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Abstract. This study was conducted to determine the insecticidal activity of essential oils from 
Fennel, Foeniculum vulgare (Apiaceae), and Summer savory, Satureja hortensis (Lamiaceae), against 
two stored-product insects. Essential oils from two species of plants were obtained by Clevenger-
type water distillation and their fumigant toxicities were tested against adults of the wheat weevil, 
Sitophilus granarius and rice weevil, Sitophilus oryzae (Curculionidae). The mortality was determined 
after 24 and 48 hrs from beginning of exposure. LC50 values of each essential oil were estimated for 
each insect species. Fumigation bioassays revealed that essential oils from two plants had strong 
insecticidal activity on experimental insects. LC50 values indicated that S. granarius was more 
susceptible than S. oryzae to essential oils at the exposure time 24 and 48 hrs. The mortality effect of 
S. hortensis oil was lower than F. vulgare oil. The LC50   values decreased with the duration of 
exposure to the essential oil concentrations. In all case, responses varied according to plant 
material, concentration, and exposure time. These results indicated that essential oils from S. 
hortensis and F. vulgare could be applicable to the management of stored product insects to decrease 
ecologically detrimental effects of utilization synthetic insecticides. 
 
Key words: Essential oil, Foeniculum vulgare, Satureja hortensis, Fumigant toxicity, Sitophilus 
granarius, Sitophilus oryzae. 
 
 

Introduction 
To preserve the quantity and quality of 

stored-product foodstuff particularly cereals 
it is necessary to reduce the population of 
the insect pests such as Sitophilus species. 
The rice weevil, Sitophilus oryzae (L.) and the 
granary weevil, Sitophilus granarius (L.) 
(Coleoptera: Curculionidae) are two of the 
most widespread and destructive insect 
pests of stored cereals. These pests are 
internal feeders and cause considerable loss 
to cereals affecting the quantity as well as 
quality of the grains (KUCEROVA et al., 2003; 
PARK et al., 2003). 

 Synthetic pesticides have been 
considered the most effective and accessible 

means to control insect pests of stored 
products (HUANG & SUBRAMANYAM, 2005). 
These chemicals are associated with 
undesirable effects on the environment due 
to their slow biodegradation in the 
environment and some toxic residues in the 
products for mammalian health 
(BENHALIMA et al., 2004; ISMAN, 2006; 
HALDER et al., 2010). The adverse effects of 
synthetic pesticides have amplified the need 
for effective and biodegradable pesticides. 
Natural products are an excellent alternative 
to synthetic pesticides as a means to reduce 
negative impacts to human health and the 
environment. Among various kinds of 
natural substances that have received 

mailto:Ebadollahi_2008@yahoo.com


Susceptibility of Two Sitophilus species (Coleoptera: Curculionidae) to Essential Oils… 

2 
 

particular attention as natural agents for 
insect management are essential oils from 
aromatic plants. Essential oils are 
renewable, non-persistent in the environ-
ment and relatively safe to natural enemies, 
non-target organisms and human beings 
(HALDER et al., 2010). Essential oils are 
defined as any volatile oil(s) that have 
strong aromatic components and that give 
distinctive odour, flavor or scent to a plant. 
These are the by-products of plant 
metabolism and are commonly referred to 
as volatile plant secondary metabolites 
(KOUL et al., 2008). Because of the intensity 
of plant-insect interactions, the plants there 
have well-developed defense mechanisms 
against pests and are excellent sources of 
new insecticidal substances. Their compo-
nents and quality vary with geographical 
distribution, harvesting time, growing 
conditions and method of extraction (YANG 
et al., 2005). Effects of essential oils on 
stored-product insect pests have been 
extensively reported (OGENDO et al., 2008; 
PARK et al., 2008; BENZI et al., 2009; AYVAZ 
et al., 2010; NYAMADOR et al., 2010; 
TAGHIZADEH-SAROUKOLAI et al., 2010). Iran 
is a country comprised largely of arid and 
semiarid areas, and contains many 
indigenous aromatic plants such as Fennel 
and Summer savory. Fennel, Foeniculum 
vulgare Gaertner is a species of flowering 
plant in the Apiaceae (Umbelliferae). The 
insecticidal activity of some essential oils 
from Apiaceae has been evaluated against a 
number of stored product insects. For 
example, SAHAF et al. (2007) found the 
strong insecticidal activity of essential oil 
from Carum copticum (Apiaceae) on S. oryzae 
and Tribolium castaneum (Tenebrionidae). 
The mortalities of the insect species reached 
100% at concentrations higher than 185.2 
µl/l air and 12 hrs exposure times. In 
another experiment, CHAUBEY (2008) 
studied fumigant activity of the essential 
oils from Anethum graveolens and Cuminum 
cyminum (Apiaceae) on Callosobruchus 
chinensis (Bruchidae). The 24-hrs LC50 values 
against the adults of the insect were 10.8 
and 11.0 µl oils, respectively. Summer 
savory, Satureja hortensis L., is a species in 
the mint family (Lamiaceae). There are 

numerous investigations on the insecticidal 
activity of essential oils from Lamiaceae 
family (RAJENDRAN & SRIRANJINI 2008; 
TUNAZ et al., 2009; AYVAZ et al., 2010). 
Furthermore, our earlier studies indicated 
that the essential oil from Agastache 
foeniculum (Lamiaceae) had strong fumigant 
toxicity on the adults of Oryzaephilus 
surinamensis (Silvanidae) and Lasioderma 
serricorne (Anobiidae) (EBADOLLAHI et al., 
2010a). In the other study, we found that 
Lavandula stoechas (Lamiaceae) was very 
toxic against L. serricorne and Rhyzopertha 
dominica (Bostrichidae) (EBADOLLAHI et al., 
2010b). 
 Therefore, the main goal of the present 
study was to evaluate the insecticidal 
activities of essential oils from F. vulgare and 
S. hortensis grown in Iran in the control of 
two stored-grain insects, S. granarius and S. 
oryzae. 
 

Material and methods 
Plant materials and extraction of essential 

oils. The ripe seeds of Foeniculum vulgare and 
aerial parts from 1.5 cm of top of Satureja 
hortensis at flowering stage were harvested 
from plants grown in the experimental farm 
of the Department of Horticultural, 
University of Urmia, West Azerbaijan, Iran. 
These materials were air dried in the shade 
at room temperature (26-28 °C) for 20 days 
and stored in darkness until distillation. The 
essential oils were isolated from dried plant 
samples by hydrodistillation using a 
Clevenger apparatus. Conditions of extract-
ion were: 50 g of air-dried sample, 1:10 plant 
material/water volume ratio, 3 hrs 
distillation. The essential oils were collected, 
dried over anhydrous sodium sulfate and 
stored at 4 °C until use. 

 
Insect cultures and experimental conditions. 

Sitophilus granarius (L.) and Sitophilus oryzae 
(L.) were reared in a 1 L wide-mouthed glass 
jars containing wheat grains. Mouth of the 
jars was covered with a fine mesh cloth for 
ventilation and to prevent escape of the 
weevils. Parent adults were obtained from 
laboratory stock cultures maintained at the 
Entomology Department, University of 
Urmia, Iran. The cultures were maintained 
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in an incubator at 27 ± 2 °C and 60 ± 5% RH 
(Relative Humidity). Insects used in all 
experiments were 1 to 7 day old adults. All 
experimental procedures were carried out 
under the same environmental conditions as 
the cultures. 

 
Bioassays. The fumigant bioassays were 

conducted as described by NEGAHBAN et al. 
(2007), with slight modifications. In this 
study, tested insects were confined in the 
plastic tubes. Thus, there was no direct 
contact between the oil and the insects. 
Different concentrations were prepared to 
evaluate mortality of insects after an initial 
dose-setting experiment. Concentrations of 
Foeniculum vulgare oil tested on S. granarius 
were 10, 14.92, 22.32, 33.41 and 50 µl/ l air 
and on S. oryzae were 25, 31.13, 38.74, 48.21 
and 60 µl/ l air. S. granarius were exposed to 
the essential oil of Satureja hortensis at 20, 
26.85, 36.85, 36.05, 48.41 and 70 µl/ l air and 
S. oryzae at 30, 37.08, 45.83, 56.64 and 70 µl/ l 
air. Each concentration was applied to filter 
paper stripe (4 × 5 cm, Whatman N° 1) and 
the impregnated filter papers were then 
attached to the screw caps of glass jars with 
volumes of 1 L. Twenty insect adults were 
placed in small plastic tubes (3.5 cm 
diameter and 5 cm height) with open ends 
covered with clothes mesh and each tube 
were placed at the bottom of glass jar. Caps 
of glass jars were screwed tightly. The jars 
were kept in the incubator and mortality 
was determined after 24 and 48 hrs from 
beginning of exposure. Each experiment 
was replicated for five times at each 
concentration. The control insects were 
maintained under the same conditions 
without any essential oil. When no leg or 
antennal movements were observed, insects 
were considered dead. 

The experiments were arranged in a 
completely randomize design and the data 
were analyzed with ANOVA. The means 
were separated using the Duncan's test at 
the 5% level. The LC50 values with their 
fiducial limits were calculated by probit 
analysis using the SPSS version 16.0 
software package. 

 
 

Results and Discussion 
All the treatments with the essential oils 

showed significant level of toxicity to the 
insects. Foeniculum vulgare essential oil 
showed strong fumigant activity against S. 
oryzae and S. granarius adults. Compare 
means showed that there were significant 
differences in the mortality of S. oryzae and 
S. granarius exposed to different 
concentrations of F. vulgare oil for 24 and 48 
hrs (P ≤ 0.05, Duncan’s test) (Fig. 1). 
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Fig. 1. Mean mortality (%) of Sitophilus 
granarius and Sitophilus oryzae exposed to 
different concentrations of the essential oil 
from Foeniculum vulgare. Different letters on 
top of columns indicate significant 
differences according to Duncan's test at p ≤ 
0.05. Columns with the same letter are not 
significantly different. Vertical bars indicate 
standard error (±). 

 
The graphs in Fig. 2 display that Satureja 

hortensis essential oil was very toxic on S. 
oryzae and S. granarius and there were 
significant differences in percentage 
mortality of insects exposed to different 
concentrations for 24 and 48 hrs (P ≤ 0.05, 
Duncan’s test). 
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Fig. 2. Mean mortality (%) of Sitophilus 

granarius and Sitophilus oryzae exposed to 
different concentrations of the essential oil 
from Satureja hortensis. Different letters on 
top of columns indicate significant 
differences according to Duncan's test at p ≤ 
0.05. Columns with the same letter are not 
significantly different. Vertical bars indicate 
standard error (±). 

Probit analysis showed that the 
concentration for the essential oil of F. 
vulgare to cause 50% mortality (LC50) in S. 
granarius was 27.30 µl/l air (95% lower and 
upper fiducial limit (FL) = 23.62 – 32.38), 
whereas in S. oryzae was 44.16 µl/l air (95% 
FL= 41.03 – 48.21) after 24 hrs of treatment 
(Table 1). Therefore, S. oryzae was noted to 
be more tolerant than S. granarius to F. 
vulgare essential oil. 

The LC50 values of the S. hortensis oil on 
S. oryzae and S. granarius were 52.96 µl/l air 
(95% FL= 48.49 – 59.34) and 46.89 µl/l air 
(5% FL= 41.38 – 55.27), respectively, for 24 
hrs exposure time (Table 1). 

The mortality effect of essential oil from 
S. hortensis was lower than F. vulgare 
essential oil. LC50 values for two insects were 
decreased after 48 hrs from commencement 
of exposure time and S. granarius was more 
susceptible than S. oryzae to two essential 
oils and times (Table 1). In all case, the 
insecticidal activity varied with insect 
species, concentrations of the oil and 
extension of exposure times. 

 
Discussion 
Essential oils from various plants have 

shown promise as sources for insecticides. 
Earlier attempts to explore the toxicity of 
plant derivatives against Sitophilus granarius 

 
  

 
Table1. LC50 values of essential oils from Foeniculum vulgare and Satureja hortensis  

against the adults of S. granarius and S. oryzae. 

N: Number of the tested insects for each time 
* Since the significance level is greater than 0.150, no heterogeneity factor is used in the 
calculation of confidence limits 

Essential  
oil 

Insect 
(N: 100) 

Time  
(h) 

LC50 (Min – Max) 
(µl/l air) 

χ 2  
(df= 3) 

Sig * Intercept Slope 

F. vulgare S. granarius 24 27.30 (23.62 – 32.38) 3.60 0.31 2.82 1.82 
48 22.00 (19.02 – 25.41) 3.05 0.38 2.48 1.87 

S. oryzae 24 44.16 (41.03 – 48.21) 2.26 0.52 - 0.99 3.64 
48 37.52 (34.53 – 40.63) 3.14 0.37 - 0.28 3.36 

S. hortensis S. granarius 24 46.89 (41.38 – 55.27) 3.47 0.33 1.39 2.16 
48 37.62 (33.70 – 42.17) 4.27 0.23 1.17 2.43 

S. oryzae 24 52.96 (48.49 – 59.34) 3.72 0.30 - 0.17 3.00 
48 42.99 (39.51 – 46.400 2.23 0.53 - 0.63 3.45 
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and Sitophilus oryzae have been made by 
essential oils. ASLAN et al. (2005) evaluated 
essential oil from the plant species 
Micromeria fruticosa, Nepata racemosa and 
Origanum vulgare (Lamiaceae) for their 
toxicities against the adults of Lasioderma 
serricorne (Anobiidae) and S. granarius and 
larvae (third instar) of Ephestia kuehniella 
(Pyralidae). In that study, although 
insecticidal activities against these pests 
were achieved with essential oils of all three 
plant species, the oil of O. vulgare was found 
to be the most effective against S. granarius. 
KORDALI et al. (2006) studied the toxicity of 
essential oils isolated from three Artemisia 
species (A. absinthium, A. santonicum and A. 
spicigera) to S. granarius. All of the essential 
oils tested were found to be toxic to adults 
of S. granarius. The oils showed about 80–
90% mortality of granary weevil, S. 
granarius at a dose of 9 µl/l air after 48 hrs of 
exposure. KORDALI et al. (2008) tested 
insecticidal properties of essential oil 
isolated from Turkish Origanum acutidens on 
S. granarius and Tribolium confusum. 
Origanum acutidens oil caused 68.3% and 
36.7% mortality of S. granarius and T. 
confusum adults, respectively, after 96 hrs of 
exposure. Results showed that the oil was 
more toxic against S. granarius as compared 
with its toxicity against T. confusum. BENZI 
et al. (2009) investigated the biological 
activity of essential oils from leaves and 
fruits of pepper tree, Schinus molle, against S. 
oryzae. Their study showed repellent, 
fumigant activity, nutritional indices, and 
feeding deterrent action of pepper tree oils 
on S. oryzae adults. With respect to fumigant 
activity, neither of the essential oils was 
found to be toxic. These findings are parallel 
with the results of present study for 
sensibility of S. granarius and S. oryzae to 
essential oils isolated from plants. 

Previous studies demonstrated that 
essential oils and extracts isolated from F. 
vulgare and S. hortensis have pesticides 
effects. For example, ASLAN et al. (2004) 
tested essential oils from S. hortensis, 
Ocimum basilicum and Thymus vulgaris 
(Lamiaceae) for their toxicities against the 
nymphs and adults of Tetranychus urticae 
(Acari: Tetranychidae) and adults of Bemisia 

tabaci (Aleyrodidae). Although desirable 
insecticidal and acaricidal activities against 
both of these pest species were achieved 
with essential oils of the three plant species, 
S. hortensis was found to be the most 
effective, compared with the other two 
species. In another experiment, F. vulgare 
fruit extract gave 67% and 100% mortality 
(contact action) in Attagenus unicolor 
japonicus larvae at 5.2 mg/cm2, 21 and 28 
days after treatment respectively (HAN et al., 
2006). IBRAHIM et al. (2006) were disclosed 
effect of flower extract of F. vulgare on 
hatching, migration and mortality of the 
root-knot nematodes, Meloidogyne incognita. 
The acaricidal activities of components 
derived from F. vulgare seed oil were 
demonstrated against the stored product 
mite, Tyrophagus putrescentiae adults using 
direct contact application (LEE et al., 2006). 
IŞIK & GÖRÜR (2009) studied the 
aphidicidial activity of F. vulgare essential oil 
against cabbage aphid, Brevicoryne brassicae 
(Aphididae), under laboratory conditions. 
Applications of F. vulgare essential oil 
significantly reduced the reproduction 
potential of the cabbage aphid and resulted 
in higher mortality. These studies confirm 
results of present investigation related to 
insecticidal effects of F. vulgare and S. 
hortensis. 

LEE et al., (2001b) suggested that the 
toxicity of essential oils to stored-product 
insects was influenced by the chemical 
composition of the oil. Previous studies 
indicated that Methyl Chavicol (= Estragole) 
and Limonene in the essential oil of F. 
vulgare (IBRAHIM et al., 2006; MIGUEL et al., 
2010) and Carvacrol, Thymol, γ-Terpinene 
and p-Cymene in the S. hortensis essential oil 
(RAZZAGHI-ABYANEH et al., 2008; 
MIHAJILOV-KRSTEV et al., 2009) were the 
major components. LEE et al. (2001a) showed 
p-Cymene (LC50 = 25.0 µl/l air) was the most 
toxic fumigant on S. oryzae, followed by, α-
Terpinene (LC50 = 71.2 µl/l air) and 
Carvacrol (LC50 = 79.4 µl/l air). 
PAPACHRISTOS & STAMOPOULOS (2004) 
investigated relationship between the 
chemical composition of the essential oils 
from Lavandula hybrida, Rosmarinus officinalis 
and Eucalyptus globulus and their insecticidal 
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activity against Acanthoscelides obtectus. They 
found that p-Cymene, S(-)Limonene, 
R(+)Limonene, γ-Terpinene and α-Terpineol 
exhibited insecticidal activity against both 
male and female adults. LOPEZ et al., (2008) 
reported that Estragole is example of toxic 
fumigant compound in the essential oils 
from coriander (Coriandrum sativum), 
caraway (Carum carvi) and basil (Ocimum 
basilicum) that is active against insect pests. 
Therefore, the insecticidal activity of F. 
vulgare and S. hortensis essential oil could be 
related to these constituents. On the other 
hand, these results demonstrated that the 
essential oils isolated from different plants 
might have different toxicity, which can be 
attributed to their different chemical 
composition and different major or minor 
components. 

Foeniculum vulgare and Satureja hortensis 
used as culinary and medicinal plants are 
considered to be less harmful than most 
conventional insecticides. Apart from a 
natural origin, the essential oils of F. vulgare 
and S. hortensis, like most of plant essential 
oils, can pose fewer or lesser risks to human 
health and the environment. However, 
further research is needed in order to 
evaluate the effectiveness of F. vulgare and 
S. hortensis essential oils, explore their mode 
of action and establish their utility as 
natural insecticidal agents. 
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Abstract. In Bozdağlar Mountain of western Turkey, the diversity and composition of the dung-
inhabiting beetles in two locations situated in different altitudes (600 m and 900 m) in 2004 and 
2006 assemblages were sampled. A total of 5.709 individuals from 88 species belonging to the 
families Scarabaeidae, Aphodiidae, Geotrupidae, Carabidae, Hydrophilidae, Histeridae and 
Ptilidae of the order Coleoptera are recorded. 
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Introduction 
The recycling of dung in this way 

improves soil texture and returns nutrients 
and water to the soil (BORNEMISSZA & 
WILLIAMS, 1970). The dung-inhabiting 
insects form a highly diverse community 
including specialized coprophagous and 
predatory species of beetles and flies, as 
well as an array of generalist consumers, 
which colonize feces during the different 
stages of decomposition (KOSKELA & 
HANSKI, 1977; HANSKI, 1987; 1990; 1991; 
PINERO & AVILA, 2004). Great numbers of 
beetles frequent in dung of herbivorous 
mammals. The majority beetle families 
being especially characteristic: Scarabaeidae, 
Aphodiidae, Hydrophilidae, Staphylinidae, 
Histeridae, Ptilidae and Silphidae in the 
order Coleoptera. 

Dung-inhabiting beetles are a frequent 
topic of many ecological studies as well 
phenology, population dynamics; dispersal 
abilities etc. are well-known for many 
species. The dung insect communities are 
characterized by the dominance of scarab 
beetles which also called dung beetles 

(mainly Scarabaeidae and Aphodiidae). 
Dung beetles feed mainly on droppings of 
mammals. Doing this, they decompose 
dung, thus benefiting both to pasture and 
animal health. Dung beetles are important 
enough in manure and nutrient recycling. 
They compete with pestiferous flies and 
parasitic nematodes, enrich the soil by 
burying large quantities of nutrient-rich 
dung, and effectively mix and aerate soil 
through tunneling (BERTONE, 2004; 
BERTONE et al., 2005). Almost all 
Scarabaeidae and Aphodiidae species are 
coprophagous. Among other dung-
inhabiting beetles, adult Hydrophilidae are 
coprophagous. Ptiliidae feed on decaying 
vegetable material and on fungi under bark. 
Many of the predatory species are found 
associated with animal dung. The carnivores 
seem to be very dependent on the number of 
suitable prey in the droppings. In generally, 
species belonging to Carabidae, 
Staphylinidae and Histeridae families in 
dung are known as predator. 

Up to now, there is no comprehensive 
data on dung inhabiting-beetles have been 
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published in Turkey. In this paper, it has 
been presented the results of a study 
concerning fauna of the order Coleoptera 
from Bozdağlar Mountain, Manisa province 
of western Turkey. The results of this study 
also provide some ecological data of dung-
inhabiting beetles. 
 

Material and methods 
Study Area 
The seasonal activity of the rove beetles 

was studies in 2004 and 2006 in two 
locations (ca 3 ha each) situated in different 
altitudes (600 m a.s.l. and 900 m a.s.l.) near 
Dagmarmara village, Manisa province of 
western Turkey. The coordinates of the 
locations at 600 m and 900 m are 38°23′37″N, 
27°49′09″E and 38°20′09″N, 27°50′47″E, 
respectively (Fig.1). 

The location at 600 m a.s.l. is situated 
about 2 km north of Dagmarmara village 
within farm lands. There are pastures of 
various sizes situated among the plantations 
of Pinus brutia Ten., Quercus spp., Castanea 
sativa MILL. and the orchards of Prunus 
avium L., Pyrus malus L., Cydonia vulgaris 
PERS. on this locality. On the pastures, 
Polypodium sp., Cistus creticus L., Trifolium 
bocconei SAVI, Medicago × varia (MARTYN) 
ARCANG., Rubus canescens L. occur except of 
grasses. On the pasture where the samples 
were collected, a total of 30-40 cows and 
several horses feed all day long on the 
pasture and they are brought back to their 
shelters at night. 

 

 
 

Fig. 1. Location of trapping study area and 
neighboring fields at Bozdağlar Mountain, 
western Turkey.  

The location at 900 m a.s.l. is situated ca. 
5 km southeast of the pasture at 600 m, out 
of the agricultural land and is therefore less 
impacted by human activities. The samples 
were collected on a large pasture 
surrounded by the forest of Pinus nigra 
(ARNOLD). Except of grasses, Polypodium sp., 
Verbascum sp., Juniperus oxycedrus L., Pyrus 
amygdaliformis VILL., Rosa canina L., Cistus 
laurifolius L. were common on the pasture. 
In this area, a total of 80-100 cows, without 
any other mammalians, feed on this pasture 
all day long without going back to their 
shelters at night from April up to 
November.  

In generally, variation in humidity was 
different between two localities. The rainy 
season from November to May and from 
June to late October there is a rainless period 
at these localities. According to our 
observation, the location at 900 m is more 
humid than 600 m, with scarce rain even 
through summer period. Average 
temperature and average rainfall amount of 
Manisa province are provided in Fig. 2.  

 

 
 

Fig. 2. Average temperature and average 
rainfall amount in Manisa province, Western 
Anatolia (MGM, 2011). 
 

It has been classified insects into five 
trophic groups: predators, opportunistic 
predators, coprophages, opportunistic 
coprophages and omnivores. Predators 
(histerid and staphylinid beetles, especially 
Philonthus species) eat only live prey, 
whereas coprophages (scarabeid, aphodiid 
and hydrophylid beetles) eat (exclusively or 
principally) dung. Omnivores feed both on 
live prey and dung. Opportunists appear in 
dung as predators or coprophages, but are 
not restricted to excrement (carabid, 
tenebrionid, and some staphylinid and 
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aphodiid beetles). Classification of species 
into trophic groups was based on direct 
observations in the study area and literature 
(KOSKELA & HANSKI, 1977; CAMBEFORT, 
1991; PINERO & AVILA, 2004). 

 
Sampling 
For this study, both localities were 

visited in ca. 14-day intervals from mid-
April to the mid November. During the 
winter, cows were not present on the 
pastures and the beetles were therefore not 
sampled in this period. Samples were 
collected randomly by a handle shovel, 
placed into a plastic jars and transported to 
the laboratory, where the insects were 
separated from the dung. Fifteen samples of 
ca. 50 g of dung were collected during each 
visit on the locality. The material referred to 
in this study is deposited in the Lodos 
Entomological Museum (LEMT), Depart-
ment of Plant Protection, Aegean University 
(Izmir, Turkey) and author’s private 
collections. 

In the previous parts of these studies, 
species belonged to Histeridae (ANLAŞ et al., 
2007), Hydrophilidae (ANLAŞ et al., 2008), 
Scarabaeoidea (ANLAŞ et al., 2011), 
Staphylinidae (ANLAŞ, in prep.) and 
Carabidae (ANLAŞ & TEZCAN, in prep.) 
have been evaluated and published. 

 
Results and Discussion 
In this study, totally 5.709 specimens 

representing 88 species belonging to 10 
families (Scarabaeidae, Aphodiidae, 
Geotrupidae, Staphylinidae, Carabidae, 
Hydrophilidae, Histeridae, Tenebrionidae, 
Silphidae and Ptiliidae) of the order 
Coleoptera were collected in two locations 
situated in different altitudes (600 m and 900 
m) in 2004 and 2006. The beetle families with 
the highest number of species were 
Staphylinidae (26 spp.) and Scarabaeidae (23 
spp.), while Scarabaeidae (34.6 % of the 
beetles), Staphylinidae (22.7 %) and 
Aphodiidae (20.7 %) were the most 
abundant families (Table 1 and Fig. 3). 

 
Table 1. Number of specimens collected of families at both altitudes during  

2004 and 2006 for this study. 
 

Family Number of 
species 

2004 2006 Sum Ratios 
% 600 m 900 m 600 m 900 m 

Scarabaeidae 23 427 626 320 601 1974 34.6 
Aphodiidae 8 266 326 241 347 1.180 20.7 
Geotrupidae 2 0 7 0 3 10 < 1 

Carabidae 8 12 71 12 54 149 2.6 
Staphylinidae 26 325 371 243 357 1.296 22.7 
Hydrophilidae 5 188 453 115 173 929 16.3 

Histeridae 12 17 66 9 46 138 2.4 
Ptiliidae 2 5 2 11 0 18 < 1 

Tenebrionidae 1 7 0 3 0 10 < 1 
Silphidae 1 0 0 0 5 5 < 1 

Total 88 
1.247 1922 954 1.586 

5.709 100 
3.169 2.540 

 
In the previous parts of this study, 

number of specimens of the recorded 
species collected at both altitudes during 
2004 and 2006 and their dominance values 
were given before (see references). 

The total number of specimens 
collected in the area located at 600 m was 
2.201 and 38.6 % as percentage of the total 

catch; 3.508 in the area located at 900 m and 
61.4 % as percentage of the total catch. In 
2004, the number of specimens was 3.169 
(55.5 %) and in 2006 it was 2.540 (44.5 %). 

The main five species were with the 
following numbers as percentage of the total 
catch: Sphaeridium scarabaeoides, 12.75 %; 
Aphodius fimetarius, 10.65 %; Onthophagus 
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ruficapillus, 10.40 %; Onthophagus taurus, 6.62 
% and Aleochara tristis, 8.7 %. Results 
showed that five species of Coleoptera 
dominated in the 88 species captured in 
Table 2. Most of the recorded species 

generally widely distributed those with 
Euro-asiatic, cosmopolitan, Palaearctic, 
Holoarctric distribution. Some of them less-
widely distributed species such as 
Mediterranean. 

 

Scarabaeidae; 
34,60%

Staphylinidae; 
22,70%

Hydrophilidae; 
16,30%

Carabidae; 2,60%

Histeridae; 2,40%

Aphodiidae; 
20,70%

Other; 0,70%

  
 

Fig. 3. Ratios of specimens collected of families at both altitudes during  
2004 and 2006 for this study. 

 
Table 2. Number of specimens and dominance value of first five  

species of Coleoptera dominated for this study. 
 

First five dominate species Family Number of 
specimens 

Dominance 
value % 

Sphaeridium scarabaeoides 
(LINNAEUS, 1758) Hydrophilidae 728 12. 75 % 

Aphodius fimetarius 
(LINNAEUS, 1758) Aphodiidae 608 10.65 % 

Onthophagus ruficapillus 
BRULLÉ, 1832 Scarabaeidae: 594 10.40 % 

Onthophagus taurus 
(SCHREBER, 1759) Scarabaeidae 378 6.62 % 

Aleochara tristis 
GRAVENHORST, 1806 Staphylinidae 377 6.60 % 

 
Coprophagous beetles were more 

abundant in dung pats than predatory 
beetles (MENÉNDEZ & GUTIÉRREZ, 1997) as 
well as in our results. Most of the beetle 
species were coprophages (43 species, 4533 
specimens), with more than the species 
richness than opportunistic coprophagous 

(2 species, 18 specimens) or predatory 
beetles (28 species, 473 specimens). In 
contrast, opportunistic predaceous beetles (8 
species, 238 specimens) and omnivores (7 
species, 446 specimens) were represented by 
the lowest number of species. In general, the 
assemblage was dominated by coprophages 
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(79.4 % of total abundance), omnivores (7.8 
%) and predators (8.3 %), whereas 
opportunistic detritivores and opportunistic 
predators were scarce. However, the two 
sites differed in the abundance of 
coprophages, opportunistic predators and 
omnivores. 

In this study; the Carabidae specimens 
which were collected, generally occurred in 
the whole period of sampling, but it was 
absent or showing low abundance in 
August. The peaks were recorded at the end 
of September and during October. From the 
staphylinids Oxytelinae species, which are 
not strongly restricted to dung and use 
other decaying substrates (SOWIG & 
WASSMER, 1994), were active mainly in 
spring period. Oxytelinae species, such as 
Anotylus species, are a saprophagous. 
Aleochara tristis, which are feed commonly 
on the eggs, larvae, and puparia of various 
scathophagous and necrophagous Diptera 
(KLIMAZEWSKI, 1984; LIPKOW, 1992), 
generally showed highest abundance in 
autumn months and Staphylininae species, 
mainly the predator genus Philonthus, 
occurred in the whole period of sampling 
from spring to autumn period. The 
scarabeid and aphodiid species of this study 
were absent or showing low abundance in 
the period ca. from July to August with 
peaks in spring and in autumn in both years 
and on both localities. The hydrophilid 
species Sphaeridium scarabaeoides occurred in 
the whole period of sampling both in 2004 
and 2006, with the peaks in the second half 
of April, first half of July and in first half of 
September in both years and on both 
localities. Histerid species occurred during 
the whole period of sampling both in 2004 
and 2006, with peaks in the second half of 
May, second half of September. it is 
generally less abundant in the summer 
period.  

The results of this study from Turkey 
agree with data from Southern Europe, but 
differ from those from central and northern 
Europe especially in earlier onset of high 
abundance peaks and in low abundance or 
absence of the beetles during late summer. 
Comparison of studies of species 
composition and seasonal dynamics of 

many dung-inhabiting beetles shows that 
the precise pattern of the recorded species 
can differ according to geographic position 
of the studied localities (e. g. HANSKI & 
KOSKELA, 1978; LOBO, 1993; WASSMER, 
1994; PALESTRINI et al., 1995; PINERO & 
AVILA, 2004). 

It is important to more extensively 
studies on the in dung-habiting beetles 
which are a significant biological control 
agent and recycling of dung, returns 
nutrients in terrestrial ecosystems. It is 
hoped that current data will be contributed 
other studies that will be carried out in other 
locations in Turkey. 

 
Acknowledgement 
I am most grateful to Dr. Serdar Tezcan 

(Izmir) for valuable contributions in this 
study. 

 
References 
 
ANLAŞ S., T. LACKNER, S. TEZCAN. 2007. A 

cow dung investigation on Histeridae 
(Coleoptera) with a new record for 
Turkey. - Journal of Baltic 
Coleopterology, 7 (2): 157-164. 

ANLAŞ S., M. FIKACEK, S. TEZCAN. 2008. 
Notes on seasonal dynamics of the 
coprophagous Hydrophilidae 
(Coleoptera) in western Turkey, with 
first record of Megasternum concinnum 
for Turkish fauna. - Linzer biologische 
Beiträge, 40 (1): 409-417. 

ANLAŞ S., D. KEITH, S. TEZCAN. 2011. Notes 
on the seasonal dynamics of some 
coprophagous Scarabaeoidea 
(Coleoptera) species in Manisa 
province, western Anatolia. - Turkish 
Journal of Entomology, 35 (3): 447-460. 

BERTONE M. 2004. Dung beetles (Coleoptera: 
Scarabaeidae and Geotrupidae) in 
North Carolina Pasture Ecosystem, In 
Entomology p. 134. North Carolina 
University, Raleigh. 

BERTONE M., J. GREEN, S. WASHBURN, M. 
POORE, C. SORENSON & D. W. 
WATSON. 2005. Seasonal activity and 
species composition of dung beetles 
(Coleoptera: Scarabaeidae and 
Geotrupidae) inhabiting cattle 



Studies on the Dung-inhabiting Beetles (Insecta: Coleoptera) Community of Western Anatolia… 

© Ecologia Balkanica 
http://eb.bio.uni-plovdiv.bg 

Union of Scientists in Bulgaria – Plovdiv 
University of Plovdiv Publishing House 

 

pastures in North Carolina (USA). - 
Annals of the Entomological Society of 
America, 98: 309-321. 

BORNEMISSZA G. F., C. H. WILLIAMS. 1970. 
An effect of dung beetle activity on 
plant yield. Pedobiologia, 10: 1–7. 

CAMBEFORT Y. 1991. Dung beetles in 
tropical savannas. In: Hanski, I., 
Cambefort, Y. (Eds.), Dung Beetle 
Ecology. Princeton University Press, 
Princeton, NJ, 481p. 

GUTIÉRREZ D., R. MENÉNDEZ. 1997. 
Patterns in the distribution, 
abundance and body size of carabid 
beetles (Coleoptera: Caraboidea) in 
relation to dispersal ability. - Journal of 
biogeography, 24: 903-914. 

HANSKI I. 1987. Nutritional ecology of dung 
and carrion-feeding insects. In: Slansky, 
F., Rodriguez, J.G. (Eds.), Nutritional 
Ecology of Insects, Mites, Spiders and 
Related Invertebrates. Wiley, New 
York, NY, 1016 p. 

HANSKI I. 1990. Dung and carrion insects. In: 
Shorrocks, B., Swingland, I.R. (Eds.), 
Living in a Patchy Environment. 
Oxford University press, Oxford, NY, 
246 p. 

HANSKI I. 1991. The dung insect community. 
In: Hanski, I., Cambefort, Y. (Eds.), 
Dung Beetle Ecology. Princeton 
University press, Princeton, NJ, 481 p. 

HANSKI I., H. KOSKELA. 1978. Stability, 
abundance, and niche width in the 
beetle community inhabiting cow 
dung. – Oikos, 31: 290-298. 

KLIMAZEWSKI J. 1984. A revision of the 
genus Aleochara Gravenhorst of 
America north of Mexico (Coleoptera: 
Staphylinidae, Aleocharinae). - 
Memoirs of the Entomological Society of 
Canada, 129: 1-211. 

KOSKELA H., I. HANSKI. 1977. Structure and 
succession in a beetle community 
inhabiting cow dung. - Annales 
Zoologia Fennici, 14: 204-223. 

LIPKOW E. 1992. Staphylinidae (Coleoptera), 
Aphodius (Coleoptera: Scarabaeidae), 
and Ptiliidae (Coleoptera) in dung of 
reindeer (Rangifer tarandus) of 
Northern Finland. - Faunistisch 
Ökologische Mitteilungen, 6: 331-334. 

LOBO J. M. 1993. The relationship between 
distribution and abundance in a dung-
beetle community (Coleoptera, 
Scarabaeoidea). - Acta Ecologica, 14 (1): 
43-55. 

MGM, METEOROLOJI GENEL 
MÜDÜRLÜĞÜ. 2011. İl ve İlçelerimize 
Ait İstatistiki Veriler. Kütükçü Alibey 
Caddesi No:4 06120 Kalaba, 
Keçiören, ANKARA. (In Turkish). 
[http://www.dmi.gov.tr/veridegerlendirme
/il-ve-ilceler-istatistik.aspx?m=Manisa]  

PALESTRINI C. I., A. ROLANDO, E. BARBERO. 
1995. Analysis of temporal segregation 
in a dung-inhabiting beetle 
community at a low-altitude area of 
the Italian Alps. - Bollettino di Zoologia, 
62: 257-265. 

PINERO F. S., J. M. AVILA. 2004. Dung-insect 
community composition in arid zones 
of south-eastern Spain. - Journal of Arid 
Environments, 56: 303–327. 

SOWIG P., T. WASSMER. 1994. Resource 
portioning in coprophagous beetles 
from sheep dung: phenology and 
habitat preferences. — Zoologische 
Jahrbücher, Abteilung für Systematik, 
Ökologie und Geographie der Tiere, 121: 
171-192. 

WASSMER T. 1994. Seasonality of 
coprophagous beetles in the 
Kaiserstuhl area near Freiburg (SW-
Germany) including winter months. - 
Acta Oecologica, 15: 607-631. 

 
 
 

 
Received: 09.08.2011 
Accepted: 08.10.2011

 



 Masoud Tabari, Abdollah Rostamabadi, Ali Salehi 

 17 

and tree heights were measured. Crown 
covers percentage of each stand as an 
expression of the light conditions for the 
ground vegetation (HARDTLE et al., 2003). 
Litter thickness was measured in four 
selected points of plot corners and its 
average was calculated (POORBABAEI & 
POORRAHMATI, 2009). In each plot of 20 m × 
20 m abundance sociability of herbaceous 
and woody species was visually estimated 
following modified Braun Blanquet scale 
(KENT & COKER, 1992).  

Biodiversity indexes were used to 
evaluate plant diversity. Species diversity 
and richness in each plot were quantified 
using three indexes: the Shannon–Wiener 
diversity index (H/), Equitability (J/), and 
richness, r = the number of species per unit 
area - data in percent was use in indexes, H/ 
and J/ (BARBOUR et al., 1999). The H/ and J/ 
values were calculated from the frequency 
of occurrence of each species per plot (i.e., 
1–6) using the following formula based on 
MAGURRAN (2004): 

 

ä
=

-=
m

i

pipiH
1

/ ln , 

 

where pi is the frequency of occurrence of 
each species relative to the total frequency 
of occurrence of all species in each plot, and 
m is the number of species in each plot. 

Jaccard similarity index (JI) was 
selected for clarify of similarity species 
between each tree stand (with specified 
plantation density) with another stand (with 
specified plantation density) (LUDWING & 
RENOLDS, 1988): 

 

cba
a

JI
++

=
, 

 

where a is the species in common in two 
stands, b is the only number of species 
identified in first stand and c is the only 
number of species identified in second 
stand. 

For all the analyses, SPSS v.11.5 
software was used. Normality of the data 
distribution was checked by Kolmogorov– 
Smirnov test, and Levene’s test was used to 
examine the equality of the variances. One-
way analyses (ANOVA) of variance were 

used to compare stands with normal 
distribution data (herbaceous diversity; 
stands characteristic; litter thickness; crown 
cover percentage). H Kruskal-Wallis was 
used to compare nonparametric data of the 
stands (woody diversity). Tukey-HSD 
(stand characteristic) and Duncan 
(herbaceous diversity; litter thickness; crown 
cover percentage) tests were used to 
separate the averages of the dependent 
variables which were significantly affected 
by the stands. In nonparametric data, Mann-
Whitney U tests were used to separate the 
averages of the dependent variables which 
were significantly affected by stands (woody 
diversity). 
 

Results 
 
Stand characteristics, crown cover 

percentage and litter thickness 
Results showed that diameter in breast 

height (D.B.H) in stands of 4 × 4 m planting 
distance was the highest and in stands of 3 × 
3 m planting distance was the lowest (P < 
0.01, Tukey-HSD) (Table 1). In both planting 
distances Alnus had greater diameter in 
breast height (D.B.H) and height compared 
to Taxodium (Table 1). In both planting 
spacing Taxodium plantations had the higher 
crown cover and litter thickness in 
comparison with Alnus plantations (Table 1). 

 
Herbaceous and Woody species diversity 
In herbaceous layer, H/ diversity index 

and richness index were significantly higher 
in Alnus stands than Taxodium stands (P < 
0.01, Duncan), but J/ equitability index did 
not differ in stands (Table 2). In woody 
layer, diversity index H/, richness indexes 
and equitability index J/ were significantly 
higher in Alnus stands (P < 0.05, H Kruskal-
Wallis) than Taxodium stands (Table 3). 

 
Floristic composition and similarity (JI) 
There were 19, 21, 10 and 12 herbaceous 

species in Anus 3×3, Alnus 4×4, Taxodium 
3×3 and Taxodium 4×4 plantations, 
respectively (cumulative numbers) (Table 4). 
Number of woody species was 14, 13, 7 and 
7 in the same order previous forests (Table 
5). Both in herbaceous layer and woody 

m
HJ ln

/ /=
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layer the higher similarity (JI) was found 
between Alnus 3×3 m and Alnus 4×4 m, and 
between Taxodium 3×3 m and Taxodium 4×4 

m. Alnus 3×3 m and Alnus 4×4 m had higher 
similarity (JI) than Taxodium 3×3 m and 
Taxodium 4×4 m (Table 6 and 7). 

 
Table 1. The mean of D.B.H. and height of trees, litter thickness and  

crown cover percentage (± sd) in the plantations 
   

Plantation 
 D.B.H (cm) Height (m) Litter thickness 

(cm) 
Crown cover 

(%) 
Alnus 3×3 m 22.79 ±0.39 a 17.38±0.74 a 0.26 ± 0.07 c 43.16 ± 8.30 b 
Alnus 4×4 m 27.21±1.12 b 19.52±0.44 a 0.18 ± 0.06 c 48.66 ± 7.66 b 
Taxodium 3×3 m 19.68±1.29 c 10.72±0.79 b 7.41 ± 0.65 a 91.66 ± 4.57 a 
Taxodium 4×4 m 24.57±0.67 ab 12.34±0.39 b 5.16 ± 0.47 b 83.50 ± 6.55 a 
P Sig. ** ** *** *** 
     ** P < 0.05 (ANOVA)    *** P < 0.01 (ANOVA) 

 
 

 
 

 
 
 
 
 
 
 
 

 
 

Table 3. Woody species diversity indexes in the plantations 
Stand Diversity 

Index (H/) 
Richness 
Index 

Equitability   
Index (J/) 

Alnus 3×3 m 1.25 a (0.11) 5.00 a (0.36) 0.77 a (0.04) 
Alnus 4×4 m 0.91 a (0.11) 4.50 a (0.56) 0.62 ab (0.06) 
Taxodium 3×3 m 0.55 b (0.13) 3.16 b (0.16) 0.46 b (0.08) 
Taxodium 4×4 m 0.49 b (0.10) 3.00 b (0.25) 0.43 b (0.09) 
F 9.12 7.14 4.62 
P Sig. 0.001** 0.002** 0.013* 
** P < 0.01  ( H Kruskal-Wallis ),  * P < 0.05  ( H Kruskal-Wallis ) 
 

Discussion 
Stand characteristics, crown cover 

percentage and litter thickness 
Light is commonly considered to be the 

major limiting factor of forest vegetation 
cover and (or) richness (BARBIER et al., 2008). 
In full light conditions, when the canopy is 
removed, or on poor site, nutrient availabi-
lity may become more critical to the under-
story, the better adapted species should be 
more competitive and productive (LEGARE 
et al., 2002). Thus, in the present study 

Taxodium stands that have more closed 
canopy than Alnus, light can play important 
role in diversity indexes. As a result, higher 
crown cover percentage in Taxodium planta-
tions causes the increase of litter thickness. 
There are several researches for conifer 
stands have been well documented where 
canopy layer values were high; the cover of 
vascular plants and ground layer vegetation 
was reduced through shading (SAKURA et 
al., 1985, HILL, 1986, SCHOONMAKER & 
MCKEE, 1988, FAHY & GORMALLY, 1998). 

Table 2. Herbaceous species diversity indexes in the plantations 
Stand Diversity  

Index (H/) 
Richness 
Index 

Equitability  
Index (J/) 

Alnus 3×3 m 1.66 a  (0.14) 11.50 a (0.56) 0.68  (0.05) 
Alnus 4×4 m 1.62 a  (0.09) 11.33 a (0.49) 0.66 (0.02) 
Taxodium 3×3 m 1.10 b (0.14) 5.16 b  (0.60) 0.68  (0.07) 
Taxodium 4×4 m 1.20 ab (0.07) 6.16 b  (0.40) 0.66  (0.04) 
F 5.71 41.32 0.077 
P Sig. 0.005** 0.000** 0.972 ns 
ns  treatment effect not significant.** P < 0.01  (ANOVA)  * P < 0.05  
(ANOVA) 
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Table 4. List of  herbaceous species in each stand 

 

Herbaceous  species 
Alnus 
3×3 m 

Alnus 
4×4 m 

Taxodium 
3×3 m 

Taxodium 
4×4 m 

Calystegia sepium × ×   
Cardamine impatiens × ×   
Carex remota × × × × 
Carex sylvatica × × × × 
Conyza canedensis     
Cyperus sp. × × × × 
Equisetum maximum × × × × 
Galium aparine × ×   
Humulus lupulus     
Iris sp. × ×   
Juncus sp. × ×   
Lamium album × ×   
Mentha aquatic  ×   
Mentha piperita     
Oplismenus undolatifolius     
Oxalis acetosella   × × 
Plantago major     
Poa sp. × ×  × 
Primula hecterochroma   × ×   
Pteris cretica  ×  × 
Ruscus hyrcanus × × × × 
Sambacus ebulus × ×   
Smilax excels × × × × 
Solanum dulcamara × × × × 
Stelaria media × ×   
Urtica dioica × × × × 
Viola alba × × × × 
 19 21 10 12 
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Table 5. List of woody species in each stand 
 

Woody species 

Alnus 
3×3 m 

Alnus 
4×4 
m 

Taxodium 
3×3 m 

Taxodium 
4×4 m 

Acer velutinum  × ×   
Alnus glutinosa × ×   
Alnus subcordata × ×   
Cornus australis    × × 
Crataegus monogyna  × × × × 
Diospyrus lotus ×    
Ficus carica  × × × × 
Gleditschia caspica  × × × × 
Mespilus germanica × ×   
Morus alba  × × × × 
Petrocaria fraxinifoilia    × 
Populus caspica × ×   
Populus deltoids     
Prunus divaricate × ×   
Quercus castaneifolia × × ×  
Salix aegyptiaca × ×   
Taxodium distichum   × × 
Ulmus carpinifolia × ×   
 14 13 7 7 

 
 

Table 6. Jaccard’s similarity index (JI) (in percent) of 
woody species in the  plantations 

 
Stand 

 
Alnus 
 3×3 
m 

Alnus 
4×4 
m 

Taxodiu
m 
3×3 m 

Taxodium 
4×4 m 

 Alnus 3×3 m  0.92 0.31 0.23 
Alnus 4×4 m   0.33 0.50 
Taxodium 3×3 m    0.75 

 
 
 

Table 7. Jaccard’s similarity index (JI) (in percent) of 
herbaceous species in the  plantations 

 
Stand 

 
Alnus 
3×3 m 

Alnus 
4×4 m 

Taxodium 
3×3 m 

Taxodium 
4×4 m 

Alnus 3×3 m  0.90 0.45 0.47 
Alnus 4×4 m   0.40 0.50 
Taxodium 3×3 m    0.83 

 
 

Litter also has physical effects on 
understory vegetation: seed under litter are 
deprived of light and seeds on it cannot root 
easily (BARBIER et al., 2008). In our study 

broad-leaved and conifer plantations had 
lower and higher crown cover percentage 
respectively. Also, the litter thickness in 
Taxodium stands was higher than that in 
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Alnus stands. PIOTTO et al., (2003) declared 
high overstorey transmission led to increase 
the litter decomposition. In this relation, 
WESENBEECK et al., (2003) underlined that 
high crown cover in Pinus patula causes to 
decreased in diversity and alter the 
composition of native species. LEUSCHNER 
(1999) came to similar conclusions in an 
analysis of beech stands in central and 
north-west Germany, during which he also 
established a close negative correlation 
between the number of species and the 
density of fine roots from the tree layer in 
the humus horizons. PARITSIS & AIZEN 
(2008) suggest that plantations with more 
open canopy could favor plant diversity by 
increasing individual abundance and 
species richness. NAGAIKE et al., (2006) 
observed young plantations (just before 
canopy closure and just after weeding) had 
the highest species diversity, richness, and 
light levels of the three ages of plantation. 
Greater species diversity and richness 
during the initial phase of vegetation 
development, before canopy closure 
(NIEPPOLA, 1992, HANNERZ & HAENELL, 
1997) is caused primarily by colonization of 
many ruderal species (HALPERN, 1989, 
MILLER et al., 1995). 
 

Herbaceous and Woody species diversity 
In herbaceous and woody layers, H' 

index diversity was highest in Alnus stands. 
These results may be for high budget light 
in crown (DEAL, 1997) and rich soil N Alnus 
stands (Eshter et al., 2006). The higher 
diversity in plantations was mainly due to 
invasive species. Such patterns imply 
increased species diversity after severe 
human disturbance (POORBABAEI & 
POORRAHMATI, 2009). On the other hands, 
NAGAIKE et al., (2006) in their investigation 
revealed that  plantations 40 years of age 
had significantly lower species diversity and 
richness than young plantations, possibly as 
a result of declining light levels after canopy 
closure (BARBIER et al., 2008). In herbaceous 
layer, there was not any significant 
difference between Alnus 3×3 and Alnus 4×4 
m also in Taxodium stand. In this relation, 
our work seems to be consistent with that of 
LEGARE et al., (2002), who describe the 

absence of significant variation of herb layer 
related to forest composition could be 
explained by the fact that light availability at 
the forest ground floor level and at 50 cm 
above the forest floor is not significantly 
different among the different stands. 

Species richness is one measure of 
biodiversity and it is very important for 
ecosystem functioning, stability and 
integrity (COROI et al., 2004). It is widely 
accepted that broad-leaved forests have 
higher plant species richness than conifer 
stands (BARBIER et al., 2008). Also COROI et 
al. (2004) reveled that plant species richness 
in the broad-leaved riparian stands was 
almost double that of the alien conifer 
plantations. Such a result was found in 
present study, particular in Alnus stands. 
WELCH & SCOTT (1997) reported a strong 
decline of shade-tolerant understory plant 
species in a 20-year old pine plantation in 
England and they predicted that 
colonization would be the main factor 
limiting further development of understory 
plant diversity in the plantation. This trend 
may be one of the reasons of decline in 
understory plant species in Taxodium stands 
investigated in our study whereas the 
diversity indices in these stands was lower 
than those in Alnus stands. MICHELSEN et al., 
(1996) found that most of the understory 
herbs in Ethiopian highland plantations of 
Pinus, Eucalyptus and other alien tree taxa 
were widespread. Incoherence reasons for 
this result and result of present study can be 
affirmed that such study was conducted in 
lowland, while the study of MICHELSEN et al. 
(1996) it was conducted in highland. High 
plant species richness in alder stands also 
has been reported in coastal Oregon 
(FRANKLIN & PECHANEC, 1968, DEAL, 1997).  
 

Floristic composition and similarity (JI) 
There were 19, 21, 10 and 12 herbaceous 

species in Anus 3×3 m, Alnus 4×4 m, 
Taxodium 3×3 and Taxodium 4×4 plantations, 
respectively. Also number of woody species 
was 14, 13, 7 and 7 in the same order above 
mentioned stands. Low number of 
herbaceous and woody species in 
plantations compared to other studies may 
be owing to low drainage soil (VANN & 
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MEGONIGAL, 2002). This trend was found in 
POORBABAEI & POORRAHMATI (2009) study, 
who reported low number of herbaceous 
and woody species on poor drainage site. 

All plantation stands of the present 
study exhibited low similarity (JI) of woody 
species composition. A similar result, i.e. 
low similarity among different plantation 
species was reported by PANDE et al., (1998). 
SENBETA et al., (2002), who found that the 
intensity of light reaching the forest floor 
may differ in accordance with the intensity 
of crown cover, and this may influence 
understory plants colonization.  
 

Conclusions 
From this investigation it can be 

concluded that in comparison with 
Taxodium, Alnus stands have higher growth 
attribute, less crown cover percentage and 
litter thickness, higher diversity indices, and 
can maintain plant diversity and facilitate 
succession process better than Taxodium 
stands. These are because of small and light 
canopy of Alnus trees, whereas light 
penetrates easily to forest ground, or may be 
for higher concentrations of total nitrogen 
and ammonium in its litter (ESHTER et al., 
2006, GLAESSENS et al., 2010). On the base of 
the results of this investigation, it seems that 
Alnus subcordata as a fast-growing species 
can be proposed for plantations in plain 
areas of northern Iran where the site is a 
low-drained.   
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