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Abstract

Spatiotemporal distribution of zooplankton in thengier and M'Diq showed variability during the stud
periods. This variability more related to the eamimental parameters studied, mainly in spring amdnser
compared to autumn in both areas. Temperature hlatophyll 'a' influence the spatial distributioi o
zooplankton in Tangier during the warm periodstaflg (spring and summer). While during the saméoger
water salinity affects the spatial distributionzoioplankton in M'Diq.
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Introduction

The continental Moroccan Atlantic shelf has beendhbject of several zooplankton studies sincel 8.
The earliest studies were carried out by theseoasiti-6]. Actually, these studies were followed up by more
recent work{7-11]. However, the plankton community in two sidesh# Gibraltar Strait did not benefit from
this interest. Similarly, the influence of enviroemtal conditions on the zooplankton community retsty be
assessed in this area. Nevertheless, many physicathemical studies carried out in this redib®-23].
Knowing also, that the zooplankton community isyeensitive and highly reactive to the environment
variations[24]. In many cases, a change of the structure of dloplankton populations reflects a change in
hydrological and climatic conditions. Many authbes/e suggested using the zooplankton like an itmficd
the total changd25-28]. In this context, our objective is to follow th@asiotemporal variation of the
zooplankton community and its relationship with ieowmental parameters in both ecosystems.

Material and Methods

1. Studies areas and sampling

Two radials investigated using a transect methagolthe first transect on the Atlantic coast washia area

of Tangier, and the second on the Mediterraneastcwathe region of M'Dig. On each radial, threati®ns
have sampled. Sampling conducted during the foligwgeriods: March, May and December 2006; May, July
and November 2007 (Figure 1).

The measurements of physical parameters (temperafuat salinity), at each station in both areasewesde

at different levels in connection with thermoclifidhese two parameters were measured using a nmadéso
CTD. Data have recorded with computer connectebdgrobe Neil Brown.
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The multiprobe was coupled with a rosette for thmsling of waters. The determination of the watartent

on chlorophyll 'a' carried out according to chersicaethods in the laboratory.

The zooplankton samples collected using a sma#l Biango net with 145 um of mesh size. The net is
equipped with a flowmeter for measuring the opemihthe volume filtered and determinates at itsdownd

by a collector. Sampling carried out in a standeasly: bottom to the surface, where the net trailed
horizontally for 3 minutes (at constant speed) teth hauled up vertically in 1 minute. Then itas/ed at the
next depth at the same speed (varying between 3 &ndts) and again for three minutes. The sampéss
fixed with seawater formulized at 5%. Identificatiand counting of zooplankton have carried out urade
binocular microscope, after dividing the initialngale into fractions with the Motoda bd&9]. Thus, we
compiled a specific list for each sample usingahlé keys for taxas determinatigdp-36].

e

Figure 1: Prospected areas and localisation ofdingpled stations

2. Statistical analysis of data

To describe the variability of total zooplanktostdbution; in both radials located in both sidéshe strait of
Gibraltar in conjunction with the environmental aaeters; the statistical treatment applied consista
principal component analysis (PCA) normaliZ&d] has conducted. Total of two PCA were performed on
two data matrices with a reduced focus an arrayposed of 4 columns representing the set of vasable
(salinity, temperature, chlorophyll 'a' and totabplankton) and 9 lines (3 stations sampled in eadkal * 3
seasons of exploration during the years 2006 a@¥)20he software we used to carry out this stesibt
analysis is ADE4. In addition, a Pearson corretatest has performed.

Results and discussion

1. Physical and biological characteristics of the twoadial

Spatiotemporal variability of water temperaturesTiangier area along two years of studies revedied t
presence of a thermal front created in warm peribbdfact, in spring and summer (May 2006 and Mhayy
2007) an increased thermal gradient between th&tadaand offshore stations was noted in this re@fogure
2). This gradient becomes more important in summeinly in july 2007, where the cold water locateshr
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the coast (15,8°C) and the warm waters (21,2°Catéat on the offshore station. In general, thisntiaér
difference between inshore and offshore statioriki;period, due principally to the upwelling cheterized
waters of the Atlantic Ocean during the warmerqaisi(spring and summer). Compared to the Tanges, ar
in M’Diqg a thermal gradient is more lower because thermal difference between stations was relgtiess
important during all periods of study, with exceptiin July 2007, where a little variation of termgtere
waters was recorded between the station locatsduth and north of M'Diq (Figure 2).

Regarding salinity, no temporal variability obsefve both radials. However, spatial variability wasted in
both areas of our studies. The most saline wabteeded in offshore station at Tangier and in thetnstation
at M'Diq (Figure 3).

The highest concentrations of chlorophyll ‘a’, athoregions, were recorded at the warm seasonsi@gspnd
summer) compared to the cold periods (fall). Fa #patial variability, the higher concentrationstioé
chlorophyll ‘a’ were located at the coastal stagiom Tangier and in south of M’'Diq regions. Thi$felience
in the chlorophyll 'a’ concentration between inshand offshore stations is probably related tosiasing of
temperature gradient observed during the warm gei({Bigure 4).
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Figure 2: Spatiotemporal variability of temgkerre in both radials
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Figure 3: Spatiotemporal variability of salinity ith radials
With CT: Coastal station, IT: middle-station and :LToffshore station in Tangier

NM: station located in the north of M'Diq, IM: infeediate station and SM: station located in thalsof
M’'Dig.
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Figure 4: Spatiotemporal variability of chloroph'dl in both radials
2. Structure of zooplankton community

The higher densities of zooplankton communitieseoked in M’'Diq compared to Tangier. In fact, the
maximum of the density is reached 900 intimM'Dig, whereas, it not exceed 800 ind/in Tangier. In
general, the high densities of zooplankton wer@dat the stations located near of the coast ih botas
studies. Specially, at the coastal station (CT)angier, and at the intermediate station in M'DAgart from

the spatial viability, we observed a seasonal iy of zooplankton density in both areas. Theglankton
community is more abundant on the warm periodsigpand summer) compared to the cold periods
(autumn). In general, the densities of zooplanidtarts low in autumn, increases in spring and pkake
summer (Figure 5).
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Figure 5: Spatiotemporal variability of zooplankensity in both radials

The principal component analysis (PCA) of total @aokton in relation with environmental parameters
performed on all periods of our studies (springnsier and autumn). Indeed, F1 * F2 axis explains6®%p
of the variance. The F1 axis negatively correlatethe salinity parameters. On its positive side sElect the
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coastal station characterized by the high densifezooplankton, which correlated significantly kithe
concentration of chlorophyll 'a’, mainly in spriagd summer (r = 0,98 , p <0,05), (r = 0,98, p <P,05

The F2 axis, on its positive side is negativelyrelated with the temperature parameters. In thde,sF2
selects the total zooplankton collected in sprifgemthe temperature waters decreases and the nkupia
density begins to increase. On the other side gkts the periods when the waters temperatureaserand
the total zooplankton decrease gradually. Thes, résult defines a hydrological separation betwetshore
and coastal stations characterized by less salersvduring all the periods of our studies. Tistrithution of
zooplankton based on the seasonal variability ®@fthter temperature in this region.

The result performed on the data collected in MDighows that F1 axis explains
64,26% of total variable. The F1 axis of its pegtside is positively correlated to salinity paréeng. In this
side, F1 selects the station located in the ndrt’Dig characterized by low concentrations of atdphyll
‘a’ and zooplankton density. In the other side, &s positively correlated with chlorophyll 'a’ and
zooplankton density. F2 selects the station locatethe south of this area, characterized by lakiseswater
and important concentration of chlorophyll 'a’ amdoplankton densities. It has concluded that this a
defines the effect of salinity waters on the spdistribution of zooplankton density.

We have noted also, that the F2 axis represen@020,0f total variables and that this axis positvel
correlated with temperature. In this side, F2 getbd¢he stations located in the north of M'Diq witiw
concentrations of chlorophyll 'a’ and zooplanktemgities. This axis describes a state of openiagviiDiq

to transfers of water from the Atlantic Ocean.
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Figure 6: The principal component analysis (PCAfgened based on the total density of zooplankion i
relation to abiotic parameters in Tangier (A) an®ig (B).

With Zoo: zooplankton total; Tem: temperature, Salinity, Chl 'a":.chlorophyll 'a .

C: coastal station, I: mid-station and L: offshetation (The radial Tangier).

N: station located in the north of M'Diq, I: inteediate station and S: station located in the so'Diq. P:
spring; E: summer and A: autumn

The study of the relationship between zooplanktomroanity and the abiotic parameters showed a
correlation between spatiotemporal variability aoplankton densities and temperature, salinity and
chlorophyll ‘a’ in both sides of Strait of Gibraita

In Tangier area, the zooplankton density decreasa the coastal to offshore station. The highersidies
recorded, mainly, in spring and summer with a maxinmbeen located on the coastal station. This sahson
and spatial variability correlated, mainly, to aligparameters. In fact, the establishment of tlaérfont
during the warms periods of studies promotes tlveldpment of phytoplankton near the coast. Theltest

the (PCA) analysis explains more that, which shtved the coastal station has positively charaadrizy
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high densities of zooplankton correlated negagivairrelated to the waters temperature and sigmiflg
with the high concentration of chlorophyll 'a’, pestively in spring and summer (r = 0,98 , p <0,db)x=
0,98, p <0,05). This behaviour follows a seasowalecof the zooplankton activities along the Moratc
coast. Indeed, the latter has related to the upwetlycles, which develops in spring, have reinéadrdn
summer, attenuates in autumn and decreases inrvi@&el0]. However, in Tangier, the strong copepod
densities have recorded in the coastal stationagltine whole seasons, except for autumn. Thisoborates
the results fronjd1-42], which underline a coastal localization of high Ziaoton densities for the Atlantic.

In the other side of Strait of Gibraltar, increaségooplankton densities recorded on the M'Digimediate
and south station. In spite of strong, space vditigbthe seasonal variability shown that the dges
zooplankton was low in autumn compared to the gpaimd summer. According to The PCA result, the wate
temperature as a parameter abiotic influences #msity of zooplankton in M’'Diqg, benefiting from the
contributions of cold water of Atlantic origin claaterized by low salinity. In fact, these nutrigictie waters
contribute to the growth of phytoplankton in theddie station and south of M’Dig due to the increhse
zooplankton densities in these stations comparatitn station. This finding confirmed by otherdits that
reported the zooplankton activity in M'Diq relatéal the seasonal cycle of the Mediterranean watessma
which follows change of flow entering and outgoitigough the Gibraltar Straji3, 44] In addition, the
accumulation of sea surface water in both anticyclogyres of the Mediterranean basin acts on the
distribution of zooplankton in this area. MoreqVéb] showed a seasonal cycle that related to an demilla
of the zooplankton abundance and that the maximaioes have recorded during the first six monththef
year.

Conclusion

In both areas, the influence of the environmengahmeters studied on spatiotemporal distribution
of zooplankton was significant. In Tangier, the ohation of coastal waters in spring and summer
promotes the development of phytoplankton and as®eof zooplankton densities. In M’Diq region,

the distribution of zooplankton is influenced by thupply of the Atlantic water more located in the
south of this region where high densities of zookian recorded.
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