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Long-term changes in surface-active beetle communities in a post-fire 
successional gradient in Pinus brutia forests 

Burçin Yenisey Kaynaş Fire is one of the most important ecological factors for many ecosystem types.
Since prehistoric times, synergistic effects of fires and humans have led to
changes in Eastern Mediterranean ecosystems. The effects of fire on different
trophic levels, particularly regarding plants, have been examined intensively
in fire-induced ecosystems. In this study, we aimed to study long-term changes
in beetle community structure after fire in Pinus brutia Ten. forests. Five sites
burned in different years and a control site unburned for at least 50 years
were selected. Beetle sampling was conducted using four pit-fall traps in each
of four transects in three replication plots at every successional site and in
two  plots  at  the  control  site.  Microhabitat  variables  related  to  vegetation
structure and litter layer were recorded and associated with abundances of
beetles and feeding groups. The results showed that total, wood-eating, and
predator beetles showed a decreasing trend of abundance along the succes-
sional gradient after fire. In contrast to these groups, herbivores tended to
increase towards  the late  successional  stages.  Middle  and late successional
stages were important in terms of species richness, species diversity and even-
ness of beetle communities and feeding groups. The characteristics of vegeta-
tion and litter layer changed with successional gradient, playing a decisive role
in the structure of beetle communities at successional sites. According to the
data presented here, a mosaic structure consisting of different successional
stages is very important to sustain high species diversity in beetle communi-
ties.
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Introduction
Pinus brutia is  the dominant tree of  old

growth  forests  in  the  Aegean,  Marmara,
and Mediterranean regions of Turkey. Such
forests range from the sea level up to 700-
800 m in the Aegean region and 1500 m in
the Mediterranean region (Kaya & Raynal
2001). Fire is an integral part of many eco-
systems such as the Mediterranean and it
serves as a strong selective force on plant
and animal communities (Thanos & Marcou
1989). As one of the most important eco-
logical factors, fire has been studied com-
prehensively  in  these  ecosystem  types.
Much attention has been paid to vegeta-
tional changes and regeneration strategies
of plant communities in Mediterranean for-
ests. Because dynamic feedbacks between

plants and their consumers influenced the
response of the whole ecosystem, incorpo-
rating higher  trophic  level  responses  into
the  pool  of  knowledge regarding  fire  ef-
fects is essential (Kim & Holt 2012).

Effects of fire on insects and other arthro-
pods  can  operate  through  a  variety  of
mechanisms  at  different  temporal  scales
(Andersen & Müller 2000). Direct effects of
fires  include  mortality,  forced  emigration
(Whelan 1995), or immigration of pyrophi-
lous insects (Wikars & Schimmel 2001,  Wi-
kars  2002).  The  sensitivity  of  fire  effects
depends on biological characteristics such
as trophic level, seasonal activity, and verti-
cal  distribution (Prodon et  al.  1987).  Indi-
rect  or  long-term  effects  of  fire  depend
substantially on habitat changes. Following

fire, changes in plant species’ composition,
plant  diversity  (Lawton  1983,  Siemann
1998, 1999), and plant architecture (South-
wood et  al.  1979,  Lawton 1983)  influence
the diversity and richness of insect commu-
nities. In Mediterranean ecosystems, a gen-
eral model concerning response to fire at
population or community scale is not possi-
ble, but on a regional scale, two resiliency
components,  elasticity  and  inertia,  along
with  the  mosaic  pattern  of  the  fires  and
the  possibilities  of  local  emigration  and
emigration result in relative stability of the
animal  communities  (Prodon  et  al.  1987).
At the functional scale, greater stability is
achieved  by  replacement  of  functionally
similar species that dominate under differ-
ent  environmental  conditions  in  the  het-
erogeneous parts of the region (Moretti et
al. 2009).

Beetles form the largest order in the ani-
mal kingdom, with over a third of a million
described species (Booth et al. 1990). They
are commonly used in ecological monitor-
ing  studies,  as  they  display  assemblage-
level responses to habitat change and can
be a  more  direct  measure  of  the  recom-
mencement of some ecosystem functions
(Leach et al. 2013). The aim of the present
study  was  to  investigate  the  long-term
response of beetle communities to habitat
change  depending  on  successional  gradi-
ent after fire. The existence of beetles in all
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consumer trophic levels  allows evaluation
of  the responses  of  these groups.  In  the
present study, beetle community composi-
tion was also assessed by feeding groups
to determine whether the their abundance
differed among post-fire successional sites.

Material and methods

Study area
The study was carried out in several Pinus

brutia forests  located  in  the  Marmaris
region  (36°  50′ N,  28°  17′ E)  and  its  sur-
rounding  areas,  which  is  situated  on  the
Mediterranean coast of southwestern Tur-
key. This area has a typical Mediterranean
climate  with  hot  and  dry  summers.  The
total  precipitation  is  1211.7  mm  year-1

(between  1975  and  2006),  with  a  dry
period lasting 5 months from May to Sep-
tember.  Monthly  mean  temperatures
range from 10.6 °C in January to 28.3 °C in
July. The dominant vegetation of the area
is  P.  brutia forest  and  these  forests  are
characterized  by  fire-created  habitat  mo-
saic  consisting  of  many  sites  at  different
stages of succession.

The study sites were selected from P. bru-
tia forests burned at different times in the
area.  The  successional  gradient  consisted
of five areas burned 3, 6, 9, 16, and 26 years
ago and an area unburned for at least 50
years.  The  samplings  were  performed  at
three  replication  sites  for  every  succes-
sional  site  and  at  two  for  the  unburned

forests. All sampling sites were selected in
the central part of the burned areas, where
crown fires formerly caused the complete
destruction  of  vegetation  and  above-
ground layer.  The sites were located apart
from unburned forest at least 1000 m.

Insect sampling
Beetles  were  sampled  with  four  pit-fall

traps that were placed along a transect at
10-m intervals. Four transects were used at
every replication site. The traps consisted
of  plastic  jars  of  about  7  cm in  diameter
buried in the soil  up to the rim and half-
filled with 30% ethylene alcohol.  Sampling
was carried out from March to October of
2006. At the end of each sampling period
insects  caught  in  the  pitfall  traps  were
removed and brought to the laboratory for
preparation.  All  caught  beetles  were
sorted  into  morphospecies  according  to
their  external  morphology  and  identified
to family level.

Habitat Measurement
Microhabitat  structure  of  the  sites  was

analyzed with the point quadrat technique
(Sutherland  2006).  For  every  transect  at
each  replication  site,  two  trap  locations
were selected for measurement of micro-
habitat  attributes.  In  each  measurement
location  nine  points  were  selected;  one
was at the center and the remaining eight
were  situated  in  four  different  directions
around the trap.  At each point,  the plant

species were identified, the height of plant
at  this  point  was  measured,  and the sur-
face characteristics were recorded.

Habitat  variables  measured  at  each  site
were height and total cover of vegetation,
plant species richness, cover of plant func-
tional  types  (tree,  shrub,  subshrub,  and
grass) and cover of biotic and abiotic sur-
face components.

Statistical analysis
To test the statistical significance of any

changes  in  abundances  of  beetles  and
feeding groups among successional stages,
the  analysis  of  variance  (ANOVA)  was
applied. Total counts during sampling were
used.  In  the  ANOVA,  abundances  were
expressed as mean number of  individuals
per  four  traps  in  a  transect.  Square  root
and logarithmic transformations were used
when the data did not meet the parametric
assumptions.  Overall,  six  successional
stages  were  compared  using  means  of
abundances from transects at the replica-
tion  sites.  Linear  regression  was  used  to
test change in beetle abundance along the
successional  gradient.  Linear  regression
was  also  used  to  examine  interactions
between microhabitat  variables and feed-
ing groups.  The following community  pa-
rameters were estimated for each succes-
sional  site:  species  richness  (number  of
species),  species  diversity  Shannon  index
(H′  =  –∑ pi log  pi,  where  pi is  the relative
abundance of the ith species) and evenness
(E′=  H′/  log  S,  where  S is  the  number  of
species). Specialist species to a certain suc-
cessional stage and generalist species were
estimated. Species that made up over 90%
of  collected  individuals  in  certain  succes-
sional  sites  were  evaluated  as  specialist
species for that site.

The  relationship  between  beetle  abun-
dance among sampling sites and microhab-
itat variables was estimated using ordina-
tion  techniques.  A  canonical  correspon-
dence  analysis  (CCA)  using  the  CANOCO
version 4.5 software package (Ter Braak &
Smilauer 2002) was used to assess habitat
preferences  of  microhabitat  variables  in
relation  to  successional  stages.  Twelve
microhabitat  variables  were  used  in  the
analysis.  The statistical significance of  the
canonical  axes  was  tested  using  Monte
Carlo permutations. Microhabitat variables
were added one by one to the model, start-
ing from the most important one, until the
subsequent  variable was  statistically  non-
significant. The analysis was constrained by
microhabitat  variables  measured for  each
site, which are indicated with arrows that
represent  the  direction  strength  of  their
correlations.

Results
A  total  of  3425  beetles  comprising  121

morphospecies from 26 families were col-
lected (Tab. 1). The most abundant families
were Buprestidae (41%) and Tenebrionidae
(28%).  The  mean  number  of  beetles  per
trap tended to decrease along the succes-
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Tab. 1 - Beetle families from pitfall catches, their feeding habits and mean abundance
per replication site in successional sites.

Families Feeding
habits

Time since fire (years)

3 6 9 16 26 >50

Anobiidae xylophagous - 0.3 - 0.3 - -
Apionidae herbivore 0.3 1.0 - - - -
Bolboceratidae saprophagous - - 0.7 - - -
Bruchidae granivore 0.3 - 0.3 0.7 - -
Buprestidae xylophagous 220.0 26.0 78.3 91.0 55.7 18.0
Carabidae predator 41.0 5.0 30.0 5.0 5.0 2.0
Cerambycidae xylophagous - - 0.7 0.7 0.3 -
Chrysomelidae herbivore 0.3 0.3 0.3 - - -
Cleridae predator 80.3 3.3 4.0 16.7 11.0 5.5
Cucujidae saprophagous - 0.3 - 1.0 0.7 0.5
Curculionidae herbivore - - 0.7 2.0 0.7 -
Dermestidae saprophagous 0.3 0.7 0.3 - - 0.5
Elateridae various - 1.0 0.7 0.3 - -
Glaphyridae saprophagous 0.7 0.7 8.0 1.7 2.3 -
Geotrupidae saprophagous 0.3 0.7 0.3 1.0 0.7 1.0
Lucanidae various - - - - 0.3 -
Meloidae herbivore 4.7 1.3 4.0 7.0 1.0 0.5
Mordellidae herbivore 4.3 2.7 3.7 9.0 13.7 0.5
Nitidulidae saprophagous - - 1.0 - - -
Oedemeridae herbivore 0.3 - 1.0 1.7 0.3 1.0
Orphnidae herbivore - - - 1.0 4.0 -
Rutelidae herbivore 2.0 1.0 1.3 - 1.0 -
Scarabaeidae saprophagous 5.0 4.0 3.0 2.0 1.0 3.0
Scolytidae xylophagous 7.3 2.0 3.0 11.0 2.7 13.5
Staphylinidae predator 8.7 2.7 4.0 4.7 11.3 10.0
Tenebrionidae various 65.3 118.7 104.3 18.0 23.7 3.5
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Effects of fire on beetle communities

sional  gradient  (R2  =  0.298;  df  =  5;  p  <
0.0001), despite the rises at sites burned 9
and 26 years previously that deviated from
the downward tendency (Fig. 1). The abun-
dance value for the earliest stage was sig-
nificantly greater than that of all other suc-
cessional  stages.  The site  burned 9 years
previously had the second most abundant
beetle community and it was significantly
different than the site burned 16 years pre-
viously and the control site (F = 21.049; df =
5; p < 0.0001).  However,  species diversity
and  evenness  values  were  higher  in  the
late successional sites in comparison with
the earlier stages (Tab. 2). The number of
specialist  species  was  highest  at  the  site

burned  9  years  previously  and  declined
towards  the  early  and  late  successional
stages (Fig. 1). Fifteen species of the total
were  generalist,  well  represented  at  all
sites.  CCA  revealed  interactions  between
microhabitat  variables  and  successional
sites in terms of beetle abundance (Fig. 2).
The sum of eigenvalues was 2.071 and the
eigenvalues  of  the  first  two  axes  were
0.338 and 0.254,  respectively.  These axes
explained 28.6% of the cumulative variance
of the species data and 36.7% of  the spe-
cies-environment  relationship.  The  height
of vegetation, tree cover, vegetation strati-
fication, and plant species richness at the
upper  right  side  of  the  ordination  and

mature  pine  sites  (sites  unburned  for  at
least 50 years) were highly correlated with
these microhabitat variables.  Most  of  the
middle  and  late  successional  sites  (from
the site burned 6 years before to the site
burned  26 years  before)  were  associated
with  leaf  and  shrub  cover.  Vegetation
height and leaf cover were the two signifi-
cant variables associated with beetle abun-
dance (F = 2.047, p = 0.006 and F = 1.875, p
= 0.006, respectively). The earliest succes-
sional sites were just correlated with bare
soil cover at the bottom right side.

Of the beetles that could be placed into
feeding  guilds,  there  were  more  xylo-
phages  (55.6%  of  individuals)  than  any
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Fig. 1 - Number of individu-
als, species and specialist
species, species diversity
and evenness values for

beetle communities at suc-
cessional sites (mean ±

standard deviation).

Tab. 2 -  Species richness, species diversity and evenness values for feeding groups of beetle communities at successional sites
(mean ± standard deviation).

Parameter Feeding Groups
Time since fire (years)

3 6 9 16 26 >50
Species 
richness

Herbivores 4.500 ± 3.5 4.500 ± 1.5 6.000 ± 1.7 6.667 ± 2.1 4.333 ± 2.1 2.000 ± 1.4
Xylophagous 8.000 ± 1.0 8.333 ± 1.5 7.333 ± 1.5 9.000 ± 1.7 7.333 ± 1.2 5.000 ± 0.0
Predators 8.333 ± 1.5 4.667 ± 2.1 8.333 ± 0.6 9.000 ± 2.6 8.667 ± 0.6 7.500 ± 0.7
Saprophagous 2.667 ± 2.1 4.000 ± 2.6 4.667 ± 1.2 4.667 ± 1.5 5.000 ± 3.5 3.500 ± 0.7

Species 
diversity

Herbivores 1.165 ± 0.4 0.995 ± 0.5 1.552 ± 0.4 1.514 ± 0.2 0.925 ± 0.2 0.401 ± 0.6
Xylophagous 1.204 ± 0.3 1.681 ± 0.2 1.355 ± 0.4 1.627 ± 0.5 1.575 ± 0.2 1.198 ± 0.2
Predators 1.366 ± 0.1 1.312 ± 0.4 1.388 ± 0.5 1.690 ± 0.4 1.834 ± 0.3 1.644 ± 0.2
Saprophagous 0.566 ± 0.8 1.190 ± 0.6 1.167 ± 0.1 1.307 ± 0.3 1.373 ± 0.5 1.221 ± 0.2

Evenness Herbivores 0.848 ± 0.2 0.792 ± 0.1 0.735 ± 0.2 0.706 ± 0.1 0.685 ± 0.3 0.872 ± 0.2
Xylophagous 0.427 ± 0.1 0.652 ± 0.0 0.549 ± 0.1 0.648 ± 0.3 0.679 ± 0.2 0.672 ± 0.2
Predators 0.479 ± 0.1 0.851 ± 0.1 0.531 ± 0.3 0.645 ± 0.2 0.741 ± 0.2 0.693 ± 0.1
Saprophagous 0.830 ± 0.2 0.946 ± 0.0 0.724 ± 0.2 0.834 ± 0.1 0.916 ± 0.1 0.979 ± 0.0
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other  guild.  Predators  (25.9%),  herbivores
(10.3%), saprophages (8.1%), and granivores
(0.2%) were also represented. Predator and
xylophagous beetles were more abundant
in the earliest successional stages in com-
parison with the other successional stages
(df = 5, p < 0.0001, F = 12.503 and F= 13.617,
respectively). Concerning interactions with
microhabitat  variables,  abundances  of
both feeding groups was associated with
only  bare  soil  cover  (xylophagous:  R2  =
0.140; F = 10.736; p = 0.002; predators: R2  =
0.286; F = 26.398; p < 0.0001).

Another guild, herbivores had a contrary
trend to xylophagous and predator beetles
over the successional gradient. Their abun-
dance tended to increase with successional
gradient,  whereas  it  was  smallest  at  the
control  site.  This  site  differs  significantly
from  sites  burned  16  and  26  years  previ-
ously (F = 3.180,  df = 5, p = 0.013). Herbi-
vore abundance was positively correlated
with rock cover (R2  = 0.160, F = 12.598, p =
0.001 – Fig. 3).

Abundance of saprophagous beetles was
higher at sites burned 3 and 9 years previ-
ously  and  lower  at  site  16  years  old  and
later successional stages. No significant dif-
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Fig. 2 - Canonical correspondence
analysis (CCA) biplot for the beetles
communities at 17 sites constrained

by twelve microhabitat variables.

Fig. 3 - The changes of feeding groups
of beetles depending on successional

gradient and interactions between
abundance of feeding groups and sig-

nificant microhabitat variables.
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Effects of fire on beetle communities

ferences  were  found  among  successional
stages in terms of abundance (Fig. 3).  No
microhabitat variables were related to the
abundance of saprophagous beetles.

Discussion
Fire destroyed stands in a very short time,

causing  drastic  changes  in  the  habitat
structure  of  faunal  communities.  Forest
ecosystems characterized by a large exten-
sion of pine trees and a layer of humus and
dead  leaves  on  the  ground  are  trans-
formed to areas with a simpler vegetation
structure  with  no  tree  cover  and  a  large
extension  of  bare  ground  after  fire  (Ma-
teos  et  al.  2011).  For  resilient  ecosystems
such  as  low-altitude  Mediterranean  for-
ests,  plant communities have some adap-
tive traits that enable them to regenerate
rapidly after fire (Keeley 1986, Hanes 1971).
Some studies from these ecosystems show
that faunistic groups recover within a short
time after fire due to their high resilience
as well (Sgardelis & Margaris 1993, Stamou
et al. 2004).

According to several studies conducted in
the  Mediterranean  basin,  the  seasonality
of the Mediterranean climate (Sgardelis et
al.  1995)  and  post-fire  age  of  the  stands
(Radea  & Arianoutsou 2000)  are  two im-
portant  factors  that  affected  arthropod
fauna.  The activity  rates  of  certain  insect
groups after fire increase rapidly and time
since fire is one of the main factors deter-
mining the dynamics and structure of the
community (Muona & Rutanen 1994, Saint-
Germain et al. 2004). The results obtained
in this investigation are in agreement with
these studies that beetle communities dis-
played  change  depending  on  the  succes-
sional gradient after fire. The earliest suc-
cessional  stage supported a greater num-
ber  of  individuals.  At  this  stage,  beetle
abundance  was  the  highest  and  it  de-
creased  depending  on  the  successional
gradient.  In  studies  performed  in  fire-in-
duced ecosystems, similar results were ob-
tained  (Hjältén  et  al.  2010,  Moretti  et  al.
2004).  The  higher  abundancy  in  earlier
stages  could  arise  from  different  groups’
attraction to post-fire areas. Some groups,
such as heliophilous and floricolous insects,
profit from the reduced tree cover and the
number of flowering plants (Moretti et al.
2004).  Muona  &  Rutanen  (1994) stated
that  many  groups  of  beetles  in  different
guilds  benefited  from  the  fire-caused
changes in availability of microhabitats and
foods.  Campbell et al. (2007) stated about
pollinator beetle groups that floral visitors
increased  in  abundance  and  species  rich-
ness in burn treatments because of the re-
duced density of overstorey trees and the
increased  amount  of  herbaceous  plant
growth.

Regarding the interaction between bee-
tle community parameters and microhabi-
tat variables, our results showed that the
characteristics of the vegetation and litter
layer play an important role in the commu-
nity structure of beetles along the succes-

sion. As an autosuccession process in pine
forests  of  the Mediterranean basin,  plant
species composition does not differ among
successional  stages  (Trabaud 1994,  Tavsa-
noglu  &  Gürkan  2009).  After  fire,  plant
communities  return  to  a  stage  similar  to
that  existing  before  the  fire  (Trabaud
2000). Thereby habitat change in the suc-
cessional process is much more dependent
on  the  characteristics  of  the  vegetation
and litter layer. The changes in beetle com-
munity  structure  and dynamics  in  succes-
sional  gradient  substantially  depend  on
these variations among successional sites.
The  variables  that  increased  with  succes-
sional  gradient  and  reached  their  maxi-
mum in the mature forest, such as height
of  vegetation,  stratification,  tree  cover,
and plant species richness, were important
for beetle communities in the climax com-
munity. At the middle and late successional
sites, beetle communities were correlated
with shrub and leaf cover. The importance
of  leaf  litter  and  shrub  cover  for  beetle
communities was revealed in the study per-
formed by York (2002).

Xylophagous and predator beetles, which
were two guilds  that  benefited  from the
post-fire conditions, had the highest abun-
dance  in  the  earliest  stage  as  well.  Since
wood-eating  insects  prefer  damaged  or
recently  dead  trees  in  burned  areas,  this
group  is  frequently  associated  with  fire
(Santoro et  al.  2001,  McHugh et  al.  2003,
Azeria et al. 2012). In some studies signifi-
cant outbreaks caused by xylophagous in-
sects were recorded in burned areas (San-
tolamazza-Carbone et al. 2011). This higher
activity  could  be  due  to  immigration  of
helio-  and  anthophilus  species  from  sur-
rounding intact stands (Moretti & Barbalat
2004). Open surfaces with woody materi-
als  and  higher  temperature  than  the  sur-
rounding areas attracted many species to
recently burned areas (Toivanen & Kotiaho
2007,  Wikars  1992).  Another  abundant
group,  predators,  consist  of  the  families
Carabidae, Staphylinidae, and Cleridae. The
higher activation level of predators in the
earliest  stage  resulted  substantially  from
the families Carabidae and Cleridae.  Cara-
bidae is a group that has been frequently
focused  on  in  studies  about  habitat
changes after disturbances (Hanula & Wa-
de 2003, Magura et al. 2003, Ulyshen et al.
2006).  Cook & Holt (2006) stated that fire
might not have dramatic effects on ground
beetles on prairies. They were represented
in  greater  numbers  in  recently  burned
areas through colonization by opportunis-
tic  species  (Fernández  Fernández  &  Sal-
gado  Costas  2004).  Cleridae  are  a  group
known as predators on wood-boring bee-
tle larvae (Booth et al. 1990). It is not sur-
prising to find them in greater numbers at
the earliest successional site in correlation
with wood-eating beetles. Saint-Germain et
al.  (2004) found  similar  results  regarding
these  groups  and  stated  that  saproxylic
species  (Buprestidae,  Cerambycidae,  and
Scolytidae) depend on largely dead wood,

and subcortical  predators  (Cleridae)  were
represented in great number of individuals
in the earliest successional  stages.  In this
study  we  found  that  abundance  of  Co-
leoptera  guilds  was  substantially  associ-
ated with surface characteristics. In partic-
ular,  bare  soil  cover  was  determined  the
most  important  microhabitat  variable  be-
cause it was associated with abundance of
total  beetles,  xylophagous  species,  and
predators. Apigian et al. (2006) stated simi-
larly that increased bare mineral soil result-
ing from loss of duff and litter layers was
the most significant variable explaining the
change in beetle communities.

Contrary  to  xylophagous  and  predator
beetles,  herbivore  abundance exhibited a
rising trend with successional gradient, sur-
passing  the  higher  value  in  the  earliest
stage. Species richness and diversity were
highest  in  the  middle  successional  stage.
Herbivore abundance was associated with
just one microhabitat variable, rock cover.
Leaf quality, habitat structure, and habitat
heterogeneity  are  variables  reported  to
affect  the herbivore community structure
(Kim & Holt 2012), but the positive interac-
tion  with  rock  cover  is  surprising.  Rock
cover  is  not  a  microhabitat  variable  that
can  associate  with  the  herbivore  abun-
dance directly.  Both herbivore abundance
and  rock  cover  had  higher  values  in  site
burned 16 and 26 years ago. Detected cor-
relation may have resulted from analogous
changes  of  these  two  independent  vari-
ables with successional gradient. But then,
if we look at different point of view, high
cover  of  rock  in  late  successional  stages
may have contributed to increase of herbi-
vore  abundance.  The  study  area  has  a
higher productivity in comparison with sim-
ilar  sites  in  the  eastern  Mediterranean
region  because  of  peculiar  local  climatic
conditions  (Tavsanoglu  &  Gürkan  2009).
Bare rock areas can represent forest open-
ings in dense closed vegetation of late suc-
cessional stages. Herbivores may have pos-
itively responded to these forest openings.

Middle and late successional stages with
high abundance of herbivores, at the same
time, were very important for species rich-
ness, species diversity and evenness of all
guilds  and  total  beetles.  The  number  of
specialist beetle species was also higher in
the  middle  successional  stages  as  com-
pared with the other stages. Kaynas (2008)
stated in her study performed at the same
sites that plant species richness, height of
vegetation,  and  stratification  increase
along the successional  gradient.  The mid-
dle and late successional stages are more
complex habitats  including diverse micro-
habitats compared to the earlier  ones, as
the architectural complexity increases with
vegetation  height  (Lawton  1983).  Habitat
permanence, habitat complexity, resource
availability, and diversity increase with suc-
cessional  gradient  (Brown  1985).  Habitat
complexity was a powerful predictor of the
species richness and abundance of  pitfall-
trapped beetles (Lassau et al. 2005).  Gard-
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ner et al. (1995) stated that arthropod di-
versity was substantially influenced by the
habitat components related to plant archi-
tectural  and vertical  diversity.  The middle
and late successional stages had an advan-
tage over  the climax community  because
they were lacking a crown layer. Complex
habitat structure as well as the absence of
a closed crown layer increased species rich-
ness  of  these  groups  in  these  habitats.
Lower  species  diversity  for  some  insect
groups in closed canopy mature forest, as
compared to successional  sites burned at
different  times,  was  reported  in  several
studies (Koivula et al. 2002).

The high species  richness  at  the  middle
and  late  successional  sites  might  also  be
related to the pattern of shrub patchiness
in  the  landscape.  Shelef  &  Groner  (2011)
stated that shrubs create the main driving
force behind the beetle movement pattern
and  spatial  distribution.  Shrub  shading
might be an important factor for their ther-
moregulation  in  the  Mediterranean  cli-
mate,  characterized  by  hot  and  dry  sum-
mer seasons. Middle and late successional
stages  dominated  by  shrubs  and  short
trees  might create optimal  conditions  for
insect species, providing protection against
adverse environmental conditions and pre-
dation,  as  well  as  greater  levels  of  prey
items (Lassau et al. 2005).

Conclusions
No  negative  effects  on  the  community

structure  of  beetles  caused  by  habitat
changes after fire were determined. Beetle
communities of  P. brutia forests appear to
be resilient  to  fire  as  in  many  other  fire-
induced ecosystems (Parr et al.  2004,  Ab-
bott et al. 2003,  Andersen & Müller 2000).
P.  brutia forests  in  southwest  Anatolia
comprise a mosaic of forest patches of dif-
ferent  ages after  fire.  Earlier  successional
stages were gaps of different size among
mature forests, thus ensuring the mainte-
nance of open habitat species in the area.
Middle  and  late  successional  stages  had
high habitat heterogeneity and are of par-
ticular  importance  to  sustain  the  species
richness  of  beetles.  Beside  successional
stages, unburned, mature  P. brutia forests
act as source areas for colonization of spe-
cies (Wikars & Schimmel 1998). The protec-
tion of  this  mosaic  structure of  the land-
scape  is  very  important  to  sustain  high
species richness of P. brutia forests.
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