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Abstract Conservation managers of oak woodlands have

been reintroducing fire both as an ecological process per se

and to assist in restoring native plant communities. To

increase our understanding of the impacts of reintroduced

fire on ground-dwelling invertebrates we examined the

response of ants and spiders to a late season (autumn) pre-

scribed fire conducted in a blue oak (Quercus douglasii)

woodland ecosystem in northern California. Twelve

100 m 9 100 m plots were established, six plots received a

burn treatment and the remaining six plots were unburned

controls. Ants and spiders were sampled using pitfall traps

left open continuously and collected approximately every

32 days. Sampling was conducted over a year, consisting of

four pre-burn and nine post-burn collections. Abundance

was analyzed using a repeated measures ANOVA, which

showed seed-harvester ants decreased significantly in the

two months following the fire. Total spider abundance also

showed a significant decrease in two months, although this

did not occur immediately after the burn. One spider hunting

guild, the ‘diurnal ambush’ group (Thomisidae) remained

suppressed for up to nine months. Correspondence analysis

measures of ant species abundance with environmental and

vegetation variables (percent rock, bare ground, plant spe-

cies richness and height of herbaceous vegetation) were

higher than expected by chance, which assists in explaining

some of the responses. Findings from this study revealed

that the reintroduction of autumn burns has modest and

short-term effect on the invertebrates sampled, suggesting

that late season fires are compatible with other conservation

goals for oak woodland ecosystems.

Keywords Burning � Conservation management �
Ecological disturbance � Functional groups � Invertebrates �
Restoration

Introduction

California’s oak woodlands are some of the most biologi-

cally diverse natural communities in the state, harboring

over 300 vertebrate species including a number of endan-

gered species. Fire is one of the defining characteristics of

these ecosystems and the importance of restoring fire as a

landscape process where historical fire regimes have been

altered or eliminated has been widely recognized (Biswell

1989; Jepson 1910; Parsons and van Wagtendonk 1996).

The re-establishment of fire has been further encouraged

through its use as a restoration tool to manage the plant

community, most notably to control invasive species, dis-

courage the growth of woody species, and encourage the

performance of native grasses and forbs (Baker 1994;

Curtis and Partch 1948). Monitoring the effects of such

practices has focused largely on vascular plants (Klinger

and Messer 2000; Peterson and Reich 2001), consequently

the effects of fire on the invertebrate community are not

fully understood.

This gap in knowledge is particularly important since

invertebrates are critical to processes such as decomposition,

herbivory, and pollination, and provide important dietary

linkages between different trophic levels (Hölldobler and

Wilson 1990; Lal 1988). In addition, ground dwelling

invertebrate species can often be clustered into functional

groups based on diet or hunting strategy which can provide

valuable surrogates for harder-to-measure components of the

ecosystem. For instance, they can be used to make inferences

on habitat quality with respect to microenvironmental and
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biotic features, giving useful information for monitoring

post-burn conditions (McIver et al. 1992; Uetz 1979).

Studies which have analyzed the impacts of prescribed fire

on invertebrates have recorded a range of responses from

minor, ephemeral effects (Abbott 1984; Abbott et al. 2003;

Majer 1983) to substantial reductions of invertebrate popu-

lations across a range of habitats (Andersen 1991; Reichert

and Reeder 1970). For example, Abbott et al. (2003) found

spiders to be resilient to burning in a Eucalyptus forest in

Australia, compared to other research reporting either post-

burn increases in vagrant, desiccation-tolerant spiders, or

decreases in spiders dependent on vegetation for web con-

struction (Reichert and Reeder 1970). This range of

responses results from a complex interaction of season, fre-

quency and intensity of burning, species level adaptations to

fire (e.g., burn tolerance, recolonization potential), and the

stage of organism’s life cycle exposed to the burn (Vander-

woude et al. 1997).

We report on the impacts of late season prescribed fire

in an oak woodland to assist conservation managers

understand the impacts of reintroducing fire on inverte-

brates. This work compliments another study (Underwood

and Christian 2009) designed to examine the effects of

early season (spring) prescribed fires specifically aimed at

controlling invasive plants. Early season fires are timed to

follow the seed set of most native winter annuals, but

precede seed set of noxious introduced species, such as

yellow starthistle (Centauria solstitialis) and a variety of

Mediterranean grasses (e.g., Bromus spp.). While early

season fires are important for management, they are rela-

tively small in scale and occur when plants are still green

and flammability is low. Consequently these fires do not

effectively mimic the natural fire cycle of Western grass-

lands and oak woodlands where frequent large fires

occurred after seed set and annuals are cured. Given that

invertebrate communities are known to be highly seasonal

(e.g., Whitford 1978) and likely to be adapted to late sea-

son fire, if the reintroduction of natural fire is a conserva-

tion goal it is also important to explore the responses to

autumn fires.

In this study, we document the effects of late-season

fires on ants (Hymenoptera: Formicidae), which are the

numerically dominant macroinvertebrates in this system,

and spiders (Araneae), which are the dominant invertebrate

predator group. Both are also abundant and reasonably

diverse, so they are readily sampled and classified. For

these reasons, they are thought to be attractive indicator

taxa for changes in diversity as well as more general

impacts on the overall invertebrate community (Alonso

2000). We also examine the extent to which responses to

burning can be explained by their association with fine

scale habitat variables.

Methods

Study site

This study was conducted at The Nature Conservancy’s

Dye Creek Preserve (15,000 ha) located in the Lassen

Foothills in northern California, which represents Califor-

nia’s largest stand of blue oak (Quercus douglasii) wood-

land in conservation ownership (The Nature Conservancy

2000). The elevation of the preserve ranges from 60–750 m

with thin, volcanic soils and many rocky outcrops and a

distinctly Mediterranean climate, characterized by dry, hot

summers and wet winters. Oak coverage is patchy, with a

scattered understory of buckbrush (Ceanothus cuneatus)

and manzanita (Arctostaphylos spp.) and an herbaceous

layer consisting predominantly of non-native forbs and

grasses. Grazing is allowed on the preserve between

November and April (approximately 1 cow-calf pair per

4.5 ha) with hunting activities in the autumn and spring.

Lightning caused wildfires, as well as historical

anthropogenic burning by Native Americans, would have

occurred predominantly in the autumn (Barbour et al. 1993;

Lewis 1995). Since lightning strikes vary both spatially and

temporally, the natural state of the ecosystem is one of

consistent variability. Prescribed fire has been adopted as a

broad-scale management tool on the preserve (The Nature

Conservancy 2000) and a portion of the preserve is burned

each year (e.g., 273 ha in 2002 and 699 ha in 2003). The

area of the experimental plots, however, had not been

burned in over 30 years, resulting in an artificially stabi-

lized system.

Experimental design

To evaluate the effects of fire season on invertebrates we

used a randomized complete block design consisting of six

blocks each containing two 100 m 9 100 m plots; one of

which received an autumn (late season) burn, the other

representing the unburned control. The location of plots

was stratified by elevation (335–381 m), slope (0–10�), and

aspect (east to west facing slopes). Reference to digital

orthophoto quads (taken in 1993) ensured that 25–50% of

the plot was covered by mature oak tree canopy. Inverte-

brates were sampled using pitfall traps consisting of six

plastic cups per plot, filled with a 50% ethylene glycol and

water solution, and sheltered by a supported cover to

minimize dilution by rain. To reduce the detection of edge

effects, the first pitfall trap was placed in the center of the

plot (50 m from each edge) and the remaining five at

random distances (between 10–25 m) and cardinal direc-

tions (eight classes) from the center (Trueman and Cran-

ston 1994).
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Pitfall traps were open continuously and collected on

average every 32 days, with a 15 day sample directly

before and after each of the burns to capture immediate

invertebrate responses. Invertebrates were sampled over

one year; consisting of four pre-burn collections (July,

August, September, and October 2002) and nine post-burn

collections (November 2002 to July 2003). Although the

limitations of pitfall sampling are recognized, for example

the ‘trappability effect’ of removing vegetation in burned

sites (Melbourne 1999; Uetz and Unzicker 1976), pitfall

catches do reflect the relative population levels of mobile

ground dwelling invertebrates and also permit continuous

sampling of temporally stratified species (Neumann 1991;

Uetz 1979). After collection, pitfall catches were washed

and sorted to provide composition and abundance data for

each pitfall trap. Ants were identified to species and spiders

to family and subfamily and specimens were preserved in

95% ethanol.

To characterize the environment around each pitfall

trap, selected habitat variables and plant species composi-

tion were sampled in control plots in May 2003. Habitat

variables were measured within a 150 cm 9 150 cm

square centered on each pitfall trap and consisted of: %

rock, % wood, % cow pat, % bare ground, % litter, and

distance to nearest oak tree. Vegetation composition data

was taken within a 30 cm 9 30 cm square randomly

placed three times (non-overlapping) within the larger

square. Vegetation measurements included identification

and estimation of species cover using eight cover classes

(Bailey and Poulton 1968) and five measurements of her-

baceous height within each square. Summary vegetation

data around each pitfall trap consisted of: total plant spe-

cies richness, average height of the herbaceous layer,

average (%) cover of each species, and average cover by

plant functional groups: % cover non-native forbs, % cover

native forbs, % cover non-native grasses, and % cover

native grasses.

Experimental burns were conducted on 17 and 18

October 2002 (three plots per day) with temperature and

wind speed being similar on both days. Herbaceous vege-

tation was fully cured at the end of the growing season and

an average of 87% of the understory vegetation of plots

was burned, exceptions were immediately around oak trees

where moisture was higher. Pitfall traps were re-set

immediately after each fire.

Data analysis

Ant species were divided into two diet-based functional

groups: seed-harvesters/scavengers and omnivores (Kas-

pari 2000). Spider families and subfamilies were grouped

according to hunting guilds (McIver et al. 1992; Niwa and

Peck 2002; Post and Reichert 1977). Only five of the eight

spider groups, however, were sufficiently abundant to be

analyzed statistically: Diurnal Ambush (Thomisidae),

Diurnal Pursuit (Lycosidae), Diurnal Stalk (Salticidae),

Nocturnal Running (Gnaphosidae), and the only trapping

group, Funnel Web (Agelenidae). Expected catches for

destroyed pitfall traps (e.g., from cattle damage) were

estimated by averaging the contents of the remaining pit-

falls within that plot and overall plot abundances were

calculated by combining the six pitfall traps within each

plot. For both ants and spiders abundance data were log

transformed (loge count ? 1) and resulting distributions

were tested to ensure that they approximated normal dis-

tributions (Shapiro-Wilk).

To analyze fire effects a repeated-measures ANOVA

(Profile Analysis) was performed (von Ende 2001). The

dependent variables used in the analyses included the total

abundance of ants, spiders, and abundance by their

respective functional groups. The Profile Analysis trans-

formed the within-subject repeated measure (month) data

to a series of contrasts to test for a burn effect, month

effect, and burn-by-month interaction, and finally per-

formed univariate analyses to assess whether there were

between-treatment differences in abundance by month (von

Ende 2001) (using proc GLM; SAS 1999). Where neces-

sary, data were adjusted against violations of sphericity by

using the Huynh-Feldt (H-F) adjustment. Results where

P \ 0.05 are reported as statistically significant, and values

of 0.05 \ P\0.1 are also examined, since these may have

ecological relevance and be of practical importance for

land managers (Martı́nez-Abrain 2007).

To visualize species abundances in relation to environ-

mental variables and determine the correlation among these

factors, we conducted a Canonical Correspondence Anal-

ysis (CCA) (ter Braak 1995). We analyzed habitat and

vegetation variables with the (loge) abundance of ant spe-

cies and then spider groups recorded from the control pit-

fall trap collections from June and July 2003. The premise

was to identify species associations in the natural envi-

ronment (unburned) that might assist in the interpretation

of responses to fire. Because of the seasonal variation in

invertebrate abundances, we selected two adjacent months

that received no precipitation, were of relatively similar

average temperatures, and reflected peak foraging activity

for the many ant species, thereby optimizing the potential

for detecting relationships with respect to environmental

characteristics. Pitfall trap scores were centered and stan-

dardized to unit variance, and the ordination was performed

to optimize the configuration of species rather than pitfalls.

Monte Carlo tests were conducted to test the null hypoth-

esis that there was no relationship between the species

abundance and environmental variable matrices (999 per-

mutations) (using PCORD version 4.14 (McCune and

Mefford 1999)).

J Insect Conserv (2010) 14:359–366 361

123



Results

Sixteen species of ants were recorded at the site (Table 1);

five seed-harvesters/scavengers and ten omnivores. The

abundances of two ant species Pheidole californica and

Pheidole creightoni were combined owing to difficulties in

distinguishing them, particularly since they hybridize

(Burge 2005). Messor andrei was by far the most abundant

ant collected at the site, with Prenolepis imparis (the

winter ant) and Dorymyrmex insanus the rarest. Three

spider families, Salticidae, Gnaphosidae, and Thomisidae

had approximately equal abundance of individuals, while

the Funnel Web group Agelenidae was least numerous. A

strong seasonal effect was observed in all groups over the

year (Fig. 1a–c).

Profile Analyses for all groups showed a highly signif-

icant effect of time (month) over the 13 collections

(P \ 0.0001) reflecting seasonal variations in invertebrate

abundance. Results for the four pre-burn collections for

both ant and spider groups confirmed that there were no

significant differences between burn and control plots

before treatment. Using total ant abundance a significant

burn-by-month interaction was detected (F = 2.66,

df = 12, H-F P = 0.009), but did not reveal a measurable

burn effect when analyzed over all months. The contrast

analysis revealed a significant decrease in total ant abun-

dance between the immediate pre-burn and first post-burn

samples (F = 5.34, df = 1, P = 0.043) and also in the

subsequent collection (F = 5.92, df = 1, P = 0.035)

(Fig. 1a). A more detailed analysis by functional group

showed a decrease in the seed-harvesters, displaying a

significant burn-by-month interaction (F = 3.34, df = 12,

P = 0.002), which reflected the same pattern—declining

significantly between the immediate pre- and post-burn

samples (F = 6.24, df = 1, P = 0.032) and again in the

second post-burn month (December) (F = 13.49, df = 1,

P = 0.004). No response was detected for the omnivore

group.

The Profile Analysis using abundance of all five spider

groups revealed a significant burn effect (F = 7.87,

df = 1, P = 0.019) and also burn-by-month interaction

(F = 2.55, df = 12, P = 0.014) (Fig. 1b). This decrease in

burn plot abundance was not in the immediate post-burn

collection but rather in the second (December) and third

(January) collections (F = 24.60, df = 1, P = 0.0006 and

F = 6.33, df = 1, P = 0.031 respectively). The Diurnal

Ambush hunting guild showed the most dramatic response,

decreasing significantly in both burn-by-month interaction

(F = 2.70, df = 12, P = 0.036) and overall burn effect

(F = 9.06, df = 1, P = 0.013) (Fig. 1c). A notable decline

in burn-plot abundance was detected in the first post-burn

collection (F = 3.61, df = 1, P = 0.087), which became

highly significant in the second post-burn collection

(December; F = 28.49, df = 1, P = 0.0003). There was

no genuine recovery for this group up to nine months after

the burn. The only other spider group to show a notable

decrease after the burn treatment was the Nocturnal Run-

ning group, with a marginally significant burn effect

Table 1 Summary of ants and

spiders caught in all pitfall

samples between July 2002 and

July 2003 at the Dye Creek

Preserve, northern California

Functional group codes are: O
omnivore, SH seed-harvester/

scavenger, DS diurnal stalk, NR
nocturnal running, DA diurnal

ambush, DP diurnal pursuit, and

FW funnel web

Ant subfamily or

spider family

Ant species or spider

hunting guild

Code Functional

group

Myrmicinae Messor chicoensis meschi SH

Myrmicinae Pheidole californica/creightoni phecc SH

Myrmicinae Pheidole hyatti phehya SH

Myrmicinae Solenopsis xyloni solxyl SH

Myrmicinae Solenopsis molesta solmol O

Myrmicinae Leptothorax nevadensis lepnev O

Myrmicinae Leptothorax andrei lepand O

Formicinae Camponotus semitestaceus camsem O

Formicinae Formica moki formok O

Formicinae Brachymyrmex depilis bradep O

Formicinae Camponotus essigi camess O

Formicinae Prenolepis impairs preimp O

Dolichoderinae Tapinoma sessile tapses O

Dolichoderinae Dorymyrmex insanus dorins O

Salticidae Diurnal stalk diusta DS

Gnaphosidae Nocturnal running nocrun NR

Thomisidae Diurnal ambush diuamb DA

Lycosidae Diurnal pursuit diupur DP

Agelenidae Funnel web funweb FW
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(F = 3.65, df = 1, P = 0.085), again occurring most

notably in the second (December) and third (January) post-

burn collections (F = 5.84, df = 1, P = 0.036 and

F = 10.48, df = 1, P = 0.009 respectively). Interestingly,

the only group to exhibit an increase in abundance in burn

plots was the Funnel Web group immediately after the burn

(F = 13.67, df = 1, P = 0.004). However, interpretation

of this must be made cautiously, since neither burn nor

burn-by-month interaction was significant. The Diurnal

Stalk and Diurnal Pursuit hunting guilds were least affected

by autumn prescribed fires.

Canonical correspondence analysis

The Monte Carlo tests demonstrated that the relationship

between ant species abundance and environmental and

vegetation variables was higher than expected by chance

for all three axes (P = 0.001, P = 0.037, and P = 0.002

respectively). Axis 1 explained 19.6% of the variance in

the ant species data with the environmental data, with Axes

2 and 3 contributing 5.7 and 4.7% respectively (explaining

a total of 30% of the variance). The CCA biplot (Fig. 2)

reflects the spatial distribution of ant species, pitfall traps,

and the contribution of environmental and vegetation

related variables. The length of the vectors signifies the

relative contribution of that variable to species composi-

tion, while the direction shows its contribution to differ-

ences between plots. Seven of the twelve environmental

and vegetation variables strongly contributed to the vari-

ance in species composition (Fig. 2). Five ant species, the

majority of which are omnivores (Tapinoma sessile,

Pheidole hyatti, Leptothorax nevadensis, Solenopsis

molesta and Brachymyrmex depilis) were strongly posi-

tively associated with height of the herbaceous layer and %

cover of non-native forbs. In contrast, two seed-harvesters

Messor andrei and M. chicoensis, and one omnivore,

Camponotus semitestaceus, preferred areas with lower

herbaceous and non-native forb cover - exhibiting positive

associations with % bare ground, % rock cover, and plant

species richness. Pheidole creightoni / P. californica was

positively associated with distance from oak and greater %

cover of native forbs. In contrast, the ordination axes using

spider group abundance explained a lower amount of the

variance in species data (6.2, 5.9, and 2.1% respectively for
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Fig. 1 Comparison of burn and

control plots for total abundance

(mean ? 1 SE, n = 12 plots)

from experimental burns

conducted at the Dye Creek

Preserve, northern California.

Clockwise from top left: a all

ants, b all spiders, c Diurnal

Ambush (Thomisidae) spider

hunting guild. Months are

approximate. Legend for

treatment: control plots (Circles
in black), burn plots (x in grey)
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Axes 1, 2, and 3), none of which was shown to be higher

than expected by chance in the Monte Carlo tests.

Discussion

The results from this study agree with other fire research in

detecting a modest and short-term effect on ants (Abbott

et al. 2003; Jackson and Fox 1996) and spiders (Abbott

et al. 2003; Pearse 1943). Total ant abundance, and in

particular, the seed-harvester group showed significant

declines in the two immediate post-burn collections. Sim-

ilarly, total spider abundance decreased significantly in the

second and third post-burn collections, but interestingly not

in the immediate post-burn sample (Fig. 1b). The relatively

short-term effects of burn treatment on most functional

groups might be explained by the rocks and unburned

woody debris remaining in burned plots, which offered

potential refuges for invertebrates to survive the burn and

also from which to recolonize (Whelan et al. 1980; Reic-

hert and Reeder 1970; Moretti et al. 2002).

The response of ant functional groups can be interpreted

to some extent from a physiological context. The imme-

diate post-fire decline in seed-harvester abundance might

be explained by the fact that the key seed-harvesters in this

ecosystem are strongly thermophilic, with foraging activity

levels of workers being regulated by temperature. Exposed

burn plots during the cooler autumn and winter months,

devoid of herbaceous cover and litter present more extreme

microenvironmental conditions and likely unattractive

foraging grounds for seed-harvesters (Andersen and Yen

1985; Neumann 1991). Support for this interpretation is

provided by the ordination associations of key seed-har-

vesters in the summer months, e.g., Messor chicoensis and

M. andrei, with greater bare ground and rock cover, and

lower herbaceous vegetation (Fig. 2).

The decline in total spider abundance, and also the

Diurnal Ambush and Nocturnal Running groups, did not

occur in the immediate post-burn collections but rather the

second and third collections—a phenomenon observed in

other fire experiments (e.g., Reichert and Reeder 1970).

This delayed response suggests that spiders often survive
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Fig. 2 CCA ordination of

transformed abundances of ant

species from control pitfall traps

collected in June and July 2003

at the Dye Creek Preserve,

northern California, following

late season (autumn) prescribed

fires conducted in October 2002.

Circles (black) represent pitfall

traps and vectors reflect the

relationship with environmental

variables: OK distance to oak, B
% bare ground, R % rock, W %

wood, C % cow pat, HH height

of herbaceous layer, SP plant

species richness, IF % cover of

invasive and non-native forbs,

NF % cover of native forbs, and

NG % cover native grasses.

Species are indicated by ‘?’ and

species codes represent first 3

letters of species and genus,

listed in Table 1
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the burn in situ by seeking refuge under rocks and wood,

and indeed benefit from a post-fire spike in food as dead

and damaged prey are consumed. A decrease in their

abundance might then result from decreased prey levels,

emigration, moving more deeply in the soil, or through

mortality under changed ambient conditions (Reichert and

Reeder 1970). Mortality seems to be the most plausible

explanation considering the importance of herbaceous

vegetation and litter to many spiders (Moretti et al. 2002;

Post and Reichert 1977). In addition a significant post-fire

decline in potential prey such as Coleoptera, and the sea-

sonal decline in Orthoptera and Thysanura which disap-

peared completely over the winter (Underwood, unpub.

data), undoubtedly accentuated the effects of burning. The

Diurnal Ambush group, which employs a sedentary, sit-

and-wait hunting strategy, exemplifies the problems

encountered in post-fire conditions. This group displayed a

sustained decrease in burn plots (Fig. 1c) that is consistent

with several other studies (Niwa and Peck 2002; Warren

et al. 1987). Although spiders can endure long periods of

starvation when prey capture is low, this group can either

continue to sit-and-wait or move to a more productive

environment (Wise 1993). Relocating, however, must be

offset by the risk of increased exposure to predators—

birds, for example, have been observed and experimentally

shown to be major predators of over-wintering spiders

(e.g., Hogstad 1984; Reichert and Hedrick 1990).

The findings from this study demonstrate that ant and

spider responses to a late season fire in an oak woodland

appear to be relatively modest and short-term, even though

the previous absence of fire in the experimental plot area

might have suggested more severe effects. In contrast, our

study examining the impacts of early season spring burns

in a similar habitat (Underwood and Christian 2009) found

seed-harvesters increased significantly in burned plots after

one year. This difference might emphasize the historical

role of fire in oak woodland ecosystems, with invertebrates

accordingly fire adapted and resilient, although longer term

studies need to be conducted since indirect fire effects,

such as nutrient cycling, might take several years to have

an effect (Whelan 1995). Nevertheless, the results from this

study are encouraging given that the project was developed

to provide practical scientific guidance on the effects of

reintroducing fire into the landscape. Conservation man-

agers at the preserve now have reasonable evidence that the

ant and spider communities will continue to function nor-

mally in the face of late season fires.
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