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Abstract. This paper presents the first data concerning
the ground beetles assemblages associated with Pinus nigra
mauretanica (Maire & Peyerimhoff, 1927) reserve, Djurdjura southerner, Algeria. Carabids were sampled from two sites
which differ in their structural vegetation, site No. 2 being
more disturbed and more open than site No. 1. As a result of
this survey, 231 carabid beetles belonging to 32 species were
collected, of which 53.12 % were common to both sites,
while 37.50 % and 9.37 % were restricted to site No. 1 and
site No. 2 respectively. Diversity indexes were higher in site
No. 1. Statistical analysis showed a significant influence of
vegetation type on the specific richness of carabid beetles.
Disturbances and structural habitat parameters seem to be
the major drivers structuring ground beetles assemblages and
influencing species abundance, diversity and richness. Carabid richness and abundance in the studied area are lower in
disturbed environments and higher when the forest vegetation cover is developed. Adaptive parameters of species,
such as diet and seasonal distribution, showed that 57 % of
the species (174 individuals) caught are predatory. Two activity periods of ground beetles were noted, the first one
occurred in spring and early summer while the second was
mainly autumnal. Our results showed the efficiency of pitfall
trapping with 70 % of captured individuals and 38 % of
carabid species. Among these taxa recorded in the two sites
of Pinus nigra mauretanica reserve, six species have protected status in Algeria, Carabus (Macrothorax) morbillosus,
Eurycarabus famini, Laemostenus algerinus, Calosoma inquisitor, Calosoma sycophanta and Sphodrus leucophthalmus, and four were endemic to North Africa, Calathus fuscipes algiricus, Calathus opacus, Carabus (Macrothorax)
morbillosus and Bembidion fluviatile unctulum. According to
the IUCN categories, four species are in danger of extinction,
Sphodrus leucophthalmus, Chlaenius velutinus, Bembidion
fluviatile unctulum and Brachinus sclopeta, four are very rare
but without current endangerment, Agonum nigrum, Har-

palus attenuates, Notiophilus biguttatus and Trechus obtusus,
and two were strongly endangered, Calosoma inquisitor and
Calosoma sycophanta. Three bioindicator species of forest
quality were found, Calathus opacus, Carabus (Macrothorax) morbillosus and Notiophilus biguttatus.
Резюме. В настоящей работе представлены первые
данные о сообществах жужелиц, приуроченных к заповеднику для Pinus nigra mauretanica (Maire et Peyerimhoff,
1927) (Южаная Джурбжура, Алжир). Пробы жужелиц
были отобраны на двух участках, различающихся по растительности, причём участок № 2 более нарушен и открыт, чем участок № 1. В результате этого фаунистического исследования был собран 231 экземпляр
жуков-жужелиц, принадлежащих к 32 видам, из которых
53,12 % были общими для обоих участков, а 37,50 % и
9,37 % были ограничены только участками № 1 или № 2
соответственно. Показатели разнообразия выше были на
участке № 1. Статистический анализ показал значительное влияние типа растительности на видовое богатство
жужелиц. Эти данные свидетельствуют о том, что нарушения и структура среды обитания, по-видимому, являются основными факторами, определяющими структуру
сообществ жужелиц и влияющими на численность, разнообразие и богатство видов. Богатство и обилие жужелиц в
рассматриваемой местности ниже в нарушенных условиях и выше при развитом лесном растительном покрове.
Адаптационные параметры видов, такие как рацион питания и сезонное распределение, показали, что более половины пойманных видов являются хищниками (57 % или
174 особи). Отмечено два периода активности жужелиц,
первый приходился на весну и начало лета, а второй был
преимущественно осенним. Наши результаты показали
эффективность отлова 70 % экземпляров и 38 % видов
жужелиц. Среди этих таксонов, отмеченных на двух участках заповедника для Pinus nigra mauretanica, мы отмети-
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ли виды, имеющие особый статус: шесть с охраняемым
статусом в Алжире [Boutefllka, 2012]: Carabus
(Macrothorax) morbillosus, Eurycarabus famini, Laemostenus algerinus, Calosoma inquisitor, Calosoma sycophanta,
Sphodrus leucophthalmus, четыре — эндемика Северной
Африки [Boukli et al., 2012]: Calathus fuscipes algiricus,
Calathus opacus, Carabus (Macrothorax) morbillosus,
Bembidion fluviatile unctulum. Согласно категориям МСОП,
описанным Клайбером и др. [Klaiber et al., 2017] мы обнаружили четыре вида, находящихся под угрозой исчезновения: Sphodrus leucophthalmus, Chlaenius velutinus,
Bembidion fluviatile unctulum, Brachinus sclopeta, четыре
очень редких вида, не находящихся под угрозой исчезновения: Agonum nigrum, Harpalus attenuates, Notiophilus
biguttatus, Trechus obtusus и два сильно угрожаемых вида:
Calosoma inquisitor, Calosoma sycophanta. Обнаружены
три вида-биоиндикатора качества леса [Brustel, 2012]:
Calathus opacus, Carabus (Macrothorax) morbillosus и
Notiophilus biguttatus.

Introduction
Ground beetles (Carabidae, Coleoptera) is one of
the most diverse and studied insect families [Holland,
2002]. They are well known and very diverse taxonomically and ecologically [Avgin, Luff, 2010; Koivula,
2011]. A diversity of 40.000 species of ground beetles
was described [Desender et al., 1994; Lövei, Sunderland, 1996], this mainly concerned the temperate areas, as surveys are rarely conducted in the souther
hemisphere [New, 1998]. The group is well-documented in the norther hemisphere [Thiele, 1977]. Lövei and
Sunderland [1996] reported that ground beetles are
distributed over broad geographic ranges and inhabit
all major habitats, except the driest parts of deserts.
Carabids are abundant in a variety of environments
including primary and secondary forests, more generally, carabids were reported to prefer mountainous
regions with cool and humid microclimates [Avgin,
Luff, 2010].
Carabids have been widely and successfully used
for different kinds of studies: they are a crucial component of predator diversity both in natural and agricultural ecosystems [Thiele, 1977; Desender et al., 1994;
Holland, Luff, 2000]. Lövei and Sunderland [1996] reported that most carabids are predatory, Bousquet
[2010] found that a large proportion of carabid species
are omnivorous, consume both animal and plant materials and most species do not show a specialization in
their diet, they are opportunist and feed on what invertebrates are available (mites, spiders, caterpillars, ants,
aphids, springtails and beetle eggs, larvae and pupae),
however, some species tend to specialize in their choice
of prey. Several ground beetles are also phytophagous
[Bousquet, 2010], granivorous: eg. those eating the
seeds of herbaceous plant and may be an important
factor in weed control [Honek et al., 2003], or polyphagous [Holland, Luff, 2000].
Carabids are known to be highly sensitive to environmental disturbances [Butterfield et al., 1995; Gobbi,
Fontaneto, 2008], to which they react by different ways
such as changes in species number or abundance [Ni-

emelä, 2001; Rainio, Niemelä, 2003; Scalercioe et al.,
2009] and changes in abundance, diversity, community
structure and composition [Niemelä et al., 1993].
Due to their sensitivity, ground beetles are useful
model organisms, used as bioindicators [Rainio, Niemelä, 2003; Koivula, 2011]. In forests, carabids respond
quickly to environmental factors such as temperature,
humidity, vegetation, size of the forest patch [Eyre, Luff
1990; Niemelä, 2001], cover of forest canopy or plant
diversity [Lange et al., 2014] and anthropogenic disturbances [Thomas et al., 2002].
The Djurdjura Mountain accounts among the main
old forests of the Mediterranean [Quézel, Medail, 2003]
and it is part of the biodiversity hotspots of the Mediterranean basin [Véla, Benhouhou, 2007]. Despite its
inclusion in a protected area (i.e. as a National Park
since 1983 and as a biosphere reserve since 2007), this
Mountain is subject to deep anthropogenic disturbances as pointed out by Quézel and Medail [2003].
In Algeria, carabid beetles are still relatively poorly
known and the research on this family only started
recently, there are limited information available concerning carabid community composition in forest areas:
there is one published study in in the National Park of
Chrea, Atlas of Blida [Belhadid et al., 2013] and some
works in agricultural areas [eg. Saouache et al., 2014].
The present study aimed to investigate, for the first
time, the spatial variability in abundance and species
richness of Carabidae in two sites of the P.nigra mauretanica reserve (Tikjda forest, Tigounatine reserve,
Djurdjura southerner).

Material and methods
Study area. The study site is located in the Tikjda
forest area (Djurdjura southerner). The forest covers
are dominated by Quercus ilex in the lower range and
Cedrus atlantica in the upper range while these two
major species are intimately mixed in their contact zones
with Q. ilex dominating on thermophilous slopes and
C. atlantica dominating on mesic ones. Besides the
forest covers there are also large open areas which
resulted from forest degradation (Fig. 1).
Tigounatine stand accounts among the forest patches of Tikjda forest area. In this area P. nigra mauretanica occupied, until summer 2012, three patches
(i.e. Tikjda-centre, Taouielt and Tigounatine) distant
from each other by a linear distance of 1.2 to 1.5 km and
comprising unequal numbers of individuals: 450 at Tigounatine, 20 at Taouielt and 11 at Tikjda-centre of
which 4 ones were burned following the fire of 2000.
The portion of Tigounatine forest comprising P. nigra
has been fenced in the 1980s and is so-called «the
P. nigra Tigounatine reserve» (36°27'06" and
36°27'20" N; 04°06'19" and 04°06'46" E). Two sites of
this reserve are presently investigated carabid diversity. The two sites share the altitudinal range (1500–
1650 m), the terrain aspect (i.e. North), the geological
substratum (i.e. limestone), the soil type, i.e. rendzina
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Fig. 1. Location of the study site at the scale of Algeria (Google Maps).
Ðèñ. 1. Ðàñïîëîæåíèå ìåñòà èññëåäîâàíèÿ â Àëæèðå (Google Maps).

with A/C soil type [Benmouffouk, 1995], the bioclimate,
i.e. humid with cool winters [Benmouffouk, 1995], the
floristic group i.e. the Juniperotosum hemisphericae a
component of the Senecio-perralderiani-cedretum atlanticae [Quézel, Barbero, 1989] but they differ by structural vegetation attributes: site No. 1 consists mainly of
old C. atlantica trees and few Q. ilex in the upperstorey
and large cushions of the prostrate common juniper
«Juniperus communis hemisphaerica (C. Presl) Arcang,
1882» in the understorey. Site No. 2 consists mainly of
P.nigra mauretanica in mixture with scattered C. atlantica and Q. ilex trees in the overstorey and shrubs
of cade juniper «Juniperus oxycedrus rufescens Link,
1846» in the understorey. Regarding microclimatic conditions, site No. 2 is more open than site No. 1. Indicators of past disturbances (logs, snags and fallen dead
wood) were found in site No. 2.
Insect sampling. For each sampling visit, twenty
(20) stations were chosen randomly in P. nigra mauritanica reserve; ten (10) stations in site No. 1 and (10)
others in site No. 2. We sampled in both sites previously described. Here, we studied the ground beetle
fauna for one year using 5 sampling methods (Pitfall
traps, sweeping, beating, colored traps and the aerial
attractive traps) per site (first opened 01 March 2017;
closed 5 March 2018). Samples were collected every
15 days.

In each site, ten (10) pitfall traps [Barber, 1931] were
arranged in a straight line and spaced five meters from
each other. Each pot was half filled with water to which
we added few drops of liquid soap and few grams of
salt. Ten (10) sweeps per tree canopy with to and from
movements were carried out using a net of 38 cm diameter and dense sailcloth mesh to carry out the sweeping
method, ten (10) trees per site were swept, the net was
sprayed lightly with a knockdown non persistent insecticide to allow easy transfer of insects into plastic boxes. Beating consisted of a white net of 120 x 120 cm
stretched on a folding wooden frame and introduced
under the foliage of trees and shrubs while the plants
are shaken roughly (beating). Ten (10) coloured traps
(yellow traps) were attached directly to the branches of
10 trees in each site, the attracted insects fall into the
trap which contains a brine with a detergent (liquid
soap). Ten (10) plastic bottles (1.5 liter) were hung with
a hook on the high branches of ten trees in site No. 1
and ten others in site No. 2. The bottles were filled with
soapy water and two lateral openings (about 6 x 6 cm)
allow insects to fly in the bottles. The captured specimens were sorted, labeled, preserved in 70 % alcohol
and identified in the laboratory under a compound binocular microscope (EZ4, LEICA) following the classification of Löbl and Löbl [2017] with the aid of keys
[Antoine, 1955, 1957, 1959, 1961, 1962].
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Some species were identified and confirmed by professor Gahdab Chakali, entomologist at the laboratory
of zoology (ENSA, Algiers, Algeria) and by professor
Hervè Brustel, director of the environmental sciences
and biodiversity department at the Purpan Engineering
School (INPT, Toulouse, France).
Data analysis. Ecological indices such as total
abundance, species richness, frequencies, the Shannon diversity index H' [Shannon, 1948], maximal Diversity and the Equitability index E [Pielou, 1966] were
used in order to characterize and compare the degree
of community complexity of ground beetles species in
prospected sites. In addition, Pearson’s Chi-squared
test was used to determine if the type of vegetation
influences the specific richness of carabid beetles and
an analysis of Deviance table by a GLM (general linear
model) was performed to know if insect effectives
(number of individual) are the same according to the
type of vegetation. All the data were analyzed using
the R software.
In order to determine the trophic structure of carabids in P. nigra mauretanica reserve, we focused only
on diet of adults captured. The following documents
were consulted: Thiele [1977], Dethier [1985], Lövei
and Sunderland [1996], Velle [2004], Bousquet [2010].
To determine the status of the captured species as well
as their patrimonial values, the following papers were
consulted: Boukli et al. [2012], Boutefllka [2012], Brustel
[2012], Klaiber et al. [2017].

Results
COMPOSITION

OF THE CARABID FAUNA

During the year cycle, 231 specimens of ground
beetles were caught and 32 species distributed among
23 genera were identified. 156 individuals representing
29 species and 75 others belonging to 20 species were
registered respectively in site No. 1 and site No. 2
(Tab.1).
Specific richness, abundance and species diversity
The diversity of carabofauna in P. nigra mauretanica reserve showed that seventeen species (i.e. 53.12 %
of the total richness) were present in both sites, while
thirteen ones (i.e. 46.88 % of the total) were restricted to
one site with twelve (12) species (i.e. 37.50 %) sampled
only in site No. 1 and three (03) species (i.e. 9.37 %)
(Amara convexa, Brachinus sclopeta and Sphodrus
leucophthalmus) observed only in site No. 2.
Among the 32 genera censused, the genera Carabus Linnaeus, 1758 and Calathus Bonelli, 1810 were
represented by 3 species each, the genera Syntomus
Hope, 1838, Harpalus Latreille, 1802, Laemostenus
Bonelli, 1810, Syntomus Hope, 1838, Calosoma Weber,
1801 and Zabrus Clairville, 1806 were represented by
2 species each, while each of the other genera were
represented by a single species.
Regarding the species abundance, Carabus morbillosus is the most abundant species in both sites with

18.55 % of the total richness (i.e. 41 individuals) followed by Calathus fuscipes algiricus with 11.33 %
(i.e. 25 individuals).
Among these taxa recorded in the two sites of
P.nigra mauretanica reserve, we noted species that
have a remarkable status: six (6) with protected status in
Algeria [Boutefllka, 2012]: Carabus (Macrothorax)
morbillosus, Eurycarabus famini, Laemostenus algerinus, Calosoma inquisitor, Calosoma sycophanta, Sphodrus leucophthalmus, four (4) endemic to North Africa
[Boukli et al., 2012]: Calathus fuscipes algiricus, Calathus opacus, Carabus (Macrothorax) morbillosus,
Bembidion fluviatile unctulum. According to the IUCN
categories described in Klaiber et al. [2017], we have
found: four (4) species in extinction danger: Sphodrus
leucophthalmus, Chlaenius velutinus, Bembidion fluviatile unctulum, Brachinus sclopeta, four (4) very rare
species without current endangerment: Agonum nigrum,
Harpalus attenuates, Notiophilus biguttatus, Trechus
obtusus and two (2) species strongly endangered: Calosoma inquisitor, Calosoma sycophanta. Three (3) bioindicator species of forest quality were found [Brustel,
2012]: Calathus opacus, Carabus (Macrothorax) morbillosus, Notiophilus biguttatus.
Regarding the diversity and equitability, site No. 1
seems to be more diverse (H' = 4.53) and more balanced
(0,94) than site No. 2 (Tab. 2).
The Pearson’s C hi-squared test showed a significant influence of vegetation type (of sites No. 1 and
No. 2) on the number of carabid species recorded
(Tab. 3).
Analysis of Deviance Table by a GLM (general linear model) showed a significant difference in carabid
numbers (number of individuals) between the two studied sites (Tab. 4).

T RAITS

OF THE SPECIES

Trophic structure. The carabids found in P. nigra
mauretanica reserve form five trophic groups (phytophagous, granivorous, omnivorous, predator and
zoophagous). More than half of this diversity were
predators (57 % of species and 60 % of individuals). Six
(6) species and 12 % individuals were phytophagous.
The omnivorous and granivorous were represented by
four (4) species each, while zoophagous were the less
presents (two species and 2 % individuals) (Fig. 2).
Sampling methods. Among the diversity of ground
beetles caught, the most number of individuals (70 %)
and species (i.e.26 species) were trapped with pitfall
trapping. 14 % and 10 % specimens belonging to 18 and
11 species were captured respectively with beating and
aereal attractive traps while only 3 % individuals were
found with sweeping and coloured traps (Fig. 3).
Seasonal distribution. The seasonal distribution of
ground beetles showed two activity periods. The first
occurred in spring and early summer, while the second
was autumnal, between the two activity periods few
adults were trapped. In winter, there were almost non
ground beetles (Tab. 5).
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Total individuals No.
S2

Total individuals

Patrimonial values

Zoophagous

x

Total individuals No.
S1

x

x

Status of species
(IUCN)

Amara convexa (Leconte, 1848)

Predator

Agonum nigrum (Dejean, 1828)

Omnivorous

Granivorous

Taxons

Phytophagous

Table 1. Ground beetles species and individual number captured in P. nigra mauretanica reserve, with the diet of adult
species, their status and their patrimonial values
Òàáëèöà 1. Âèäîâîé ñîñòàâ è ÷èñëåííîñòü æóæåëèö, îòëîâëåííûõ â çàïîâåäíèêå äëÿ P. nigra mauretanica, ñ
òðîôè÷åñêèìè ñâÿçÿìè, îõðàííûì ñòàòóñîì, ñ ðàöèîíîì âçðîñëûõ îñîáåé, èõ ñòàòóñîì è ðîäîâûì
çíà÷åíèåì

(LC)

5

3

8

0

4

4

x

Brachinus sclopeta (Fabricius, 1792)

x

(CR)

0

2

2

Calathus circumseptus (Germar, 1823)

x

(RE)

4

0

4

15

10

25

3

0

3

25

16

41

7

4

11

4

2

6

8

0

8

10

5

15

6

2

8

9

0

9

2

4

6

Calathus fuscipes algiricus (Gautier des Cottes, 1866)

x

x

Calathus opacus (Lucas, 1846)

x

Carabus (Macrothorax) morbillosus (Fabricius, 1792)

x

Carabus famini (Dejean, 1826)

x

Carabus sp.

x

Eurycarabus famini algerinus (Fairmaire, 1859)

x

Harpalus attenuatus (Stephens, 1828)

x

x

Harpalus wohlberedti (Emden et Schauberger, 1932)

x

x

EAN
BI,
EAN
PA,BI,
EAN

PA
(LC)

Laemostenus barbarus (Lucas, 1846)

x

Laemostenus algerinus (Gory, 1833)

PA

Licinus punctatulus (Fabricius, 1792)

x

3

0

3

Microlestes corticalis (L. Dufour, 1820)

x

7

0

7

Nebria andalusiaca (Rambur, 1837)

x

2

3

5

3

0

3

2

0

2

x

6

0

6

Syntomus barbarus (Puel, 1938)

x

5

5

10

Syntomus fuscomaculatus (Motschulsky, 1844)

x

2

2

4

(LC)

3

1

4

Notiophilus biguttatus (Fabricius, 1779)
Parophonus hespericus (Jeanne, 1985)

x
x

BI

(LC)

x

Pterostichus sp (Bonelli,1810)

x

Trechus obtusus (Erichson, 1837)

x

Calosoma inquisitor (Linnaeus, 1758)

x

PA

(EN)

2

0

2

Calosoma sycophanta (Linnaeus, 1758)

x

PA

(EN)

3

0

3

Bembidion fluviatile unctulum (Antoine, 1941)

x

EAN

(CR)

2

3

5

(CR)

Chlaenius velutinus (Duftschmid, 1812)

7

2

9

Zabrus jurjurae (Peyerimhoff, 1908)

x

3

0

3

Zabrus farctus (Zimmermann, 1831)

x

2

1

3

Dixus sphaerocephalus (Olivier, 1795)
Sphodrus leucophthalmus (Linnaeus, 1758)
Orthomus aquila (Coquerel, 1859)

x

x
x

PA

(CR)

5

2

7

0

3

3

1

1

2

Notes. PA: Protected in Algeria, EAN: Endemic of North Africa; Between brackets: IUCN category in Klaiber et al. [2017];
(LC): very rare species without current endangerment; (CR): extinction danger; (RE): extinct in Switzerland; (EN): strongly
endangered.
Ïðèìå÷àíèå. PA: îõðàíÿåòñÿ â Àëæèðå, EAN: ýíäåìèê Ñåâåðíîé Àôðèêè; Â ñêîáêàõ: êàòåãîðèÿ ÌÑÎÏ ïî Klaiber et al.
[2017]; (LC): î÷åíü ðåäêèé âèä, íå íàõîäÿùèéñÿ ïîä óãðîçîé èñ÷åçíîâåíèÿ; (CR): âèä íàõîäèòñÿ â îïàñíîñòè èñ÷åçíîâåíèÿ;
(RE): âûìåðøèå â Øâåéöàðèè; (EN): íàõîäÿùèéñÿ ïîä óãðîçîé èñ÷åçíîâåíèÿ.
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Fig. 2. Diet of carabid adults captured in P. nigra mauretanica reserve. (a): number and percentage of species, (b): percentage
of individuals.
Ðèñ. 2. Ðàöèîí âçðîñëûõ æóæåëèö, îòëîâëåííûõ â çàïîâåäíèêå äëÿ P. nigra mauretanica. (à): êîëè÷åñòâî è ïðîöåíòíîå
ñîäåðæàíèå âèäîâ, (b): ïðîöåíò îñîáåé.

Discussion
Specific richness, abundance and species diversity
of carabid beetles are interesting for this research because they had previously only rarely been investigated under biodiversity aspects in the Mediterranean
area, yet they are a frequently studied group of indicaTable 2. Shannon diversity index (H') and Equitability
index (E) in the two sites of P. nigra mauretanica
reserve
Òàáëèöà 2. Èíäåêñ ðàçíîîáðàçèÿ Øåííîíà (H') è èíäåêñ âûðàâíåííîñòè (E) íà äâóõ ó÷àñòêàõ
çàïîâåäíèêà äëÿ P. nigra mauretanica
Sites

H' [bits]

E

Site No.1

4.53

0.94

Site No. 2

3.88

0.7

Table 3. Results of the Pearson's Chi-squared test on
the number of carabid species between two
microsites
Òàáëèöà 3. Ïîêàçàòåëè êðèòåðèÿ ñîãëàñèÿ Ïèðñîíà äëÿ
êîëè÷åñòâà âèäîâ æóæåëèö ìåæäó äâóìÿ ìåñòîîáèòàíèÿìè
Chi-squared

df

p-value

40.021

19

0.003251

Table 4. Results of the GLM (general linear model) test
on the number of individuals per species
between the two microsites
Òàáëèöà 4. Ðåçóëüòàòû òåñòà GLM (îñíîâíàÿ ëèíåéíàÿ
ìîäåëü) ïî êîëè÷åñòâó îñîáåé íà âèä ìåæäó
äâóìÿ ìåñòîîáèòàíèÿìè

tors elsewhere. Our data on species diversity suggest
that Carabidae assemblages are distinct across sites as
mentioned by Thiele [1977]. These caught species were
dominated by Carabus (Macrothorax) morbillosus,
followed by Calathus fuscipes algiricus. This later was
the most represented species of Carabidae in the cedar
forest of Chrea National Park (Blida, Algeria) [Belhadid
et al., 2013].
The abundance and number of the species recorded
were higher in site No. 1 than site No. 2, this could be
related to the forest canopy cover [Magura et al., 2002;
Cividanes et al., 2010], organic matter [Jukes et al., 2001;
Magura et al., 2002], leaf litter [Magura et al., 2002] and
anthropogenic disturbances [Thomas et al., 2002].
In site No. 1, the canopy cover ensured by aged
Atlas cedar trees combined with the ground cover provided by the larger cushions of common juniper seem to
have a positive effect on diversity and abundance of
carabid beetles by providing them favourable conditions regarding the availability of plant debris, vegetation, wood, organic matter, food, shelter and leaf litter.
In contrast, the lower vegetation cover in site No. 2
can increase the exposure to climatic hazards: vegetation cover attenuate and/or delay climatic fluctuations
Table 5. Seasonal distribution of individual number
caught in P. nigra mauretanica reserve
Òàáëèöà 5. Ñåçîííîå ðàñïðåäåëåíèå ÷èñëåííîñòè îñîáåé, ïîéìàííûõ â çàïîâåäíèêå äëÿ P. nigra
mauretanica
Season

Individual number
Site No. 1

Site No. 2

Summer

45

20

Autumn

59

28

Chi-squared

df

p-value

Winter

4

3

15.50

1

0.000008

Spring

50

24
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on a small time scale (daily) as well as on a larger scale
(annual) as was found by Tenailleau et al. [2011].
Our findings concord with Thomas et al. [1992],
Butterfield [1997] and Honek and Jarosik [2000] who
found that the distribution of beetles is strongly related
to the density of vegetation cover and habitats with
dense vegetation cover being characterized by higher
species richness [Magura et al., 2001; Standberg et al.,
2005]. In fact, when vegetation density is higher, the
soil relative humidity level remains high for a longer
period of time [Lalonde, 2011] which promotes a greater
abundance of carabids [Kromp, 1989; Cardwell et al.,
1994].
On another hand, leaf litter which is more abundant
in site No. 1 is beneficial to Carabidae and their larvae
and may be advantageous for egg-laying and can influence microclimatic conditions (lower ground temperature, higher amount of prey items) and produce favourable microhabitat conditions that could influence the
spatial distribution of ground beetles as mentioned by
Magura et al. [2004].
Site No. 2 was more disturbed and could cause a less
favourable habitats for ground beetles as found by
Magura et al. [2004] and Moraes et al. [2013]. Opposing,
Silva et al. [2008] assessed the diversity of disturbed
areas in a Mediterranean climate and found that the
highest species richness and abundance of terrestrial
beetles were recorded in extremely and frequently disturbed areas.
Ground beetles are known to exhibit preferences for
a limited range of factors such as moisture, temperature,
shade and soil parameters [Thomas et al., 2002], light
levels and other abiotic factors [Thomas et al., 2002]
that can affect their abundance and distribution as pointed out by Thiele [1977] and Koivula et al. [2004]. Carabids also move quickly to escape bad conditions [Pena,
2001]. Indeed, ecological requirements of carabids vary
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and, consequently, some species are more sensitive to
environmental conditions than others as pointed out
by Niemelä et al. [1993].
In this study only 46.88% of species were common
to both sites, while 40.62 % and 9.38 % were restricted
only to sites No. 1 and No. 2 respectively. This suggests that differences in local ecological factors between studied sites may influence abundance of carabid species. At the community level, habitat selection
criteria are linked to biotic factors whose combinations describe how species share space by creating
different ecological niches.
The value of equitability index in site No. 1 is close
to 1, suggesting a relative equilibrium of this microhabitat and a balance in the distribution of species abundances. Conversely, the lower values of Shannon diversity
index (H' = 3.88) and Equitability index (E = 0.7) in site No.
2 suggest species of this group to not be in equilibrium
with each others and with their environment.
Pearson’s Chi-squared test showed a significant
influence of the vegetation type on the number of
carabid species sampled, concordantly the GLM procedure showed a significant difference for the number
of carabids (individual number) between the two studied sites.
Sampling methods. Regarding sampling methods,
pitfall trapping caught the highest number of species
and individuals (26 species and 70 % individuals). Lövei
and Sunderland [1996] reported that pitfall trapping is
the most frequently used field method, it is effective for
walking epigean carabidae [Bouget et al., 2009] because
carabids can be easily and cost-effectively collected
[Avgin, Luff, 2010; Lott et al., 2011]. This method is
successfully applied by many authors [Butterfield, 1997;
Holland, 2002; Thomas et al., 2002; Avgin, Luff, 2010;
Gwiazdowicz, Gutowski, 2012; Saouache et al., 2014;
Pizzolotto et al., 2018; Ganaoui et al., 2019].

Fig. 3. Sampling methods of carabid adults captured in P. nigra mauretanica reserve. (a): number and percentage of species,
(b): percentage of individuals.
Ðèñ. 3. Ìåòîäû ñáîðà èìàãî æóæåëèö, îòëîâëåííûõ â çàïîâåäíèêå ñ ñîñíû P. nigra mauretanica. (à): êîëè÷åñòâî è
ïðîöåíòíîå ñîîòíîøåíèå âèäîâ, (á): ïðîöåíòíîå ñîîòíîøåíèå îñîáåé.
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The absence of six Carabidae species in pitfall trapping could be due to active flight dispersal and low
walking ability for these species as mentioned by Bouget
et al. [2009].
To estimate the carabofauna using pitfall trapping,
we used twenty (20) pitfall traps, Stein [1965], showed
that semi-dominant and rare species could be caught
with only five (5) pitfall traps, Bouget et al. [2020] reported that ten (10) to twelve (12) pitfall traps are sufficient to estimate species abundance. For his part, Mehenni [1994] demonstrated that the quantitative data
did not change when the number of traps is twenty (20).
Most previous studies on the efficiency of different
methods were conducted in temperate climate regions
of Europe and North America [e.g. White, 1998; Lott et
al., 2011]. Timm [2010], reported that for the Mediterranean region, there have been no studies which deal
with the efficiency of pitfall traps and other methods of
collecting ground beetle assemblages.
Lott et al. [2011] found that many of carabid beetles
could be collected using traditional techniques such as
sweeping and beating vegetation. As for White [1998],
he reported that these methods are very effective way
to catch beetles that feed on plants or prey on planteating insects, or beetles using foliage or flowers. In
our study, beating captured more species than sweeping (eighteen and seven species respectively), it may
be due to the umbrella or sheet which has more surface
than a sweep net, so the beetles from a large mass of
foliage can be knocked into it with one stroke, in addition, where the plants are tough and scrubby, an umbrella or sheet works better than a sweep net as mentioned by White [1998].
The coloured traps are based on the visual attraction of colors (imitating those of flowers) for heliophilic
and floricolous insects [Bonneil, 2009]. In our case,
only three carabids were found in the yellow traps. So,
it seems to be the least effective method for the capture
of ground beetles. Eleven species and 10 % individuals
were caught using the aerial attractive traps, Allemand
and Aberlenc [1991] reported that these traps are used
for studying the insect fauna of the tree canopy in
temperate area.
Moreover, the catch rate for epigeic species depends on the «environmental resistance» caused by
the vegetation structure which obstructs the beetles in
their locomotor activity [Heydemann, 1955]. The physiological condition of the animals also has an effect on
the intensity of locomotor activity and thus also on the
catch rates [Chiverton, 1984].
Carabids diet. Among the five trophic groups found
in our study, there were more predators (57 % species
and 60 % individuals), like Macrothorax morbillosus
which is the most dominant species and Licinus punctatulus. According to Dajoz [2002] and Ouchtati et al.
[2012], these two species are specialized for feeding on
molluscs. Calosoma inquisitor is also a generalist predator species feeding on the larval and pupal stages of
the oak processionary (Thaumetopoea processionea,

Lepidoptera notodontidae) which causes devastation
in forests [Baker et al., 2009]. Several authors [Kromp,
1999; Holland, Luff, 2000; Bouget et al., 2009] reported
that many species of ground beetle family are predators
of other arthropods.
The number of predators was higher in site No. 1,
among the 227 predatory individuals caught, 68/72 %
and 31,28 % were found respectively in site No. 1 and site
No. 2, this may be due to marked disturbances in site No.
2. According to several authors [Kotze, O'Hara, 2003;
Brandmayr et al., 2005; Lovei, Magura, 2006], predators
are negatively affected by habitat disturbances.
Marino and Landis [1996], Samu [2003] reported
beneficial effects of vegetation cover on the diversity
and presence of predatory and phytophagous insects,
in our case, we caught six phytophagous species.
Among the 32 carabids captured, four species were
granivorous, Bouget et al. [2009], reported that some
genera (eg. Amara and Harpalus) being at least partially granivorous and phytophagous.
For his part, Thiele [1977] reported that carabids are
mostly polyphagous feeders that consume animal (live
prey and carrion) and plant material, and several species are phytophagous.
Seasonality. In our study, the first period of ground
beetles marked in spring-early summer could be devoted chiefly to breeding while the second one (automnale) was devoted largely to feeding as mentioned by
Bousquet [2010] for temperate and boreal carabids.
The two peaks could be explained by the coincidence with the development of soil dwelling arthropods
and their larvae which constitute prey for carabids as
found by Chen and Willson [1996] in soybean ecosystems.
The almost total absence of ground beetles in winter
season could be explained by weather conditions, it
snows and the temperatures are very low, so, carabids
were in their dormant period. Lövei and Sunderland
[1996], reported that seasonal rhythms involving dormant periods during winter and / or summer (aestivation) are an integral part of the life history of temperateregion ground beetles. Our finding concord with
Tenailleau et al. [2011], who found that carabid adults
realize a diapause, they then search a «stable» overwintering refuges and wait for favorable conditions to colonize the crops.
Loreau [1978] reported that in forest, the overwintering species at the larval stage are more present, these
species having a later annual activity (summer / autumn). Tenailleau et al. [2011], found that the peaks of
carabids activity are consequently shifted in time because forest warms and cools later in the year than
grassland.
Seasonal weather conditions, such as temperature
and precipitation influenced carabid species and abundance as pointed out by Chen and Willson [1996].
Kegel [1990] pointed out that daily rhythm of activity of
many species of Carabidae is related to soil temperature, as for Tenailleau et al. [2011], they noted that the
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duration of larval development for the different stages
increases as the temperature decreases.
Timm [2010] reported that in contrast to the temperate zones, little research has been done on the annual
cycles of ground beetles in the Mediterranean climate
region.

Conclusion
As a result of a faunistic survey on Ground beetles
which was conducted in two sites within the P.nigra
mauretanica reserve of Tigounatine (Tikjda forest, Djurdjura), 231 individuals representing 32 species were
captured. Our research revealed that site No. 1 hosted
the higher diversity of ground beetles than site No. 2.
Thus, species richness, abundance and Shannon diversity indices were higher in site No. 1.
The results showed that the richness and abundance of Carabidae depend on a complex set of environmental factors, the canopy covers of aged Atlas cedar
trees combined with the ground cover ensured by common Juniper cushions appeared to have a positive effect on ground beetles diversity by providing them
favourable conditions. In contrast, where the vegetation cover is poor, species are more exposed to climatic
hazards. In addition, it appears that carabids abundance and diversity are lower in disturbed area.
Traits of species, like diet and seasonal distribution
revealed the existence of five trophic groups with dominance of predatory species. Indeed, the two sites of
this forest, by their structure, the great diversity of their
facies, their bioclimates and the quality of their soils
allow the installation of a fauna likely to be the prey to
these groups of insects.
The spatial distribution of carabid abundance and
species richness varied seasonally, and the higher abundances were registered on spring and early summer and
on autumn. It appears that seasonal weather conditions
were the major factors influencing carabid species richness and abundance from season to season. Also, we
hypothesized that annual cycles of each species of
ground beetles may be related to the amount of food
available.
Pitfall trapping caught the higher number of species
and individuals, perhaps because the majority of the
caught species were walking epigean carabidae.
Our results suggest that analyses of carabids assemblages could be helpful in forest ecological studies
to determine habitat stability and local site conditions
could be drivers of carabid diversity. More long-term
and periodic surveys could provide new records of
Carabid species. Additional efforts must be carried out
to obtain more information about the spatiotemporal
distribution of carabid species in other mountain forest
covers and other ecosystem areas.

Acknowledgements
The paper was supported by the Ministry of Agriculture
of the Czech Republic, institutional support MZE-RO0118.

69

References
Allemand R., Aberlenc H.P. 1991. Une méthode
d’échantillonnage de l’entomofaune des frondaisons: le
piège attractif aérien // Bulletin de la Société entomologique
suisse. Vol.64. P.293–305.
Antoine M. 1955. Coléoptères Carabiques du Maroc (première
partie) // Mémoires de la Société des Sciences Naturelles et
Physiques du Maroc. Nouvelle Série. Zoologie. Vol.1. P.1–
177.
Antoine M. 1957. Coléoptères Carabiques du Maroc (deuxième
partie) // Mémoires de la Société des Sciences Naturelles et
Physiques du Maroc. Nouvelle série. Zoologie. Vol.2. P.1–
157.
Antoine M. 1959. Coléoptères carabiques du Maroc (troisième
partie) // Mémoires de la société des Sciences Naturelles et
Physiques du Maroc. Nouvelle série. Zoologie. Vol.6. P.1–
150.
Antoine M. 1961. Coléoptères carabiques du Maroc (quatrième
partie) // Mémoires de la société des Sciences Naturelles et
Physiques du Maroc. Nouvelle série. Zoologie. Vol.8. P.1–
170.
Antoine M. 1962. Coléoptères carabiques du Maroc (cinquième
partie) // Mémoires de la société des Sciences Naturelles et
Physiques du Maroc. Nouvelle série. Zoologie. Vol.9. P.1–
153.
Avgin S.S., Luff M.L. 2010. Ground beetles (Coleoptera:
Carabidae) as bioindicators of human impact // Munis
entomology and zoology. Vol.5. No.1. P.209–215.
Baker R., Caffier D., Choiseul W.J., De Clercq P., DormannsnéSimon E., Gerowitt B., Karadjova O.E., Lövei G.,
Lansink A.O., Makowski D., Manceau C., Manici L.,
Perdikis D., Puglia A.P., Schans J., Schrader G., Steffek R.,
Strömberg A., Tiilikkala K., Lenteren J.C., Vloutoglou I.
2009. Evaluation of a pest risk analysis on Thaumetopoea
processionea L., the oak processionary moth, prepared by
the UK and extension of its scope to the EU territory // The
EFSA Journal. No.1195. P.1–64.
Belhadid Z., Chakali G., Ghalem M., Haddar L., Boughara H.
2013. Distribution des caraboidea dans différents peuplements
forestiers du parc national de chréa, Algérie // Lebanese
Science Journal. Vol.14. No.2. P.53–61.
Benmouffok A. 1995. Description des formations à Cedrus
atlantica Manetti du massif central du Djurdjura (Algérie) //
Cahiers agricultures. Vol.4. P.383–387.
Bonneil P. 2009. Catalogue des méthodes d’échantillonnage
entomologique // Nageleisen L.M., Bouget C. (Ed.): Forest
insect studies: methods and techniques. Key considerations
for standardisation. An overview of the reflections of the
«Entomological Forest Inventories» working group (Inv.
Ent. For.) Les dossiers forestiers, office national des forêts.
Vol.19. P.36–52.
Bouget C., Nageleisen L.M., Bouget C. 2009. Les groupes d’insectes
cibles en forêt tempérée: chap 4, part I Les coléoptères
carabidae. L’étude des insectes en forêt: méthodes et techniques,
éléments essentiels pour une standardisation // Les dossiers
forestiers. Vol.19. P.91–98.
Boukli H.S., Hassaine K., Ponel Ph. 2012. Les peuplements des
Coléoptères du marais salé de l’embouchure de la Tafna
(Algérie) // Revue d’Ecologie (La Terre et la Vie). Vol.67.
P.101–115.
Bousquet Y. 2010. Guide to Adults and Larvae of Northeastern
North American Ground beetles (Coleoptera: Carabidae).
Agriculture and Agri-Food Canada Ottawa, Ontario K1A
0C6. 563 p.
Boutefllka A. 2012. Décret exécutif n° 12–235 du 24 mai 2012,
fixant la liste des espèces animales non domestiques protégées
// Journal Officiel de la République Algérienne Démocratique
et Populaire. Vol.35. P.5–11.
Brandmayr P., Pizzoloto R., Zetto Brandmayr T. 2005.
I coleoptteri carabidi per la valutazione ambientale e la
conservazione della biodiversita // Manuale operative. Vol.34.
P.1–240.

70

R. Abbassen et al.

Brustel H. 2012. POLYTRAP (2010) New «soft design» window
flight trap for saproxylic beetles. Saproxylic beetles // Europe:
monitoring, biology and conservation. Short note. Studia
Forestalia Slovenica. Professional and Scientific Works.
Vol.137. P.91–92.
Butterfield J. 1997. Carabid community succession during the
forestry cycle in conifer plantation // Ecography. Vol.20.
P.614–625.
Butterfield J., Luff M.L., Babes M., Eyre M.D. 1995. Carabid
beetle communities as indicators of conservation potential
in upland forests // Forest Ecology and Management. Vol.79.
P.63–77.
Cardwell C., Hassall M., White P. 1994. Effects of headland
management on carabid beetle communities in Breckland
cereal fields // Pedobiologia. Vol.38. No.1. P.50–62.
Chen Z.Z., Willson H.R. 1996. Species Composition and Seasonal
Distribution of Carabids (Coleoptera: Carabidae) in an Ohio
Soybean // Field Journal of the Kansas Entomological Society.
Vol.69. No.4. P.310–316.
Chiverton P.A. 1984. Pitfall-trap catches of the carabid beetle
Pterostichus melanarius, in relation to gut contents and prey
densities, in insecticide treated and untreated spring barley //
Entomologia Experimentalis et Applicata. Vol.36. P.23–30.
Cividanes F.J., Araújo E.S., Ide S., Galli A.C. 2010. Distribution
and habitat preference of Carabidae and Staphylinidae
(Coleoptera) in an orange orchard and a forest fragment //
Florida Entomologist. Vol.93. No.3. P.339–345.
Dajoz R. 2002. Les coleopteres carabides et tenebrionides.
Ecologie et biologie. Tec & Doc ed. Paris. 522 p.
Desender K., Dufrene M., Lareau M., Luff M.L., Maelfait J.P.
1994. Carabid Beetles: Ecology and Evolution. Series
entomologica. Vol.51. Springer Science Business Media,
Dordrecht. 446 p.
Dethier M. 1985. Coléoptères des pelouses alpines au Parc
national Suisse // Bulletin de la société entomologique Suisse.
Vol.58. P.47–67.
Eyre M.D., Luff M.L. 1990. A preliminary classification of
European grassland habitats using carabid beetles // Stork N.E.
(Ed.). The Role of Ground Beetles in Ecological and
Environmental Studies. Intercept Andover, UK. P.227–
236.
Ganaoui N., Maazi M.C., Chefrour A. 2019. Spatio-temporal
variation of scarab beetles (Coleoptera: Scarabaeidae) in two
oak biotopes of Ouled Bechih Forest, Souk-Ahras region
(north-eastern Algeria) // Polish Journal of Entomology.
Vol.88. No.4. P.301–319.
Gobbi M., Fontaneto D. 2008. Biodiversity of ground beetles
(Coleoptera: Carabidae) in different habitats of the Italian Po
lowland // Agriculture, Ecosystems and Environment. Vol.127.
P.273–276.
Gwiazdowicz D.J., Gutowski J.M. 2012. Records of phoretic
mesostigmatid mites (Acari: Mesostigmata) on beetles
(Coleoptera: Carabidae, Cerambycidae, Elateridae, Erotylidae,
Scolytinae) in the Białowieża Primeval Forest // Polish Journal
of Entomology. Vol.81. No.4. P.305–310.
Heydemann D.B. 1955. Carabiden der Kulturfelder als ökologische
Indikatoren // Sachtleben H. (Ed.): Bericht über die 7.
Wandersammlung Deutscher Entomologen. Deutsche
Akademie der Landwirtschaftswissenschaften, Berlin. P.172–
185.
Holland J.M. 2002. Carabid beetles: their ecology, survival and
use in agroecosystem // Holland J.M. (Ed.): The agroecology
of carabid beetles. P.1–40.
Holland J.M., Luff M. 2000. The effects of agricultural practices
on Carabidae in Temperate agroecosystems // Integrated Pest
Management Reviews. Vol.5. P.109–129.
Honek A., Jarosik V. 2000. The role of crop density, seed and
aphid presence in diversification of field communities of
Carabidae (Coleoptera) // European Journal of Entomology.
Vol.97. P.517–525.
Honek A., Martinkova Z., Jarosik V. 2003. Ground beetles
(Carabidae) as seed predators // European Journal of
entomology. Vol.100. No.4. P.531–544.

Jukes M.R., Peace A.J., Ferris R. 2001. Carabid beetle communities
associated with coniferous plantations in Britain: the influence
of site, ground vegetation and stand structure // Forest
ecology and management. Vol.148. P.271–286.
Kegel B. 1990. Diurnal activity of carabid beetles living on arable
land // N.E. Stork (Ed): The role of ground beetle in ecological
and environmental studies. Intercept. P.65–76.
Klaiber J., Altermatt F., Birrer S., Chittaro Y., Dziock F.,
Gonseth Y., Hoess R., Keller D., Küchler H., Luka H.,
Manzke U., Müller A., Pfeifer M., Roesti C., Schlegel J.,
Schneider K., Sonderegger P., Walter T., Holderegger R.,
Bergamini A. 2017. Fauna Indicativa, WSL Berichte. 200 p.
Koivula M., Hyyryläinen V., Soininen E. 2004. Carabid beetles
(Coleoptera: Carabidae) at forest-farmland edges in southern
Finland // Journal of Insect Conservation. Vol.8. P.297–
30 9.
Koivula M.J. 2011. Useful model organisms, indicators, or both?
Ground beetles (Coleoptera, Carabidae) reflecting
environmental conditions // ZooKeys. Vol.100. P.287–317.
Kotze J., O’hara R.B. 2003. Species decline-but why? Explanation
of carabid beetle (Coleoptera, Carabidae) declines in Europe
// Oecologia. Vol.135. P.138–148.
Kromp B. 1989. Carabid beetle communities (Carabidae,
Coleoptera) in biologically and conventionally farmed
ecosystems // Agriculture, Ecosystems & Environment.
Vol.27. Nos 1–4. P.241–251.
Kromp B. 1999. Carabid beetles in sustainable agriculture: a
review on pest control efficacy, cultivation impacts and
enhancement // Agriculture Ecosystems & Environment.
Vol.74. P.1–3, 187–228.
Lalonde O. 2011. Évaluation de l’abondance relative et de la
richesse spécifique des carabes associées à différents systèmes
culturaux et travaux de sol. Thèse doctorat. Université Laval
Québec. 95 p.
Lange M., Türke M., Pašalic E., Boch S., Hessenmöller D.,
Müller J., Prati D., Socher S.A., Fischer M., Weisser W.W.,
Gossner M.M. 2014. Effects of forest management on
ground-dwelling beetles (Coleoptera; Carabidae,
Staphylinidae) in Central Europe are mainly mediated by
changes in forest structure // Forest ecology and management.
Vol.329. P.166–176.
Löbl I., Löbl D. 2017. Catalogue of Palaearctic Coleoptera.
Vol.1. Archostemata Myxophaga, Adephaga. Brill, Leiden,
Boston. 1477 p.
Loreau M. 1984. Les niches écologiques des Carabides en milieu
forestier. Composantes spatio-temporelles // Bulletin de la
Classe des sciences. Vol.70. P.333–379.
Lott D., Finch G., Price G. 2011. A Provisional Atlas of the
Carabidae of Leicestershire & Rutland, LESOPS 25. 142 p.
Lövei G.L., Sunderland K.D. 1996. Ecology and behavior of
ground beetles (Coleoptera, Carabidae) // Annual Review of
Entomology. Vol.41. P.231–256.
Magura T., Elek Z., Tóthmérész B. 2002. Impacts of non-native
spruce reforestation on ground beetles // Europea Journal of
soil biology. Vol.38. Nos 3–4. P.291–295.
Magura T., Elek Z., Tóthmérész B. 2004. Effects of leaf-litter
addition on carabid beetles in a non-native norway spruce
plantation // Acta Zoologica Academiae Scientiarum
Hungaricae. Vol.50. No.1. P.9–23.
Magura T., Tothmeresz B., Molnar T. 2001. Forest edge and
diversity: carabids along forest-grassland transects //
Biodiversity & Conservation. Vol.10. P.287–300.
Marino P.C., Landis D.A. 1996. Effect of landscape structure on
parasitoid diversity and parsitism in agroecosystems //
Ecological Applications. Vol.6. No.1. P.276–284.
Mehenni M.T. 1994. Recherches écologiques et biologiques sur
les Coléoptères des cédraies algériennes. Doctoral dissertation,
thèse de doctorat, Université des Sciences et Technologie de
Houari Boumediène, Alger, Algérie.
Moraes R.M., Mendonça J.R., Ott R. 2013. Carabid beetle
assemblages in three environments in the Araucaria humid
forest of southern Brazil // Revista Brasileira de Entomologia.
Vol.57. No.1. P.67–74.

Diversity of ground beetles in Tikjda forest, Algeria
New T.R. 1998. The role of ground beetles (Coleoptera: Carabidae)
in monitoring programmes in Australia // Annales Zoologici
Fennici. Vol.35. No.3. P.163–171.
Niemelä J. 2001. Carabid beetles (Coleoptera, Carabidae) and
habitat fragmentation: a review // European Journal of
Entomology. Vol.98. P.127–132.
Niemelä J., Langor D., Spence J.R. 1993. Effects of clear-cut
harvesting on boreal ground-beetle assemblages (Coleoptera:
Carabidae) in western Canada // Conservation Biology. Vol.7.
P.551–561.
Ouchtati N., Doumandji S., Brandmayr P. 2012. Comparison of
ground beetles (Coleoptera, Carabidae) assemblages in cultivated
and natural steppe biotopes of (Coleoptera, Carabidae) the
semi-arid region of Algeria // African Entomology. Vol.20.
No.1. P.134–143.
Pena M. 2001. Les Carabidae (Coleoptera) des Hauts-Sommets
de Charlevoix: assemblages et cycles d’activités dans les
environnements alpin, subalpin et forestier. Thèse, université
du Québec, Rimouski. 59 p.
Pielou E.C. 1966. The measurement of diversity in different
types of biological collections // Journal of Theoretical
Biology. Vol.13. P.131–144.
Pizzolotto R., Mazzei A., Bonacci T., Scalercio S., Iannotta N.,
Brandmayr P. 2018. Ground beetles in Mediterranean olive
agroecosystems: Their significance and functional role as
bioindicators (Coleoptera, Carabidae) // PLos ONE. Vol.3.
No.3. e0194551.
Quézel P., Barbero M. 1989. Les formations à genévriers
rampants du Djurdjura (Algérie). Leur signification écologique,
dynamique et syntaxinomique dans une approche globale des
cédraies kabyles // Lazaroa. Vol.11. P.85–99.
Quézel P., Médail F. 2003. Écologie et biogéographie des forêts
du bassin méditerranéen. Elsevier, Paris. 517 p.
Rainio J., Niemelä J. 2003. Ground beetles (Coleoptera: Carabidae)
as bioindicators // Biodiversity and Conservation. Vol.12.
P.487–506.
Samu F. 2003. Can small-scale habitat diversification enhance
functional diversity of generalist natural enemies in arable
systems? Landscape Management for Functional Biodiversity
// IOBC WPRS Bulletin. No.26. P.135–138.
Saouache Y., Doumandj S., Ouchtati N. 2014. Ground beetles
(Coleoptera: Carabidae) assemblages in two agricultural
landscapes in North-Eastern Algeria // Ecologia Mediterranea.
Vol.40. No.2. P.5–16.
Scalercio S., Belfiore T., Noce M.E., Vizzarri V., Iannotta N.
2009. The impact of compounds allowed in organic farming

71

on the above-ground arthropods of the olive ecosystem //
Bulletin of Insectology. Vol.62. No.2. P.137–141.
Shannon C.E. 1948. A mathematical theory for communication
// Bell System Technical Journal. Vol.27. No.3. P.379–423.
Silva P.M.D., Aguiar C.A.S, Niemela J., Sousa J.P., Serrano A.R.M.
2008. Cork-oak woodlands as key-habitats for biodiversity
conservation in Mediterranean Lanscapes: a case study using
rove and ground beetles (Coleoptera: Staphylinidae;
Carabidae) // Biodiversity Conservation. Vol.18. P.605–
619.
Standberg B., Pedersen M.B., Elmegaard N. 2005. Weed and
arthropod populations in conventional and genetically
modified herbicide tolerant fodder beet fields // Agriculture,
Ecosystems and Environment. Vol.105. Nos 1–2. P.243–
25 3.
Stein W. 1965. Composition de la faune carabide d’un pré
dont les conditions d’humidité changent fortement //
Journal de morphologie et d’écologie des animaux. Vol.55.
P.8 3 – 99 .
Tenailleau M., Dor C., Maillet-Mezeray J. 2011. Synthèse
bibliographique sur l’écologie des Carabidae. ARVALIS Institut
du végétal — Projet CASDAR «Les entomophages en grandes
cultures: diversité, service rendu et potentialités des habitats.
73 p.
Thiele H.U. 1977. Carabid Beetles in Their environments.
Springer Verlag, Berlin. 369 p.
Thomas C.F.G., Holland J.M., Brown N.J. 2002. The spatial
distribution of carabid beetles in agricultural landscapes
// Holland J.M. (Ed.): The agroecology of Carabid beetles.
Intercept Limited, Andover, Hampshire, UK. P.305–344.
Thomas M.B., Sotherton N.W., Coombes D.S., Wratten S.D.
1992. Habitat factors influencing the distribution of
polyphagous predatory insects between field boundaries //
Annals of Applied Biology. Vol.120. No.2. P.197–202.
Timm A. 2010. Diversity of Ground Beetles and Saproxylic
Beetles (Coleoptera: Carabidae + div. Saproxylic) in East
Mediterranean Ecosystems (Israel): Dispersal, Habitat,
Activity and Reproduction. 167 p.
Véla E., Benhouhou S. 2007. Évaluation d’un nouveau point
chaud de biodiversité végétale dans le Bassin méditerranéen
(Afrique du Nord) // Comptes Rendus Biologies. Vol.330.
No.8. P.589–605.
Velle L. 2004. Inventaire des coléoptères de la réserve naturelle
du val d’Allier. Office National des Forêts. 30 p.
White R.E. 1998. Beetles: A Field Guide to the Beetles of North
America. 308 p.

Поступила в редакцию 1.12.2021

