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1 Introduction

The region of Beni Tadjitdalsint is situated in the Southeast of the High &asAtlas between longitudes
03°25' and 03°55' W and latitudes 32°10' and32K. It belongs to the provincd &iguig which is a territory

of the Moroccan administrative region of the Orieritab composed half of mountains and half of plains. The
climate is arid with an average annual rainfall of about 140 mm. It is crosseddglsawall streams, more or

less permanent, coming from the High Atlas. The ecological study of stands colonizing the wetland biotope:
of the watersides has not attracted the interest of many entomoldtgstever, since the 1960s, riparian
fauna has beethe subject of various studies which have contributed to widening the field of knowledge
concerning the structure and functioning of this biocen(dsikl]. At the Moroccan level, the main works
concerned the riparian populations of riviir2-20] and stading waterg21-26).

Although the rivers of the Moulouya watershed have been the subject of several [@T{3i2k It is not the

same for the Oued Ait Aissa. This small watercourse, situated in the south of the eastern Morocco, which i
called OuedBouanane in its lower part and Oued Haiber in its upper part, originates in &mous area at
Jebel sWiysl ane 0227 6ambnora pratisely atlthe haghitlbodr pasdvheneis the point

of confluence between two small streams: Wad Al Mame IghzarmBlboul. Wadi Ait Aissa, in its upper

part, follows a direction NESE and then, after the village of Ait Hm&dhadou, it follows the direction SE,

with a low flow and a seasonal flow.

Virtually no studies or inventories of wildlife and, in pattiar, riparian beetles have been carried out in this
area, particularly on this watercourse. It was only recently that it was the object of prosd&8ijiomsorder

to establish an inventory of the species of some families of beetles. Until therfrahatéhe literature
especially those in the Kocher cata[8¢,35] listed only 28 species of beetles in this region.
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2. Material and methods

2.1. Description of the study area

The chosen station is located in the northwest of the municipality of Beni Tadjite, 200m upstream from the
QsarTijit hill dam, in the bed of the Ait Aissa wadi (Figure 1). It is 1129 m abeadevel and is coordinated
32°19' N - 03°29' W. The banks are gpulated withTamarix gallicaL., 1753 Juncus acutud.. and
Phragmites communi&Cav.) Trin. ex Steud., 184They constitute a heterogeneous station, particularly the
left bank, with different facieBpe b bl es, gravel, sand, silt, ... 0
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Figure 1: Localization of the studied region and station

2.2. Sampling techniques
Various sampling techniques have been described by various authors, either quantitative or qualitative

according to the biotopestudied, the experimental protocols and the objectives sought. These include sight
hunting, Barber traps, watering of the substrate which causes the release of fauna buried in the cracks and 1
soil [2, 14,17,26,3 6 é eutd ¢hg standardized quantitet techniqudb, 7, 10, 13, 20, 37], which consists

of delimiting a surface on the ground by means of a frame made of wood or of strong, rigid, cylindrical or
square metal sheet of varialdianensions according to the autha@sir study was conducted f&éb months,

from January 2014 to March 2015, on a monthly basis. For each, the beetles were sampled in the differel
facies of the banks of the station during 3 hours of active resddatkiesting was done by direct sight
hunting and under sheltef#ifting stones and blocks and remov\g pl ant | eaveandthend w
watering the substrate with a plastic canister 5 liters for the plots relatively far from the water, while the banks
very close to the stream were watered directly by projection @rwesing a small container with handle of

0.66 liter.The collected individuals were then retained, for each facies, in a vial with an ethyl acetate buffer,
labeled, and then either determined in the laboratory using keys, placed on a diaper, and ppesé&ists

for identification.

The identification of the Elateridae was carried out by J. L. Olagnon, that of the Staphylinidae by R. Outelero,
P. Gamarra and M. Tronquet and that of the Tenebrionidae by H. Labrique. The other families were
determined byne of usi GC 0
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2.3. Multivariate analyzes

A) PCA: Principal Component Analysis is a statistical method of analyzing data. Its objective is to summarize
the information contained in the data on a reduced number of dimensions that best reflects théegroximi
betweenobservations and /detween variableR7-31]. This widely used method of analysis highlights the
significant correlations between the different variables, it allows to visualize the similarities between the
observations and the links between the varial3@s

BICFAAR Component F a&dmov/ernecAuf3®]l thissnmethad proves to be an efficient means for
the research of biocenotic structures in running water. This author was able to define the typological structur

of the Doubs hydrographic network.

3. Results and discussion
3.1. Stanchnalysis

Table 1: Inventory of the main identified taxa, their ecological group and distribution: with R: ripatidrygrophil T:

terrestrial A; aquaticNC: not cl assified fAsee table in appendi xo
Taxa Biotope Distribution
Family Carabidae
Subfamily Pterostichinae
Abacetus (Astigis) salzman@ermar, 1824 H IberoMaghrebian
Amara (Paracelia) simplekejean, 1828 T  Southern Mediterranean

Subfamily Trechinae

Bembidion (Bembidionetolitzkya) coerule@uandinetServille, : R West Mediterranean
Bembidion (Emphanes) latipladi@avibaseDe Monte, 1956 R  West Palearctic
Bembidion (Euperyphus) fluviatile unctuluimtoine, 1941 R  West Palearctic
Bembidion (Euperyphus) ripicoufour, 1820 R  West Mediterranean
Bembidion (Notaphus) variu@livier, 1795 R  Palearctic
Bembidion (Ocydromus) atlanticumegaspilunwWalker, 1871 R  Palearctic
Bembidion (Peryphus) hummldrimmleriMiller, 1918 R  Palearctic
Bembidion (Peryphus) subflavescéwdoine, 1944 R  Maghrebian

Tachys (Paratachyd)istriatusDuftschmid, 1812 R  Holo-Mediterranean
Tachyura (Sphaerotachys) hoemorrhoidatimza, 1805 R  PonteMediterranean
Tachyura (Sphaerotachys) lucdsicquelin du Val, 1852 R  Mediterranean
Tachyura (Tachyura) bisbimacula@hevrolat, 1860 R North African
Tachyura (Tachyura) curviman&/ollaston, 1854 R  West Mediterranean
PerileptusareolatusdissidensAlluaud, 1932 R  Endemic

Subfamily Melaeninae

CymbionotunsemelederChaudoir, 1861 H PalearcticSahare Sindian
Subfamily Scaritinae

Dyschiriodes (Dyschiriodes) angusticolRsitzeys, 1866 R  Ibero-Maghrebian
Dyschiriodes (Dyschiriodes) clypeatBstzeys, 1866 R  Sahare Sindian
Dyschiriodes (Paradyschirius) parallelugficornis Putzeys, 1 R West European
DyschiriusbeludschaganglbaueriZnojko, 1927 R  Ibero-Maghrebian
Subfamily Cicindelinae

Lophyra (Lophyra) flexuosBabricius, 1787 R  CircumMediterranean
SubfamilyHarpalinae

Stenolophus (Egadroma) marginatDsjean, 1829 R  Palearctic
Stenolophus (Stenolophus) teutofaebrank, 1781 H Palearctic
Acupalpus (Acupalpus) maculat8shaum, 1860 R  Palearctic
Subfamily Platyninae

ParanchusalbipesFabricius, 1792 H  West Palearctic
Subfamily Lebiinae

Syntomus lateralis lateraliglotschulsky, 1855 H  Mediterranean
ApristusstriatipennisLucas, 1846 R  North African
LionychusalbonotatuDejean, 1825 R  CircumMediterranean

Daoudi et al.,JMES, 2017, 8 8), pp. 29032915

2905



Microlestescorticalis Dufour, 1820 R  Palearctic
MicrolesteductuosusHoldhaus, 1904 T  Palearctic
Family Staphylinidae

Aloconotacf languidaErichson, 1839 H Palearctic
Blediustricornis Herbst, 1784 R  Palearctic
Ischnopodacf umbraticaErichson, 1839 R  European
Carpelimus (Troginus) exigul&ichson, 1839 T  Palearctic
NehemitropidividipennisMannerheim, 1830 T  Cosmopolitan
NeobisniugprocerulusGravenhorst, 1806 H  West Palearctic
Philonthus (Philonthus) alcyonedsvillei Chapmann1932 R  Holo-Mediterranean
Philonthus (Philonthus}f caerulescenkacordaire, 1835 R  European
Philonthus (Philonthus}f mannerheimFauvel, 1869 NC European
Platystethus (Craetopycrus) cornut@savenhorst, 1802 T  Subcosmopolitan
Gabriusnigritulus Gravenhorst, 1802 T  European
GauropterudulgidusfulgidusFabricius, 1787 R  Palearctic
Stenus (Stenus) mendiguendicusErichson, 1840 H  Palearctic
Tachyporus (Palporus) nitidulUsabricius, 1781 T  Palearctic
TachyusaalteataErichson, 1840 R  European
Tachyusacf constrictaErichson, 1837 R  European
Family Elateridae

NegastriugpulchellusLinné, 1761 NC Holarctic
Heterodereslgirinus Lucas, 1846 NC West Mediterranean
ZorochrosangularisCandéze, 1869 H Palearctic
ZorochroscurtusGermar, 1844 H Mediterranean
Family Aphodiidae

PararhyssemusoluberMayet, 1887 T  SahareSindian
Pleurophorus maghrebinicuRittino & Mariani, 1986 T  Endemic
Rhyssemodes orientalidulsant & Godart, 1874 T Palearctic
Family Coccinellidae

Coccinella (Coccinella) septempunctata algerica v $937, T  Maghrebian
Family Tenebrionidae

Gonocephalum (Gonocephalum) setulosum angukindierg. T  Palearctic

1950

GonocephalunfGonocephalum) patruelerichson, 1843 T  Sahare Sindian
Gonocephalum (Gonocephalum) rusticQiivier, 1811 T  Mediterranean
Leichenum pulchellum pulchellubucas, 1846 R  Mediterranean
Sclerum armaturivaltl, 1835 T  Mediterranean
Sepidiuntricuspidatum wagnertrichson, 1841 T  Maghrebian
Family Dytiscidae
Nebrioporus (Nebrioporus) clarkiVollaston, 1862 A  CircumMediterranean
Hygrotus (Coelambus) conflueRabricius, 1787 A  PonteMediterranean
Family Hydrophilidae
Laccobiussp. A
Family Dryopidae
Dryopssp. A
Family Hydraenidae
Coelostoma (Coelostoma) hispaniciiiister, 1848 A Ibero-Maghrebian
Ochthebiusp. A -
Ochthebiusp. 1 A -
Ochthebiusp. 2 L ——

Anthicidae and Heteroceridae could not be determined. They will therefore be taken into account only
partially.
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3.1.1.The faunistic composition

All the 1332individuals harvestedreclassified by familiegiTable 1contains the inventory of the taxa of the
global population, their biogeographical distribution and the ecoba@ I group to whic
Carabidae are the most important family, accounting for 52% of individuals and 44% of taxa harvested
throughoutthe stand (Figures 3 and 4), followed by the Staphylinidae familgrms of taxonomic richness

fi 25 %md the Tenabi oni dae i n t er ms 8 sulffamibeb tepresenh thee caréibics] %he
Trechinae subfamily is the most important with about 37%h®findividuals and 20% of the taxa of the whole
stand, the Lebiinae are the second most important, accounting for 7% of the taxa and 8% of the individual
Followed by Scaritinae and HarpalinB&atyninad n t er ms of t a x o n amdiSaritinaeiinc h n e
terms of abundance @4%0

Our results are consistent with those of Zitol#8] who observe that riparian fauna in eastern Morocco is
characterized by a clear dominance of Staphylinidae and Trechinae, as in most riparian envifénimets

10, 12].

Carabidae Trechinae

44 % 20%

Pterostich.inae?%

3%

m Dryopidae m Hydrophilidae = Hydraenidae m Dytiscidae

m Staphylinidae = Elateridae m Aphodiidae m Coccinellidae
B Tenebrionidae H Pterostichinae B Trechinae H Melaeninae
m Scaritinae m Cicindelinae Harpalinae & Platyninae ™ Lebiinae

Figure 3: Richness of the different families of the global population and of the subfamilies of carabic

Histeridae 0,1%
~ Chrysomelidae <0,1%

Anthicidae 9%

Heteroceridae 8%

Trechinae 37% 3
Melaeninae

ioni - <0,1%
Tenebrionidae
11% _ Scaritinae
L 4%
Coccinellidae B i
<0,1% N Clcu;lll;lmae
Aphodiidae 0,1%
| Harpalinae &
Elateridae 6% Platyninae 2%
2 Lebinae
Staphylinidae 9% T e S 8%
Dvtiscidae 1% Pterostichinae <0,1%
R ~_ Dryopidae 0,1%
Hydraenidae2% - fygrophilidae <0,1% 3

Figure 4 : Abundance of different families of global stands and subfamilies of the carabics

1.2. Ecological composition

The fauna of the banks consists of a mixture of species coming from terrestrial and aquatic domains as well :
taxasubservienthe particular biotope of thiganks[5, 10]. Strict riparian species constitute the base stand of
the riverbank environmeij8], accounting for 82% of the total and dividing 36 taxhether46% of the stand
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(Figures 5 and 6)The hygrophilous species constitute a group strongly linked to the banks but in a more
flexible way than the riparian, this category constitutes 5% ofnitigiduals harvested, distributed among 10
taxa ie 13% of the total population. Whereas terrestrial species, which can be found in other environments ar
whose distribution is very wide, represent 17 taxa, ie 24% of the stand and 6% of the total harvested.

Several authors report the presence of aquatic species in the shorel{Be EHdpahese species may have run
aground or come to shore for food, breeding or imagination. This category is repréyebiteda ie 10% of

the stand and 3% of the total inidluals.

m Riparian

® Hydrophilous

i Terrestrial and
saprophagous

W Aquatic

B Not Classified

Figure 5: Proportions of ecological types, in number of species of the global stand

H Riparian

® Hydrophilous
# Terrestrial and
o

= Not Classified

Figure 6: Proportions of ecological types, in number of individuals of the global stand
3.1.3.Biogeographic composition

The analysis of the riparian standmposition shows that it consistamm nl y of Medi t er,r ane
followed by species with a wide distilt i on i n t he Palearctic domain ¥
The cosmopolitan elements and those of holarctic or S@iadian dist i but i on conswith t ut e
respectivel y 3 %mongltté Maditedranégado@ements, the categories whose distribution is
restricted, namely Ibefbagrebian, Maghrebian and Moroccan endemics, make up 17% of the total
population, while the eccum-Mediterranean corotype brings together 15% of the total population (Figure 7).
The coleopterological riparian population of the study area is characterized by a clear dominance of the
Palearctic elements typically Mediterranean and a high rate esb-Maghrebian endemism. Our results
confirm those oDakki [40, 41], SAnchertega & Tierno de Figueroa [42], El Alami [43Jaybiet al.[44]
andMabroukiet al.[28] who report that the communities of the Mediterranean regions are characterized by a
low diversity of species compared to those of central and continental Europe while presenting a high rate c
endemism.
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European _Holarctic
1% |\ [ 1% Circum-Mediterranean Ibero-Maghrebian
‘ 15% 6%

Mediterranean 46%

West Mediterranean |
6%
- ; Maghrebian
/ \ 8%
Holo—Mediterranesn_/ \Endemic
Saharo-Sindian Cosmopolitan 3% Ponto-Mediterranean 5%
5% 3% 3%
Figure 7 : Biogeographic distribution of global stand taxa
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Figure 8 : Variation of relative abondance according to ecological groups
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Figure 9: Variation of relative richness according to ecological groups

The Carabidae family dominated riparian populations throughout the study (Figure 10), with a peak observe:
in July. The highest abdance of the riparian Tenebrionidaepresentetly three species, occurs in July and
especially in August while that of Anthicidae appears in October and Staphylinidae occurs in April and
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especially in July. Within the carabidae, the Subfamily of the Trechinae is the most represented throughout th
peiod of the study (Figure 11), with a maximum recorded, as for the family, in July. From these two figures
we can clearly deduce that the Trechinae dominate the carabic and riparian populations of the studied station
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Figure 10 : Variation in relative rigrian abundance by family
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Figure 11: Variation in relative abundance of riparian carabics by Subfamilies

3.2. Typological study

Precipitation and temperature are likely to play a role in the distribution of riparian fauna ove simdy of
theoverall mesological structure of the environment from these two abiotic descriptors will serve as a basis fol
a comparative analysis of the temporal distribution of riparian fauna. For temperature, the lack of data for the
first five months was replaced n extrapolated averagof the data for the years 2014 and 20Tke
analysis of these two mesological parameters of the different months of prospecting in principal component
makes it possible to discriminate at the pland-EXhree group (Figure 12).

Group A : Itincludes the six months during which the average monthly temperfatsire e a peypceedsd i X ¢
15 ° C, the months from April to September. The rainiest months in this group are to the left of the F1 axis,
May and September, which record respectively 37 and 28 ThmF1 axis jointly expresses the two mean
monthly precipitation and temperatugradients.

Group B : It includes the rest of the months of the year except November, the months from October to
March, the average monthly temperature of which does not exceed 15 ° C. The month of February tends 1
approach the next group by rinfd lof th@ order of 53 mihm
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Group C: It is the only month of November that completely isolates itself frorerattonths by its high
rainfal/l Awhich reaches 104 mmo

The transition between the first two groups takes place during the months of Octberdap r i | nres |
2014 and 20150.

Eigenvalues d=1

44.76%

janv-14 |Elmars—'lS

B

Va — =
( avr-14 \
A
1

/

Figurel2: F1-F2 ACP 6 s P assurveyBtruptdreoand mesological farameters

3.3. Structure biotypologique

factorial analysis of the correspondence of the dataset consisting of 15 surveys / 32 speeciesndidhce
transformation in absengeesence gives a factorial plane F1 and F2 with a structure very similar to that of the
PCAfistructur e-Remfr dsheandl|l aned o | dy isotating thepraontla af eNobvember o
(Figure 14).In order to clarifythe possible relationship between the biotypological structure and the
environmental variables, we have compare@t c oor di nat es o fon thetfiest two daataial n g s
a x edsrivedl from theC F Awaith the values othe two mesological parangs in he distribution of riparian
fauna.

The temperature parameter has a good negative linear correlation with the axis F1 of the AFC, thisrcorrelat
is of the order of6 5 . 7 3 % .A6r.5TMed-1 axis, which expresses 16.41% of the total inertiaed@ A,

thus reveals a temperature gradient that increases from right to left. The F2 axis, which represents 15.06%
the total inertia of th&€FA, expresses a rainfall gradient, whictpi®o si t i vely correl ated
with the precipitation fetor.

In biotypology, the first two axes of the CFA accumulate 31.47% of the total inertia and represent three group:
that are similar to those defined in the mesological study.
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The analysis of the structure resulting from @A shows clearly that there is a temporal structuring and
differentiation in the stands. The latter is governed, inter alia, by two dominant factors, temperature and
rainfall.

First factor Second factor

I:! | | I I | |

10 05 00 05 10 10 05 00 05 10

Correlation ratio Correlation ratio

Figure 13: Correlation relationship between the mesological parameters aficsthieo axes of the CFA

Eigenvalues F2 d=0.5

nov—14

@—14 \
févr—15
/ mai—14 avr—14\ déc—14 F1

mars—14
sept—14
ﬁ juil=14 polt— 14 ¢ayr—14
janv—15

janv=14 o rs—15

Qin—14 /\ /

Figure 14: F1-F2 CFAS plan:structureof the cloud-records

The order of the species on the factors F1 and F2 of the CFA approximates the species whose temporal
distribution is close. This order, as wedlthe densityofg i v e n t a x o, was thergfqueeadogtédxod

the presentation of species. Cuttings in these sequences (F1 and F2) make it possible to define three riparian
faunistic groups.

The axis F1 of the CFA separates two groups according to their thermatydffinplacing on the left a
thermophilic group which appears almost only when the mean monthly temperature exceeds 15 ° C and to tt
right anotherriparian eurytherme groupingwhich goups the species indifferent to the average monthly
temperature, indedtiis grouping is met almost all the year.
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Group A :

This thermophilic group is made up of the following spechsupalpusmaculatusii E 2, £kilonthussp.

i E 2, B@enolophus marginatu® E 2, Blicwrolestescorticalis i E 1, Pliilonthusalcyoneusdevillei i E 2,0 0
Dyschiriodes parallelus ruficornis fi E 1, 3Leichenum pulchellum pulchellum A E 1, 9 @yschiriodes
angusticollis A E 1, 1B@mbidion atlanticum megaspilumi E 1, 6Tachyusabalteata fi E 3, 0B&@mbidion
hummleri hummleri A E 2, 3Tachyusacf constricta i E 3, 1Gauropterus fulgidus fulgidus A E 2 @l
Bembidion fluviatile unctulunfi E 6 Tachysbistriatus i E 2 & @ompletely isolated on the left, the latter
appearing only during the month of June.

Group B :

This eurytherm group consists of the following specidgristus striatipennisfi E 3 Bembidionlatiplaga
flavibasefi E 1, Fachyurahoemorrhoidalisii E 1, 8émbidionripicola fi E 2@yschiriodesclypeatusii E 1,2 0
Bembidionvariumf E 3, 3athyurabishimaculatai E 1Bembidiorsubflavescend E 8Rerileptusareolatus
dissidensii E 5 ldonychusalbonotatusii E 1, 8émbidioncoeruleumfi E 3, Srachyuracurvimanai E 3,2 0
Lophyraflexuosafi E 7amidDyschiriusbeludschaganglbauerifi E 1. Tathyura lucasi E 3 Appearingonly

in the month of January 2015 is completely isolated to the right of this grouping suggesting that it prefers fresil
temperatures.

Group C:
The F2 axis of th&€FA, which reflects rainfall, isolatelschnopodas p . fartel Blddius tricornisfi E 2,1 0
thes two species probably have a preference for rainy months.

Conclusion

All the individuals harvested are represented mainly by the Carabidae family as much in terms of abundanc
as in richness, itself dominated by the Trechinae Subfamily. The strict riparian community of the study aree
constitutes the base stand of the riaslks, accounting for 82% of the total, characterized by a clear
dominance of the Palearctic elements typically Mediterranean and a high rate d¥ifzgnebian endemism.

This riparian group dominates the coleopterological stand during the 15 morsiodyofi b et ween 201
2 0 1, both for abundance and for relative richness.

Precipitation and temperature, taken into account as abiotic descriptors, have served us to make a glok
mesological structure of the environment. The comparison between the CFthemedtwo mesological
parameters made it possible to discriminate the ttok@ning major groups: @ahermophilic affinity group
preferring an average onthly temperature exceeding T4°an eurytherm group insensitite changes in

mean monthly temperate, and a group that has a probable preference for rainy months.
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