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Abstract
This study investigated the impact of the fire disturbance and the pattern of recovery of soil dwelling oribatid mite com-

munities with respect to the resilience from the fire disturbance. Oribatid mites are important decomposer animals of 

plant debris in soil with the feeding habits of saprophagy and mycophagy. Massive wild fire reduced soil oribatid mite 

abundance and diversity. The impact varied relative to the intensity of the disturbance. The proportion of the species 

common to the non-disturbed natural site increased as the time after the disturbance elapsed, which implying some 

degree of naturalness occurring in reorganization phase of the oribatid mite community. From the sites with different 

degree of fire impact, we found higher diversity in intermediately disturbed sites than in severely disturbed or non-dis-

turbed site, supporting the intermediate disturbance hypothesis. Also this study showed that with differential degree of 

disturbance plots, resilience pattern after the disturbance can be explored even with shorter period research relative to 

the ecological succession of community. 
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INTRODUCTION

Soil animals in the forest ecosystem play vital roles in 

the decomposition of organic matter and nutrient cycling 

while influencing the soil structure and physic-chemical 

properties (Wallwork 1983, Lussenhop 1992). The major 

groups of meso- and macro-fauna in forest soil ecosys-

tem include acari, collembola, araneae, nematodes, some 

dipteral larvae and other arthropods (Schaefer 1991) with 

dominance of acari and collembola (Kim and Jung 2008, 

Jung et al. 2010). Among acari, predatory gamasid mites 

are the top predators of saprophagous oribatid mites, 

prostigmatic mites and collembolans. Oribatid mites are 

most abundant and super species-rich arthropod group 

in forest soils (Petersen and Luxton 1982, Park et al. 1996, 

Bae and Lee 1997, Zaitsev and van Straalen 2001, Erdma-

nn et al. 2006, Kim and Jung 2008, Kim et al. 2010, 2011). 

Feeding habits of oribatid mites are mostly saprophagous 

utilizing parenchymatous tissue of dead leaves (phylloph-

agy) or woody structural tissue of dead plant (xylophagy), 

and mycophagous feeding on fungal hyphae or spores. 

But few species are even bacteriophaous or predatory 

(Behan-Pelletier 1999). Thus oribatid mites directly regu-

late the decomposition of plant debris and indirectly in-

fluence the microfloral activity (Clement and Haq 1984, 

Norton 1985, Afifi et al. 1989) occupying the critical niche 

in soil ecosystem (Wallwork 1983, Jung et al. 1998, 2002, 

Jandi et al. 2003, Kang et al. 2007). 

Even though many factors influence the stability of 

soil ecosystem, it is often considered that soil ecosystem 

is relatively resistant to the small scale disturbance due 

to the soil buffering effect (Scheinost et al. 1997). How-
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the fire (Choung et al. 2004). The burned area in Imwon-ri 

was subdivided into four sites according to burn severity 

and recovery rate one year after the fire event. The burned 

sites were described according to the damage severity as 

severely damaged (S+++ and S++), less damaged (S+), mi-

nor damaged (M), and non-damaged (N) (Kim and Jung 

2008). Sites with “S” were inflicted by the crown fire while 

the site, M experienced the surface fire during 2000 East 

coast fire. Size of each selected plot was 40 × 20 m. 

Soil sampling and identification of oribatid 
mites

Soil samples were collected from fire damaged sites at 

5, 6, 7 years after the fire in summer season. One sample 

consists of five soil cores (5 cm diameter and 5 cm depth) 

with 8 replicates in each site. Fresh leaf litter was dis-

carded during sampling. Only hummus layer and soil 

layer were included in the core sample. Oribatid mites 

were extracted using a modified Berlese-Tullgren funnel 

for 72 hours with 30 watt bulb (Kim and Jung 2008, Jung 

et al. 2010, Kim et al. 2010a, 2011b). The extracted mites 

were stored at 70% ethanol solution and mounted on the 

slide glass using PVA mounting medium (Bioquip, Ran-

cho Dominguez, CA, USA) (Downs 1943). Oribatid mite 

species were identified according to Ehara (1980), Balogh 

and Mahunka (1983), Choi (1984), Aoki (1999), Balogh 

and Balogh (2002), and Weigmann (2006) under an opti-

cal microscope (× 400) (Olympus, PA, USA). 

Data analysis

Abundance data were transformed into square me-

ter scale for easy comparing with published data. The 

abundance, species richness and diversity index (H) were 

compared among sites (degree of disturbance) and year 

after the fire by using ANOVA. Relative impacts of each 

parameter were expressed with respect to the resilience 

pattern based on the reference to the natural site as non 

disturbed. All data were analyzed by using SAS software 

ever, disturbance is ubiquitous in most ecosystems (Cle-

ments 1936). In temperate forest, there would be pulse 

disturbances such as fires, wind-throw, floods, droughts 

and clear-cutting, and press disturbances like acid rain, 

nitrogen or heavy metal deposition. The response of the 

disturbance depends on the frequency, duration, scale 

and intensity (Bengtsson 2002). Fire is a pulse disturbance 

frequent or infrequent large scale. Short term results in-

clude reduced total carbon and nitrogen, water-holding 

capacity, and organic matter; increased soil pH, erosion 

and bulk density; and altering mineralization, biomass 

production, water repellency and floral and faunal diver-

sity and abundance (Chandler et al. 1983, Son and Choi 

2000, Cerdà and Doerr 2005, Certini 2005, Erickson and 

White 2008, Kim and Jung 2008, Jung et al. 2010). 

The frequency of fire disturbance is increasing recently 

(Ministry of Environment 2002). There are several reports 

on fire impacts and post-fire recovery of the vegetations 

(Choung et al. 2004), soil animals (Choi 1996, Son and 

Choi 2000, Kim and Jung 2008, Jung et al. 2010), oriba-

tid mite communities (Choi 1996, Fukuyama et al. 1999, 

Dress and Boemer 2004, Malmstörm 2008). However no 

effort has been made to understand the recovery process 

after the fire in relation to the resilience after disturbance. 

The aim of this study was to compare the response of 

soil oribatid mites to the wild fire in the sites with differ-

ent fire severity and to test the model explaining the im-

pact and recovery patterns relative to the resilience after 

the disturbance. Especially we examined whether the 

impacts and recovery were significantly different among 

the different fire severity sites, and if the reorganization of 

communities show any sign of intermediate disturbance 

hypothesis (Connell 1978, Huston 1979), in that case di-

versity would be higher in intermediately disturbed sites. 

Finally we asked if the pattern could be explained in terms 

of resilience after the disturbance.  

MATERIALS AND METHODS

Study sites 

The study sites were located at Imwon-ri and Yang-ri, 

Samcheok, Gangwon province, Korea. The geographic 

position is 37°02′ - 37°28′N and 128°57′ - 129°21′E. This 

area was burned during the East coast mountain fire in 

2000 (Ministry of Environment 2002). The natural site 

(N) was selected in Yang-ri where the forest structures 

dominated by ap. 30-year-old pine tree (Pinus densiflora 

[Siebold and Zuccarini]) are similar to burned area before 

Table 1. Statistical summary of analysis of variance of abundance and 
species richness of oribatid mite from the different degree of fire severity

Class df
Abundance Species richness

             P P

Year 2        <0.38 <0.001

Severity 4 <0.0001 <0.001

Interaction 8 <       0.29   0.086
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viduals were recovered from less damaged or non-dam-

aged natural sites (S+, M or N) (Fig. 1). There was clear 

pattern of increasing abundance as the disturbance se-

verity weekened. Also even with no statistical significance, 

abundance was in increasing pattern as the time after 

disturbance increase. The same patterns were obvious in 

species richness data (Fig. 2). From the severely disturbed 

sites, 0 - 4 species were collected from each sample, but 

more than double of species were collected from less dis-

turbed sites even after 5 years of the fire disturbance.

Local diversity index (H) of oribatid mites were in the 

range of 2 to 3 in most sample sites except one site with 

severely disturbed (S+++) where the index were lower 

than 0.5 indicating significant loss of biodiversity (Fig. 

3). However even in site S+++, diversity was in increasing 

pattern as the year after fire elapsed. 

Fig. 4 showed the resilience pattern of reorganization 

of oribatid mite communities. Impacts of disturbance in 

severely damaged sites were more than 90% reduction of 

the abundance and species richness while minor dam-

aged sites showed around 20% increase (Fig. 4a and 4b) 

after 5 years of disturbance in 2005. In species divesrity 

and disturbance graph (Fig. 4c), it was more clear that the 

diversity was much lower in severely disturbed sites, but 

similar or higher in less damaged sites. And the diversity 

showed increasing trend as the recovery phase elapsed.  

Proportions of the species common to the reference 

natural site (N) where no fire disturbance occurred were 

between 7 - 74%, with increasing pattern of this propor-

tion as the disturbance severity decreased. As the time 

progressed, the proportion also increased from 24%, 32% 

and 51% in 2005, 2006 and 2007, respectively, eventhough 

there was not significant different (Fig. 5).

ver 9.2 (SAS Institute Inc., Cary, NC, USA) (SAS Institute 

2008).

RESULTS

Community structure

The abundance and species richness of oribatid mites 

were significantly altered from the fire disturbance. Abun-

dances were different among the site with different fire 

severity, but not among the year (Table 1). The species 

richness was significantly different among sites as well as 

over the years (Table 1).  

The abundances of soil oribatid mites were as low as 

100 - 500 individuals per square meter area in severely 

damaged sites (S+++ or S++) while more than 1000 indi-

Fig. 1. Abundance of oribatid mites (mean ± SE) from the different de-
grees of disturbance severity after 5, 6 and 7 years from fire in 2000. Study 
sites were indicated as severely damaged (S+++ and S++), less damaged 
(S+), minor damaged (M), and non-damaged natural site (N). Different let-
ters above bars indicate the significant difference of the mean among the 
treatment within each year by ANOVA, LSD at 0.05 level.
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Fig. 2. Species richness of oribatid mites (mean ± SE) from the different 
degrees of disturbance severity after 5, 6 and 7 years from fire in 2000. 
Study sites were indicated as severely damaged (S+++ and S++), less 
damaged (S+), minor damaged (M), and non-damaged natural site (N). 
Different letters above bars indicate the significant difference of the mean 
among the treatment within each year by ANOVA, LSD at 0.05 level.
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Fig. 3. Diversity of oribatid mites (mean ± SE) from the different degrees 
of disturbance severity after 5, 6 and 7 years from fire in 2000. Study sites 
were indicated as severely damaged (S+++ and S++), less damaged (S+), 
minor damaged (M), and non-damaged natural site (N). Different letters 
above bars indicate the significant difference of the mean among the 
treatment within each year by ANOVA, LSD at 0.05 level.
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fire and tilling). Large infrequent disturbances are un-

common surprise that most organisms are maladapted to 

them resulting severe damage in structure and function 

of the ecosystem such as massive fire, volcano or extreme 

climatic events. Press disturbances are chronic stressors 

often from anthropogenic origin such as pollution, heavy 

metal deposition or acid rain. After disturbance, reorga-

nization phase may involve species recruitment or re-

establishment of the original species diversity. Thus the 

ecological resilience can be defined as the magnitude of 

disturbance that can be absorbed by a system before its 

structure and function change, and it moves into another 

stability domain (Holling 1996). Resilience is also defined 

as the ability of the community to return to equilibrium 

after a perturbation (Stiling 2002), and it includes elastic-

ity–how quickly a community can return to equilibrium– 

and amplitude–how much disturbance the community 

can return from. Reduction of abundance, species rich-

ness and diversity were proportional to the intensity of 

the disturbance which had been scored with the combi-

nation of vegetation recovery (Choung et al. 2004), im-

pacts on soil microarthropods and other environmen-

tal variables such as soil pH, organic matters and other 

physic-chemical properties (Kim and Jung 2008). Table 2 

summaries some of the researches conducted to evaluate 

the fire impacts on soil biota. Even though prescribed fire 

or surface fire could enhance or not influence the soil bio-

diversity, majority agreed that fire disturbance resulted in 

reduction of various soil biota. 

This study showed the typical resilience pattern of soil 

oribatid mite communities after the massive fire distur-

bance, even though the temporal resilience was not pro-

nounced. If the further long term study (e.g., 10, 20 and 50 

years after disturbance) on the reorganization of oribatid 

DISCUSSION

This study demonstrates that the abundance, species 

richness and diversity showed negative impacts from 

the fire disturbance. Disturbance in ecosystem can be 

distinguished as three types relative to their effects on 

organisms and ecosystems (Bengtsson 2002). Frequent 

or regular pulse disturbance tends to be natural process 

followed by reorganization phase. Thus these are often 

considered as parts of natural dynamics, and hence most 

organisms are adapted to survive them or recolonize the 

disturbance area. However human have fundamentally 

alter the frequency, intensity or spatial patterns creating 

a new disturbance regimes (e.g., clear-cutting, prescribed 

Fig. 5. Proportion of the species common to the non-fire natural site 
from the different degrees of disturbance severity after 5, 6 and 7 years 
from fire in 2000. Study sites were indicated as severely damaged (S+++ 
and S++), less damaged (S+), minor damaged (M), and non-damaged 
natural site (N).
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than in non-damaged sites (N) or severely damaged sites 

(S+++ or S++) during the recovering phase after the fire 

disturbance. This is contrasting to Schwilk et al. (1997) or 

Collins (1992). They suggested that the IDH may not hold 

true in the Mediterranean-climate shrublands of South 

Africa or North American grasslands. Our study was an 

example of temperate pine forest. Further designed study 

is requested to test if the disturbance response may dif-

fer depending on the ecosystem and the target organism 

groups. 

In conclusion, the study reports significant reduction 

of abundance, diversity and species richness of soil dwell-

ing oribatid mites when faced with the fire disturbance. In 

reorganizing phase, partial data supported the intermedi-

ate disturbance hypothesis and the pattern of resilience 

after disturbance. 
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mite community after the disturbance, then demonstra-

tion of the resilience and elasticity could be possible. 

However, the amplitude was partly explained from the 

existing data. Diversity is a key component in ecological 

resilience which is better than abundance or species rich-

ness because the diversity serves as a shortcut indication 

of the ecosystem functioning (Bengtsson 2002). In severe-

ly disturbed sites, diversity was heavily impacted almost 

leading the oribatid mite community extinct, while recov-

ery also took place in lightly disturbed sites. Also it was 

clear that the relative impacts were decreasing as the time 

after disturbance increased. 

In the reorganization phase, species structure changed 

dramatically. The local diversity after disturbance in-

cludes the survivors and recolonizers or invaders. The 

proportion of the species common to the reference natu-

ral sites increased from ap. 25% to more than 51% in three 

years. The value may indicate the naturalness of the di-

versity. 

While recovering phase, minor disturbance site showed 

even higher abundance and species richness supporting 

the intermediate disturbance hypothesis. Intermediate 

disturbance hypothesis (IDH) states that diversity will be 

highest at sites that have had an intermediate frequency 

of disturbance that prevents competitive exclusion and 

will be lower at sites that have experienced very high or 

very low disturbance. In this study, it was clear that the 

diversity was higher in less severe or minor damaged sites 

Table 2. Fire impact according to fire type in abundance and species richness on soil fauna

     Fire impact           Index         Fire type Animal                        Reference

Positive A S O Hugo-Coetzee and Avenant 2011

Negative A F M, Ac, O Fukuyama et al. 1999

A F O, M, Ac, C, Pr Choi 1996

A F M, Ac, C,O, Son and Choi 2000

A Cr Ac, O, G, Pr, As, C, For Kim and Jung 2008

A, R Ff C Huebner et al. 2012

A P M Dress and Boerner 2004

A P Ac Grabczynska et al. 2009

A, R S M,C, O Malmström et al. 2008

A, R Cr G Jung et al. 2010

A Ff M, C, O Malmström 2008

A P C, M, Other Malmström et al. 2009

Neutral A F C, Pr Fukuyama et al.1999

A F For, C Choi 1996

A, abundance; R, species richness; S, surface fire; Cr, crown fire; Ff, forest fire; P, prescribed fire; F, fire; O, oribatida; M, microarthropods; Ac, acari; C, collem-
bolan; Pr, prostigmata; G, gamasida; As, astigmata; For, formicidae.
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