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Abstract
In the southeastern U.S., forest managers are returning repetitive fire to the landscape to facilitate regeneration of desirable species. The

increased use of prescribed fire generates questions regarding the effects of single- and multiple-burning events on leaf-litter and ground-dwelling

arthropods, and recovery of these arthropods following fire disturbance.

In this study, the effects of early season single- and multiple-burns were assessed on leaf-litter arthropods and ground-dwelling arthropods in

oak–pine forests for two growing seasons following fire disturbance. Arthropods were sampled by leaf-litter extraction and pitfall trapping, where

pitfall trapping was restricted to single-burned areas. For each sampling method, arthropod abundance, diversity, richness, and evenness were

calculated at the family or ordinal level. Forest characteristics were also surveyed to measure impacts from the prescribed fires and to assess

variability in the forest environment.

Leaf-litter arthropod abundance was devastated by burning, and resurgence of populations was not evident until the second growing season in

the multiple-burned areas. In single-burned plots, litter arthropod abundance remained low for the duration of the study possibly due to greater fire

intensity relative to the multiple-burn plots. Leaf-litter arthropod diversity was not affected by either burn regime. Burning decreased leaf-litter

arthropod richness and increased leaf-litter arthropod evenness, but these effects were only marginally significant. Prescription burning had no

impact on ground-dwelling arthropod abundance, diversity, or richness, but arthropod community evenness increased following the single-burn

disturbance.

In the principal components analysis (PCA), burning was a major gradient explaining 46% of the variation in the data. Burning decreased leaf-

litter cover and depth and lower canopy cover, and contributed to the variance explained by PCA.

Our data confirm that prescription burning is accomplishing its management goal of removing undesirable lower-canopy cover in the mixed

hardwood forests of the Cumberland Plateau. Following early-season, low-intensity burns, recovery of leaf-litter arthropods was not evident until

two-growing seasons after fire disturbance. Any differences we observed could be attributed to lower fire intensity in forests that are repeatedly

burned. Prescribed burns should be utilized on a rotation greater than 2 years to allow resurgence of the leaf-litter arthropod community and

recovery of the leaf-litter habitat.

# 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Arthropods are ubiquitous components of forest soils and

leaf-litter, acting as predators and prey, contributing to

decomposition of organic matter, and to the turnover and

transport of chemical elements to the soil–litter interface

(Peterson and Luxton, 1982). Energy flow is closely related to
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accumulation and decomposition of organic matter (Richards,

1974), and leaf-litter and soil fauna contribute to these

processes, enhancing nutrient cycling and soil stability (Wood,

1995). Feeding activity of millipedes (Diplopoda), woodlice

(Psocoptera), and termites (Isoptera), leads to breakdown of

organic material, stimulation of microorganisms, and deposi-

tion of feces (Wood, 1995). The two most abundant soil

arthropod taxa, springtails (Collembola), and mites (Acari),

also contribute significantly to decomposition, nutrient cycling,

and soil development by reducing the size of organic particles

and facilitating colonization by fungi and bacteria (Vlug and

Borden, 1973; Metz and Dindal, 1975). Collembola and other
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microarthropod fungivores directly stimulate fungal growth by

grazing senescent hyphae, influencing the balance between

fungi and bacteria (Hanlon and Anderson, 1979).

Burning can reduce total microbial and fungal biomass

(Fritze et al., 1994), resulting in bottom-up regulation of soil–

litter community dynamics. Fire may indirectly affect

arthropod communities by changing plant species composition

and foliar characteristics, reducing the litter layer, and

modifying soil moisture and temperature (Mitchell, 1990).

Burning can lead to increased soil pH, and greater fluctuations

in temperature and moisture, influencing vegetation composi-

tion (Haimi et al., 2000). Arthropods suffer exposure to greater

extremes of temperature, light, and moisture, resulting in

subsequent habitat loss (Buffington, 1967). Those lacking

adaptations to these fire-induced changes are eliminated.

However, arthropods protected from fire disturbance either by

life history traits, location during fire, or behavioral character-

istics that prevent mortality, can benefit following fire because

of potential reductions in competitors and predators, increases

in dead prey for scavengers, and more nutritional plant hosts.

Before European settlement, forest stand composition in

eastern North America was influenced by indigenous people,

who frequently burned the landscape with surface fires for

agriculture, forest, and game management, maintaining a

desirable stand composition, which primarily consisted of oak

(Quercus spp.) canopies (Martin, 1990). Fire suppression

policies implemented in the early 1900s led to profound

changes in forest species composition and structure (Abrams,

1992). Forest stand composition shifted to include greater

abundance of invasive, shade tolerant species, such as red

maple (Acer rubrum L.) and tulip poplar (Liriodendron

tulipifera L.), with concurrent declines in shade-intolerant

species such as oaks (Delcourt and Delcourt, 1998).

Fire helps reduce the abundance of invasive fire-sensitive

maples (Arthur et al., 1998), and makes conditions more

favorable for development and growth of oak seedlings (Reich

et al., 1990; Adams and Rieske, 2001). Prescribed fires are

increasingly employed as a management strategy in the

conservation of fire-dependent species by controlling the

proliferation of native and non-native invasive plants (Bond and

Van Wilgen, 1996).

Disturbance events, including forest management practices,

influence forest stand composition and therefore the composi-

tion of the leaf-litter community. Forest disturbance also

directly influences the arthropod community by physically

subjecting arthropods to lethal conditions. The increasing use

of prescribed fire as a management strategy for manipulating

forest species composition and as site preparation prior to

planting, generates questions regarding the direct and indirect

effects on the arthropod community at the soil–litter interface.

Losses to the arthropod community could hinder the rate of

decomposition and nutrient cycling on the forest floor, leading

to decreases in productivity.

In spite of the apparent benefits of prescribed burns,

relatively little is known about how these fires affect arthropod-

dependent processes at the soil–litter interface. The aim of this

study was to assess the effects of early spring single- and
multiple-burning events on leaf-litter and ground-dwelling

arthropods, forest floor habitat, and living vegetation cover. We

hypothesized that the direct effects of fire will have a greater

negative effect on smaller, less-mobile leaf-litter arthropods

than on ground-dwelling arthropods which can escape lethal

conditions and recolonize quickly. Losses of the forest floor

habitat and vegetation cover, and greater extremes in

microclimate, are predicted to reduce the abundance of both

leaf-litter and ground-dwelling arthropods. We predicted

multiple-burning would decrease arthropod communities more

than single-burning events because of reduced forest floor

habitat and prey loss. Furthermore, stands subjected to

repetitive burning were expected to have less lower-canopy

cover than those subjected to single-burns.

We examined the effects of early spring prescribed fires on

forest floor arthropod abundance and diversity in mixed

hardwood-pine forests of southeastern Kentucky. Specifically,

we assessed the effects of a prescribed fire management regime,

employing single- and multiple-burns on the abundance and

diversity of litter-dwelling arthropods and ground-dwelling

arthropods. We also monitored the burned stands for two

additional growing seasons to assess the resurgence of

arthropod abundance and richness, and to assess shifts in

diversity and evenness. Vegetation cover was also assessed to

characterize the forest and measure the impact of single- and

multiple-burn treatments on vegetation.

2. Materials and methods

2.1. Study area descriptions and management histories

Research sites were established in 2001 in two forested

areas, Bear Ridge (3780000900N, 8482201000W) and Little Lick

(3685701300N, 8482407700W), in the Daniel Boone National

Forest (DBNF), Pulaski County, Kentucky U.S.A., in the

Cumberland Plateau region of North America. Pulaski County

has a temperate climate with a mean winter temperature of 2 8C
and a mean summer temperature of 24 8C, and an average

annual rainfall of 129 cm (University of Kentucky Agriculture

Weather Data, 2001). The canopy consisted of shortleaf pine

(Pinus echinata Mill.), black oak (Q. velutina Lam.), tulip

poplar, and red maple, and an understory of sourwood

(Oxydendrum arboreum L.), sassafras (Sassafras albidum

Nutt.), flowering dogwood (Cornus florida L.), and American

holly (Ilex opaca Ait.).

The Bear Ridge site had been burned previously (April 6,

1998) in conjunction with the prescribed fire management

regime of the DBNF. The cool surface burn during the spring of

1998 combusted previous year’s organic layer, with flame

lengths less than 90 cm, for vegetation management (Adams

and Rieske, 2001). The site was burned most recently 26 March

2001 with an early-season, low-intensity surface fire. The Little

Lick site was burned on 19 April 2001, but had no previous

record of controlled burning. Two separate low-intensity, back-

burning, surface fire events were ignited concurrently at each

site. Each fire event encompassed approximately 40 ha and was

ignited by U.S. Forest Service personnel to achieve vegetation
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management objectives. Burns were ignited along ridge

summits that spanned several irregular-shaped stands; each

burned stand represents forests of similar management histories

spanning the past 30 years.

2.2. Field sampling

At each site, three burned and unburned plots were randomly

established in each of the two independent fire events. To

minimize edge effects, burned and unburned plots were

established a minimum distance of 22 m from treatment

boundaries. Each plot consisted of a transect containing three

sampling points at approximately 45 m intervals. These three

points along the transect were used for both arthropod sampling

and forest habitat assessment. In a 6 m � 6 m area centered at

each transect point, adjacent to arthropod sampling, we

measured 11 habitat variables at the beginning (May), middle

(July), and end (September) of each growing season, including

leaf-litter cover (%), leaf-litter depth (cm), coarse woody debris

(ground debris > 6 cm, %), herbaceous cover (%), shrub cover

(<3 m, %), lower-canopy cover (3–6 m, %), mid-canopy cover

(6–12 m,%), upper-canopy cover (>12 m,%), deciduous cover

(%), coniferous cover (%), and total-canopy cover (%) (Rieske

and Buss, 2001).

In 2001, leaf-litter and ground-dwelling arthropod sampling

occurred weekly and continued for 4 weeks following the burn

events. Pre-burn sampling was not feasible for arthropods in

multiple-burned sites, ground-dwelling arthropods at the

single-burned sites, and forest characteristics at either site

due to sporadic timing of the burns. Pre-burn sampling for

single-burned leaf-litter arthropods began 7 days prior to the

fire disturbance. Following the four consecutive weekly

samples, monitoring continued at 14 days intervals until the

end of July, and then at 30 days intervals through October. In the

post-burn year (2002), leaf-litter and pitfall trap sampling

occurred once each in early- (May), mid- (July), and late-

(September) season.

Litter samples were collected at arbitrarily chosen spots

within 3 m of each transect sampling point, adjacent to

assessed forest characteristics. All leaf-litter and surface

organic matter contained within a 0.11 m2 circular area was

collected (N = 36 per sample interval), placed in a plastic bag,

sealed, and stored on ice for transport back to the laboratory.

Arthropods were extracted from litter samples over 72 h using

Burlese funnels, stored in 70% ethanol, sorted, and identified to

family or order using available keys (Borror et al., 1989;

Dindal, 1990).

Pitfall traps were used to monitor ground-dwelling

arthropods and were restricted to the single-burned Little Lick

site, with trap monitoring beginning 7 days post-burn. We used

large capacity pitfall traps (Houseweart et al., 1979) with

approximately 250 ml of 1:1 70% ethyl alcohol:ethylene glycol

as the killing fluid. There was one trap at each sample point

along each transect, for a total of 36 traps at each sampling

interval. Arthropods from pitfall traps were preserved in 70%

ethanol, sorted, and identified to family or order using available

keys (Dindal, 1990; Borror et al., 1989).
2.3. Statistical analysis

Six sampling intervals representing early- (May), mid-

(July), and late-season (September) over 2 years, were used to

examine the effects of prescription burning from single- and

multiple-burned sites on the arthropod community and forest

habitat. Pre-burn leaf-litter arthropod samples from the single-

burned site only were also used to asses initial arthropod

communities. For each sampling method, arthropod abundance

was assessed, and diversity, evenness, and richness calculated

for each of the three treatments (single-burned, multiple-

burned, and unburned controls) and six sampling times.

Arthropod abundance measured by pitfall trapping was

expressed as the number captured per day and is not an exact

measure of abundance, but more a measure of activity density

(Spence and Niemela, 1994).

Diversity was calculated using the Shannon index, which

utilizes the number of insects in a taxa and the total number of

insects in a sample (Magurran, 1988). Evenness was calculated

using Pielou’s index, which incorporates the Shannon diversity

calculation and number of taxa in the sample (Magurran, 1988).

Richness was expressed as the total number of taxa sampled.

The two most abundant taxa from litter and pitfall sampling

were further analyzed to examine the effects of prescribed

burning on each taxa.

Effects of prescribed fire on the arthropod community and on

forest characteristics were assessed using a mixed model analysis

of variance (PROC MIXED, SAS, 1997) with repeated measures

utilizing a completely randomized design. Treatment effects

were considered statistically significant when P � 0.05. Addi-

tional attention was given to those effects of marginal

significance (P = 0.05–0.09) due to the complexity and

variability of the system. Limited replication leads to Type

Two errors from lack of power; we addressed this by increasing

our subsampling to reduce variability. Transect points located

within each plot were treated as subsamples. The single- and

multiple-burn treatments were used as fixed effects and plots

were used as random effects. Treatment and year effects were

used to describe the differences in the arthropod community

between single-burned, multiple-burned, and unburned stands.

Treatment comparisons were analyzed using pairwise t-tests.

Differences in the forest habitat between burned and unburned

plots were assessed using the equivalent ANOVA (PROC

MIXED). Data were log transformed if it did not meet underlying

assumptions of normality and homogeneity of variances

(Levene’s equal variances test) for analyses of variance.

Variation within the forest characteristic data among single-,

multiple-, and non-burned events was investigated using

principal components analysis (PCA), a multivariate approach

(PC-ORD, McCune and Mefford, 1999). Burning was expected

to be a major gradient driving the variation among forest

characteristics, and PCA was used to pinpoint its impact on the

litter environment and vegetation. The first two ordination axes

from the PCA were plotted to display the maximum variation

extracted for the forest characteristics between burned and non-

burned plots utilizing three sampling dates within each year of

the study. Eigenvectors and Pearson’s correlation coefficients
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are reported to demonstrate the contribution of forest

characteristics to the variance explained by each axis. Data

for the 11 forest characteristics we measured were standardized

prior to analysis to correct for different measuring units.

3. Results

Leaf-litter arthropod abundance, diversity, and richness did

not differ among the pre-burned, unburned, and single-burned

areas (Table 1). Evenness in pre-burned plots was 12% greater

than unburned plots, but this was only marginally significant

(P = 0.07).

A total of 42,398 arthropods representing 20 taxa were

extracted from the leaf-litter from burned plots, and 125,928

arthropods were extracted from the leaf-litter from unburned

plots over the 2-year study (Table 2). There were 16,766

arthropods extracted from the single-burn plots and 25,632

from the multiple-burn plots. Burning, including both single-

and multiple-burns, caused an 83% reduction in arthropod

abundance during the first year and a 48% reduction in

abundance the second year relative to unburned plots (Table 3),

and there was a marginally significant fire by year interaction

(P = 0.06) (Table 1). Burning significantly reduced arthropod

abundance relative to controls in 2001. In 2002, the effect of

burning on litter arthropod abundance was still evident for

single-burned plots, but differences between unburned and

multiple-burned plots disappeared (Table 3). Initially, arthro-

pod abundance did not differ between single and repeated

burning events, but differences became evident by 2002 when

abundance in the multiple-burned plots began to rebound.
Table 1

Effects of early-season prescribed fires on the arthropod community and forest ha

Parameter Effect

Pre-burn

Leaf-litter arthropod

Abundance 0.51,2/0.5

Diversity 7.01,2/0.1

Richness 1.11,2/0.4

Evenness 13.21,2/0.07

Ground-dwelling arthropod

Abundance –

Diversity –

Richness –

Evenness –

Forest characteristics

Litter cover (%) –

Litter depth (cm) –

Herbaceous cover (%) –

Shrub cover (%) –

Coarse woody debris (%) –

Lower-canopy cover (3-5.9 m, %) –

Mid-canopy cover (6-12 m, %) –

Upper-canopy cover (>12 m, %) –

Total canopy cover (%) –

Deciduous cover (%) –

Coniferous cover (%) –

Fdf/P.
Diversity of leaf-litter arthropods increased 15% in response

to prescribed burning relative to unburned plots (Table 3), but

this difference was not statistically significant (Table 1).

Burning reduced arthropod richness 20% throughout the study

relative to unburned plots, but this reduction was only

marginally significant (P = 0.06, Table 1). Single- and multi-

ple-burned plots did not differ in arthropod richness (Table 3).

Burning marginally affected leaf-litter arthropod evenness

(P = 0.06), causing a 24% increase relative to controls in the

year of the burn (Tables 1 and 3). No differences were detected

between single- and multiple-burning events for leaf-litter

arthropod community evenness, and all differences between the

three post-burn treatments disappeared 1 year post-burn.

The two most abundant arthropods extracted from leaf-litter

were mites and springtails, comprising 69% and 20% of the

total, respectively. The remaining 17 taxa comprised <11% of

the total (Table 2). There was a significant treatment effect for

leaf-litter mite abundance (F2,1 = 152.0, P = 0.05). Burning

caused a 74% reduction in mite abundance across both years of

the study compared to unburned plots, and there was no

difference between the single- and multiple-burns. Throughout

2001, burning impacted mite abundance, which was still

evident in 2002 following an increase in populations.

Springtail abundance was reduced by 82% in the burned

plots compared to unburned plots during 2001 (Table 2). One

year following the burn, springtail abundance in the single-

burned plots remained 59% lower than unburned plots, but

populations in multiple-burned plots actually increased by 55%

relative to unburned plots. In spite of the magnitude of the

differences in springtail abundance, because of variability in
bitat in oak–pine forests of the Cumberland Plateau

Fire Year Fire � year

20.32,3/0.02 0.81,3/0.4 8.02,3/0.06

3.72,3/0.2 0.51,3/0.5 0.22,3/0.8

15.32,2/0.06 0.91,3/0.4 4.82,3/0.1

7.62,3/0.06 0.81,3/0.4 0.62,3/0.6

0.81,1/0.5 0.21,2/0.7 0.11,2/0.7

4.21,2/0.2 4.81,2/0.2 4.81,2/0.2

1.01,1/0.5 0.41,2/0.6 0.31,2/0.6

4.11,2/0.02 20.11,2/0.05 12.31,2/0.07

871.22,2/0.001 191.831,3/0.0008 69.92,3/0.003

103.32,3/0.002 16.81,3/0.03 13.72,3/0.03

39.72,1/0.1 0.21,3/0.7 1.42,3/0.4

0.042,3/0.9 25.61,3/0.01 15.82,3/0.03

0.42,3/0.7 1.41,3/0.3 2.12,3/0.3

31.72,2/0.03 0.51,3/0.5 0.52,3/0.6

2.82,3/0.2 0.91,3/0.4 0.72,3/0.6

0.42,3/0.7 9.21,3/0.5 0.32,3/0.7

1.32,3/0.4 10.41,3/0.05 2.42,3/0.2

0.52,3/0.6 2.41,3/0.2 0.22,3/0.8

0.92,3/0.5 432.71,3/0.0002 62.52,3/0.004
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Table 2

Abundance of arthropods extracted from leaf-litter in oak–pine forest stands subjected to single-burned (N = 2), multiple-burned (N = 2) and unburned plots (N = 4) in

the year of the disturbance (2001) and 1 year after (2002)

Taxa 1� Burn (N = 2) 2� Burn (N = 2) Total burned (N = 4) Unburned (N = 4)

2001 2002 2001 2002 2001 2002 2001 2002

Acari 3752 6632 4386 7193 8138 13825 51088 40234

Araneae 43 63 89 45 132 108 537 264

Chilopoda 8 30 58 17 66 47 153 120

Coleoptera 23 23 37 43 60 66 374 233

Coleopetera larvae 29 69 90 50 119 119 465 317

Collembola 1612 1467 777 7911 2389 9378 13649 7086

Diplopoda 3 11 15 12 18 23 107 62

Diptera 30 17 16 23 46 40 100 54

Diptera larvae 74 166 110 168 184 334 750 444

Formicidae 121 904 296 309 417 1213 1053 1225

Hymenoptera (other) 15 16 19 18 34 34 95 122

Isoptera 25 91 22 0 47 91 4 44

Lepidoptera larvae 35 76 34 57 69 133 313 258

Opiliones 0 3 1 3 1 6 4 5

Pauropoda 4 0 0 1 4 1 21 26

Protura 47 26 30 14 77 40 509 429

Pseudoscorpiones 46 59 50 80 96 139 703 446

Psocoptera 15 33 60 78 75 111 125 169

Symphala 7 8 25 11 32 19 94 46

Thysanoptera 362 795 2200 1280 2562 2075 2210 1866

Unknown 14 12 2 2 16 14 73 6

Total 6265 10501 8317 17315 14582 27816 72427 53501
our samples none of these changes were statistically significant

(F2,3 = 1.09, P = 0.4).

Ground-dwelling arthropods were sorted into 33 taxa,

including 21 orders and 12 families (Table 4). Our pitfall traps

captured 11,579 arthropods on single-burned plots and 10,385

on unburned plots in 2001. In 2002, 19,936 arthropods were

sampled on single-burned plots and 18,859 on unburned plots

(Table 4). Prescription burning had less of an impact on the

ground-dwelling arthropod community than the leaf-litter

arthropod community. The single-burn fire event did not affect

arthropod abundance (Tables 1 and 3). Similarly, burning did

not affect ground-dwelling arthropod diversity or richness.

A marginally significant treatment by year interaction was

found for ground-dwelling arthropod evenness (P = 0.07). In
Table 3

Abundance, diversity, richness, and evenness of arthropods sampled from leaf-litter a

and multiple-prescribed fires

Sample Parameter 2001

1� Burn 2� Burn Unb

Leaf-litter Abundance 348 (81.02)b 352 (65.12)b 201

Diversity 1.17 (0.05)a 1.16 (0.05)a 0.98

Richness 10.89 (0.86)a 12.39 (0.75)a 15.9

Evenness 0.53 (0.04)b 0.47 (0.02)b 0.36

Pitfall traps Abundance 643 (51.41)a – 577

Diversity 1.57 (0.06)a – 1.85

Richness 21.61 (0.44)a – 22.5

Evenness 0.51 (0.02)b – 0.59

Statistical comparisons represent treatment and year interactions, not single tested eff

by the same letter do not differ (P < 0.05).
2001, arthropod community evenness was 14% lower on the

single-burned plots, whereas no difference was found in 2002.

The two most abundant taxa collected from pitfall traps were

springtails (55%) and Formicidae (ants) (10%) (Table 3). Fire

had no affect on either taxa. The remaining 26 taxa comprised

approximately 34% of the total. Acrididae (short-horned

grasshoppers), comprising 0.4% of the total, and Tettigoniidae

(long-horned grasshoppers), comprising 0.1%, were the only

ground-dwelling arthropod taxa sampled that were significantly

impacted by the prescribed fires (Table 4). Acrididae activity

densities increased by 63% in the burned plots compared to

unburned plots (F1,1 = 225.0, P = 0.04), whereas Tettigoniidae

activity decreased 87% following the prescribed fires

(F1,2 = 81.2, P = 0.01).
nd pitfall traps in oak–pine forests in southeastern Kentucky subjected to single-

2002

urned 1� Burn 2� Burn Unburned

2 (191.82)a 585 (83.34)b 962 (380.58)a 1485 (177.52)a

(0.03)a 1.13 (0.05)a 1.09 (0.06)a 0.96 (0.03)a

4 (0.32)a 13.56 (0.64)a 12.28 (0.86)a 14.86 (0.38)a

(0.01)a 0.44 (0.02)a 0.46 (0.04)a 0.36 (0.01)a

(41.62)a 1108 (124.96)a – 1048 (155.50)a

(0.06)a 1.58 (0.08)a – 1.63 (0.09)a

(0.36)a 22.89 (0.50)a – 22.22 (0.87)a

(0.02)a 0.50 (0.03)a – 0.53 (0.03)a

ects. For each parameter, means (S.E.) between treatments within years followed
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Table 4

Abundance of ground-dwelling arthropods sampled by pitfall trapping in oak–

pine forests of the Cumberland Plateau subjected to a single-prescribed fire in

the year of the disturbance (2001) and 1 year post-burn (2002)

Taxa 2001 2002

1� Burn Unburned 1� Burn Unburned

Acrididae 49 24 129 41

Araneae (other) 111 229 219 264

Blattaria 22 48 116 155

Carabidae 164 274 643 585

Chilopoda 26 40 46 41

Cincinnellidae 8 23 122 68

Coleoptera larvae 139 101 152 107

Coleoptera (other) 801 886 1428 2414

Collembola 6694 5127 11814 9558

Diplopoda 50 75 84 115

Diptera 353 417 410 778

Diptera larvae 328 268 220 202

Formicidae 1308 1245 1514 1741

Gryllacrididae 113 152 444 284

Gryllidae 256 242 393 123

Hemiptera 67 40 66 50

Hymenoptera (other) 102 147 210 213

Isoptera 0 0 1 4

Lepidoptera 2 10 1 4

Lepidoptera larvae 80 44 75 43

Lycosidae 270 173 812 932

Opiliones 174 165 70 31

Other 1 5 45 57

Psocoptera 13 19 12 15

Salticidae 14 18 24 23

Scarabaeidae 86 112 119 172

Staphylinidae 137 262 675 749

Tettigoniidae 1 11 6 41

Thomisidae 12 19 21 13

Thysanoptera 198 209 65 36

Total 4885 10385 19936 18859
Prescribed fire reduced leaf-litter cover by 85% on all

burned plots in the year of the disturbance relative to unburned

plots (2001), but these differences disappeared by the second

year (Table 5). There was a highly significant burn by year

interaction (Table 1); the 92% reduction in leaf-litter cover in
Table 5

Characteristics of oak–pine forests subjected to early-season, single-, and multiple

Forest characteristics 2001

1� Burn 2� Burn

Litter cover, LC (%) 7.9 (0.73)b 21.9 (1.45)c

Litter depth, LD (cm) 2.6 (0.71)b 2.7 (0.60)b

Herbaceous cover, HC (%) 21.2 (2.45)a 9.1 (1.60)a

Shrub cover, SC (%) 19.0 (3.50)a 30.0 (2.56)a

Coarse woody debris, CWD (%) 11.0 (2.47)a 4.4 (0.58)a

Lower-canopy cover, LCC (%) 2.9 (0.61)a 10.4 (1.31)a

Mid-canopy cover, MCC (%) 9.7 (2.05)a 32.1 (2.46)a

Upper-canopy cover, UCC (%) 38.9 (3.58)a 29.8 (3.47)a

Total-canopy cover, TCC (%) 40.3 (3.85)a 50.7 (2.91)a

Deciduous cover, DC (%) 59.7 (5.76)a 70.6 (4.45)a

Coniferous cover, CC (%) 14.4 (3.56)a 28.7 (4.34)a

Statistical comparisons represent treatment and year interactions, not single tested eff

by the same letter do not differ (P < 0.05).
the single-burned plots persisted throughout 2001 compared to

controls, but disappeared in 2002. In the multiple-burned plots,

leaf-litter cover was reduced by 77% less than controls, but

returned to unburned levels 1 year post-burn. A single burn

reduced leaf-litter cover by 15% over multiple burned plots

(Table 5).

There was a significant treatment by year interaction for

leaf-litter depth (Table 1). Leaf-litter depth was reduced by 91%

in the burned plots throughout 2001 (Table 5), and a 45%

reduction in litter depth was still apparent in the second year

relative to unburned plots. Litter-depth did not differ between

the single- and multiple-burned plots in either year.

Although not significantly different, herbaceous cover was

greater in single-burned plots than in multiple-burned plots and

unburned plots (Tables 1 and 5). There was a significant burn by

year interaction for shrub cover (Table 1), but pairwise

comparisons revealed no statistical differences between

relevant treatments and years. Shrub cover was lowest

immediately following the single-burn in 2001, and greatest

in single burn plots 1 year post-burn compared to controls

(Table 5).

Coarse woody debris increased in burned areas by 9% in

2001 and by 37% in 2002, but these increases were not

significantly different than unburned areas (Tables 1 and 5).

A significant treatment effect explained reductions in lower-

canopy cover (69%) compared to unburned plots (Table 5),

including an 81% reduction in lower-canopy cover in single-

burned plots, and a 47% reduction in multiple-burned plots

(Table 5). Single-burned and multiple-burned plots did not

differ in lower-canopy cover. Middle- and upper-canopy cover

were not impacted by the prescribed fires, nor was total-canopy

cover (Tables 1 and 5). Prescribed fires did not preferentially

impact either coniferous or deciduous canopy cover (Tables 1

and 5).

The PCA extracted 69% of the total variation in the forest

characteristic data from the first two axes, with 46% of the

variation explained by the first axis, and 23% by the second

(Fig. 1). The eigenvalues for the first and second axis were 5.10

and 2.56, respectively. The fire disturbance appears to form the

gradient seen along the first ordinal axis. Clustered to the right
-prescribed burns in southeastern Kentucky over 2 years

2002

Unburned 1� Burn 2� Burn Unburned

97.3 (1.29)a 87.8 (2.30)a 85.6 (2.16)a 88.9 (1.76)a

29.7 (0.81)a 13.5 (0.88)b 14.2 (0.65)b 25.3 (1.12)a

17.4 (2.05)a 29.9 (4.27)a 9.8 (2.58)a 6.2 (1.01)a

28.8 (1.90)a 50.1 (2.95)a 38.0 (2.94)a 33.8 (2.08)a

6.8 (0.96)a 11.8 (2.11)a 8.1 (2.04)a 6.3 (1.01)a

22.2 (1.97)a 1.7 (0.64)a 13.9 (1.58)a 23.8 (1.84)a

33.3 (2.64)a 9.7 (1.65)a 32.6 (3.09)a 25.7 (2.51)a

44.7 (2.92)a 31.6 (2.91)a 24.4 (2.67)a 34.1 (2.58)a

71.1 (4.30)a 36.7 (2.81)a 46.9 (3.06)a 54.4 (2.12)a

82.5 (2.91)a 59.8 (6.05)a 58.9 (5.49)a 77.2 (3.26)a

16.4 (2.83)a 34.6 (5.83)a 38.2 (5.39)a 21.7 (3.16)a

ects. For each parameter, means (S.E.) between treatments within years followed
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Fig. 1. Principal components analysis of forest characteristic data (+) subjected to single- (*), multiple- (&), and non-burned (~) treatments from a pine-oak forest

in southeastern Kentucky in the year of the burn (closed symbols) and 1 year post-burn (open-symbols), each with three sampling dates per year. Forest habitat

variables follow notation in Table 5.
on Axis 1 are the unburned dates, with burned dates to the left

(Fig. 1). Leaf-litter depth, lower-canopy cover, mid-canopy

cover, total-canopy cover, and deciduous cover contribute to

explaining the greatest variation (Pearson coefficient > �0.70)

within Axis 1. Low values of the five forest characteristics are

projected to the left along Axis 1, whereas high values are

plotted to right in the PCA ordination plot (Fig. 1). The gradient

explaining the separation along the second ordinal axis is

attributed to yearly differences. Across all treatments the 2001

dates are plotted below the 2002 dates. Seasonal change among

forest characteristics was not interpretable from the ordination

and is not discussed. Variation explained by the second axis is

associated with coniferous cover, and with an inverse

association with upper canopy cover. Low values of coniferous

cover are projected along the upper portion of Axis 2, whereas

high values of upper canopy cover are along the lower part of

Axis 2.

4. Discussion

The use of prescribed fire to manipulate forest stand

composition, or as site preparation prior to planting,

significantly affects the forest floor arthropod community.

Leaf-litter and soil-dwelling arthropods may be directly

affected by increases in temperature and exposure during

combustion, or indirectly affected through changes in habitat

availability and quality (Swengel, 2001). Related studies have

shown immediate reductions in arthropod abundance (Paquin

and Coderre, 1997; Siemann et al., 1997), whereas others have
shown that arthropod populations can demonstrate some

resilience (Panzer, 1988; Moretti et al., 2004).

The pre-burn leaf-litter arthropod community, composed

primarily of mites and springtails, was more abundant, but less

diverse and less even, than the post-burn community. Direct

fire-induced mortality appeared to play a significant role in

reducing leaf-litter arthropod populations, consistent with

results from other studies in the region (Kalisz and Powell,

2000; Dress and Boerner, 2004). Annual low-intensity burns

occurring for 3 years in Australia’s coastal forests also reduced

abundance and richness of several litter taxa (York, 1999).

Repeated fires in deciduous forests of the southern Alps

generated similar results (Moretti et al., 2004).

In contrast, the direct effects of fire can be short lived.

Following a brief decline in abundance, Siemann et al. (1997)

found no difference in arthropod abundance and richness in oak

savannas subjected to different fire frequencies. In pine forests

of the southern US, there were no differences in arthropod

abundance 2 and 3 years following fire, possibly due to buildup

of the litter habitat (New and Hanula, 1998), and in dry

eucalyptus forests of Australia arthropod abundance was not

affected by burning (Majer, 1984; Abbott, 1984).

Recovery of leaf-litter arthropod populations in single-burned

forests did not occur over the duration of our study. The indirect

effects of fire, including reduced litter depth, appear to prolong

the reductions in arthropod abundance for at least a year and a

half following fire activity. These indirect effects may also be due

to changes in leaf-litter habitat complexity or stratification,

accumulation of leaf-litter duff, and freshly fallen leaves, rather
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than simply quantity or availability. Leaf-litter arthropod

richness also differed between burned and unburned plots, but

did not differ between single- and multiple-burned forests.

Reductions of the dominant taxa appeared to shift leaf-litter

arthropod diversity and evenness. Single burns did not impact

ground-dwelling arthropod activity, diversity, and richness, but

slight increases in ground-dwelling arthropod evenness were

apparent, though not significant. Although the burns covered

approximately 40 ha, recolonization of ground-dwelling arthro-

pods could have been rapid because the irregularly shaped stands

reduced colonization distance. Burning may also have simplified

the forest floor habitat, creating a more uniform surface which

would have altered arthropod activity.

Direct effects of burning were obvious on the forest floor.

Reductions in leaf-litter cover and depth in 2001 were

significant. Although no differences were significant for

herbaceous cover or shrub cover, both herbs and shrubs were

most abundant on single-burned plots during 2002. Other

research in the Cumberland Plateau region also found

herbaceous cover increased in singled-burned and in twice-

burned areas relative to unburned areas (Arthur et al., 1998). In

our study, burning did not affect the cover, nor the extent, of the

middle-, upper-, and total-canopy.

Differences between burned and unburned sites were readily

apparent from the PCA. The first ordinal axis in the PCA, which

can be attributed to burning, accounted for almost half of the

variation in the forest characteristics we measured. Changes in

leaf-litter depth and lower-canopy cover explained variation

along the first axis and can be attributed to fire. Mid-, total-, and

deciduous canopy cover also contributed to the variation along

the first ordinal axis. Although significant differences were not

apparent between burned and unburned plots for mid-, total-, and

deciduous cover, the lack of burning or disturbance in unburned

plots can account for the variation extracted in the PCA.

Separation of burned and unburned plots along the second

ordinal axis of the PCA plot can be interpreted as yearly

differences, and is associated with changes in shrub, upper-

canopy, and deciduous cover. Increases in shrub cover and

deciduous cover, and declines in upper-canopy cover from 2001

to 2002, explain these differences. Changes in forest character-

istics associated with the second axis, independent of the

explanation for Axis 1, could be attributed to an additional forest

disturbance: an outbreak of the southern pine beetle (Dendroc-

tonus frontalis) occurred in the region from 1999 to 2002. Loss of

the pine component due to the outbreak created canopy gaps,

increasing light exposure to the understory, enhancing vegetative

growth. Although statistical differences were not apparent in

upper-canopy cover or deciduous cover from southern pine beetle

disturbance or from burning, changes from 2001 to 2002 within

shrub cover, deciduous cover, and upper-canopy cover can

explain variation along the second axis of the PCA.

During the ‘shock phase’ following a fire disturbance (sensu

Rice, 1932), leaf-litter is sparse, soil moisture and vegetation

cover are reduced, and temperatures increase, all of which alter

the microclimate on the forest floor (Glenn-Lewin et al., 1990).

The ‘shock phase’ for our system persisted into the second

growing season in our single-burn plots. The influx of leaves
following abscission in fall of 2001 contributed to the buildup

of the leaf-litter habitat, creating potentially suitable habitat for

litter-dwelling arthropods and contributing to the complexity of

the forest floor. Greater litter depth provides a more complex

environment, contributing to greater arthropod diversity (Metz

and Dindal, 1975). However, the extremely high mite and

springtail populations in the deeper, unburned litter habitats can

reduce arthropod diversity. In contrast, the shallower, less

stratified litter layer following burning reduces mite and

springtail populations, contributing to shifts in arthropod

populations to a slightly more diverse and even arthropod

community. Slight increases in leaf-litter arthropod diversity

and evenness due to losses in abundance of mite and collembola

populations were enhanced by low-intensity burning. Pre-

scribed burning, while achieving the management objective of

reducing lower-canopy cover, does not reduce arthropod

diversity, whereas other forest management activities that

cause soil compaction, such as timber harvesting, have shown

otherwise (Simard and Fryxell, 2003).

Obtaining pre-burn samples for comparison and assessing

arthropod composition at a more discrete taxonomic level may

have provided a better look at shifts in the arthropod

community composition. But despite the lack of pre-burn

samples for comparison, the use of burned and unburned

controls from similar forest types and disturbance history is

considered adequate (van Mantgem et al., 2001). Due to the

variability of fire on the landscape, we were not able to interpret

seasonal changes in the arthropod data, so it was analyzed by

years rather than seasonally. Stronger effects in leaf-litter and

ground-dwelling arthropod composition following single- and

multiple burning events may occur, but we sacrificed greater

taxonomic resolution to assess the entire arthropod community

to provide a better understanding of the community response to

disturbance (Moretti et al., 2004).

We did not detect long-term, indirect effects of multiple-

burning on the arthropod community. The idle time between the

multiple-burning events appeared adequate to replenish the leaf-

litter habitat and allow arthropod abundance to rebound to

comparable unburned levels. Differences were evident between

the burn treatments, with greater abundance at multiple-burned

sites in 2002. These differences could be attributed to greater leaf-

litter cover found at the multiple-burned sites in 2001 because of

less intense and incomplete fires. However, due to limitations of

treatment availability, treatments were not randomized at each

site and differences between single- and multiple-burned plots

should be interpreted with caution. Previous burning could have

reduced the intensity of arthropod disturbance because of

diminished leaf-litter cover and depth. Consequently, fire

suppression allowed accumulation of leaf-litter cover and depth,

promoting higher-intensity fires, thereby leading to increased

disturbance of arthropods at the soil–litter interface.

Increasing fire frequency can impact leaf-litter arthropod

communities (York, 1999; Moretti et al., 2004). Reduced

abundance of mites and collembola may reduce rates of leaf-

litter breakdown and ultimately lead to reduced decomposition.

These changes could reverberate through the different trophic

levels at the soil–litter interface (Chen and Wise, 1999).
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Prolonged changes to the soil–litter arthropod community are not

expected following frequent, low-intensity surface fires because

fires are not causing mortality to dominant canopy trees, shifting

leaf composition on the forest floor. Repetitive fire events are

achieving management goals by reducing vegetation cover in the

lower strata. However, additional disturbance or forest manage-

ment appears necessary to alter current canopy composition;

long-term fire suppression activities allowed recruitment of

invasive shade-tolerant species into the canopy. In the mixed

pine-oak forests of the Cumberland Plateau, rotational, low-

intensity surface fires with burn intervals greater than 3 years

allow accumulation of the leaf-litter and appear to cause no long-

term detrimental effects to arthropod populations.
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