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a  b  s  t  r  a  c  t

Shifts  in  the  density  and  composition  of arthropod  communities  can  alter  soil  carbon  and  nitrogen  cycling
dynamics.  However,  it is uncertain  how  factors  such  as  land  use  intensity,  litter  chemical  composition,
and  climate  structure  arthropod  communities  during  decomposition.  During  a 730-day  study,  we  char-
acterized  temporal  changes  in litter-colonizing  arthropod  communities  in two  litter  types  (corn,  Zea
mays,  and  grass,  predominantly  Bromus  inermis)  decomposing  in three  ecosystems  representing  an  agri-
cultural management  intensity  gradient  (conventionally  tilled,  no-till,  and  old  field).  Further,  to  assess
the relationships  between  litter  chemistry  and  arthropod  communities,  we  also  correlated  changes  in
arthropod  densities  and  community  composition  with  shifts  in  litter  molecular  chemical  characteristics.
Arthropod  densities  were  greater  in  decomposing  grass  litter  than  in  corn  litter  for  seven  out  of  thirteen
taxa  collected  and  all but  two taxa  increased  in litter  with  management  intensity  (spiders  –  negative,
Entomobryidae  –  no  response).  In  contrast,  total  arthropod  densities  in soil  decreased  with  management
intensity.  Temporal  variation  in  arthropod  density  and  community  composition  in litter  corresponded
with  precipitation  events  and  changes  in  litter  chemistry  during  decomposition.  For  example,  collem-

bolan,  oribatid,  and mesostigmatid  mite  densities  were  negatively  correlated  with  the  relative  abundance
of lignin  and  positively  correlated  with  nitrogen  containing  compounds.  Our study  demonstrates  that  the
influence  of  agricultural  management  intensity  on  arthropods  in  litter  is strikingly  different  from  that
in bulk  soil,  and  suggests  that  management  intensity  interacts  with  litter  chemistry  and  climate  over
the  course  of decomposition  to determine  both  the  density  and  composition  of arthropod  communities
inhabiting  litter  at  the  soil  surface.
ntroduction

Plant litter serves as a habitat and basal resource for soil arthro-
ods. These animals make an important contribution to soil carbon
nd nitrogen cycling but their specific contributions can vary with
rthropod density and community composition (Bradford et al.
007; Eisenhauer et al. 2011). Consequently, factors that alter
rthropod communities such as land use intensity may  fundamen-
ally alter litter decomposition dynamics; yet, despite decades of
esearch on the ecology of soil arthropods, we still lack a clear
nderstanding of the plant, soil, and management factors that
etermine the structure of their communities during long-term

itter decomposition.
Land use practices such as agricultural production influence the
ensity and composition of litter-colonizing arthropods. For exam-
le, crop diversity and plant residue management practices can
lter the quantity and distribution of available plant litter while
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E-mail address: k.wickings@unh.edu (K. Wickings).

031-4056/$ – see front matter ©  2013 Elsevier GmbH. All rights reserved.
ttp://dx.doi.org/10.1016/j.pedobi.2013.01.001
© 2013 Elsevier GmbH. All rights reserved.

soil management practices influence the location and accessibility
of litter in soil. These practices also influence plant litter chem-
istry, which is known to play a significant role in structuring soil
arthropod communities (Cotrufo et al. 1998; Hansen and Coleman
1998; Scheu et al. 2003; Nielsen et al. 2010). However, while we
know that litter chemical traits determine arthropod community
composition during very early stages of decomposition (Smith and
Bradford 2003; Yang and Chen 2009; Aubert et al. 2010), few
studies have examined the relationship between litter chemistry
and soil arthropod communities throughout the entire litter decay
sequence, which often spans multiple years (Tian et al. 1995; Irmler
2000).

In addition to determining plant residue dynamics, tillage and
other agricultural management practices cause physical damage
or death to many detritivorous and predatory arthropods (Wardle
1995). Tillage also alters edaphic factors such as soil pore struc-
ture, and microclimate (Pagliai et al. 1995; Duiker and Lal 1999;

Grandy and Robertson 2006), which have well known effects on
soil conditions important to arthropods (Nielsen et al. 2008). These
habitat modifications can have mixed effects on arthropods that
depend on the life history characteristics of the taxon in question

dx.doi.org/10.1016/j.pedobi.2013.01.001
http://www.sciencedirect.com/science/journal/00314056
http://www.elsevier.de/pedobi
mailto:k.wickings@unh.edu
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1 edobi

a
i
r
S
m
l
p
e
l
w
a
t
d
t
i

a
l
e
p
t
t
u
r
d
t

p
t
c
o
i
c
fi
s
s
r
a
v

M

t
S
e
t
m
s
u
a
(
C
p
c
a
w
i
a
d
p
c
t
c
a

06 K. Wickings, A.S. Grandy / P

nd the intensity of disturbance. While large bodied arthropods,
ncluding carabid beetles and spiders, typically exhibit a negative
esponse to management intensity (Sunderland and Samu 2000;
hrestha and Parajulee 2010; Ward et al. 2011), the response of
icroarthropods is less consistent (Wardle 1995; Miura et al. 2008),

ikely due to their small body size, and high variability in dispersal
otential, generation time, dormancy capacity, and fecundity. For
xample, oribatid mites, which are slow-moving and relatively
ong-lived typically respond negatively to tillage, whereas taxa

hich exhibit fast generation times and high fecundity, such as
stigmatid and some prostigmatid mites, can respond positively to
illage (Kladivko 2001). Taken together, however, it is clear that soil
isturbance associated with agricultural management can substan-
ially alter the density and community composition of arthropods
nvolved in litter decomposition.

In addition to their independent effects, agricultural man-
gement practices may  have numerous interactive effects on
itter-colonizing arthropods (Cookson et al. 1998; Vreeken-Buijs
t al. 1998; Wickings et al. 2011). High quality litter, for exam-
le, may  buffer arthropod communities against the effects of
illage (Wardle et al. 1999), but these interactions may  be hard
o predict over time because tillage and litter chemistry exhibit
nique temporal patterns. Thus, the importance of tillage and plant
esidue chemistry in structuring arthropod communities during
ecomposition may  depend heavily upon agricultural management
imelines as well as plant residue decay stage.

Given our uncertainty regarding the factors regulating arthro-
od communities during decomposition, our overall objective was
o explore the roles of agricultural management intensity and litter
hemistry in structuring litter-colonizing arthropod communities
ver the course of long-term decomposition. We  were specifically
nterested in determining whether (a) management intensity (i.e.
onventional and no-till agriculture and an early successional old
eld) and litter type (i.e. corn and grass) influence arthropod den-
ity and community composition in litter decomposed at the soil
urface, (b) management effects on arthropod communities are
egulated by litter chemistry, and (c) relationships between man-
gement intensity, litter chemistry and arthropod communities
ary across three growing seasons of field decomposition.

aterials and methods

A 730-day litter decomposition experiment was conducted at
he W.K. Kellogg Biological Station, Long Term Ecological Research
ite (KBS, LTER), MI  from June 2008 through July 2010 (Wickings
t al. 2012). The site receives approximately 890 mm  of precipita-
ion annually and soils are characterized as fine- to coarse-loamy,

ixed, mesic Typic Hapladulfs of the Oshtemo and Kalamazoo
eries. At the LTER site, we used twelve 1 ha experimental plots
nder three management practices (conventionally tilled, no-till
nd old field), each replicated four times. Both conventionally tilled
CT) and no-till (NT) treatments follow a corn–soy–wheat rotation.
T and NT plots were treated with a pre-emergence herbicide and
lanted in May  with corn (2008) and soybean (2009) following
hisel plowing in CT plots. Harvest occurred in October in 2008
nd 2009. Following soybean harvest in 2009, CT and NT plots
ere planted with winter wheat for the 2010 growing season. Dur-

ng 2010, CT and NT plots were treated with herbicide in April
nd were harvested on July 14. All agronomic practices were con-
ucted according to Michigan State University best management
ractices (Crum et al. 2009). Old fields (OF) were previously under

onventional tillage agriculture until 1989 when agricultural prac-
ices were halted and the sites transitioned to an early successional
ommunity. OF plots support a mixture of grasses, forbs, shrubs
nd small trees but are dominated by grasses, primarily Bromus
ologia 56 (2013) 105– 112

spp., and are annually burned in March or April to maintain an
early successional stage. Soil characteristics associated with each
treatment are reported in Table 1.

Litterbag experiment

A litterbag study was  conducted during three growing seasons
(yr1 – corn, yr2 – soybean, yr3 – wheat for CT and NT plots) from
June 2008 through July 2010 (Wickings et al. 2012). Litterbags
measuring 18 cm × 18 cm were constructed from nylon mesh with
approximately 1.5 mm  square openings to allow entry by arthro-
pods. Litterbags were filled with approximately 7 g of grass or corn
litter. Living grass shoots and stems of Bromus inermis were har-
vested from nearby old field sites during May  2008. Standing dead
corn plants (stalks and leaves) were collected during fall of 2007
from a conventionally managed site near the KBS LTER main site.
These plant litter types were selected in order to achieve substantial
differences in initial litter chemical composition (see Table 1). All
litter was air dried and cut to approximately 2–4 cm pieces before
placement into litterbags. Litterbags were placed on the soil surface,
ensuring uniform contact with the soil by removing both living and
dead plant biomass where necessary. Bags were secured to the soil
surface at their corners with stainless steel nails. In all treatment
plots, two rows of litterbags, one for grass litter and one for corn
litter, were placed 4 m apart. Within rows, litterbags were spaced
approximately 60 cm apart. In OF plots, corn and grass litterbag
rows were created that ran the same cardinal direction as those
placed in agricultural plots. Litterbags were placed in the field on
June 06, 2008 and corn and grass bags were collected after 6, 17,
26, 39, 72, 108, 368, 411, 452, 482, 712 and 730 days of decompo-
sition. During management activities, all litterbags were removed
from the field and placed into open plastic bags just outside of the
plots until all management was completed.

Arthropod extraction and identification

Upon collection, litterbags were transported on ice and later
stored at 4 ◦C for arthropod extraction using collapsible Berlese
funnels (Bioquip, Rancho Dominguez, CA). Extractions were con-
ducted for 5 days during which extraction temperatures were
increased daily from room temperature (22 ◦C) to a maximum of
50 ◦C. Arthropods were extracted into 90% ethyl alcohol for stor-
age and identification. Mite identifications were made to suborder
using keys provided by the Ohio State Soil Acarology Summer
Program, collembolans were identified to family, centipedes and
millipedes were identified to class, and spiders were identified to
order following Triplehorn and Johnson (2005).  Total arthropod
abundances are presented here as the number of individuals per
litterbag while the density of individual arthropod taxa are pre-
sented as the number of individuals gram−1 of ash-free dry litter
remaining to correct for litter mass loss. Ash-free dry mass was
determined by incinerating a subsample of air dried litter at 500 ◦C,
determining the amount of ash remaining after incineration, and
then subtracting the ash percentage from total litter dry mass. In
addition, arthropod densities were determined in the top 5 cm of
bulk soils adjacent to the litterbags on June 17, and July 18, 2008
and are reported here as the total number of individuals cm−2 soil.

Litter chemistry

Litter chemistry was assessed using pyrolysis–gas chromatog-
raphy and mass spectrometry (py-GC/MS) on ∼5 mg  subsamples

of air dried and pulverized litter from litterbags using three of
the four replicate litterbags collected at days zero, 108, 487, and
730. Litter was  pyrolyzed at 600 ◦C for 20 s on a CDS Pyroprobe
5150 pyrolyzer (CDS Analytical, Inc, Oxford, PA) and products were
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Table 1
Initial and final litter traits (carbon – C, nitrogen – N and lignin – L, and percentage ash-free dry mass remaining-AFDMR %) determined on litter and surface soil (0-25 cm)
properties from CT, NT and OF treatment plots in the Kellogg Biological Station LTER.

C (mg  g−1) N (mg  g−1) C:N L:N AFDMR %

Corn litter
Initial 441.1 (0.4) 7.3 (0.1) 60.5 (0.9) 4.2 (1.1)
Final

Conventional 155.5 (23.7) 6.9 (0.8) 22.4 (1.1) 12.2 (4.9) 14.4 (1.8)
No-till  262.0 (8.5) 9.6 (1.0) 28.0 (2.1) 9.7 (1.8) 19.3 (3.9)
Old  field 311.8 (49.7) 11.0 (1.3) 27.8 (1.5) 17.1 (5.8) 26.6 (2.4)

Grass  litter
Initial 433.2 (1.4) 23.7 (0.8) 18.3 (0.6) 2.5 (0.1)
Final

Conventional 95.7 (12.6) 7.0 (0.4) 13.5 (1.1) 3.0 (1.4) 2.5 (1.4)
No-till  314.1 (33.8) 22.9 (3.2) 13.8 (0.4) 3.7 (0.6) 0.7 (0.2)
Old  field 350.6 (15.0) 26.2 (1.6) 13.5 (0.5) 3.0 (0.3) 6.5 (2.6)

Soil C  (mg  g−1) N (mg  g−1) C:N Bulk density pH

Conventional 9.13 (0.88) 1.07 (0.07) 8.65 (0.17) 1.26 (0.03) 5.97 (0.03)
No-till 9.18 (0.87) 1.05 (0.10) 8.66 (0.19) 1.30 (0.05) 6.00 (0.08)
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in conventionally tilled treatments supported ca. 1.5 and 3.2 times
greater arthropod numbers than NT and OF, respectively, even after
only five days of decomposition. When corrected for litter mass,
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itter chemistry values were determined from 2008 to 2010; soil C, N, bulk density

utomatically transferred to a Thermo Trace GC Ultra (Thermo
isher Scientific, Austin, TX) oven via a 300 ◦C transfer line. Com-
ounds were further separated on a 60 m fused silica capillary
olumn (SGE Incorporated, Austin, TX) (0.25 �m i.d.) over a 60 min
eriod. GC oven temperature was increased from 40 to 270 ◦C at

 ramp rate of 5 ◦C min−1 with a final ramp from 270 to 300 ◦C
30 ◦C min−1). Compounds were ionized and detected using an ITQ
00 ion trap mass spectrometer (Thermo Fisher Scientific, Austin,
X) using a heated electron source (200 ◦C) and an electron mul-
iplier. Peaks were analyzed using the Automated Mass Spectral
econvolution and Identification System (AMDIS, V 2.65) and the
ational Institute of Standards and Technology (NIST) compound

ibrary. Compound abundances were determined relative to the
otal ion signal from all detected and identified peaks and are
eported as percentages (Grandy et al. 2009; Wickings et al. 2012).
nitial and final chemical traits along with mass loss (% of ash-free
ry mass remaining) are reported in Table 1.

tatistical analysis

Arthropod densities were analyzed using mixed model analy-
is with repeated measures in SAS (Cary, NC) with management
ype as a main factor, and litter type as a subplot factor. Prior to
nalysis, the densities of all taxa were log(x + 1) transformed. Post
oc mean comparisons were conducted using least square means
o assess treatment effects within different levels of management,
itter type and time. Pearson correlation was also used to exam-
ne relationships between arthropod densities and litter chemical
lasses averaged across all three years of the experiment. In addi-
ion, non-metric multidimensional scaling (NMS) was  conducted
n the mean of all treatment replicates and including all 12 sample
ates (36 points) to assess the relationship between management
nd precipitation data obtained from an onsite weather station,
nd on the annual means for arthropod densities and litter chemi-
al classes across all three years of the experiment. These analyses
ere conducted in PC-ORD (MjM Software Design, Gleneden Beach,
R) using the Sorensen (Bray–Curtis) distance measure, 20 and 50

uns with real and randomized data, and an instability criterion of
.0005 (McCune and Grace 2002).
esults

A total of 57,873 arthropods from 13 taxonomic groups were col-
ected from litterbags over the duration of the experiment. Mites
10.04 (0.06) 1.21 (0.04) 6.05 (0.06)

H were obtained from the KBS long-term data archive.

and collembolans exhibited the highest densities of all arthro-
pods collected, constituting roughly 75 and 20%, respectively, of
all arthropods collected during the study. Total arthropod abun-
dance varied considerably over time, and was  highest during June
2008, July 2008, September 2008, and September 2009, and lowest
during August 2008 and July of 2009 and 2010 (Fig. 1). Enchytraeid
worms were only observed during the fall of 2008 and 2009 and
were otherwise absent from litterbags, and millipedes were only
present during the first year of the experiment (Fig. 2). Arthro-
pods colonized litter quickly; after only five days of exposure to
field conditions, there was  an average of approximately 400 indi-
viduals litterbag−1 (∼61 individuals g−1 litter). Litter decomposing
2008 2009 2010

Fig. 1. Total arthropod abundances (individuals litterbag−1 ± SE) in corn and grass
litter across all time points in 2008, 2009 and 2010. Circles: CT; squares: NT; trian-
gles: OF.



108 K. Wickings, A.S. Grandy / Pedobiologia 56 (2013) 105– 112

0

25

50

75

100
Isotomidae

0

5

10

15

20

25
Onychiuridae

0

10

20

30
Hypogastruridae

0

10

20

30

40
Sminthuridae

0

2

4

6

8

10

12

14
Mesostigmata

0

45

90

135
Prostigmata

0.0

0.5

1.0

1.5

2.0
Araneae

0

100

200

300
Oribatida

0.0

1.0

2.0

3.0

4.0
Chilopoda

0

5

10

15

20

25
Enchytraeidae

CT

NT

OF

0.0

0.5

1.0

1.5

2.0

2.5
dipteran larvae

0.00

0.25

0.50

0.75
Diplopoda

in
d
iv

id
u
al

s 
g

-1
d
ry

 l
it

te
r

J J J J J J JA S S O M J J J J J J JA S S O M J J J J J J JA S S O M J J J J J J JA S S O M
2008 2009 2010 2008 2009 2010 2008 2009 2010 2008 2009 2010

Fig. 2. Densities of arthropod taxa (individuals g dry litter−1 ± SE) across all time points in 2008, 2009 and 2010. Circles: CT; squares: NT; triangles: OF. Densities from
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Table  2
P-values from mixed model analysis of arthropod densities (individuals g−1 litter) for main and subplot effects (management and litter type, respectively) and two- and
three-way interactions involving management (M), litter type (L) and time (T).

Taxon P-values

Management Litter M × L M × T L × T M × L × T

Oribatida 0.03 0.05 0.16 <0.0001 0.55 0.87
Mesostigmata 0.22 0.0007 0.25 <0.0001 0.14 0.4
Prostigmata 0.03 0.002 0.02 0.0003 0.27 0.81
Entomobryidae 0.09 0.37 0.24 0.33 0.08 0.49
Hypogastruridae 0.0002 0.11 0.004 <0.0001 0.02 0.02
Isotomidae <0.0001 0.03 0.54 <0.0001 0.58 0.92
Onychiuridae <0.0001  0.003 0.001 <0.0001 0.02 0.09
Sminthuridae 0.0002 0.25 0.53 <0.0001 0.33 0.7
Centipede <0.0001 0.73 0.78 <0.0001 0.003 0.004
Millipede 0.003 0.63 0.06 0.003 0.03 0.1
Enchytraeidae 0.0008 0.06 0.08 <0.0001 0.2 0.41
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Fig. 3. Densities of arthropod taxa from the top 5 cm of soil (individuals cm−2 ± SE)
Juvenile  Diptera 0.39 0.006 

Spiders  0.01 0.93 

alues in bold are significant.

rthropod densities were generally greater in CT-decomposed lit-
er than in NT or OF (Fig. 2 and Table 2). Densities of enchytraeid
orms, oribatid mites, and all collembolans except for entomo-

ryids (not shown) were greater in litter decomposing in CT than in
T or OF (Fig. 2 and Table 2). Centipede densities were also greatest

n CT, following the pattern CT > NT > OF. Millipede densities were
reater in both agricultural treatments than in OF and prostigmatid
ite densities were greater in CT than NT treatments; however, OF

ensities did not differ significantly from either agricultural treat-
ent. In contrast, spider densities were greater in OF treatments

han in either agricultural treatment. Litter type also affected the
ensity of many detritivorous and predatory taxa; in all cases, den-
ities were greater in grass than in corn litter (Table 2). The response

f arthropods to management intensity in decomposing litter also
ontrasted with that in bulk soils, where total arthropod densi-
ies exhibited a negative response to management (OF > CT, P < 0.05,
ig. 3).
from June of 2008. Letters denote significant differences between management
treatments determined by one-way ANOVA (P < 0.05).
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We  also observed many two and three-way interactions among
anagement intensity, litter type, and time. Management-by-litter

ype interactions occurred for the collembolan families Hypogas-
ruridae and Onychiuridae and for prostigmatid mites (Table 2).
ost hoc analyses revealed that while the densities of hypogas-
rurids, onychiurids and prostigmatids were significantly affected
y management intensity in grass litter (CT > NT/OF, and P < 0.05 for
ll groups), they did not differ among management treatments in
orn litter. In addition, the densities of all taxa except for spiders and
ntomobryids exhibited management-by-time interactions that
ere typically caused by a spike in arthropod densities in litter
ecomposing in CT treatments in July 2008, September 2008 and
009 and, to a lesser extent, May  2010 (Fig. 2 and Table 2). Manage-
ent intensity effects were also present during August 2008 and

une–July 2009 and 2010 for mesostigmatid mites but were absent
uring other periods (Fig. 2).

Management effects varied over time and among taxa, and the
ajority of these effects were sensitive to the amount of rainfall

ccurring prior to litterbag collection. The relationship between
recipitation and management effects was confirmed by NMS  anal-
sis of arthropod communities (Fig. 4). Ordination points from
ample dates that were preceded by an average daily rainfall
f <3 mm (averaged over a two week period prior to litterbag
etrieval) did not separate by management practice. In contrast,
hen sample dates were preceded by an average of 3 mm or more of
aily precipitation, arthropod community composition in CT treat-
ents became distinct from NT and OF treatments. Average daily

recipitation prior to each sampling date correlated positively with
oth axes of the ordination (P = 0.0001 for axis 1, and 0.006 for axis
).

elationships with litter chemistry

The initial chemistry of corn and grass litter differed substan-
ially (see Wickings et al. 2012 for full details); corn litter had

reater relative amounts of polysaccharides, and nitrogen-bearing
ompounds of non-protein origin than grass (27% vs. 12%, and 10%
s. 4%), while grass contained greater relative amounts of protein
han corn (10% vs. 0.5%). The chemistry of both litter types changed
indicate correlations between ordination scores and arthropod densities or litter
chemical traits.

considerably over the course of decomposition and many of the
changes were related to shifts in arthropod densities. For example,
collembolan, oribatid and mesostigmatid mite densities correlated
negatively with lignin concentration (Table 3). Although corn and
grass contained similar relative amounts of lignin initially, lignin
content diverged over the course of decomposition (increasing in
corn by ∼16%, while decreasing in grass by ∼17%; see Wickings et al.
2012). Temporal shifts in mite densities were also positively corre-
lated with litter nitrogen, which increased over time in grass litter
but decreased in corn litter (Wickings et al. 2012) and negatively
with lignin-to-nitrogen and carbon-to-nitrogen ratios (Table 3 and
Fig. 5). We also observed significant positive relationships between
lipid relative abundance and the densities of mesostigmatid mites
and spiders. In addition to the relationships among arthropods
and chemical classes, we  observed over 70 significant correlations
between the densities of major mite and collembolan taxa and
individual lignin- and nitrogen-derived compounds (Table S1).

Discussion

We  set out to understand what regulates arthropod commu-
nities during litter decomposition and found that both litter type
and management intensity significantly altered arthropod densi-
ties and community composition. Litter type exerted strong effects
on the densities of collembolans, fly larvae, enchytraeid worms and
all major mite groups, including predatory mesostigmatids, and
our data indicate that these effects were likely due to differences
in litter chemical composition (e.g. lignin, and nitrogen). Manage-
ment intensity influenced the densities of all but one arthropod
taxon in litter, and population density increased with management
intensity for all taxa except spiders. Over time, arthropod commu-
nities fluctuated and did not follow a predictable or progressive
successional pattern. Instead, temporal community patterns were

related to management intensity, precipitation, and changes in lit-
ter chemistry, which did not follow trajectories predicted by many
decomposition models (Wickings et al. 2012).
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Table 3
Pearson coefficients (r) for correlations between arthropod densities (number of individuals g−1 litter) and litter chemical traits (relative abundance).

Taxon Lignin Lipids Non-protein N Protein Total Lignin:N C:N

Collembola −0.51 −0.13 0.05 0.10 −0.41 −0.17 −0.25
Entomobryidae −0.43  0.12 0.28 0.21 0.26 −0.29 −0.19
Isotomidae −0.40  −0.19 −0.03 0.04 −0.49 −0.06 −0.16
Hypogastruridae −0.32 0.11 0.13 0.18 −0.21 −0.22 −0.28
Onychiuridae −0.53  0.11 0.17 0.24 −0.26 −0.32 −0.40
Sminthuridae −0.24 −0.27 −0.02 −0.04 −0.35 −0.05 −0.19

Oribatida −0.60 0.27 0.48 0.49 0.17 −0.55 −0.59
Prostigmata −0.39 0.42 0.52 0.53 0.22 −0.61 −0.59
Mesostigmata −0.54  0.55 0.76 0.69 0.54 −0.80 −0.78
Spiders −0.05 0.47 0.32 0.33 0.38 −0.30 −0.23
Centipedes −0.25  −0.35 −0.16 −0.11 −0.54 0.12 −0.04
Enchytraeidae −0.26 0.05 0.22 0.27 0.06 −0.19 −0.31
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orrelations were run using all replicates from densities averages across all three y

itter chemistry

Past studies have demonstrated that initial litter chemistry can
ave substantial effects on arthropod communities (Frouz et al.
007; Aubert et al. 2010; Makkonen et al. 2012), and others have
ighlighted strong relationships between arthropod community
omposition and changes in total C and N content of litter dur-
ng decomposition (Hasegawa 1997; Knoepp et al. 2005; Yang
nd Chen 2009). In agreement with these studies, we observed

 negative relationship between mite densities and litter C:N
atios (Table 3). Very few studies, however, have assessed the
elationships between changes in litter chemistry and arthropod
ommunities using advanced chemical techniques (but see Hunter
t al. 2003), and ours is the first to do so using pyrolysis-GC/MS.
e found that changes in chemistry over time, particularly shifts in

ignin, which behaved differently between corn and grass litter, cor-
esponded to shifts in densities of individual taxa (Fig. 5). Aromatic
ompounds in litter, including those in lignin, are known to exert a
egative effect on arthropod densities (Tian et al. 1993; Das and Joy
009). Indeed, many arthropods in our study responded negatively
o litter lignin content; however, our data also demonstrate that this
esponse varies at the compound level (Table S1).  Detritus-feeding
rthropods generally lack lignolytic enzymes (Luxton 1972; Siepel
nd de Ruiter-Dijkman 1993; Wickings and Grandy 2011), and
he variable relationships observed in the current study between
rthropods and lignin derivatives may  reflect differences in feeding
trategies among litter-inhabiting arthropods rather than differ-
nces in the susceptibility of lignin-derivatives to enzymatic decay
uring gut passage.

While past studies have assessed the importance of nitrogen
ource (e.g. organic vs. inorganic, or variation among different
rganic forms) in determining the composition and activity of soil
icrobial communities (e.g. Kallenbach and Grandy 2011; Hobbie

t al. 2012), its influence on arthropods in detrital food webs
as been largely overlooked. In our study, arthropod densities
ere related to the relative amount of different nitrogen-bearing

ompounds in decomposing litter (Table S1).  We  detected over
0 different nitrogen-bearing compounds in corn and grass litter
erived from protein and non-protein sources. Oribatid densities
orrelated with 18 nitrogen-bearing compounds of protein and
on-protein origin, while collembolan densities were influenced
rimarily by 3 non-protein compounds. The relationships between
ifferent N forms and arthropod densities observed here may  indi-
ate niche partitioning among different arthropod taxa; oribatids
ay  have fed on a mixture of amino acid/amino sugar derivatives
rom both plant and microbial biomass, while collembolans may
ave targeted amino-sugar derivatives such as chitin-rich fungal
iomass (Table S1).  Thus, although total nitrogen availability may

imit soil arthropods (Knoepp et al. 2005; van der Wal  et al. 2009),
 = 18).

nitrogen form also appears to play a significant role in structuring
soil arthropod communities.

By altering prey densities, plant tissue chemistry has also been
shown to influence the density and activity of predatory arthropods
(Hunter and Price 1992; Forkner and Hunter 2000); however, few
studies have explored this relationship in detritus-based arthro-
pod communities. We  found the densities of our most abundant
predator, mesostigmatid mites, to be positively related to 16
nitrogen-bearing compounds and negatively related to 10 lignin
derivatives (Table S1). Over 75% of these compounds also corre-
lated to the densities of other arthropods, which may  have served
as potential prey for mesostigatids, suggesting that the influence of
litter chemistry on predatory arthropods was mediated indirectly
by lower trophic groups. Yet, mesostigmatid densities also corre-
lated with 6 additional nitrogen and lignin derivatives which were
unrelated to the densities of all other arthropods, perhaps indicat-
ing the relationship between mesostigmatids and litter chemistry
was mediated by a wider range of prey than those characterized
in the current study. Nematodes, for example, constitute a sub-
stantial portion of the mesostigmatid diet and are also sensitive to
changes in litter chemistry (Karg 1961; Bastow 2012). Thus, our
data indicated that the relationship between nitrogen availability
and predator densities holds true for senesced plant tissue, and that
compositional changes in basal resources can have indirect effects
that carry through to higher trophic levels (Strickland et al. 2012).

Agriculture management intensity

We  observed that increases in management intensity reduced
arthropod densities in the top 5 cm of soil. While these results are
consistent with previous studies linking declines in soil arthropod
communities to tillage (Wardle 1995; Fox et al. 1999; Kladivko
2001; Stoate et al. 2001; Cortet et al. 2002; Miyazawa et al. 2002;
Bedano et al. 2006; Ferraro and Ghersa 2007; Attwood et al. 2008;
Sanchez-Moreno et al. 2009), we also found that management
intensity increased the densities of all but one taxon (spiders)
within surface-decomposing litter. Thus, management intensity
may  reduce the pool of potential litter-colonizing fauna in soil
while it actually intensifies arthropod colonization of litter. This
finding is consistent with the work of Beare et al. (1992),  who
found that, while soil arthropod densities were generally reduced
by tillage, arthropod densities in litter were often greater in CT
than in NT systems. Although the mechanism underlying the
contrasting effects of management intensity on bulk soil- versus

litter-extracted arthropods remains unclear, we  posit that in envi-
ronments with otherwise limited resources (e.g. conventionally
tilled treatments), resource-rich patches such as plant litter, coined
‘resource islands’, play a key role in supporting biological activity
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nd structuring communities (Wardle 1995; Herman et al. 1995;
obinson et al. 2002; Eggert and Wallace 2003; Bachar et al. 2012).

While management intensity strongly influences litter colo-
ization dynamics, our study suggests that, for some taxa, it does
o in concert with litter chemistry. For example, the densities of
rostigmatid mites and the collembolan families Onychiuridae and
ypogastruridae were approximately 1.5, 8, and 5 times greater,

espectively, in grass litter decomposing in conventionally tilled
reatments than in no-till and old field treatments but their den-
ities in corn litter were not influenced by management. While
hese taxa constituted only three of the 13 major groups collected
hroughout the course of our study, they collectively made up
oughly 22–40% of all individuals in any given year. In fact, only two
f the arthropod taxa that were affected by management intensity,
minthurids and spiders, were unaffected by litter type, either alone
r interactively with management. Thus, for many arthropods, litter
hemical composition (i.e. its quality as a food source) determines
he importance of management intensity, and thus may  be a major
actor affecting ‘resource island’ dynamics in litter-dwelling arthro-
od communities.

Our data also show that, in addition to being influenced by litter
hemistry, the responses of arthropods to management intensity
ary over time in part due to precipitation. We  observed a posi-
ive correlation between precipitation and mean differences in the
ensities of total and individual arthropod taxa between our man-
gement treatments (Figs. S1 and S2).  For example, oribatid mites
nd the collembolan families Isotimidae, and Hypogastruridae
xhibited the most striking and consistent response to precipi-
ation, and mean differences among management treatments in
heir densities also correlated positively with precipitation (Fig. S2).
ntomobryidae densities were one notable exception to this; den-
ity peaks occurred regardless of the amount of rainfall prior to
ampling, and peaks occurred in litter decomposing in all manage-
ent treatments (data not shown). Entomobryids were among the

argest and most mobile collembolans collected during our study,
nd our findings supports the work of Makkonen et al. (2011) show-
ng that while moisture limits the densities of small collembolans
t is less important for larger taxa with greater mobility and lower
urface-to-volume ratio. Other studies have also reported mixed
ffects of precipitation on arthropod densities in both soil and lit-
er that vary by taxon as well as ecosystem (O’Lear and Blair 1999;
ardol et al. 2011; Tsiafouli et al. 2005; Jucevica and Melecis 2006).
ur study shows that there is generally a positive relationship
etween precipitation and arthropod densities in litter (Fig. S1) but
he magnitude of arthropod response to precipitation varies among
axa and is greater in some ecosystems than others (i.e. greater in
T than in OF and NT) (Fig. 4).

onclusion

We found that management intensity exerted consistent effects
n litter-dwelling arthropods over the course of 730 days of decom-
osition at the soil surface. In contrast to the typical response of
oil-inhabiting arthropods, we observed that management inten-
ity stimulated the colonization of surface litter by arthropods.
owever, arthropod densities were also related to shifts in litter
hemistry, showing that arthropod community dynamics will be
ifficult to predict until we have a clearer picture of changes in

itter chemistry during decomposition (c.f. Wickings et al. 2012;
allenstein and Hall 2012). Finally, our study shows how litter

hemistry and precipitation interact to determine the importance

f management intensity as a driver of arthropod community
ynamics in litter. Therefore, studies which measure arthropod
ommunities infrequently during a growing season, or that do
ot take into account the chemistry or decay stage of litter
ologia 56 (2013) 105– 112 111

during arthropod collection, may  permit only limited insight into
the impacts of agricultural management on decomposer commu-
nities.
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