ISSN : 0974 - 7532 Volume 8 Issue 5

Beseanch & Reviews in
BioSciences

- REgular Peper

RRBS, 8(5), 2014 [189-197]

Climate, geographical distribution, and specific structure of
phyllopods anostraca (Crustacea, Branchiopoda) communities in
M orocco

Cherif Kadi Hamman?, Samira Benkerroum?, El Hassania Saad?, |lham Saad?,
Sara Sassa®, Allal Douira!, Mohamed Fadli®*

Mycology L aboratory of Natureand Biodiver sity, Faculty of SciencesK enitra, BP. 133, Kenitra, (M OROCCO)
2Department of PublicHealth, Ingtituteof Hygiene, 27Avenuel bn Battuta, Rabat, (M OROCCO)
SLaboratory of Biodiver sity and Natural Resour ces, Faculty of SciencesK enitra, BP. 133, Kenitra, (M OROCCO)
E-mail : fadli_fadli@hotmait.fr

ABSTRACT KEYWORDS
Many authors approached the study of the climate effect on the Crustaces;
distribution and on the structure of the groupings of the botanical species Anostraca;
while using “climatic” indications allowing to give a synthetic expression Biogeography;
of the climate of the studied stations. The indication most used in Community;
Mediterranean climate isthe pluviometric coefficient of Emberger noted « Climate;
Morocco.

Q, ». The present work bases itself on the use of this indication, climatic
parameters m, P and the thermal distance « M-m » of the studied stations
to show the effect of the climate on the geographical distribution of
Anostraca crustaceans and on the structure of their communities. The
results show that, in Morocco, the climateis one of the main factorswhich
control the geographical distribution of these crustaceans. The zones
without extreme climatic conditions have a maximal specific variety of
Anostraca. Also, and from the climatic characteristics of agiven regionwe
can determine the species and the structure of the communities of
Shellfishes Anostraca which are potentially able of existing.

© 2014 Trade ScienceInc. - INDIA

INTRODUCTION Emberger Q¥ isthemost used asclimaticindication.

For agiven meteorol ogica station, thisindicationtakes

Sincethebeginning of the century, severa authors
studied the effect of the climate on the geographical
distribution of the botanical speciesand onthe specific
structure of their communities. Often, theseresearch-
ersused mathematica indexesalowing givingasyn-
thetic expression of the climatic characteristicsof the
biotope In Mediterranean climate, the coefficient of

into account the height average of the annua precipita:
tion (P), the average of the maximal temperatures of
thewarmest month (M) and the average of theminimal
temperaturesof thecoldest month (m). Thepluviometric
climagram of Emberger (1930)™ and Sauvage (1963)'4
isasowiddy used by many environmentalist botanists.

Let usremind that morethevaueof Q, ishigher
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morethemilieu ishumid themathematical expression
of theindex Q2is:

o 100 P
= M_;rn(m- )

with P in mm, M and m in *C

For theAnima Kingdom, many researches showed
that theclimaticfactorsin generd, and thetemperature
and the precipitation in particular, have an important
influence onthegeographica distribution of many spe-
ciesand onthe specific structureof their communities.
To show thisclimatic influence, theauthorsused vari-
ousdemongtrative meansbut without giving alot of im-
portancefor themethods used by the botanistsfor the
sameobjectivesin particular the coefficient Q,andthe
climagram of Emberger.

Inthiswork, we studied theinfluence of the spatial
variation of theclimate on thedistribution of the pecies
and on the specific structure of Anostracacommuni-
ties. Ecologica characterigtics of biotopesof thisgroup
of Arthropod are very exposed to the climatic influ-
ences. It isabout one of the most characteristic sys-
tematic taxon of waters of temporary natural pondsand
artificid pondswich havebiological cyclesvery influ-
enced by theclimatica data. Indeed, the precipitation,
thetemperature and thewind arethemainfactorswhich
determinethesupply inwater and theannud durations
of these ponds. But, in spite of thisconnectionsimilar
to theonelinking thedistribution of the botanical spe-
ciestotheclimatic variability, very few previousworks
wereinterested to bring to light the rel ation between
theclimateand thequality of thefaunaof thetemporary
ponds. Besides, in spiteof large number of authorswho
studied the ecology of Anostraca Phyllopods from
whom we quote Daday De Dées (1910)F, Gauthier,
1928a-h*®!; Peres, 1939¢; DeLepinez, 1961"; Boutin
and al. (1982)®, Browne and Mac Donald (1982)[,
Saadi (1986)™, Fadli (1987)™Y, Thiery (1987)1*2 and
Ben Raoui (1991)13, the works getting the point on
therelation between the variability of theclimateand
thedistribution of the species, and on the specific com-
position of their associations were not directly ap-
proached.

So, the present work consists in the use of the
pluviometric climagram, Emberger’ coefficient Q2, m,
and M-mto concretize the effect of theclimate on the
geographical distribution of Anostracacrustaceansthe

most represented in Morocco.
METHODOLOGY

Inthe way with which Bons (1975)14 exploited
the climagram of Emberger to explainthe bioclimatic
distribution of some Regptiles of Morocco and by com-
bining Q, and thethermal distances ‘M-m’ (noted E. )
noted at the various chosen biotopes, weintended to
study the effect of the main climatic factorson the geo-
graphical distribution of the speciesof thestudied zoo-
logica group.

The adopted study method consistsintherediza-
tion of sampling, by a net called cloudy-water, of
anostracacrustaceansin 65 temporary ponds (dayas)
distributed in various bioclimatic zones of Morocco.
These dayas are chosen in order to be near known
pointsin the Emberger climagram or, in some cases,
with P, M and m extrapol ated from the climatic data of
theregion. The Figure 1 representsthe geographical
distribution of the prospected bioclimatic floors. Also,
theFigures2 and 3 present the bioclimatic distribution
of thecollecting stations of Anostracacrusraceanscol-
lected intwo typesof climagrams.

Let usnotethat in climagramme 2 (Figure 3), the
climatic classfication of thestudied sationsismade by
basing it ontwo factorswhich influencetheduration of
theflooding of temporary ponds. annud rainfal B, which
by its importance facilitates the long lasting of the
biotope, and the thermal extreme distance from the
averages (M-m) whichinfluencestheintensity of the
evgporation of superficid waters. Climagrammes 1 (Fg-
ure 2) is elaborated according to the principle of
Emberger (1930)™. Besides, thezool ogical inventory
concerns 8 taxons. We did not take into account the
abundance of the species. So, for every collected spe-
cies, only itspresence or its absence was considered.
Two other species (A. salina and B. spinosa) which
the presenceisdetermined by highratesof sdlinity are
not studied.

RESULTSAND DISCUSSION
Results
Species

The Emberger climagram (Figure 2) showsthat the
areaof thebioclimatic distribution of B. schaefferi ex-
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Figurel: Geographical distribution of theprospected bioclimaticfloors

tendsinadl thevariantsof thevarioushbioclimaticfloors
of Morocco. Itisthusan eurytope specieregarding the
“climate” factor. Contrary, T. brtecki (areaA, Figure
2) and T. jhilitica. (area B, Figure 2) occupies more
reduced bioclimatic areasthat are different and sym-
metric, withregard to alinewhichisvery closetothe
first bisector of the angleformed by themark of axes
Q,and ‘m’. For T. jhilitica, let usnote besidesthat as
m becomeshighthevaueQ, ishigher also.

If wedo not consider asingle pot of B. feroxwhich
hasbeen indicated at the South of Casablancaby
Thierry (1987)*2 and which hasam superior to 7
°C, the bioclimatic area of L. africana and of B.
ferox (areaC, represents 2) occupy abioclimatic
surface characterized by low values of m (lower
than 2 °C) and values of Q, included between 50
and 120.

ThebioclimaticareaD (Figure2), largely in com-
mon to C. diaphanus and S. torviconus bucheti
extends about, betweenm=1°C and m =8 °C.
The values of the coefficient Q, are superior to
45°C.

With Q, included between 45°C and 90°C and m
included between 3°C and 8°C the bioclimatic area

of T. affinis (area E, Figure 2) occupy anon ex-
treme climatic conditionszone. Thisone, reduced
and lengthened, occupiestheaverageregion of the
bi sector of themark formed by the axes of coordi-
nates Q, and m of the climagram 1. It coincides,
partialy, withthelower zoneof thebioclimatic dis-
tribution of B. schaefferi and C. diaphhanus.
Besides, theanalysisof the climagram el aborated
by the combination of the average height of the annua
precipitation (P) and thetherma distance E, (Figure 3)
asoshow:
Theubiquity of B. schaefferi inthe Moroccan ter-
ritory.
An opposition, regarding to the bi sector of themark
formed by the axes of coordinates P and (M-m),
thebioclimatic areaof T. brteki (areaA’) and the
area of T. jbilitica (area B’). For T. brteki, ap-
proximately of E, =20°C, P is nearby 0f 200 mm/
year. But, asE, takeshigher valuesPmust bemore
important. Thisisalsothe casefor T. jhilitica.
The overlapping of the bioclimatic areas of C.
diaphanusand S. torvicornisbucheti constitutea
common area(areaC’). This one is characterized
by aP valuesuperior to 350 mm and E, included
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Figure2: Bioclimatic distribution of eight species of anostraca crustceans, collected in M or occo, in the climagram of
Emberger

between 15°C and 33°C. which, with the exception of the station of B. ferox
e L.africanaand B. ferox, show acommon biocli- indicated to the South of Casablanca, is around
matic area(areaD’) characterized by precipitation 30°C. E, isthusreduced.

superior to 450 mm and thermal distances(M-m) e  Theoccupation of the average pluviometric condi-
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Figure3: Bioclimatic distribution of eight speciesof anostr aca custaceans, collected in M or occo, in the climagram elabor ated
fromPand ‘M-m’

tions(areaE’) by T. affinisPisincluded between  Associations
380 mmand 650 mmand E, variesfrom 18 mmto

From the comparative anaysis of the bioclimatic
30mm.
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areas of thevarious species, illustrated in thevarious

studied climagrams, we can deduct the existence of

common bioclimatic zonesfor two or several species.

So, intheory we can determine possible associations

between the various studied speciesand characterize

themain climatic conditions necessary for therediza-
tion of theseassociations. In theory, four types of asso-
ciationsweredifferentiated:

A . composed of three species: B. ferox, L. africana,
B. schaefferi and T brteki. Intheory, the climatic
condictionsthat encouragethiskind of association
ae
m<2°C, 50<Q,<120,P>450mmand M —m
> 30°C

A_: Formed by T. jbilitica and B. schaeffedri and re-
quiringm>1°C; Q, < 70; P>400 mm, and M—m
> 15 °C; and where step by step m is going away
from 1°C Q,and M - mtakeshigher values.

A Gathering in the same biotope B. schaefferi, S
torvicornustorvicornusand C. diaphanous char-
acterized by
1°C<m<8°C,Q,>90,P>600mmand 15°C <
M —m <33 °C.

A, Gathering B. schaefferi, S torvicornus
torvicornus, C. diaphanous and T. affinis
Inthesameclimatic milieu characterized by
3°C<m<8°C;40<Q,<90,;380<mmP<
600 mm and 18°C <M —m < 28°C.

Besides, dl thesetypes of associationswerenoted
inthenatura environment. No different association was
illustrated. Itis necessary to indicate, besides, that A,
association (constituted by B. schaefferi., S
torvicornus torvicornus, C. diaphanous and T.
affinis) was observed only in one temporary pond
(DayalLaacd) Stuated intheforest of western Mamora.
Also, itisnecessary to notethat in the given geographi-
ca zone, the specific structurein theory deducted from
the overlappingsof thebioclimatic areas’ characteris-
ticsof the speciestill correspondstowhat we canfind
inthenature,

Discussion

Morocco presentsavaried and contrasted climate
with seasonal variations. Theaction of thediversede-
ments of theclimate on the biology and the ecol ogy of

thelifeisobvious. Often, from somethreshold va ues,
each climatic e ement can bealimiting factor tothelife

of certainliving species.

Themethod of study, based on the el aboration of
climagrams, hasalowed ustoindividuaizethebiocli-
meatic areasrespectively favorableto diverseAnostraca
crustaceans of Morocco. For these crustaceans, the
extension of these areas and the comparison of their
shapeandtheir limitsarethusof abiginterest to bring
tolight the effect of the main climatic factorsonthe
geographical distribution of theselife species. So, the
largedistribution of thediversecirclesof collecting of
B. schaefferi on the studied climagrams showsacli-
matic eurytopiaof this speciesin the Moroccan terri-
tory. Thisresult suitsto the other previous conclusions
in particular those of Fadli (1987)*! and Thiery
(1987)12,

Also the used method showsthat the bioclimatic
area of T. Affinisis restricted and characterized by
average values of Q,, P and M-m. Contrary to B.
schaefferi, thisspeciesdoes not support al thebiocli-
matic variants of Morocco. It isobserved only in no
extreme climatic conditions about which we can say
that itisindicator. Moreover, thisshowsthat besides
the nature of the bottom and the presence of abotanic
covering of the biotope, suggested asdetermining fac-
torsof somegeographica distribution of thisspecies'?,
thefactor ‘climate’ influences also this distribution.

Besides, by combining themain d ementsof thecli-
mate P, M and m, we elaborated climagramswhich
havealowed usto characterizethe climatic conditions
of lifefor the studied Anostraca Crustaceans. Let us
note that many works showed that these climatic ele-
mentscaninfluencethelifeof diverseAnostracaof fresh
water and, as aconseguence, control their respective
geographica expansion.

Indeed, many authorg1011131517.19-23 eyoke the
stimulating or unfavorabl eaction of sometemperature
vauesonthehatching of eggs, speed of embryonic de-
velopment, thelifespan or onthefertility of Anostraca
of freshwater. Also, rainfall quantity and the evapora
tionintensity of superficia waterscontrol theflooding
duration of thetemporary pondsand their chemical sta
bility. Inthedesert, dry regionsor evenin somepartsof
semi-arid areas, thesetwo climatic factorsare thus po-
tentially the cause of the absence of the specieswhich
need long periods of flooding of thebiotopeto finish
their developments.

The absence of T. brteki, C. diaphanus., and B.
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feroxinthesezonescharacterized by short-term flooded
phases could beacase. These conclusion wasaready
confirmed on thefield by many authorsamong whom
Fadli (1987)Y and Thiery (1987)13 whom have
showed that, eveninsidetheir respectivebioclimatic
aress, these speciesappear only intemporary ponds of
aflooding durationsfrom theaverageto long. Besides,
Eder and histeam (1997)24 noted, inAustria, aquali-
tative variation of Anostracacrustaceansand avaria-
tion of the structure of their communitiesaccording to
the seasons and then, according to the climatic condi-
tionsof theenvironment. In thiscountry, Branchinecta
ferox appearsin spring, Sreptocephal ustorvicornus
and Tanymastix stagnalisin summer and B. schaefferi
insummer andin autumn.

Alsotheclimaticfactor m seemsto bedetermining.
Indeed, C. diaphanusand S. Torvicornus bucheti de-
velopsonly inthe zoneswheremissuperior to 1°C,
whileT. brteki seemsto need m lower thanthisvalue.
Let usnotethat, evenif Muraand al. (2003)!%! noted
that C. diaphhanusisableto adapt the characteristics
of itshiologicd cyclewiththeconditionsofferedinthe
Italianmilieu, it seemsthat, at |east for the popul ation of
Morocco, minferior to 1°C inhibits the appearance of
this species. Zarratini (2004)!? noted, al so, that at C.
diaphanus the percentage of hatching variesfrom a
temporary pond to another and thisaccording to the
duration of flooding because thisduration mainly de-
pendson climatic characteristicsof theenvironmentin
particular therainfall and thelocal temperature.

For T. brteki, the climatic conditions (important P
vauesandlow M va ues) arepossiblein Morocco only
fromacertain height. It seemsthat T. brteki ismoun-
tainous specie; thisisin agreement with the previous
observationg*2.

Theresultsshow that T. jbeliticaisthe peciewhich
developsinthedry zones of Morocco, what isin ac-
cordancewiththeother observationsamongwhichthose
of Fadli (1987)1*4, Thiery (1987)2, and Roux and
Thiery (1988)1"]. Besidestheintervention of thether-
mal distance M-minthedetermination of the presence
or the absence of T. jbelitica in a daya can be aso
highlighted. Indeed, of thealtitudelevel of Agadir city
and until theNorth of the Tadlaplain, the di stribution of
dayas, themost northern colonized by T. jbeliticafol-
low anincreasing continenta gradient.

Besides, the overlapping between the respective

—=> RegUlOr Peper

bioclimatic areasfor two or several species, illustrated
by the cilmagrams (Figure 2 and 3), can determinethe
specific structure of associationsthesatricaly possiblein
thenature. For agiven climatic zone, these specific de-
termined structures do not correspond necessarily to
what we can observein some dayasof the studied zone.
Indeed, theresultsof thework of severa authorsamong
whom Fadli (1987)1*Y, Thiery (1987)1*2 and Ben Raoui
(1990)13 we conclude that dayas situated in zones
common to various bioclimatic areas do not present
necessarily al of the speciesrespectiveto thesearess.
Thisdifference between the theory and thereality on
thefield seemsfor usto be explaned asaconsequence
of theintervention of other non climatic conditions, that
the samebioclimatic zone can undertake, in particular
edaphic or topographic, chemical or bioticksfactors.
Indeed, local restrictivefactors can limit the existence
of certain speciesand it can occur evenif theclimatic
conditionsarefavorable. So, aphenomenon of replace-
ment or exclus on between species, climaticaly ableto
livetogether, can modify the specific structure of the
communitiesof Anostracaspecies. But, itisinthezones
of intersection between different biodimaticaresswhere
we observed dayaswith maximal specificvariety. This
last conclusionisin accordancewiththefield observa
tionsof Fadli (1987)1* and Thiery (1987)*2, Let us
note, for example, that in the same geographical zone
theduration of flooding of the biotope does not depend
only ontheinfluenceof themain climatic parametersP,
mand M-m. Other factors can interveneto stretch out
or to shorten thisduration. Indeed, for smilar climatic
conditions, aclay soil and local basin shapetopogra-
phy facilitatetheformation of pondswithlongflooding
duration. Onthe contrary, asandy soil reducesthisdu-
ration. So, thisphenomenon can beresponsible of the
difference of the specific composition of associations
noted inthesamebioclimatic zone.

Another phenomenon of trophic order facilitatesthe
lifein community of the species: adaya presentsan
association of several Anostraca Crustaceans, theem-
bryonic life expectancy and thelongevity of theindi-
vidualsvary from aspeciesto another. Thisseemsto
facilitateagood distribution of theresourcesof theen-
vironment between the co-existing species.

Finally, the zone corresponding to the bioclimatic
areaof T. affinisshould present amaximal variety of
Anostraca crustaceans. This one corresponds to an
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overlapping zoneof asignificant number of respective
biodlimatic areaswith various gpecies. Thedimatic con-
ditions (Q,, m, P, M-m) are average. Indeed, inare-
stricted number of dayas, spread on some hectares
bioclimaticaly located inthisarea, Thiery (1987)™ in-
ventoried 6 Anostracaspecies, i.e. 75 % of thefresh
water speciescollected in Morocco. Theseresultsare
asoinaccordancewith those of Connel (1978)8 and
Huston (1979)1? who suggest that in aperturbed envi-
ronment themaxima specificwed thwould beobserved
inaverageecologica conditions.

It isinteresting to notethat, in agiven environ-
ment, other physical and chemical factors can com-
binewith climatic factorsto facilitate or, on the con-
trary, inhibit the existence of some species. We quote
the degree of salinity of waters®*31 and the conduc-
tivity!®2*, Thisaddition of theaction of other physical
and chemical factors, which itsnaturecan variesfrom
aplaceto another, with climatic factorsexplainsthe
variability of the specific structure of the communities
that we noted in geographical zoneswith moreor less
gmilardimae,

In Morocco, asexample, B. ferox coexistswith
A. salinawhile Samraoui et al. (2006)>% haveindi-
cated that inAlgeriathisspeciesliveswith Artemia
tumisiana.

CONCLUSION

Theclimaticfactors(Q,, m, P, M-m) play adeter-
miningroleinthegeographica distributionof Anostraca
Crugtaceansand in thecomposition of their communi-
ties. Indeed, T. affinis colonizes zones with average
climatic conditions; C. Diaphanesand S. tovicornus
bucheti occupy mainly areasswhereannua rainfalsex-
ceeding 350 mm and with cool or temperated winter;
T. brteki and B. ferox in the zones with important P
valuesand with coldwinter and T. jbeliticainthedri-
est zones of Morocco. Only B. schaefferi iseurytopic
climatically. The zonesof intersection between respec-
tive bioclimatic areas of the various species present
maxima specificvarieties,

Also, theresultsshow that themain constituents of
theclimatic conditionscaninterveneinanimportant way
concerning the determination of the systematic struc-
ture of coexistingAnostracaspecies. Intheory, thisal-
lows determining various types of associations of

Anostraca crustaceans that we expect to observein
certain bioclimatic zones. So, fromtheclimatic charac-
teristicsof aregion, the approached method allowsto
determineitspotential faunaof Anostracaspecies.
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