1866

Clubiona obesa Hentz, 1847

Elaver excepta (L. Koch, 1866)
Corinnidae Castianeira cingulata (C. L. Koch, 1841)
Dictynidae Cicurina brevis (Emerton, 1890)

Cicurina robusta Simon, 1886

Dictyna/Emblyna sp.

Gnaphosidae Sosticus insularis (Banks, 1895)

Liocranidae Phrurotimpus alarius (Hentz, 1847)
Phrurotimpus borealis (Emerton, 1911)

Linyphiidae Agyneta micaria (Emerton, 1882)

Anthrobia acuminata (Emerton, 1913)
Bathyphantes alboventris (Banks, 1892)
Bathyphantes concolor (Wider, 1834)
Ceratinella brunnea (Emerton, 1882)
Erigone autumnalis Emerton, 1882
Gnathonaroides pedalis (Emerton, 1923)
Islandiana flaveola (Banks, 1892)
Lepthyphantes sabulosus (Keyserling, 1886)
Microneta viaria Simon, 1897
Neriene clathrata (Sundevall, 1830)
Oreonetides rotundus (Emerton, 1913)
Oreonetides vaginatus (Thorell, 1872)
Mermessus jona Bishop & Crosby, 1938
Mermessus maculata (Banks, 1892)
Mermessus trilobata (Emerton, 1882)
Walckenaeria atrotibialis (O. P. Cambridge, 1878)
Walckenaeria subdirecta Millidge, 1983
Lycosidae Pardosa sp
Pirata minutus Emerton, 1885
Schizocosa ocreata (Hentz, 1844)
Trabeops aurantiaca (Emerton, 1885)
*Trochosa ruricola (De Geer, 1778)
Trochosa terricola Thorell, 1856

Mimetidae Mimetus sp.

Philodromidae Philodromus sp.

Pisauridae Pisaurina mira (Walckenaer, 1837)
Salticidae Hentzia mitrata (Hentz, 1846)

Naphrys pulex (Hentz, 1846)
Neon nellii Peckham & Peckham, 1889

Tetragnathidae Leucauge prob. venusta (Walckenaer, 1842)
Tetragnatha sp.
Theridiidae Enoplognatha caricis (Hickert, 1876)

*Enoplognatha ovata (Clerck, 1757)
Steatoda americana (Emerton, 1882)
Thomisidae Ozyptila monroensis Keyserling, 1884
*Ozyptila praticola (C. L. Koch, 1837)
Xysticus fraternus (Banks, 1895)
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Table 4. Comparison of the number of spider species found in each family for the five
study subplots in McDonald Woods. Both determined species and taxa listed as “sp.”
were included when no congener was listed.

Total of
all Upland Mesic Dry

Families subplots Forest Mesic Control Mesic Savanna
Linyphiidae 18 13 6 6 5 7
Lycosidae 6 2 3 3 3 6
Salticidae 3 3 1 2 1
Dictynidae 3 2 1 2
Thomisidae 3 2 2 3 2 2
Theridiidae 3 2 1 1 1 2
Anyphaenidae 3 2 2 2 1 3
Clubionidae 3 1 1 1
Liocranidae 2 2 2 2 2 2
Tetragnathidae 2 2 1 2
Araneidae 2 2
Agelenidae 1 1 1 1 1 1
Amaurobiidae 1 1
Mimetidae 1 1 1
Philodromidae 1 1 1
Corinnidae 1 1 1
Gnaphosidae 1 1
Pisauridae 1 1 1
Total Species 55 35 23 26 17 28
Total Families 18 14 11 12 10 12

Rarefaction curves (Fig. 2) show the upland forest having the highest
richness with the dry mesic subplot having the lowest richness. The mesic and
mesic control subplots have intermediate values while the savanna subplot is
shown to have the second highest richness.

When considering only those individuals determined to the level of species,
the upland forest subplot had the highest species richness (30) with 6 more spe-
cies than the next closest subplot. The dry mesic subplot had the lowest with
16 species. The upland forest subplot had the highest diversity of all subplots
and the lowest diversity was found on the dry mesic subplot. The upland forest
also had the highest ESN value (7.32) of any of the subplots. The effectiveness
of this measure is seen in comparing the diversity index for the upland forest
and savanna subplots. The diversity index, represented by H’, is based on a
nonlinear scale and therefore does not as clearly display the magnitude of the
difference between these two communities. The upland forest had an H” only
0.571 (29%) greater than that of the savanna, while the ESN was 3.18 (43%)
greater. Values for ESN for the subplots range from a low of 1.89 (dry mesic)
to a high of 7.32 (upland forest) (Table 3).

Simple observed number of species in a sample often underestimates the
true value of richness at all sample sizes (Hellmann and Fowler 1999). Therefore,
a first and second order Jackknife estimate was made for each of the subplots
and all subplots combined (Table 1). Hellmann and Fowler (1999) found that
for small sample sizes (less than ~25% of the community) the second-order
jackknife was the least biased.
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Diversity can be measured in a number of different ways to compare one
site to another. It is important to note that in this study, all four subplots rank
exactly the same for all four measures of diversity: ENS, H’, S, and J” (Table 1).
The upland forest subplot had the highest diversity, effective number of species,
richness and evenness among any of the subplots. The dry mesic subplot had
the lowest values with most of its total individuals represented by one species
of Linyphiidae, B. concolor. The dry mesic subplot, with 749 individuals for all
species combined, had nearly twice as many individuals captured compared to
all other subplots, except for the upland forest, which had 616 individuals.

The upland forest subplot had the highest mass of litter per square meter
as expressed in dry weight of any of the subplots with the lowest occurring in
the savanna subplot. (Fig. 1). A one-way analysis of variance showed a highly
significant difference in litter weights between subplots (¥ =23.3, df =49, P=
1.7117 E-10). The savanna subplot was significantly different from the mesic,
mesic control and upland forest subplots. The mesic, mesic control and dry mesic
subplots were not significantly different from each other while the upland forest
subplot was significantly different from all other subplots.

A negative correlation was found between litter mass and percent abun-
dance of members of the Lycosidae in the McDonald Woods study (Fig. 6).

A positive relationship was found between the relative abundance of B.
concolor and the presence of three non-native spider species (Trochosa ruricola
(DeGeer), Ozyptila praticola, and Enoplognatha ovata (Clerck) (Fig. 7). There
was also a strong negative relationship found between abundance of three non-
native species and species richness for each subplot (Fig. 8).

Trochosa ruricola, a wolf spider common in northern and central Europe
and Asia, is the most abundant of three non-native species found on the study
area. In a study of spider diversity on three forest preserve sites in Lake County,
Illinois, approximately 20 miles north of McDonald Woods, Prentice (2001) found
Trochosa ruricola occurring together with the native congener, 7. terricola for
the first time in Illinois. He reported them occurring in a ratio of 1:2.5 with
the native species 7. terricola being more abundant. In the present study, 7.
ruricola was found to outnumber 7. terricola in a ratio of approximately 9.6:1
(48 T. ruricola, 5 T. terricola).
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Figure 6. Correlation between the relative abundance of members of the family Lycosi-
dae and the mean dry weight of leaf litter in grams for each subplot.
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Phenology. In agreement with several other studies, (Huhta 1971,
Muma 1973, Uetz 1975) the highest abundance for all subplots occurred in early
summer to early fall, with the lowest abundance occurring during the winter
months (Data not shown). The upland forest was different in that its highest
abundance occurred in late winter to early spring.

Many members of the Linyphiidae are stenochronous, having very specific,
rather narrow activity periods, and might be negatively affected if resources
were lacking during specific time periods. Figures 3-5 depict some of the more
abundant stenochronous species, which display winter/early spring active
phenologies. These species are only found as adults and identifiable during
winter/early spring.

In contrast, multivoltine species have adults present throughout the
year and are therefore able to exploit irregularly abundant resources (Draney
and Crossley 1999). It would be expected to find these species in degraded oak
woodlands where litter resources are patchy and seasonally abundant. A good
example of this phenology pattern is B. concolor (Fig. 9). This species comprised
between 56 and 86 percent of the total individuals in each subplot with the
exception of the upland forest in which it comprised only 3 percent. A strong
negative correlation was found between B. concolor and species richness for all
of the subplots (Fig. 10).

The phenological patterns plotted in this investigation revealed that a
minimum of a twelve-month inventory is necessary to adequately sample the
ground-layer spider fauna of oak woodlands in the Chicago region.

Discussion

Our findings suggest a negative relationship between native ground-living
spider richness and both presence of several non-native spider species and
abundance of an opportunistic native species, B. concolor. The findings also
suggest a negative relationship between leaf litter mass and species richness
in the family Lycosidae.

It is suggested that the dominance in this study of one opportunistic spe-
cies, B. concolor, which is capable of reproducing whenever conditions are favor-
able or when arriving in a favorable environment, is indicative of the unstable,
boom-bust resource availability associated with communities invaded by exotic
plant species (Hansen 2000). The strong negative correlation between this spe-
cies and total native species richness leads us to suggest that this species may
serve as an indicator of the changing health of oak woodland being invaded by
non-native species or in communities undergoing restoration management.

Heneghan et al. 2007, in a study of the impact of an invasive plant (Rham-
nus cathartica) and earthworms on litter in the same subplots investigated in
the present study, identified a positive correlation between degree of invasion of
both Rhamnus and earthworms with loss of litter mass. Uetz (1979) has shown
that spider species richness increases with both litter depth and complexity. The
upland forest subplot had both the highest spider species richness and greatest
litter mass. The savanna subplot, having been found to have the lowest litter
mass of all the subplots, was found to have the second highest species richness.
This divergence from the expected trend could not be explained. The savanna
subplot was also found to have the greatest diversity of species in the family
Lycosidae. This agrees with results found by Uetz (1979) where reduction in
litter resulted in the increase in dominance by members of Lycosidae.

Edwards (1993) has suggested that the ratio of species to genera can provide
some indication of the ecological “breadth” of the communities being compared.
The S/G ratio for McDonald Woods was lower than all but one of the values cal-
culated for pitfall trap results from twelve other studies (Table 2). This might



2009 THE GREAT LAKES ENTOMOLOGIST 199

suggest that McDonald Woods, with its litter having been negatively impacted
by invasive species, may possess fewer litter niches than those occurring in
these other research sites. This is particularly interesting when noting that
even wheat fields and their associated grassy borders and the ecotone between
pasture and conifer plantation showed higher ratios, 1.54 and 1.28 respectively.
It should also be noted that no mention was made of invasion by non-native
species in any of the other studies.

Three non-native spider species were documented during this investiga-
tion, which together comprise about 3.4% of abundance and 6% of richness of
the sampled species. Two of the species, T. ruricola and O. praticola, were
found to be common and outnumbered species of native congeners. The third
species, E. ovata, is mainly an inhabitant of forest forb/shrub layers. Although
not adequately sampled by pitfalls, it has recently become quite abundant in
many Great Lakes region forests (M. Draney, unpub. data). Other researchers
have suggested that invasion by exotic species is not associated with historically
natural disturbance (Sher and Hyatt 1999). Invasion of a natural community
by non-native plant species could be viewed as an unnatural disturbance. In
an investigation of the spider fauna of Typha spp. (cattail) marshes invaded
by the European strain of Phragmites australis (Poaceae), a non-native spider,
Clubiona pallidula (Clubionidae), was found to be the most abundantly collected
species (as adults) in the study (Draney and Jaskula 2004). It is likely that the
relatively recent invasion of oak woodland communities by several non-native
plant species represents an unnatural disturbance, which might relate to the
presence and dominance of the non-native spider species found in this study.

Research has shown that both exotic woody plant species and exotic
earthworms have the ability to increase the microbial breakdown of leaf litter
(Heneghan et al. 2002, Ashton et al. 2005, Heneghan et al. 2007). The acceler-
ated mass reduction and simplification of litter structure has the potential to
greatly disrupt nutrient cycling and predator-prey relationships within the litter
environment. It is reasonable to assume that disruptions like these are likely
to have negative impacts on organisms of a higher trophic level, like the spider
fauna within these systems. Future research should investigate how ground-
living spider richness is impacted both by the litter loss due to exotic species
invasion and the common oak woodland management techniques of controlled
burning and exotic plant removal.
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