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ABSTRACT Native grasslands are among the most imperiled of the North American ecosystems, but
abandoned agricultural areas may provide suitable habitat for animal taxa that are endemic to
grasslands. We studied how species diversity of orb-weaving spiders was inßuenced by secondary
succession of a grassland plant community by monitoring the abundance and species diversity in study
plots that were cultivated at 6-yr intervals and left uncultivated in the interim. We tested the
hypothesis that local abundance and species diversity of spiders would be positively associated with
time since cultivation because plant communities in older habitats would be more architecturally
complex. Local abundance of spiders in general was not associated with time since cultivation, but
abundance ofMangora gibberosa (Hentz) was positively associated with the abundance of perennial
plants. Species richness and diversity of spiders also were positively associated with the abundance
of perennial plants and reached a threshold a few years after cultivation. Species diversity of
orb-weaving spiders seems to be strongly inßuenced by species composition of the plant community.
Therefore, effective restoration of the structure and function of endemic communities of orb-weaving
spiders may depend on preserving endemic grassland plant communities.
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Native grasslands are among the most imperiled of the
North American ecosystems, with only �4% of their
presettlement area remaining (Samson and Knopf
1994, Steinauer and Collins 1996). Most of this loss of
endemic habitat has been caused by the development
of agriculture (Samson and Knopf 1994). However,
some grassland habitats are being restored from agri-
cultural cropland and maintained through such meth-
ods as prescribed burning and mowing (Steinauer and
Collins 1996, Pauly 1997, MacDougall and Turkington
2007). Agricultural cropland also may be abandoned,
resulting in natural establishment of plant communi-
ties. These restored and abandoned areas may be cru-
cial for conserving grassland habitat and animal taxa
that are endemic to this ecosystem.

Succession of grassland communities can have a
dramatic impact on communities of small mammals
(Kaufman et al. 1990, Olson et al. 2003), birds (Chap-
man et al. 2004, Grant et al. 2004, Gill et al. 2006), and
some arthropods (Sterling et al. 1992, Sanford 2002,
Zaitsev et al. 2006, Chauvat et al. 2007). Little is
known, however, of its impact on orb-weaving spiders.
Orb-weaving spiders are important predators in ter-

restrial ecosystems and strongly inßuence ecosystem
processes, such as nutrient cycling, trophic cascades,
and regulation of insect populations (Wise 1993). Spe-
cies diversity (i.e., the total number of species and
their relative abundance; Ricklefs 2001) and local
abundance of orb-weaving spiders are usually greatest
in plant communities that are architecturally complex
because they provide greater variation in substrate for
building webs (Robinson 1981, Greenstone 1984, Uetz
1991, Gibson et al. 1992, Wise 1993, Langellotto and
Denno 2004).

In this study, we evaluated how orb-weaving spiders
were inßuenced by secondary succession of grassland
plant communities at a study site in east-central Illi-
nois. We estimated local abundance and species di-
versity of orb-weaving spiders in adjacent agricultural
Þelds that were successively cultivated at 6-yr inter-
vals and left fallow in the interim, resulting in Þelds
that differed in successional age. We tested the hy-
pothesis that local abundance and species diversity of
spiders would be positively associated with time since
cultivation because architectural complexity of the
habitat would increase over time. Spiderlings usually
are highly mobile and can quickly colonize agricul-
tural Þelds after cultivation, but adult orb-weavers are
relatively sedentary, facilitating estimation of diversity
indices (Ramirez and Fandino 1996, Ramirez and Haa-
konsen 1999).
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Materials and Methods

Study Site.We conducted our study during 2006Ð
2008 at Phillips Tract (Champaign Co., IL), a 52-ha
former farm that is a University of Illinois natural area.
Our �3.3-ha study area was divided into six adjacent
22 by 200-m study plots (�0.55 ha) that were oriented
eastÐwest and separated from one another by 5-m-
wide grass buffer strips that were mowed at intervals
during the growing season. Each plot had been alter-
nately planted with soybeans and corn once every 6 yr
for the previous 39 yr, with crop residues disked after
harvest in the fall. During the 5 yr after cultivation in
each plot, native and non-native plants, the most abun-
dant being annual grasses in the genus Setaria, the
annual dicots Chenopodium album L. and Ambrosia
spp., and theperennialsSolidagoaltissimaL.,Trifolium
pratense L., and Asclepias syriaca L., naturally colo-
nized and underwent secondary succession. Thus, in
any particular year, there was one plot that was
planted in soybeans or corn (alternated soybeans-
corn-soybeans during our study) and plots that had
been fallow for 1, 2, 3, 4, and 5 yr. Our experimental
treatment therefore was year since cultivation, repli-
cated over six plots.
Species Diversity of Orb-Weaving Spiders. We

measured the abundance and species diversity of orb-
weaving spiders in the study plots two or three times
per year (14 July and 15 August 2006; 2 July, 2 August,
and 2 September 2007; and 1 July, 1 August, and 1
September 2008). All of the orb-weaving spider spe-
cies at our study site were primarily nocturnal (Moul-
der 1992; M.L.R., unpublished data), but some indi-
viduals remained in their webs during the day. We
estimated the abundance of spiders by collecting them
fromwebs,beginningat 0700hours,within25quadrats
(0.25 m2) that were positioned haphazardly within
each study plot. We removed spiders from webs with
forceps and preserved them in 70% ethyl alcohol. We
also collected spiders in study plots at night, beginning
0.5 h after sunset on each study date, by walking the
length of each plot while holding a 1-m long pole hori-
zontally and removing spiders from webs that fell within
that swath. We identiÞed all spider adults to species, as
well as juveniles when possible (after Moulder 1992).

We estimated species diversity for each year since
cultivation, and each sample date, by calculating spe-
cies richness(i.e., the totalnumberof species; Sommer
1995), the Shannon-Wiener diversity index (H� �
��Pi � lnPi, where Pi � the proportion of each
species in the sample), and PielouÕs evenness index
(J� � H�/Hmax; Mackey and Currie 2001, Li et al.
2004). Again, we used three different plots to calculate
each index per year since cultivation because succes-
sional age rotated across plots annually over the 3-yr
study.
Relative Abundance of Vegetation Type. We as-

sessed ground cover of plants in study plots on the
same dates that spiders were sampled and using the
same quadrats as described. We identiÞed cover plants
as annual/biennial forbs (referred to as “annuals”), C3

grasses, C4 grasses, woody plants, perennial forbs (re-

ferred to as “perennials”), and herbaceous legumes,
and recorded a plant as being within a quadrat if the
base of its stem was within the quadrat. We distin-
guished between C3 grasses and C4 grasses and con-
sidered legumes separately from annuals and peren-
nials, because they were spatially separated among
plots; thus, we predicted that they varied in abun-
dance with time since cultivation. Areas of bare soil
and plant litter were designated “open ground.” We
determined the relative abundance of ground cover
types by calculating the area of each quadrat that they
covered and calculating means for each plot. This area
was estimated visually and quantiÞed by assigning
units based on the following system (after Taft et al.
1995): 0.5 (0Ð1% of the total area of the quadrat), 3
(1Ð5%), 15 (5Ð25%), 37.5 (25Ð50%), 62.5 (50Ð75%), 85
(75Ð95%), and 97.5 (95Ð100%). We measured the
height of the vegetation in the study plots by measur-
ing the tallest stem within each quadrat.
Statistical Analyses.We tested whether local abun-

dance and species richness, diversity, and evenness
differed among treatments using repeated-measures
analysis (PROC MIXED; SAS Institute 2002), includ-
ing the term time since cultivation and the interaction
between sampling month and year. Local abundance
and species richness, diversity, and evenness were
repeatedly measured for each study plot over time
(represented by the interaction between month and
year). Each study plot was designated as a different
successional age each year of the study because suc-
cessional age rotated across plots annually. Differ-
ences between pairs of means were tested with a least
squares means separation test (LSMEANS statement;
SAS Institute 2002; Sokal and Rohlf 1995).

We characterized differences in vegetation among
study plots with principal components analysis (PCA)
with a varimax rotation. We determined which vege-
tation types had the greatest inßuence on the abun-
dance and species diversity of spiders by using pre-
liminary, forward, and stepwise multiple regression
(Sokal and Rohlf 1995). The abundance and species
diversity of spiders were most closely associated with
annuals, C4 grasses, perennials, and legumes (see Re-
sults), so the other ground cover types were not in-
cluded in the PC model. Percentages were square
root-arcsine transformed to meet assumptions of PCA.
We characterized the relationship between time since
cultivation and structure of the plant community with
multiple linear regression, with the PCA scores as the
dependant variable and time since cultivation as the
independent variable. We also determined how the veg-
etation height and type (using PCA scores) inßuenced
the abundance and species diversity of spiders with
multiple linear regressions. We examined the inßu-
ence of plant height (independent of taxonomy) on
spider abundance and diversity because tall plants
may provide a greater amount of habitat per unit
ground area than shorter plants (Gibson et al. 1992).
We included in all the analyses of abundances of
individual spider species only the four most abundant
species, because too few spiders were collected for the
other species to determine statistical signiÞcance.
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Results

Species Diversity of Orb-Weaving Spiders.We col-
lected 1,112 spiders of 10 species from webs, the most
abundant being Argiope trifasciata (Forskål), Cyclosa
turbinata (Walckenaer),Mangora gibberosa (Hentz),
andNeoscona arabesca (Walckenaer), which together
comprised �95% of the total number (total n � 381,
191, 88, and 400 individuals, respectively; Table 1). All
four of these species tended to be least abundant
immediately after cultivation and most were abundant
1 or 2 yr after cultivation (Table 1), but the large
amount of variation within treatments resulted in in-
signiÞcant differences between treatments (Table 2).
Species richness and diversity of orb-weaving spiders
in general were inßuenced by time since cultivation
and increased to a threshold 1 or 2 yr after cultivation
(Fig. 1a and b; Table 2), although species evenness did
not vary across time (Fig. 1c; Table 2). Date of sam-
pling (interaction between sampling month and year)
also inßuenced the abundance of some species, as well
as species richness and evenness (Table 2).
Relative Abundance of Vegetation Type. Two PCs

explained 81.8% of the total sample variation in habitat
structure among study plots (Table 3). PC1 separated
plots that had greater amounts of annuals and legumes
from those with low amounts of these vegetation
types. PC2 separated study plots that had greater

Table 1. Mean no. (�SE) of individual spiders per year since cultivation (averaged across eight sample periods during 2006–2008)
for 10 species of orb-weaving spiders that were collected from webs in study plots that represented 5 yr of secondary succession after
cultivation

Species
Years since cultivation

1 2 3 4 5

Araneidae
Acanthepeira stellata (Walckenaer) 0 0.13 (0.13) 0.5 (0.27) 0.13 (0.13) 0
Argiope aurantia Lucas 0 0 0.38 (0.26) 1.1 (0.48) 0.25 (0.16)
Argiope trifasciata (Forskål) 1.1 (0.99) 7.0 (5.1) 14.3 (5.1) 16.8 (4.0) 8.5 (2.7)
Cyclosa turbinata (Walckenaer) 0 7.1 (5.2) 7.3 (2.0) 4.1 (1.1) 5.1 (1.7)
Larinia borealis Banks 0.13 (0.13) 0 0.63 (0.63) 0.63 (0.63) 0
Mangora gibberosa (Hentz) 0 0.25 (0.16) 2.1 (0.93) 5.8 (2.1) 2.9 (1.0)
Metepeira sp. 0 0 0.13 (0.13) 0 0
Neoscona arabesca (Walckenaer) 1.4 (0.82) 7.1 (2.8) 12.3 (4.1) 20.4 (9.4) 8.9 (3.8)

Tetragnathidae
Tetragnatha laboriosa Hentz 0.63 (0.50) 0.75 (0.41) 0.75 (0.31) 0 0.25 (0.25)
Tetragnatha sp. 0 0.13 (0.13) 0 0 0

Total 3.3 (1.3) 22.5 (12.5) 38.3 (7.1) 49.0 (13.5) 25.9 (4.0)

Results of repeated measures are presented in Table 2.

Table 2. Results of repeated-measures analysis of abundance
and diversity indices for orb-weaving spiders, including the term
time since cultivation and the interaction between sampling month
and year

Species or
diversity index

Time since
cultivation

Sampling month �
year

df F P df F P

A. trifasciata 4,5 2.26 0.20 7,23 3.04 0.02
C. turbinata 4,5 0.73 0.61 7,23 1.38 0.26
M. gibberosa 4,5 3.46 0.10 7,23 1.18 0.35
N. arabesca 4,5 3.10 0.12 7,23 2.85 0.03
Species richness 4,5 8.99 0.02 7,23 2.94 0.02
Species diversity 4,5 10.3 0.01 7,19 1.83 0.14
Species evenness 4,5 1.21 0.43 7,15 4.29 0.009

Fig. 1. Relationship between the number of years since
study plots were cultivated and mean � SE (a) species
richness, (b) Shannon-Wiener diversity index, and (c)
PielouÕs evenness index for orb-weaving spiders. Means with
different letters are signiÞcantly different (least squares
means separation test, P� 0.05). NA, not applicable because
the value could not be calculated.
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amounts of perennials and few C4 grasses from plots
that had few perennials and many C4 grasses. The
species composition of ground cover explained by PC1
was negatively associated with time since cultivation,
whereas ground cover explained by PC2 was posi-
tively associated with time since cultivation (multiple
regression, F1,38 � 8.19, adj. r2 � 0.16, P � 0.007 and
F1,38 � 26.3, adj. r2 � 0.39, P� 0.001, respectively). In
other words, the relative abundance of annuals, le-
gumes, and C4 grasses decreased with time since cul-
tivation, whereas the abundance of perennials in-
creased.

Species richness was negatively associated with PC1
and positively associated with PC2 (F1,38 � 4.4, adj.
r2 � 0.08, P� 0.043 and F1,38 � 15.4, adj. r2 � 0.27, P�
0.001, respectively), so it was highest where annuals,
legumes, and C4 grasses were scarce and perennials
were abundant. Species diversity also was associated
with areas scarce in C4 grasses and abundant in pe-
rennials (PC2, F1,34 � 10.1, adj. r2 � 0.21, P � 0.003).
However, species evenness was not correlated with
PC1 or PC2 (P 	 0.05). Abundance of A. trifasciata
andM. gibberosawas negatively associated with PC1
(F1,38 � 4.4, adj. r2 � 0.08, P� 0.04 and F1,38 � 6.6, adj.
r2 � 0.13, P � 0.01, respectively); spiders of these
species therefore were most abundant where annuals
and legumes were scarce. Abundance of M. gibberosa
also was positively associated with PC2 (F1,38 � 4.1, adj.
r2 � 0.07, P� 0.05); these spiders were most abundant
where perennials were dominant and C4 grasses were
scarce. Abundance ofC. turbinata andN. arabescawas
not correlated with PC1 or PC2 (P	 0.05). The height
of vegetation did not inßuence the species diversity or
abundance of any of the spider species (P 	 0.05).

Discussion

Spiders readily colonized plots the Þrst year after
cultivation and the abundance of spiders increased
with time since cultivation (the exception being spe-
cies of the Tetragnathidae), but the trend was not
signiÞcant for the four most abundant species (A.
trifasciata, C. turbinata,M. gibberosa, andN. arabesca).
Only abundance of A. trifasciata andM. gibberosawas
associated with changes in the vegetation over time,
increasing where annuals and legumes were scarce.
Abundance of M. gibberosa also increased in associa-
tion with perennial plants. A. trifasciata and M. gib-
berosamost often attach their webs to the perennial S.
altissima at our study site, and therefore may become

more abundant over time as that plant species comes
to dominate the plant community (Richardson and
Hanks 2009). Species richness and diversity of spiders
also reached a threshold a few years after cultivation,
and richness and diversity were positively associated
with the abundance of perennial plants.

The species diversity of orb-building spiders seems
to be strongly inßuenced by species composition of
the plant community, as reported in earlier studies
(Uetz 1991, Gibson et al. 1992, Borges and Brown 2001,
Beals 2006), and especially the local abundance of
perennial plants. Grasses often are replaced by pe-
rennial forbs during succession (Seastedt et al. 1991,
Morghan et al. 2000, M.L.R. personal observations),
which often are more architecturally complex than
grasses (Tscharntke and Greiler 1995) and have rel-
atively tall and rigid stems that can support spider
webs (Gibson et al. 1992). The structural complexity
of perennials therefore may be the most important
mechanism inßuencing the species diversity of orb-
weaving spiders in older successional grasslands, be-
cause a structurally complex habitat provides a greater
amount of suitable substrate for attachment of webs
(Robinson 1981, Uetz 1991, Gibson et al. 1992, Lang-
ellotto and Denno 2004, Beals 2006). Structural com-
plexity of perennials therefore may allow spiders to
partition the grassland habitat (Richardson and Hanks
2009).

Our study suggests that the succession of plant com-
munities, after agriculture has been discontinued, re-
sults in a rapid and progressive improvement in habitat
quality for orb-weaving spiders. The type of vegeta-
tion within grasslands seems to inßuence the species
diversity of orb-weaving spiders more than merely
successional age of the habitat, as has been reported
for other types of invertebrates (Gibson et al. 1992,
Borges and Brown 2001). We conclude that restoring
and maintaining the structure and function of inver-
tebrate communities within grasslands may depend on
the preservation of the appropriate plant community.
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