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Dung beetles associated with dromedary dung in xeric areas could be as a result of
a long adaptation to difficult agro-climatic conditions and environmental
constraints. The present study was conducted in four grazed and xeric ecosystems
closed to the governorate of Tataouine, southern Tunisia. Since many studies
demonstrated that Aphodiinae species had a more pronounced occurrence in
temperate regions than Scarabaeinae, we aimed to evaluate the ratio
Aphodiinae/Scarabaeinae and its influence on the diversity and structure of
assemblages. We captured dung beetles using two trapping methods: handpicking
and pitfalltrapping during the most active period of insects. A total of 2032 beetles
belonging to 24 species (17 Aphodiinae and 7 Scarabaeinae) were captured. The
temporal distribution indicated two patterns: i) spring assemblages dominated by
Aphodiinae (ratioApho/Scar = 1.7) with high richness, diversity and evenness but
lower abundances and temporal turnover; ii) summer assemblages (ratio Apho/Scar =
1)with low species richness, diversity and evenness but higher abundances and
temporal turnover. The few numbers of core species (4 Aphodiinae species) and
core groups could be due to the environmental constraints and soil type. These
conditions allow paradoxally Aphodiinae with temperate origin to dominate
assemblages (ratioApho/Scar = 2.4) despite the xeric conditions that prevail in these
regions.
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INTRODUCTION
Dung beetles play a vital role in any grazing ecosystem
(Martin-Piera and Lobo, 1995). Through their tunneling,
burial and feeding activities, they contribute to accelerate
the nutrient cycles which promotes soil aeration and
fertility (Martin Piera and lobo, 1995; Slade et al., 2007;
Nickols et al., 2008), and may be important in agricultural
productivity. They include members of two coprophageous
families: Geotrupidae and Scarabaeidae (Scarabaeinae and
Aphodiinae). Members of Geotrupidae are tunnelers and
mostly active during autumn. Aphodiinae are dwellers and
well adapted to cold temperate conditions. While,
Scarabaeinae includes tunnelers and rollers species that

were well adapted to warm conditions (Lumaret and Kirk,
1991; Lobo et al., 2002). Thedung beetles distribution is
strongly influenced by soil type (Davis, 1996) and
vegetation cover (Doube, 1983). Other factors, such as
temperature and moisture consistency of dung, are also
influenced by macrohabitat characteristics. Adult dung
beetles inhabit various type of animal dung. Nevertheless,
local biodiversity depends on the type and availability of
resource and on the diverse ways of species use of this
resource. The ephemeral character, duo to microorganism
activity and climatic conditions, could be accentuated by a
rapid hardening and draying process that makes it
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beetles are scarce,as well as the dromedary droppings.
Despite their importance in pasture ecosystems, few
studies have examined the dung beetle assemblages in
southern Tunisia and no information is available about the
coprophagous community associated with dromedary
dung. In this context, the purpose of the present study was
to evaluate the seasonal patterns in the composition,
richness and diversity of dung beetle assemblages
associated with dromedary dung under Saharan and xeric
area in Tataouine, southern Tunisia.The present study
intended to determine if the local constraints influence the
species richness and the faunistical composition and
turnover.

MATERIALS AND METHODS
Study area

Libya

This study was conducted in four sites closed tothe
governorate of Tataouine(N 32° 55′ 32″; E 10° 26′ 39″),
Southern Tunisia (Figure 1). This area is characterized by a
100 Km
high heterogeneity related mainly to the absence or the
presence and the abundance of sand. The soils were
modeled by the wind and subjected to fluvial and eolian
Figure 1: Location of sampled area and
erosion. It is mostly silty and sandy soil. The vegetation
sites. 1: CE (Cité Elmahragène); 2: KO
of sampled(Ksar
areaOun);
and 3:sites.
CEDkouk);
(Cité Elmahragène);
2: KO (Ksarcover
Oun);
3:low dominated by Calligonum comosum, Anthyllis
was
WD 1:
(Wed
EB
(Elbrigué).
schmittianum, Retama raetam or Aristidae pungens
EB (Elbrigué).
associated withLimoniastrumguynianum, Tamarix gallica,
Salsola vermiculata and Astragalus armatus (Le Floc’h et al.,
unusable in a short time for the majority of species.
1989; Nabli, 2011). The annual Mean temperature ranged
Absolutely, under warm and hard climatic conditions, the
between 10 and 21C (max: 55C; min 4C); and the annual
rapid desiccation of dung allows the formation of a crust on
rainfall between 80 and 120 mm. As described by Emberger
the surface which reduces their colonization by dung
(1958) and Daget (1977), this area Belongs to the Saharan
beetles. It is also known that dung beetle assemblages seem
Mediterranean climate with cold winter. This region is
to be able to rapidlyreadjust their population to the level of
affected by 7 months of summer drought (sensu Bagnouls
available trophic resource (Lumaret el al., 1992; Kadiri et
and Gaussen, 1953) (Figure 2). The four sampled sites
al., 1997).
corresponded to open pastures and have been regularly
Studies on local dung beetle communities in Northern
grazed by dromedary for over ten years. Other
Africa have been gradually developed in Morocco (Janaticharacteristics of the sampled sites are shown in Table 1.
Idrissi et al., 1999, Haloti et al., 2006), Algeria (Elhaichar et
al., 2013) and Tunisia (Errouissi et al., 2009, 2011; Labidi et
al., 2012; Labidi et al., 2017).
Sampling design
In southern Tunisia, particularly in Tataouine region, the
climate is essentially Saharan, marked by a long period of
The species listed here are based on the survey that was
summer drought that favors the appearance of a crust on
conducted from February to August 2013 when dung
the surface of the droppings, which hinders their
beetles are most active in Tataouine, to maximize capture
colonization by coprophagous insects. Thus, that makes
success.The xeric climatic conditions and the long drought
therefore, very short the times allowed for insects
period in this area and the cold winter allow the rapid
attraction to dung. In this region, herds of herbivores are
desiccation of dropping which prevent colonization and
mainly composed of dromedaries (Moslem and Megdiche,
breeding of most dung beetle species.
1989). Consequently, with regards to xeric conditions of the
Since dung-baited pitfall traps do not always the
environment, species richness and diversity of dung beetles
attraction of all species of dung beetles in an area, sampling
attracted to dromedary dung could be very low at
was carried out using two collecting methods including
Tataouine and their activity could be closed to the main
hand-picking and pitfall-trapping. A large-scale inventory of
fresh period of the year. Studies on the dromedary dung
dromedary herds was previously conducted in Tataouine to
Algeria

077

30

60

25

50

20

40

15

30

10

20

5

10

0

Rainfall (mm)

Temperature (°C)

Academia Journal of Scientific Research; Boulemherem and Errouissi.

0
Jan

Fab Mar Apr May Jun

Jul

Agt
Aug Sep

Oct Nov Dec

Months
Figure 2: Ombrothermic diagramme of the stady area (Tataouine). Monthly average (5 years old)
temperature (dashed line) and rainfall (solid line) were given from regional weather station.

Table 1: Some characteristics of sampled sites.

Distance to
Tataouine city (Km)

Altitude (m)

Cité El-mahragène(CE)

4

156

DromedarySheep

2

Ksar Aoun(KO)

50

88

Dromedary
Sheep

N 32°56’ 26,1’’
E 10°27’46 ,5’’

3

Wed Dekkouk(WD)

35

225

Dromedary

N 32 ° 45’1,35’’
E 9’33’30,34’’

4

ElBrigué(EB)

70

311

Dromedary

N 32°24’47.07’’
E 10°17’23 ,34’’

n°

Sites

1

select suitable sites containing enough dromedaries (30 to
40 animals) and dung pats. Under Mediterranean climates,
dung beetles are usually more abundant and diverse in
open pastures than in closed ones. Thus, fouropen sites for
hand-picking (Ksar-Oun: KO; Wed-Dkouk: WD; ElBrigué: EB
and Cité Elmahragène: CE) and one for pitfall-trapping (KO)
were chosen for sampling. At each site, we checked all

Dung type

Geographic
coordinates
N 32°51’27 ,8’’
E 10°53’30,7’’

dromedary dung pats that appeared to be of suitable age.
All individuals encountered were collected for subsequent
identification and counting. The soil directly below was
excavated to 10-15 cm in order to collect tunneling species
that have not been caught in pads or in the pad-soil
interface. In parallel, at KO, sampling dung beetles was
performed alsousing the standardized pitfall trap (Lobo et
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al., 1988) baited with 500 cm3of fresh dromedary dung.
Each trap consisted of a plastic basin 200 mm in diameter,
buried to its rim in the soil and contained a water-ethylene
glycol-liquid soap mixture. Each trap was baited by
freshdromedary dung supported on a wire grid above the
basin. After baiting the traps with fresh dung, they were left
for 72 h after which the dung beetles in the traps were
collected and specimens were stored in 70% ethanolin
labeled polypropylene bags for later identification in the
laboratory. At both regional and local scales, Lobo et al.
(1998) demonstrated that four pitfall traps sampled most
of the species present at a site (between 60 and 70%
species, which corresponds to a 89 and 93% abundance
range, respectively).So, four dromedary baited-pitfall traps
spaced 30 m apart were used monthly from February to
August in KO (28 traps in total). All specimens were
identified to species level (Nomenclature: Baraud, 1985;
Dellacasa et al., 2001; http:/www.faunaeur.org/). All
beetles collected from the four replicates (traps) per month
were pooled and constitute a single statistical unit.
Thereafter, dung beetles were classified to their dung
processing behavior into dwellers, tunnelers and rollers.
The average (last 5-years) monthly records of mean
temperature (°C) and rainfall (mm) were obtained from the
weather station of Tataouine.

Data analysis
The spatial distribution of species was calculated by the
Presence-Index PI (%). This index is the ratio between the
number of sites where a species was present and the total
number of sites investigated (4 sites).In KO, the assemblage
diversity was described by α and β diversities. The αdiversity was estimated either by the species richness (S)
or by the Shannon diversity index as H’ = (-pi
∑log2pi)(Magurran, 1988). The evenness or equitability E
was calculated as E = H’/log2S (where S is the total number
of species).E varied between 0 and 1 (when all the species
constituting the assemblage are represented by the same
number of individuals).The β-diversity index which
expresses the faunistical change (temporal-turnover) was
measured using the Whittaker’s index (Whittaker, 1960):
βw = (S/ α) – 1, where α is the average of the α-diversity for
all sampling periods and S the total number of species
recorded. βw value varied between 0 to n-1.
The numbers of individuals per species were log(x+1)
transformed and used in correspondence analysis (CA) to
determine the spatial and temporal variation in the
assemblages composition at KO.
We identify the main species adapted to xeric conditions
in Tataouine (KO) in terms of dung removal according to
Stiernet and Lumaret (1993). These species that gather
more than 10% of seasonal assemblages (innumber of
specimens)are called “core species” and comprised the
“core groups”.
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The Chi-square test was used to compare the abundance
and species richness between the two trapping methods.
The correlation coefficient of Spearman (Rs) was used for
eventual correlations. All statistical analyses were
performed with Statistica 6.0.

RESULTS
Composition of assemblages
Considering hand-picking, not all droppings contained
beetles, however, 1-3-day-old dromedary dung was
colonized most frequentely. Old dry droppings usually
lacked dung beetles. Although the constraining xeric
conditions of the environment at Tataouine and the short
time allowed for sampling (72 h for traps and 2 hours
sampled day/site for hand-picking),a total of 2032 adult
beetles belonging to 16 genera and 24 species were
collected using bothsampling methods (Table 2). Among
the captured beetles, 17 (70.8% of the whole sampling
species count) corresponded to the subfamily of
Aphodiinae (1771 dwellers; 87.2% of total individuals) and
7 species (29.2% of the whole sampling species count) to
Scarabaeinae (255 tunnelers; 12.5%of total individuals and
6 rollers; 0.3% of total individuals). No Geotrupinae was
sampled in the study area.Among species captured, three
Aphodiinae (Alocoderus hydrochaeris,Labarrus lividus
andMendiduis palmetincola) and two Scarabaeinae
(Onthophagus nebulosus andScarabaeus sacer) were
collected in the four sampled sites. Three species were
represented by over 100 individuals (Calamosternus
granaruis,M. palmetincola,O. nebulosus) and one species (L.
lividus) by over 1000 individuals.The only Scarabaeinaeroller captured in this area and during the sampling period
was S. sacer (Table 2). We collected in the study area 16 and
20 species by pitfall trapping and handpicking methods,
respectively. Of over 24 species collected in the study area,
8 were not caught by pitfall trapped method: 7 Aphodiinae
(Aphodius foetidus, Erytus aequalis, Esymus finitimus, E.
sicardi, Pleurophorus caesus, P. torretassoi, Rhyssemus
germanus)
and
1
Scarabaeinae
(Euonthophagus
crocatus).Among species handpicked, 4 were lacked: 2
Aphodiinae (Mecynodes demoflasi, Oxyomus silvestris) and 2
Scarabaeinae (Onthophagus aerarius, O. taurus) (Table 2).
Species abundance and richness varied among subfamilies
and trapping methods without significant correlations (Rs =
0.39; P = 0.50) (Table 3). Aphodiinae were more abundant
in species richness (Chi² = 9.372; P = 0.024) and number of
individuals (Chi² = 2155.8; P = 0.000) either by trapping
method or by hand-picking. We recorded 10vs. 15
Aphodiinae species (41.67% vs.62.50% of the whole
sampling species) and 1393 vs. 378 individuals (78.66 vs.
21.34% of the whole Aphodiinea specimens) by pitfalltrapping and hand-picking respectively. For Scarabaeinae,
the number of species wasof the same order for the two
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Table 2: Dung beetle species collected from dromedary dung pads, dung-baited pitfall traps and from ground in the four sites from
Tataouine, southern Tunisia. KO: Ksar Oun; CE: Cité Elmahragène; WD: Wed Dkouk; EB: El-Brigué ; +/- : presence/absence.

Species
APHODIINAE
Alocoderus hydrochaeris (Fabricius, 1798) **
Aphoduis foetidus (Herbst, 1783)
Calamosternus granarius (Linné, 1767)
Chilothorax hieroglyphicus (Klug, 1845)
Erytus aequalis Schmidt, 1907
Erytus cognatus (Fairmaire, 1860)
Erytus opacior Koshantschikov, 1894
Esymus finitimus Schimidt, 1922
Esymus sicardi Reitter, 1892 *
Labarrus lividus (Olivier, 1789)
Mecynodes demoflasi Baraud, 1977
Mecynodes leucopterus Klug, 1845
Mendidius palmetincola Karsch, 1881
Oxyomus silvestris Scopoli, 1763*
Pleurophorus caesus (Creutzer, 1796)
Pleurophorus torretassoi Schatzmayr, 1930
Rhyssemus germanus Linné, 1767 **
SCARABAEINAE
Euoniticellus pallens (Olivier, 1789)
Euonthophagus bedeli (Reitter, 1891)
Euonthophagus crocatus (Mulsant et Godart, 1870)
Onthophagus aerarius Reitter, 1892 *
Onthophagus nebulosus Reiche, 1864
Onthophagus taurus Schreber, 1759
Scarabaeus sacer Linné, 1758
Number of species

Abb.

Pitfall trapping (KO)

Hand picking (All sites)

IP(%)

Ahy
Afo
Cgr
Chi
Eae
Eco
Eop
Efi
Esi
Lli
Mde
Mle
Mpa
Osi
Pca
Pto
Rge

+
+
+
+
+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

100
25
50
50
50
75
75
50
75
100
25
50
100
25
25
25
25

Epa
Ebe
Ecr
Oae
One
Ota
Ssa

+
+
+
+
+
+
16

+
+
+
+
+
20

50
25
25
25
100
25
100
24

** Collected but not cited in Baraud (1985); * Collected but not cited in southern Tunisia.

Table 3: Abundance and species richness of the two subfamilies of dung beetles collected by hand picking and pitfall trapping methods in
the four sampled sites at Tataouine, Southern Tunisia.

Dweller

Pitfall
trapping
10

Species
Hand
trapping
15

Total no. of
species
17

Pitfall
trapping
1393

Tunneler
Roller

5
1

4
1

6
1

94
2

24

1489

Subfamilies

Guild

Aphodiinae
Scarabaeinae
Total
Chi² test

16

20
Chi² = 7.88; P = 0.057

samplingmethods. Nevertheless, more specimens were
hand-collected (165 vs.96 individuals by hand-picking and
pitfall-trapping, respectively).

Diversity and structure of assemblages in KO
The temporal distribution of the two subfamilies in
Tataouine was highlighted by the trapping method in KO.
Overall, 1489 specimens belonging to 16 species (10

Individuals
Hand
trapping
378
161
4

Total no. of
individuals
1771
255
6

543
2032
Chi²= 2155.8; P = 0.000

Aphodiinae and 6 Scarabaeinae) were collected by
dromedary baited pitfall trapping method in KO from
February to August. No specimen captured in February and
August (Table 4).The projection of all trapped species in the
plane [1; 2]of a CA revealed the influence of both time and
biogeographical origin of species, and showed wellestablished pattern (Figure 3). The two axes (1 and 2) of CA
gathered 74.7% of total inertia. The main gradient (Axis 1 :
44.6%) in the ordination, running approximately from left
to right, clearly discriminated Aphodiinae that was mostly
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Table 4: Dung beetle species collected from February to August by dromedary dung-baited pitfall traps (4 traps) in KO.

Species

Abb.

Guild

Feb

Mar

Apr

Mai

Jun

Jul

Aug

Total
Individuals/
species

APHODIIDAE
Alocoderus hydrochaeris (Fabricius, 1798)
Calamosternus granarius (Linné, 1767)
Chilothoraxhieroglyphicus Klug, 1845
Erytus cognatus Fairmaire, 1860
Erytus opacior Koshantschikov, 1894
Labarrus lividus (Olivier, 1789)
Mecynodes demoflasi Baraud, 1977
Mecynodes leucopterus Klug, 1845
Mendidius palmetincola Karsch, 1881
Oxyomus silvestris (Scopoli, 1763)

Ahy
Cgr
Chi
Eco
Eop
Lli
Mde
Mle
Mpa
Osi

d
d
d
d
d
d
d
d
d
d

-

2
47
3
1
9
112
-

8
33
3
6
141
3
49
9
1

12
422
2
1

476
-

53
-

-

10
80
3
21
1
1101
3
49
123
2

Epa
Ebe
Ota
Oae
One
Ssa

T
T
T
T
T
R

0
0

2
2
9
187
9

1
1
11
1
278
13

47
483
5

8
1
2
1
488
5

53
1

0
0

9
3
2
1
79
2
1489
16

SCARABAEIDAE
Euoniticellus pallens (Olivier, 1789)
Euonthophagus bedeli (Reitter, 1891)
Onthophagus taurus (Schreber, 1759)
Onthophagus aerarius Reitter, 1892
Onthophagus nebulosus Reiche, 1864
Scarabaeus sacer Linné, 1758
Total individuals
Total species

d: dweller; T: Tunneler; R: roller; Abb: Abbreviation of species. Values corresponded to the pooled number trapped per month for each species.

Figure 3: Temporal variation of Evenness, H’ and β-diversities of dung beetle assemblages
trapped from March to July at KO, Southern Tunisia. In brackets: richness; abundance.

active in spring (March April)and Scarabaeinae active in
summer (May to July).Two homogeneous faunistic periods

were underlined by CA. The first showed clearly well
segregated species and gathers all Aphodiinae species and
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2

Spring assemblage
(> Aphodiinae)

Summer assemblage
(> Scarabaeinae)

Ota
Eop
1

Mar
Mpa

Ebe
May
One

Eco

Cgr

0
-2

-1

Lli

Jun
Jul

0

Ahy
Apr

2

Ssa
-1

Axis 2: 29.9%

MleOae
Mde
Osi Chi

1 Epa

-2

Axis 1: 44.8%

Figure 4: Distribution of trapped species in KO, southern Tunisia on the plane [1; 2] of a
Correspondence Analysis. For species and month abbreviation names, see table 2.

Table 5: Composition of monthly core groups in KO. The framed values
correspond to relative abundance of core species (for abbreviations of
species, see table 2).

Species
Mpa
Cgr
Lli
Mle
Total

Mar
59.9
25.1

85.0

Apr
11.9
50.7
17.6
80.2

Onthophagus aerarius (one specimen trapped in April);
while the second grouped all Scarabaeinae and L. lividus
(898 specimens: 81.5% of all specimens in May and June).
This species was the only one trapped from March to July.
When plotted monthly richness, evenness and diversity
over the time, our results showed a well-established
pattern (Figure 4). In spring, high values of richness, H’diversity and evenness were obtained although monthly
abundances are not high, with low temporal turnover
(βw<0.5). Conversely, in summer, low species richness, H’diversity and evenness were associated with higher
abundances (≈70% of total trapped specimens) and high
turnover (βw>0.5). These results are due to the abundance
of L. lividus, which dominates assemblages in
summer.Species richness and abundance of both

May

Jun

Jul

87.4

97.5

100.0

87.4

97.5

100.0

subfamilies were not significantly correlated (Rs = 04; P =
0.50). While, monthly abundances of Aphodiinae were
significantly correlated to that of L. lividus (Rs = 0.90; P =
0.037).
Core groups gathered between 80 and 100% of total
assemblages. A low number of core species that comprised
the monthly core groups was observed in KO (4 species out
of 16 trapped). Two core species in March (M. palmetincola,
Calamosternus granarius) three in April (Calamosternus
granarius, L. lividus, Mecynodes leucopterus) and only one
species in May to July (L. lividus).
The latter, the most abundant species,was the only one
which was core species in the four consecutive months
(April to July) and the only species active in August (Table
5).
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DISCUSSION
Our study area has been classified by Emberger (1958) as a
Saharan bioclimatic zone in southern Tunisia. It is
characterized by high aridity marked by high temperature
(max: 55°C) and low precipitation (max: 120 mm) and the
dominance of sand. The contrasted climatic conditions in
this environment and the rarity of dromedary herds and
droppings resulted in the use of two sampling methods:
pitfall-trapping and hand-picking. While, Finn etal. (1999)
and Guittings (1994) have highlighted the problem that can
be posed in the choice of sampling method. They
underlined the problems involved in the interpretation of
data using baited pitfall trap. Whereas, Lobo et al. (1988)
and Veiga et al. (1989) obtained a good description of
assemblage’s richness, composition and diversity using
only 4 pitfall traps under Mediterranean climates.Such a
number of traps actually correspond to the sampling design
generally used in ecological studies (Errouissi et al., 2004,
2009, 2011; Zamora et al., 2007, Jay-Robert et al., 2008;
Labidi et al., 2012, 2017). In our study, the use of pitfall
trapping method allowscollecting16 over 24 species; eight
other species were collected only by hand-picking methods
and four only by pitfall traps (Mecynodes demoflasi,
Oxyomus silvestris, Onthophagus aerarius O. taurus) (Table
2). Using both sampling methods, the collection of 24
species in Tataouine over a period of 7 months represent
approximately 46% of the total fauna cited by Baraud
(1985) and Dellacasa (2001) in southern Tunisia and 30%
of total species collected by Labidi (2017) in 106 sampled
sites all over Tunisia. Similar results(24 species) were
obtained in xeric landscapes from Morocco (Janati et al.,
1999) and Mexico (20 species) (Verdu et al., 2007). We can
consider our sampling as efficient considering the results
recently obtained by Labidi et al. (2017). By using four
pitfall traps over four seasons, and in two oases habitat
located in southern Tunisia (arid sites), these authors
trapped only 10 species (12% of total species cited by
Labidi et al., 2017). These results are different from those
obtained in northernTunisia, humid climate (Errouissi et
al., 2009; 38 species) or southern France, temperate area
(Jay-Robert et al., 2008; 46 species). This can be explained
by the fact that the species richness decreases regionally
according to latitude (Errouissi et al., 2011) and locally to
the bioclimatic gradient (Labidi et al.,2012); the most
values being recorded in humid bioclimates and the lowest
in the arid ones.From another point of view, areas with low
grazing pressures (it’s the case of of our study area)have
fewer species probably as a consequence of competitive
interactions due to limited resource availability and xeric
conditions of the environment (Verdu et al., 2007). The
dromedary herds were scarce in our study area, thus, the
availability and the quantity of trophic resource among
sampled sites could be affecting species richness,
abundance and population dynamics of coexisting dung
beetles.
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In Tunisia and surrounding Mediterranean Sea,
Aphodiinae seems to be active all year around with a high
temporal plasticity (Jay-Robert et al., 2008; Errouissi et al.,
2011; Labidi et al., 2012). The summer period was more
drastic due to the long period of summer drought that could
affect the Aphodiinae diversity in Mediterranean area
(Lobo et al., 2004). The rapid desiccation of the dropping
prevents most Aphodiinae from feeding and breeding and
being active (Landin, 1961). Whereas, Scarabaeinae
dominates assemblages mostly in spring and summer
periods and overcame summer drought by confectioning
breeding nest (Hanski and Cambefort, 1991). Geotrupidae
mostly active autumn in northern part of Tunisia (Labidi et
al., 2012, 2017) are absent here because of the climatic
conditions that prevail (long period of drough).
Lumaret et al. (1992) indicated that the species richness
is correlated to the quantity of resource. However, in
southern Tunisia, the dromedary diets are based on pasture
which remains green and available in spring and dry before
beginning of summer. The feces become poor in
nitrogenous 11.29% ± 1.27 (IRA data, 2012) and 1% in the
urine (Kayouli et al., 1995) and in water since the
dromedary has a strong capacity of Renal retention, hence
the decrease in species richness and abundance of dung
beetles in Tataouine.
When taken the two subfamilies separately, our result
showed that Aphodiinae dominates the assemblages: 87%
of total abundance and 70 % of all species collected, but
only 40% of the Tunisian Aphodiinae (Labidi et al.,
2017).Moreover, monthly abundance and species richness
were not negatively correlated (Rs = 0.32; P = 0.59) and
both subfamilies showed highest diversity during the
March-April period. Furthermore, our study area is a warm
and dry region and the summer drought period exceeds 7
months, it was expected that the Scarabaeinae would
dominate the assemblages. Paradoxically, the Aphodiinae
dominated the dung beetles fauna, and their activity and
that of the Scarabaeinae, being during the dry period of the
year (Cf. Figure 2). This shows once more the ability of this
family (Aphodiine) to colonize regions with warm and dry
climates, as was previously indicated by Hanski and
Cambefort (1991). Our results seem contradictory to other
researchers who showedthat Aphodiinae are adapted to
cold climates (temperate origins) and Scarabaeineae to
warm climates (afro-tropical origins). The study area is
characterized by sandy and silty soils with dominance of sand.
The water present in dung after deposition is easily lost to the
underlying soil. The dung dries faster which become favorable
for dweller breeding (Lumaret, 1975). Thereafter, the dung
pad gradually reabsorbs moisture from damp sand under
the dropping which becomes moist for a relatively long
period. The rapid desiccation of dung and the formation of a
crust on the surface limit the evaporation of moisture, and
make favorable for dung beetles, the conditions inside dung. It
appears so that sand soil is more favorable for Aphodiinae
than Scarabaeinae which could explain paradoxically results.
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Moreover, CA indicates that there were two dung beetle
assemblages: spring fauna more temporally segregated
with dominance of Aphodiinae and summer fauna
dominated by Scarabaeinae (thermophilous species) with
high temporally niche overlap. Similar results were
obtained when compared with dung beetle assemblages
between north and south sidesof the Mediterranean sea
(Errouissi et al., 2011) and between northern and southern
Tunisian dung beetles (Labidi et al. 2012, 2017),or between
medium and less elevation sites in France (Jay-Robert et al.,
2008).
The most abundant species in our study was L. lividus
(Aphodiinae) (1101 specimens at KO: 74 % of total
abundance), it was the most abundant core species in April
and the only core species from May to July. Labidi et al.
(2017) showed that this species was the most abundant
species in oases (southern arid part of Tunisia) as
compared with northern Tunisia. The most active and
abundant species in the north to the center of Tunisia was
Onthophagus taurus (Labidi et al., 2012,2017), captured in
our study with 2 specimens at KO.It was also the most
abundant species in Morocco (Janati-Idriss et al., 1999;
Haloti et al., 2006) and in Algeria (Elhaichar et al., 2013).
Lumaret and Stiernet (1991), Stiernet and Lumaret
(1993) and Errouissiet al. (2004) showed that Scarab
beetles were organized into core groups which gathers
species whose role is considered as non-negligible in the
functioning of the grazed ecosystems. In our study, only 4
species over 24 active in Tataouine were included in the
different core groups,they represent in KO between 80 and
100% of total assemblages. Certainly, the constraint
exerted by the xeric conditions of the environment at
Tataouine, reduced the number of species with high
abundance. Very few species (C. granarius, L. lividus, M.
palmetincola, O. nebulosus)were present with high
abundances (> 100 individuals) of which one species did
not appear among core species, and one another was
present in more than one core group (L. lividus). The latter
could be considered as indicator of climatic or
anthropogenic changes, and represents at Tataouine the
only Aphodiinae and core species in the summer.The
Scarabaeinae do not contribute to the composition of the
cores species and groups by their abundances, but it is
probable that if their respective weights are considered, the
results would be different and some species such as O.
nebulosus or S.saceror even Euoniticellus pallenscan
contribute to the formation of the different monthly core
groups.If we exclude L. lividus from core species, O.
nebulosusbecomes core species in May (75% of
assemblages). Quantification of alpha and beta diversity
and evenness showed that in spring (2 core species in
March and 3 core species in April) richness, H’ diversity and
evenness had high values, while β-diversity was low. Lower
value of β-diversity can denote long phonologies of species
composing assemblages. However, Aphodiinae have a
higher temporal plasticity under Mediterranean climate
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(Jay-robert et al., 2008; Errouissi et al., 2009, 2011), which
could explain lower temporal turnover in spring when
Scarabaeinae family dominates the assemblages. In
contrast, during the summer when the temperature is still
risingand drought is more pronounced, the species
richness, the H’-diversity and evenness have very lower
values.
The highest values of β-diversity observed in summer
showed that species composing assemblages presented
shorter
phonologies
and
ecological
plasticity
(characteristics of species from Scarabaeinae subfamily).
The climatic stress exerted by the environment, result in a
few core species and constancy in monthly turnover.Cody
(1986) indicated that turnover in species composition is
related also to species vagility.
Romanuk and Kolasa (2001) suggested that higher
species turnover is probably a consequence of climatic
stress adaptation throughout historical time (long drought
period in our study).
Otherwise, in Mediterranean ecosystems, high values of
beta-diversity denote well established assemblages
adapted to a local climatic conditions (drought or cold
season).

CONCLUSION
The composition, diversity and structure of dung beetle
communities, result from the historical coexistence of
species with different biogeographical and phylogenetic
origins and ecological requirements which interact with
their local environment and with each other. Arid
environment in Tunisia constitute a major constraint for
the dung beetle communities. Our results are of great
interest because this is the first studyon dung beetles
assemblages associated with dromedary dung in a Saharan
Mediterranean bioclimate submitted to different climatic
constraints.
Assemblages were poor as compared with northern part
of Tunisia or north side of Mediterranean Sea. The climate,
the low vegetation cover and the sandy soil allow to lower
species richness and diversity of assemblages. These
conditions allow paradoxically the Aphodiinae with
temperate origins to be the most dominant despite the xeric
conditions that prevail in the study area. Local richness is
clearly greater in Aphodiinae when compared with
Scarabaeinae.
This pattern also found elsewhere in Tunisia is likely to
be a general rule which would explain the
Aphodiinae/Scarabaeinae ratio in Tunisia. All species were
present with moderate abundances except thatL. lividus
present with high abundance and well temporally
distributed. These constraint structure and organize dung
beetles assemblages and as a result, the functioning of
dromedary grazed ecosystems under xeric conditions in
Tataouine.
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