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Abstract

Frequent dormant-season prescribed burns were applied at 1-, 2- and 4-year intervals to longleaf pine stands, Pinus palustris, for
over 40 years on the Osceola National Forest in Baker County, Florida. Control plots were unburned for the same period of time.
Pitfall traps were operated from November 1994 to October 1999 to measure the short- and long-term effects of prescribed burning
frequency on the relative abundance and diversity of ground-dwelling macroarthropods. We also measured dead and live plant
biomass Lo determine how Jong-term frequent fires affected the structure of the forest floor. The average total dead plus live plant
biomass was significantly higher on plots where fire had been excluded. Annual and biennial burning resulted in about the same
amount of total plant biomass (dead and live plant material combined) which was significantly less than the quadrennially burned
plots. Shannon diversity (H') and evenness of ground-dwelling arthropods were reduced by burning. Annually burned plots had the
lowest diversity and evenness while biennially and quadrennially burned plots also were significantly lower than unburned control
plots. Dormant-season burning did not increase the number of rare genera regardless of frequency. Percent similarity of arthropod
communities was highest for comparisons between plots that had been burned (60-68%) and lowest for the comparison of
annually burned plots to unburned controls (37%). Examination of diversity and similarity through time showed that changes were
due to short-term effects caused by the application of fire and not long-term changes in the ground-dwelling arthropod community.
Burning significantly reduced the numbers of predators regardless of fire frequency and resulted in an increased number of
detritivores. A total of 42 genera were reduced by prescribed burning; 32 genera were captured in greater numbers on annually
burned plots, and 11 genera had higher numbers in one or both of the intermediate burn frequencies (biennial or quadrennial).
Twenty-six genera were captured in equal numbers on quadrennially and annually burned plots, but in significantly lower numbers
than on unburned plots, demonstrating that 4 years was insufficient time for their populations to recover from mild dormant-season
fires. Arthropod response to burning appeared to be species specific so attempts to generalize how arthropods will respond based
on a few species or groups should be avoided. The slow recovery rate of so many species suggests that management oriented
toward conservation of biodiversity in longleaf pine flatwoods should include areas of fire exclusion.
¢ 2002 Published by Elsevier Science B.V.
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United States. Today, less than 1.3 million hectares
remain as small isolated parcels (Qutcalt and Shef-
field, 1996). Of those. less than 1 million retain the
longleaf  pine/grassland  association that was
described by William Bartram during the late
1700s (Beach, 1993). The reasons for the decline
of longleaf pine are complex; they include such events
as the introduction of feral hogs that dig up seedlings,
and widespread harvesting and replacement of long-
leaf pine stands with faster growing species (Frost,
1995). The reduction in longleaf pine habitats has
been associated with the listing of at least 30 endan-
gered or threatened species and in reductions of 187
vascular plant populations to very low levels (Hardin
and White, 1989; Walker, 1993; Glitzenstein et al.,
2001). Because of the decline in both quantity and
quality, longleaf habitat has become a priority for
restoration and conservation by The Nature Conser-
vancy, the USDA Conservation Reserve Program, and
numerous other public and private land management
organizations.

Although most agree that increasing longleaf pine
abundance in the landscape and restoration of existing
degraded longleaf pine communities is a desirable
goal, how to achieve that goal is unclear. Before
European arrival to North America, longleaf pine
communities most likely were maintained by fires
ignited by the frequent thunderstorms in the region
and by native Americans (Landers, 1991). Since
severe wildfires have undesirable side effects and
habitat fragmentation prevents low intensity wildfires
from burning large areas, prescribed burning is con-
sidered the most logical alternative for restoring and
maintaining longleaf communities.

Longleaf pine communities probably burned during
the growing-season (Frost, 1990; Landers, 1991), and

growing-season fires are recommended for longleaf

pine community maintenance and restoration (Frost,
1990). However, burning large areas during the grow-
ing-season at recommended fire frequencies of 1-4
years is difficult because fewer windows of opportu-
nity, when wind and fuel conditions are within guide-
lines, are available compared to the dormant-season.
In addition, restrictions on smoke and volatile emis-
sions from prescribed burning may prevent significant
increases in the number of hectares burned during the
summer. Therefore, dormant-season prescribed burn-
ing is likely to remain an important management tool

for longleaf pine communities (Brockway and Lewis,
1997).

Despite the emphasis on prescribed burning for
longleaf pine restoration, and its widespread use in
restoration and management of other communities,
little is known about the response of arthropods to
burning in this ecosystem or how repeated burning
over many years affects the arthropod community.
Klein (1988) estimated that 90% of the terrestrial
arthropod fauna spend at least part of their life cycle
in the soil or surface litter. Frequently, arthropods use
the soil for a winter refuge. Since arthropods move
more slowly or not at all in the winter, depending on
their stage of development, dormant-season burning
may have a significant affect on arthropod commu-
nities. In some cases, dormant-season burning is an
effective control measure for insect pests (Miller,
1979).

The effects of natural or prescribed fire on arthro-
pods are not clear, and depend upon a variety of
factors including species studied, their stage of
development at time of the fire, and their responses
to a variety of habitat and community alterations
caused by fire (Ahlgren, 1974; Warren et al., 1987,
Siemann et al., 1997; and references therein). For
example, some ant species increase following fires
(Buffington, 1967; Hansen, 1986; Anderson et al.,
1989; Andersen, 1991: Neumann and Tolhurst, 1991;
Moya-Raygoza, 1995) while others are reduced
(Pearse, 1943; Buffington, 1967, Gillon, 1972;
Andersen and Yen, 1985; Andersen, 1991; Neumann
and Tolhurst, 1991; Kalisz and Powell, 2000).
Responses of other arthropod groups to fire also
vary.

The objectives of our study were to determine how
frequent, long-term dormant-season burning altered
ground-dwelling arthropod community diversity,
richness and composition. We were particularly
mterested in determining if changes were due to
long-term shitts in community structure or the short-
term effects of fire application. The research was
conducted on a unique long-term study area that has
been treated with dormant-season fire for over
40 years. In addition to measuring the arthropod
community response, we also measured dead and
live plant biomass on the plots to determine
how fire affected the structure of the forest floor
community.
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2. Methods and materials
2.1, Study site, design and treatments

The study was conducted on the Osceola National
Forest in Baker County, Florida. The plots were
established in 1958 to examine the effects of burning
frequency on fuel reduction for wildfire prevention. At
that time, the overstory trees were 45-year-old long-
leat pine with a few slash pine (P. elliottii Engelm.)
and dominant trees were 20 m tall and 29 cm diameter.
The presence of remnant longleaf pine trees with
evidence of past turpentine operations suggests that
the area had never been cleared for agriculture. The
understory consists of typical flatwoods vegetation
dominated by saw palmetto (Serenoa repens). Other
common plants included gallberry (Jlex glabra), blue-
berries (Vaccinium spp.), huckleberries (Gaylussacia
spp.) and wiregrass (Aristida beyrichiana).

The study was a randomized complete block design
consisting of 24, 0.8 ha plots arranged in six replica-
tions of four treatments. Initial treatments were winter
burns applied every 2, 4 or 6 years and unburned
controls. However, in 1964 the 6-year-interval treat-
ment was replaced with annual winter burns. Our
study began in fall, 1994 with treatments consisting
of annual, biennial and quadrennial winter burns and
unburned controls. The plots had been burned for 35
years at the beginning of our study and burning
continued throughout the 5-year-study period
(November 1994-October 1999). Burning was con-
ducted in the winter (January or February) throughout
the study. Fire intensity varied from year to year
depending upon weather conditions and dead fuel
moisture contents which ranged from 7 to 20%.

2.2. Live and dead plant biomass

Pre-burn live and dead plant biomass was estimated
on each plot from eight | m” subplots. Fuels were
separated into 11 categories consisting of: (1) live
palmetto: (2) dead palmetto; (3) live gallberry; (4) live
pine needles (seedlings); (5) live grasses and forbs; (6)
litter layer (O1 or L layer): (7) humus (O2 and O3 or F
and H layers); (8) pine cones; (9) 0-0.6 cm dead
branches; (10) 0.6-2.5 cm dead branches; and (11)
other dead woody material. Sampling methods were
adapted from Shea et al. (1996). Two clusters of eight

transect lines were established in each plot. We ran
15 m long transects from the center of each cluster in
the four cardinal directions and four additional 15 m
long transects were established at 90° from the ends of
the original transects. Sampling frames (1 m?) were
placed on the ground 4 m from the starting point of
each transect. All stems <1.9 cm basal diameter were
collected by category from each sample point, bagged,
oven-dried at 42 °C for a minimum of 48 h and
weighed. We sampled all of the burn plots in January
1996 prior to burning, at a time when all of the plots
had the maximum amount of time possible for plant
material to build up. The unburned controls were
sampled in January 1999. For our analyses, we
assumed that live and dead plant biomass on unburned
controls changed little during our study since McKee
(1991) found no difference in the organic content of
the forest floor in unburned mature pine stands after 10
years of fire exclusion. We compared total live plant
material, total dead plant material, live palmetto, live
gallberry, live grasses/forbs, litter, humus, small dead
wood (0-2.5 cm) and total fuel load among treat-
ments.

2.3. Arthropod populations

We were interested in determining if large woody
debris was an important resource for ground-dwelling
arthropods on frequently burned plots. We measured
this relationship by placing pitfall traps along 3 m long
logs placed in the center of each plot. We established
pitfall traps around the logs in the following manner.
Four pitfall traps (Hanula and Franzreb, 1998) were
installed; two traps were placed on each side 0.5 m in
from the ends of the log and as close to it as possible.
To decrease the chances of an arthropod bypassing the
pitfall by moving between the log and the pitfall, we
inserted wedge-shaped pieces of aluminum sheet
metal into the space so that the metal sheeting created
a barrier from the point where the log contacted the
ground to the edge of the pitfall. A second set of four
pitfall traps were installed along a 3 m long aluminum
sheet metal drift fence (15 cm high) which provided a
barrier similar to the logs. The drift fence was located
10 m from the center log and the traps were con-
structed and placed in the same manner as the log
pitfalls except that the edge of the traps was in direct
contact with the drift fence. Pitfall traps were opened
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every other month for a 1-month-period. When not in
use, trap openings were covered with ceramic tiles to
prevent arthropods from entering. We found no sig-
nificant interaction between fire frequency and cap-
tures of arthropods in pitfalls along logs, so we
combined data from the log pitfalls with the drift
fence pitfalls for this study.

Samples from pitfalls were stored in 70% ethyl
alcohol, sorted based on morphological features,
placed in individual vials of alcohol, labeled, and
identified to genus or the lowest taxonomic level
possible. Immature insects were identified to family.
Each taxon also was classified as either a herbivore,
predator, detritivore or omnivore to determine if burn-
ing affected trophic relationships within the longleaf
pine arthropod community. Biomass estimates were
obtained by oven drying (40 "C for 72 h) and weighing
at least 20-30 specimens of each taxon. The average
weight of these specimens was multiplied by the
number of individuals within a sample to estimate
sample biomass.

2.4. Statistical analyses

Percentage similarity (P = > min(py;, pa;), where
P is the percentage similarity between samples | and
2, py; is the percentage of species i in community
sample 1, and p,; is the percentage of species i in
community sample 2) was used to compare arthropod
communities among treatments (Wolda, 1981; Krebs,
1999). In some cases, data were transformed using the
log,p(x + 1) transformation to reduce the importance
of a few species that were caught in high numbers.
Percent similarity was calculated for all possible
treatment combinations. In addition, we compared
each burn frequency treatment to the unburned con-
trols for each year of the study to determine if com-
munity similarity changed when burns were applied
and how quickly communities returned to pre-burn
levels. We compared one half of the control plots to the
other half to have a standard for comparison. Although
the number of replicates was halved (n = 3) by this
technique, it provided a method of determining a
“maximum’ similarity possible and allowed us to
look at variation in similarity over time.

Rare species were of particular concern, so we
compared richness of rare taxa (<10 captures per 5
years) to determine if frequent burning caused

increased rarity. We also calculated the quotient of
similarity for rare taxa. We chose this index because it
places more emphasis on the taxa found in both
habitats than other similarity indices (Southwood,
1966), and it compares two communities based solely
on the presence or absence of taxa, so it is not
influenced by numerical abundance.

We used richness (genera per plot), the Shannon
diversity index (H') and evenness (J) to compare
arthropod community diversity among treatments.
Shannon diversity meets the essential criteria for
diversity indices (Elliott, 1990) and it emphasizes rare
taxa (Krebs, 1999). Evenness, which gives an indica-
tion of how equally individuals are distributed among
taxonomic groups, was calculated to further describe
the arthropod communities.

Data were analyzed using a two-way analysis of
variance. Dependent variables included vegetation
characteristics, arthropod community characteristics,
and arthropod abundance. The Ryan-Einot-Gabriel—
Welsch (REGWQ) multiple range test was used
to compare treatment means (SAS Institute, 1987).
Data were transformed using the transformation
(x +0.5) °, where appropriate to stabilize variance
(Bartlett, 1947) prior to analyses of abundance within
arthropod groups. Results are presented as untrans-
formed means and standard errors in tables and
figures.

3. Results
3.1. Live and dead plant biomass

Visual differences among the various burn treat-
ments were evident in the vegetation structure and
dead plant material on the ground. Both dead and live
plant biomass were affected by long-term dormant-
season burning. The average total plant biomass (dead
plus live plant material combined) was significantly
higher on plots where fire had been excluded than on
any of the burned plots (Table 1). Annual and biennial
burning resulted in about the same amount of total
plant biomass, which was significantly less than the
quadrennially burned plots.

Total dead plant biomass also was significantly
higher on unburned plots compared to burned plots,
and quadrennial burning resulted in a greater build up
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of dead plant biomass than annual burning (Table 1).
Biennial burning resulted in accumulations of dead
plant material intermediate between annual and quad-
rennial burns. Dormant-season burning had no effect
on the amount of small dead branches. Fire exclusion
resulted in more than double the accumulation of litter,
and these areas had more than twice as much humus on
the soil surface as any of the burned plots. Burned
plots were equal in the amount of litter regardless of
burning frequency. However, they differed in the
amount of humus on the plots. Quadrennial burning
resulted in twice the accumulation of humus compared
to annual burning. Biennial burning resulted in similar
amounts of humus as annual and quadrennial burning.

Frequency of dormant-season burning also resulted
in changes in the amount of plant biomass and the
composition of the dominant plant groups (Table 1).
Total plant biomass exhibited a significant negative
relationship with burning frequency, i.e. as burning
frequency increased total live plant biomass
decreased. Only gallberry was unaffected by winter
burning. Aboveground biomass of saw palmetto was
nearly 12 times higher on unburned control plots than
on those burned annually. Biennial burning resulted in
a quarter of the biomass of saw palmetto observed in
unburned plots, while quadrennial burning resulted
in about half as much. Annual and biennial burning had
similar amounts of saw palmetto. In contrast, grasses
exhibited a reverse trend. Annually burned plots had
four times as much grass biomass as unburned controls
and twice as much as quadrennially burned plots.
Biennial burning resulted in grass biomass intermedi-
ate between annual and quadrennial burns.

3.2. Ground-dwelling arthropods

3.2.1. Arthropod abundance and biomass

We captured over 163,000 arthropods from 31
orders, 265 families and 932 genera (Table 2). The
Hymenoptera (primarily ants) made up almost 27% of
the total number of individuals captured. Spiders
(Araneae, 18%), millipedes (16%) in the order Poly-
desmida and beetles (Coleoptera, 14%) were other
abundant groups. The millipedes comprised the largest
biomass of any group and almost all of this was due to
a single species, Dicellarius maculatus, which was
also the single most abundant macroarthropod species
on the plots. The total number of arthropods captured

per plot during the 5 years of the study was signifi-
cantly higher in the annually burned plots while the
biennial, quadrennial and unburned controls were
approximately equal when D. maculatus were
included in the analysis (Table 3). When D. maculatus
were removed from the data there were no significant
differences in numbers of arthropods. Likewise,
burned plots had significantly more arthropod biomass
than unburned plots when D. maculatus were
included. When D. macularus were removed from
the analysis only the annually and biennially burned
plots had more biomass than controls.

3.2.2. Diversity and community similarity

Richness and the number of rare genera varied little
among plots with different burn frequencies (Fig. 1).
We captured an average of almost 300 genera per plot,
regardless of burn frequency, of which approximately
90 genera per plot were rarely captured. Frequent
burning did not result in more rare genera. Shannon
diversity was affected by burning. Annually burned
plots had lower diversity than biennial, quadrennial or
unburned control plots. Biennially and quadrennially
burned plots had similar arthropod diversity, but their
diversity was also lower than unburned plots. Evenness
showed a similar pattern.

We also examined diversity and evenness among
plots receiving different frequencies of dormant-sea-
son fire over time and found diversity and evenness
exhibited similar trends (Table 4). In 1995, only
annually burned plots were burned. Arthropod diver-
sity and evenness were significantly lower in those
plots than in the other three treatments which were
similar in diversity and evenness. The following year
(1996) all of the plots were burned except the controls.
That year diversity and evenness were reduced on all
burned plots and all were significantly lower than the
controls. By the end of 1997, diversity and evenness
rebounded, with only annually burned plots lower than
unburned controls. In winter 1998, annually and bien-
nially bumed plots were burned, and again both
exhibited reductions in diversity when compared to
unburned plots. However, evenness was reduced only
on the biennially burned plots. In 1999, only the plots
receiving annual treatments were burned. Those plots
had lower diversity and evenness than the controls as
did the biennially burned plots. Diversity of unburned
plots remained nearly constant throughout the study.



Table 2

Total number of families, genera and individuals, and total biomass of various orders of arthropods captured in pitfall traps on the Osceola
National Forest (Baker County, Florida) from 1995 to 1999
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Order Number of families Number of genera Total number Total biomass (g)
Araneae 26 139 29728 96.9
Blattaria 1 5 2994 19.5
Callipodida I I 67 1.9
Chordeumatida 1 1 70 0.3
Coleoptera 59 265 22360 507.8
Diptera 41 161 16409 5.6
Embiidina I ] I -
Geophilomorpha I I 352 3.0
Hemiptera 20 57 526 3.2
Homoptera 14 42 1370 1.7
Hymenoptera 42 157 43225 55.4
Isopoda 1 1 297 1.1
Isoptera 1 ! 126 0.1
Julida I 1 15 0.3
Lepidoptera 23 25 1631 16.2
Lithobiomorpha 1 1 751 3.0
Mantoidea 1 3 4 0.1
Mecoptera 2 2 258 0.6
Microcoryphia 1 1 1 <0.1
Neuroptera 4 7 90 0.7
Opiliones 3 5 3623 30.9
Orthoptera 7 40 11206 125.2
Phasmida | 2 16 3.2
Polydesmida 3 4 26799 628.8
Polyxenida 1 1 4 <0.1
Pseudoscorpione 1 1 55 <0.1
Psocoptera 2 2 37 <0.1
Scolopendromorpha 2 2 967 30.7
Scorpiones 1 1 353 13.2
Spirobolida 1 1 75 42.4
Thysanura 1 1 3 <0.1

Table 3

Mean (+S.E.) number and biomass {g oven-dried wt.) of arthropods captured per plot with and without the millipede Dicellarius maculatus

Burn frequency

With D. macularus

Without D. maculatus

Number per plot Biomass per plot Number per plot Biomass per plot

Annual 7886 £ 648.6 a 90.7 4 1372 a 5921 £ 2053 a 448 £ 537 a
Biennial 6642 £ 377.6 b 739 4 873 a 5510 £ 2623 a 471 £ 5.61 a
Quadrennial 6766 £ 424.1b 67.8 4+ 330 a 5548 £ 417.7 a 39.2 4 1.98 ab
No burn 5866 £ 2209 b 3294 264 b 5718 £ 2113 a 295+ 198 b

Plots were on the Osceola National Forest (Baker County, Florida) and were burned during the dormant-season at varying frequencies over a
40-year-period. Means within columns followed by the same letter are not significantly different (REGWQ multiple comparison test,
P < 0.05).



170 J.L. Hanula, D.D. Wade / Forest Ecology and Management 175 (2003) 163-184

c
4 b b
a o
o ey
I
S 3 J
=
7]
S
O 2
2
-]
1 =
0 4
0.8 -
i~~~
=3
St
@ 06-
1953
@
c
C 04
[
>
L1
0.2
0.0
350
300
frory
O 250
n o
$ E 200
cC o
L C 150
Lo
2 -
50
0
120
a a a a
10 S M o — r Mm._..‘ww...?
© 1 % b -
— . | %
e 80 ;
o 2 | g
< | |
«
38 | |
o 2 J |
pt o 40 !
o © ; !
xr2 |
20 | )
| 1
0 ! - |
annual biennial quadrennial unburned

Burn Frequency

Fig. 1. Mean (:£8.E.) number of rare genera, richness, evenness and diversity of arthropods captured in pitfall traps in plots receiving varying
frequencies of dormant-season prescribed burns over a 40-year-period on the Osceola National Forest (Baker County, Florida). Columns
within graphs that have the same letter above them were not significantly different (REGWQ multiple comparison test, P < 0.05).
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Fig. 2. Mean (+S.E.) percentage similarity of the ground-dwelling arthropod community in plots receiving varying frequencies of dormant-
season prescribed burns (annually = I, biennially = 2, quadrennially = 4 and not burned = C) over a 40-year-period on the Osceola National
Forest (Baker County, Florida). Columns that have the same letter above them were not significantly different (REGWQ multiple comparison
test, P < 0.05). Comparison of half of the unburned plots to the other half (C-C) is provided as an example of the maximum similarity that
might occur on similarly treated plots and was not included in the statistical analysis.

Percentage similarity was highest for biennially and
quadrennially burned plots, but not significantly
higher than comparisons among other burn treatments
(Fig. 2). Annually burned plots and plots where fire
was excluded had the lowest similarity, significantly
lower than all other comparisons. Similarity was 67%
for comparison of half of the unburned plots to the
other half. Although not included in the statistical
analyses, this comparison shows how similar identi-
cally treated plots were to one another.

Like diversity, percent similarity was affected by
fire in a given year. For example, in 1995, only
annually treated plots were burned, and biennially
and quadrennially bumed plots had reached their
maximum recovery period (Fig. 3a). That year
annually burned plots had a 30% similarity to controls
while the biennially burned plots had a 42% similarity
and the quadrennially burned plots had a 44% simi-
larity. Similarity within the two groups of control plots
was 56%. In 1996, all plots were burned except the
controls, Percentage similarity was reduced to 25—
32% for all comparisons except unburned plots to

other unburned plots. The following year (1997), after
almost 2 years of recovery, similarity of burned plots
and unburned plots was about the same or slightly
higher than in 1995.

To see if these trends were due to changes in
abundant species, we applied a logy transformation
to the data (Fig. 3b). The results showed much less
fluctuation in percentage similarity over time. In
particular, changes in similarities between 1995 and
1996 evident in Fig. 3a were almost completely
eliminated. The transformation reduced the effect of
a few species that responded positively to fire dis-
turbance with large population increases.

Despite having approximately the same numbers of
rare genera (Fig. 1), burning frequency affected the
composition of the rare arthropod community.
Although the quotient of similarity only considers
the presence or absence of taxa, the results from this
similarity index for rare taxa (Fig. 4) were much like
percentage similarity for the whole community, i.e.
burned plots were similar to each other regardless of
burn frequency. and biennially and quadrennially
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Fig. 3. Mean (++S.E.) percentage similarity of arthropods captured in pitfall traps in plots receiving varying frequencies of dormant-season
prescribed burns over a 40-year-period on the Osceola National Forest (Baker County, Florida). Data for (a) were not transformed before
calculating similarities. (b) Shows percent similarity after data were transformed to reduce the influence of a few abundant species. Asterisks

above columns denote which plots were burned each year.

burned plots were more similar to the unburned plots mine if prescribed burning had positive or negative
than were the annually burned plots. effects on trophic relationships. Prescribed burning
We classified each species as either a predator, significantly reduced the numbers of predators regard-

herbivore, detritivore or omnivore (Table 5) to deter- less of burn frequency compared to unburned controls.
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Fig. 4. Mean (£8.E.) quotient of similarity of rare genera (<10 captured/5 years) of arthropods captured in pitfall traps in plots receiving
varying frequencies of dormant-season prescribed burns (annually = 1, biennially = 2, quadrennially = 4 or not burned = C) over a 40-year-
period on the Osceola National Forest (Baker County, Florida). Columns that have the same letter above them were not significantly different
(REGWQ multiple comparison test, P < 0.05). Comparison of half of the unburned plots to the other half (C-C) is provided as an example of
the maximum similarity that might occur on similarly treated plots and was not included in the statistical analysis.

Conversely, more detritivores were captured on plots
that were burned than on unburned controls. Even with
the dominant detritivore, D. maculatus, removed from
the analysis, we captured more detritivores in burned
plots than in the unburned controls. On the other
hand, omnivores and herbivores were captured in

Table 5

approximately the same numbers on all plots, although
omnivores were more abundant on annually burned
plots than on biennially burned plots.

The average number of genera of predators, detri-
tivores and omnivores captured per plot was unaf-
fected by burning frequency (Table 6). However,

Mean (+S.E.) number of arthropod feeding groups captured in pitfall traps in plots burned with varying frequencies of dormant-season
prescribed burns over a 40-year-period on the Osceola National Forest (Baker County, Florida)

Burn frequency  Feeding habit

Predator Detritivore Herbivore Omnivore
With Dicellarius — Without Dicellarius With Solenopsis  Without Solenopsis
Annual 2233 4 1748 0 4109 + 622.0 a 2144 4+ 2513 a 232 4 16.0 a 1306 4+ 247.0a 6617 + 214 a
Biennial 2677 + 162.8 a 3042 + 2368 b 1909 + 994 a 231 4+ 177 a 6872 4+ 1294 b 671 4 1388 a
Quadrennial 2673 4 179.0a 2885 4+ 115.6Db 1666 4 97.8 a 187 4 9.8 a 1022 4 1624 ab 1012 + 130.8 a
No burn 3418 + 1513 b 1147 4 1505 ¢ 998.8 + 1082 b 183 +- 214 a 108 + 71.9 ab 1104 4+ 1619 a

Detritivores included large numbers of Dicellarius maculatus and omnivores included large numbers of Solenopsis invicta so analyses were
conducted with and without these two species. Means within columns followed by the same letter are not significantly different (REGWQ

multiple comparison test, P < 0.05).
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Table 6

Mean (S.E.) richness (genera), diversity and evenness of arthropod feeding groups collected in pitfall traps on plots receiving varying
frequencies of dormant-season prescribed burns over a 40-year-period on the Osceola National Forest (Baker County, Florida)

Burn frequency Feeding habits

Predator Detritovore Herbivore Omnivore

Richness

Annual 130.8 + 3.21 a 86.8 £ 4.14 a 520 4+ 197 a 9.3 4 0.76 a

Biennial 135.5 4+ 538 a 88.6 4 3.53 a 50.2 + 1.67 ab 11.0 £ 0.73 a

Quadrennial 1353 4493 a 89.7 + 1.41 a 47.0 £ 1.77 ab 9.8 4 0.60 a

No burn 1392 4 2.60 a 77.3 4 2.99 a 44.0 + 292 b 9.2 + 0.60 a
Diversity (H')

Annual 3.01 4 0.08 a 231 + 0.18 a 331 4 0.07 a 0.87 + 0.10 a

Biennial 293 4+ 0.10 a 2.53 4 0.06 a 334 £ 0.05a 1O9 + 010 a

Quadrennial 3314+ 0040 242 4 0.05a 3324 0.04 a 0.97 -+ 0.08 a

No burn 338 4 0.03 b 3.25 4+ 0.02b 3.24 4 0.06 a 1.09 + 0.09 a
Fvenness (J)

Annual 0.62 + 0.02 a 0.52 + 0.04 a 0.84 + 0.02 a 0.39 + 0.04 a

Biennial 0.60 + 0.02 a 0.57 +£ 0.02 a 0.85 £ 0.01 a 045+ 0.03a

Quadrennial 0.68 +001b 0.54 + 0.01 a 0.86 £ 0.01 a 043 + 0.04 a

No burn 0.68 4+ 0.01 b 075 £0.02b 0.86 + 0.0]1 a 049 + 0.03 a

Means in columns and within categories (e.g. richness) followed by the same letter are not significantly different (REGWQ multiple

comparison test, P < 0.05).

significantly more herbivore genera were captured on
annually burned plots than on control plots. Shannon
diversity and evenness of predators was higher in
quadrennially burned and unburned plots than in more
frequently burned areas, while diversity and evenness
of detritivores was higher on control plots.

3.2.3. Effects on individual taxa

Arthropods were significantly affected by dormant-
season prescribed burning (Fig. 5). A total of 42
genera were reduced by prescribed burning, 32 genera
were captured in greater numbers on annually burned
plots than on controls and Il genera had higher
numbers in one or both of the intermediate burn
frequencies (biennial or quadrennial). Graphs 1-28
(Fig. 5) are spiders. Of these, 11 genera were reduced
by burning and showed no evidence of recovery, i.e.
the quadrennially and annually burned plots were
similar, and both had lower numbers than the controls.
For example, Agenlenopsis spp. (Fig. 5; graph 1) had
an average of less than 10 individuals per plot in 5
years of trapping on the plots receiving annual, bien-
nial, or quadrennial dormant-season burns while con-
trol plots had an average over 20 individuals per plot
during the same period. Despite only being burned

once during the study, Agelenopsis spp. populations on
the quadrennially burned plots did not differ from the
annually burned plots.

Six genera of spiders were reduced by frequent
burning (annual or biennial), but their populations
recovered to the same levels as controls on quadren-
nially burned plots (Fig. 5; graphs 9, 18, 20, 22, 23,
and 26) and five spider populations responded posi-
tively to frequent burning (Fig. 5; graphs 11, 14,21, 24
and 25). Populations of these spiders were signifi-
cantly higher in the annually burned plots than in the
unburned controls. Two spider populations showed
some evidence of recovery since more were captured
on quadrennially burned plots than on annually burned
ones, but quadrennially burned plots still had lower
numbers than unburned controls (Fig. 5; graphs 16 and
19). Finally, three spider populations (Fig. 5; graphs 5,
10, and 13) were higher on quadrennially burned plots
than on the controls or annually burned plots. These
spiders appear to benefit from some disturbance, but
not the levels of disturbance produced by annual and
sometimes biennial prescribed burning.

The two most common genera of roaches on the
plots, Parcoblatta and Ishnoptera, were affected by
burning in different ways. Parcoblatta spp. (Fig. 5;
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graph 29) were captured in higher numbers on the
biennially burned plots compared to the controls but,
overall, dormant-season burning appeared to have
little effect. In contrast, Ishnoptera spp. (Fig. 5; graph
30) populations were significantly reduced by annual
burning while biennial and quadrennial prescribed
burning had little effect.

The common millipedes (Diplopoda) also exhibi-
ted differing responses to fire. Cleidogona spp.
(Fig. 5; graph 31) were significantly reduced by
all frequencies of prescribed burning. On the other
hand, D. maculatus (Fig. 5; graph 86) populations
responded positively to all frequencies of prescribed
burning.

Beetles (Coleoptera) exhibited a range of responses
to prescribed burning (Fig. 5; graphs 32--51). Popula-
tions of nine genera (Fig. 5; graphs 32, 35, 39, 41, 42,
44, 45, 46 and 49) responded positively to frequent
burning, i.e. more were caught on the annually burned
plots and in some cases other burn frequency plots
than on the control plots. Eight genera (Fig. 5; graphs
33, 34, 37, 38, 43, 47, 48 and 51) were negatively
affected by frequent burning and populations of six of
those (Fig. 5; graphs 34, 37, 43, 47, 48 and 51)
appeared to be unable to recover in 4 years.

Most of the flies (Diptera) that were affected by
dormant-season burning responded positively (Fig. 5;
graphs 52-56) to some level of burning. Only popula-
tions of Sciara spp. (Fig. 5; graph 56) were negatively
impacted by annual burning.

Of the heteropterans affected by prescribed burning,
a Cryphula sp. seed bug, Oliarus spp. (Cixiidae) and
immature Delphacidae were captured in higher num-
bers on frequently burned plots (Fig. 5; graphs 57, 59
and 60). Only immatures of the Achilidae were
reduced by annual burning (Fig. 5; graph 58).

Thirteen Hymenoptera, including eight genera of
ants, were affected by burning (Fig. 5; graphs 61-73).
Populations of six Hymenoptera genera were reduced
by annual burning including Aphaenogaster spp. and
Camponotus spp. ants (Fig. 5; graphs 61, 62, 63, 64, 70
and 71). Four genera of Hymenoptera negatively
affected by burning did not recover within 4 years
(Fig. 5; graphs 61, 63, 70 and 71). Three genera were
more abundant with frequent burning (Fig. 5; graphs
69, 72 and 73). The genus Solenopsis includes the red
imported fire ant, S. invicta which responded posi-
tively to frequent disturbance. Most of the individuals

we captured were S. invicta. Three genera of Hyme-
noptera increased in abundance with intermediate
levels of disturbance (Fig. 5; graphs 65, 67 and 68).
These included the most common ant, Odontomachus
sp.
Isopods (Fig. 5; graph 74) and Cryptopidae centi-
pedes (Fig. 5; graph 87) were reduced by burning.
Isopod populations were reduced only by annual
burning, while centipede populations were reduced
by all burn frequencies.

We identified Lepidoptera to family since the
majority captured in pitfall traps were larvae. Larvae
of both the Arctiidae and Noctuidae were negatively
impacted by annual burning (Fig. 5; graphs 75 and 76).

Eight Orthoptera were affected by burning. Six of
these were crickets (Gryllidae: Fig. 5; graphs 79-84),
but not all crickets responded the same to dormant-
season burning. Four were more abundant in fre-
quently burned plots (Fig. 5; graphs 79, 81, 82 and
84) while unidentified immatures (Fig. 5; graph 80)
were less abundant in burned plots, and Orocharis
spp. were more abundant in biennially and quadren-
nially burned plots than controls (Fig. 5; graph 83).
Other Orthopterans affected by burning were long-
horned grasshoppers in the subfamily Conocephalinae
which were more abundant on frequently burned plots
(Fig. 5; graph 85).

Scorpionflies (Panorpa spp.) and the harvestman
(Eumesosoma spp.) both increased with increasing
burning frequencies (Fig. 5; graphs 77 and 78).

4. Discussion

Prescribed burning altered ground-dwelling arthro-
pod communities. When all 5 years of data were
combined we found dormant-season burning reduced
diversity and evenness, regardless of frequency, below
that of plots where fire had been excluded. Annual
burning lowered ground-dwelling arthropod diversity
below the other two fire frequency treatments. Exam-
ination of data on a yearly basis shows changes in
diversity and evenness were due to frequency of
fire application and not long-term changes to commu-
nity diversity. Diversity of unburned control plots
remained constant throughout the study, but each year
fire was applied in the other plots diversity and even-
ness declined. Diversity returned to the same level as
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controls by the end of the second year after fire. These
results suggest annually burned plots had lower overall
diversity because they had insufficient time to recover
between burns. Fire return intervals of 2 and 4 years
resulted in lower overall diversity than unburned plots,
but yearly diversity trends show that this also was due
primarily to reductions in diversity in years fire was
applied. Changes in diversity were not the result of
alterations to plots brought on by the long-term use of
fire.

Dormant-season burning altered the composition of
the community by reducing the numbers of predators
and increasing the numbers of detritivores. Although
numbers of herbivores captured were similar on all
plots, herbivore richness was higher on annually
burned plots. Diversity and evenness of detritivores
and predators was higher on the unburned plots.
Reasons for the higher number of herbivore taxa on
annually burned plots are unclear. Unburned plots had
a much higher overall live plant biomass, but much of
this was due to a single species, saw palmetto. Annual
burning increased the abundance of grasses (Table 1)
and annual winter burning increases diversity of
understory plant communities beneath southern pines
(White et al., 1991; Brockway and Lewis, 1997), so it
is possible that the greater herbivore richness was due
to higher numbers and diversity of herbaceous plant
species.

Detritivore diversity was highest on the unburned
plots, which had almost six times as much dead plant
material as the annually burned plots. However, we
captured almost twice as many detritivores (Table 5:
without D. maculatus) on burned plots. It is possible
that detritivores are captured less frequently on
unburned plots because the abundance of food avail-
able reduces their need to move. Another possibility
was that detritus on burned plots may be higher
quality. Burning usually kills but does not always
consume all of the above ground potions of understory
plants. Therefore, dead plant material on burned plots
likely contained more nutrients, since plants were
unable to recapture the nutrients before leaf death.
Finally, greater predation due to higher predator num-
bers may have contributed to lower detritivore num-
bers on unburned plots.

Comparisons of overall community similarity
(Fig. 2) showed that during a 5-year-period arthropod
communities exposed to fire were similar to each other

regardless of fire return interval. Similarity of annually
burned plots and unburned controls was lowest. As fire
frequency decreased the communities became pro-
gressively more similar to the unburned plots. Com-
parison of similarities of burned plots and unburned
controls over time (Fig. 3a) showed a pattern almost
the same as diversity (Table 4), i.e. in years when fire
was applied to the plots similarity of burned and
unburned plots dropped, but similarity returned to
pre-burn levels within 2 years. Annually-burned plots
consistently had the lowest similarity to controls.
Quadrennially-burned plots were as similar to
unburned plots 4 years after they were burned as
the comparison of half of the unburned plots to the
other half in 1999. However, this was not the case in
1995 when the quadrennially-burned plots also had 4
years to recover. The results in 1999 may have been
due in part to a severe drought in Florida, that began in
May 1998 and extended through January 1999, that
may have altered communities within unburned plots.
Log transformation of numbers captured prior to
calculating percentage similarity (Fig. 3b) suggests
that fire had its greatest effect on the most abundant
taxa and not rare ones.

Frequent fire did not increase rarity or reduce
richness of ground-dwelling arthropods (Fig. 1). We
further explored effects of fire frequency on the com-
munity of rare taxa with the quotient of similarity that
measures only whether taxa are present without taking
abundance into consideration. The pattern in compar-
1sons among treatments was very similar to that for
percentage similarity of the whole community. Com-
parisons among burn treatments had quotients of
similarity that were approximately equal. The lowest
similarity was for the comparison of annually burned
plots to controls, while similarity between burn treat-
ments and controls increased with decreasing fire
frequency. Although one might expect rare individuals
to be more likely to undergo local extinction as a result
of fire, our results suggest that may not be the case.
However, plots in this study were small with only a 2—
3 m wide fire line between them so some movement of
arthropods between plots was likely. Therefore, some
rare individuals may have come from less frequently
burned plots.

Our results and others show it is difficult to make
generalizations about the effects of fire on various
arthropod groups (Ahlgren, 1974; Warren et al., 1987).
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Dormant-season fire did not have a broad general
effect on ground-dwelling arthropods in longleaf pine.
Even within orders, and in many cases families, fire
affected genera differently. For example, most mem-
bers of the wolf spider family, Lycosidae, were nega-
tively impacted by burning but the genus Allocosa had
higher numbers on the annually burned plots. Like-
wise, not all ground beetles (Carabidae) were reduced
by burning. Some ants (Formicidae) increased drama-
tically in response to frequent fire while others were
negatively impacted. These results are consistent with
previous studies reviewed by Ahlgren (1974), Warren
et al. (1987) and Siemann et al. (1997) that show
arthropod response to fire is almost species-specific.
Attempts to make broad generalizations about arthro-
pod responses based on a few species or groups should
be avoided.

Over 40 genera were reduced by burning and, of
those, 26 were captured in equal numbers on quad-
rennially and annually burned plots but in significantly
lower numbers than on unburned plots. Warren et al.
(1987) presented a model of arthropod population
response to fire divided into acute and chronic
impacts. According to their model, acute impacts
occur during the combustion (the fire) and “‘shock”
phases (the period after the fire but before vegetation
began to re-grow), and chronic impacts occur after
vegetative regrowth starts and last until equilibrium
between flora and fauna populations is attained. Our
results show chronic impacts can last over 4 years for
some arthropod populations in the longleaf flatwoods
ecosystem. However, other species clearly benefitted
from frequent burning.

Despite having a significant negative impact in
many cases, repeated annual burning over 35 years
rarely resulted in extirpation of a genus. In fact, plots
where fire was excluded were as likely to be missing
a genus that was captured on burned plots. Likewise,
Panzer (1988) found little evidence that repeated
burning of prairie remnants resulted in complete
elimination of butterfly species or the many fire-
sensitive leafthoppers (Heteroptera), moths (Lepidop-
tera) or Orthroptera. Winter burning had no effect on
overall richness or richness of rarely collected gen-
era. The quotient of similarity for rare genera was
lowest for comparison of annually burned plots to
unburned controls, but similarity between burned
and unburned plots increased as fire frequency

decreased suggesting that rare genera either quickly
re-colonized burned areas or they were not comple-
tely eliminated.

Like prairie remnants, longleaf pine stands that
have not been heavily disturbed by previous agri-
cultural and silvicultural practices are uncommon.
We agree with Howe (1994) that varying timing
(season), burning frequency and fire intensities on
a given area are more likely to simulate conditions in
which longleaf pine communities evolved. In addi-
tion, the slow recovery rate of so many species
suggests that management oriented toward conserva-
tion of biodiversity in longleaf pine should include
areas excluded from fire. However, the size or dis-
tribution of unburned areas cannot be concluded
from this study. Our plots were less than 1 ha, but
they apparently were large enough to provide a
refuge that allowed a number of species to reach
higher population levels. In addition, the unburned
plots were invaluable for research, allowing us to
detect effects on a number of species that otherwise
would have gone unnoticed. A number of studies
have shown the importance of fire in the maintenance
of longleaf pine and its associated understory plant
community, and we agree that prescribed burning
should continue to be an integral part of longleaf pine
management. However, varying fire regimes and
setting aside small unburned areas replicated across
a landscape would likely minimize impacts, provide
refuges for a number of arthropods and a resource for
future research.
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