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Abstract — This comparative study of mesozooplankton communities in the Tangier
(Atlantic) and M’Diq (Mediterranean) regions was carried out in March, May and Decem-
ber 2006 and in May, July and November 2007. In both sectors, the zooplankton is mainly
dominated by copepods, which represent 93% in Tangier and 87% in M’Diq, with respec-
tively 85 species in 24 families and 81 divided into 22 families. Spatio-temporal analysis
of Copepod specific richness data revealed highest values occurring in both areas during
December 2006 and November 2007 with 36 and 30 species respectively. During other sea-
sons, specific richness did not generally exceed 25 species. However, irrespective of area,
the composition of the Copepoda population was usually dominated by Paracalanus parvus
and Oncaea venusta. In terms of total density, the Atlantic is greater than the Mediterranean
sector with a maximum density of 1093 ind.m-3 and 796 ind.m-3, respectively, recorded in
July and May, 2007. The Shannon diversity index was calculated and indicated that the
Copepod community is more stable and balanced in the Tangier region compared to the
M’'Diq area, and in 2007 compared to 2006. Moreover, seasonal variation is more marked
in the Atlantic than in the Mediterranean area and in both sectors, the autumn season is
characterized by a low productivity but high specific diversity.
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Résumé — Cette étude comparative des communautés mésozooplanctoniques de la région
de Tanger (Atlantique) et M'Diq (Méditerranée) a été réalisée en mars, mai et décembre
2006 et en mai, juillet et novembre 2007. Dans les deux secteurs, le peuplement zooplanc-
tonique est dominé essentiellement par les copépodes qui représentent 93 % a Tanger et
87 % a M'Diq, avec respectivement, 85 espéces réparties en 24 familles et 81 réparties
en 22 familles. Lanalyse spatio-temporelle de la richesse spécifique a montré que le peu-
plement copépodique était plus riche en espéces dans les deux radiales étudiées en dé-
cembre 2006 et novembre 2007 avec respectivement 36 et 30 espéces. Durant les autres
saisons, la richesse spécifique ne dépasse pas 25 espéces. Toutefois, indépendamment
de la radiale étudiée, le peuplement des copépodes était généralement dominé par les es-
péces Paracalanus parvus et Oncaea venusta. Les plus fortes densités en copépodes ont
été enregistrées au niveau de la radiale de Tanger (Atlantique) avec des valeurs maximales
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de 1093 ind.m=2 et 796 ind.m~2 enregistrées, respectivement, en juillet et mai 2007. Lana-
lyse de la variabilité spatio-temporelle de la diversité spécifique a révélé que le peuple-
ment copépodique était plus structuré et équilibré en 2007 qu’en 2006, en Atlantique qu’en
Méditerranée. En outre, la variation saisonniere est plus marquée en Atlantique qu’en
Méditerranée et en automne ou les deux radiales ont été caractérisées par une faible pro-

ductivité mais une grande diversité spécifique.

Mots clés — composition du zooplancton, copépodes, indices biologiques, Tanger, M'Diq

1 INTRODUCTION

The continental Moroccan Atlantic
shelf has been the subject of several
zooplankton studies since the 1950s.
The first were carried out by Furnestin
(1959), Giron (1963), Mazza (1967),
Seguin (1973), Furnestin and Belfquih
(1976). These studies were followed up
by more recent work including Belfquih
(1980), Boucher (1987), Chiahou and
Ramdani (1997), Somoue (2004) and
Somoue et al. (2005).

However, the zooplankton commu-
nity of the two sides of the Gibraltar
Strait did not benefit from this interest.
The works carried out on these areas
focused on the study of the hydrolog-
ical and physico-chemical parameters
(Thomsen, 1931; MeGill, 1965; Schink,
1967; Coste et al., 1969, Gentili, 1987;
Minas et al.,, 1991; Minas and Minas,
1993; Bryden et al., 1994; Bray et al.,
1995; Bethoux, 1999; Garcia Lafuente
et al., 2000; Huertas et al., 2009). Ac-
cording to Harris et al. (2000), the zoo-
plankton community is very sensitive
and highly reactive to the environment
variations. In many cases, a change of
the structure of the zooplankton popu-
lations reflects a change in hydrolog-
ical and climatic conditions. For this
reason, many authors suggested using
the zooplankton like an indicator of the
global change (Fromentin & Planque,
1996; Edwards et al., 2001; Beaugrand

et al., 2000, 2002). In this context,
our primary goal is to compare cope-
pod population structure in two marine
ecosystems, using various biological
indexes. The second objective is to fol-
low the spatiotemporal variation of the
copepods community in both ecosys-
tems to indicate biological exchanges
between the Atlantic Ocean and the
Mediterranean environments.

2 MATERIAL AND METHODS
2.1 Studies areas and sampling

Two sectors were investigated using
a transect methodology: the first tran-
sect on the Atlantic coast was in the
area of Tangier, and the second on
the Mediterranean coast, in the area of
M’Dig. On each transect, three stations
were sampled. The mesozooplankton
was sampled during the following peri-
ods: March, May and December 2006;
May, July and November 2007 (Fig. 1).

The zooplankton samples were col-
lected using a small size Bongo net
with 145 um of mesh size. The net had
a flowmeter for measurement of the fil-
tered water volume. Sampling was car-
ried out in a standard way: bottom to
the surface, where the net is trailed
horizontally for 3 minutes (at constant
speed) and then hauled up vertically
in 1 minute. Then it is towed at the
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Fig. 1. Prospected areas and localisation of the sampled stations.

Fig. 1. Présentation du milieu et localisation des stations échantillonnées.

next depth at the same speed (vary-
ing between 2 and 3 knots) and again
for three minutes. The samples were
fixed with seawater formolized at 5%.
This sampling method was used by
several authors including Ferreiro and
Labarta (1984), Chesney & Alonzo-
Noval (1989), Chiahou & Ramdani
(1996) and Somoue et al. (2005).

Identification and counting of zoo-
plankton were carried out under a
binocular microscope, after dividing the
initial sample into fractions with the Mo-
toda box (Motoda, 1959). Thus, we
compiled a specific list for each sam-
ple using suitable keys for taxon deter-
mination (Rose, 1933; Tanaka, 1957;
Tregouboff & Rose 1957; Crisafi &
Mazza, 1966; Frost & Fliminger, 1968;
Bradford et al., 1983; Bradford-Grieve,
1994).

2.2 Biological Indexes calculation

After the harmonization of the count
tables, data analysis was carried out
following the calculation of several bi-
ological indexes, as follow:

e Total density (D) = number of in-
dividuals of different species of
the copepods found in a sam-
ple/volume of filtered water.

e Abundance (A) = (density of
species //total density) * 100.

e The specific richness (S) = number
of species present in a sample.

e The Shannon index H (Shannon &
Wiener, 1949) is a specific diversity
mesure (Margalef, 1958 in Frontier,
1983).

S

H=->"(Pxlog, P)

i=1
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with P;: dominance of species i, and
P; =My,

n;: the number of individuals of the
species i in the sample

N: total number of individuals in the
sample.

2.3 Statistical analysis of data

A cluster analysis of data, based on
the “average linkage” was established
using the software Statistica (Lance
& Williams, 1967; Legendre, 1984).
The principle of this method is to give
the same weight to all the objects in
the calculation of the average associ-
ation. For each cruise, the density of
each species was averaged over the
3 prospected stations. The Copepoda
list used for this analysis is limited to
taxa of which the percentage abun-
dance is higher than the threshold of
0.5% of the total of individuals col-
lected per period (Dessier, 1983; Lam
Hoai et al., 1985).

3 RESULTS

3.1 Qualitative structure
of zooplankton community

3.1.1 Copepods list

In both sectors, the zooplankton
community is dominated by copepods,
which account for 93% in Tangier and
87% in M’Diqg, with 85 and 81 listed
species respectively. The majority of
these species are cosmopolitan or
with a large geographical distribution
(Tab. I).

3.1.2 Specific richness of copepods

The spatio-temporal analysis of the
specific richness of copepods in the
Tangier area showed high richness in
2006 as well as in 2007. The maxi-
mum number of species was recorded
in December 2006 with 33 taxa and in
November 2007 with 36 taxa. These
values were recorded respectively at
the offshore and intermediate stations
(Fig. 2).

In M’'Diq, the space variation of the
specific richness of copepods is less
marked than the temporal one. The
periods December 2006 and Novem-
ber 2007 are characterized by maxi-
mum numbers of species compared to
the other periods (30 and 29 respec-
tively). Except for the period Decem-
ber 2006, the intermediate station was
richer in species during the various pe-
riods (Fig. 2).

The variance analysis (ANOVA 1)
shows that the space variation (be-
tween stations and areas) and interan-
nual variation, of the specific richness
are non-significant. On the other hand,
the variation between periods is highly
significant (P < 0.01) in both regions.

3.2 Quantitative variation
of copepods

In general, the total density of
copepods is higher in 2007 com-
pared to 2006 (Fig. 3), with a max-
imum on the Atlantic coastal station
(1093 ind.m=2 in July 2007), and on
the Mediterranean intermediate station
(783 ind.m™3 in May 2007). In spite
of strong space variability, the sea-
sonal variability shown in both tran-
sect data sets is weaker but copepods
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Fig. 2. Spacio-temporal variation of the species
richness in Tangier and M’Dig. M06: March 2006;
MAO06: May 2006; D06: December 2006; MAQ7:
May 2007; JO7: July 2007; NO7: November 2007
(st1, st2 and st3: sampling points in Fig. 1).

Fig. 2. Variation spatio-temporelle de la richesse
spécifique a Tanger et M'Digq.

are less abundant in autumn (Decem-
ber 2006 and November 2007) com-
pared to the summer (in Atlantic) or
spring-summer (in the Mediterranean).
In the latter period, the strongest den-
sities of the copepods occurred. How-
ever, spatio-temporal variations are not
significant between stations and pe-
riods (as tested by analysis variance
ANOVA).

3.3 Variation of the specific
diversity

The analysis of the spatio-temporal
variability of specific diversity revealed
that the copepod communities are
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Fig. 3. Spatio-temporal variation in the total den-
sities of copepods at the two areas.

Fig. 3. Variation spatio-temporelle de la densité
totale des copépodes au niveau des deux ra-
diales.

more structured and balanced in 2007
than in 2006 and in the Atlantic more
than in the Mediterranean (Fig. 4).
This situation corresponds with the au-
tumn season, whereas the population
is less structured during the other pe-
riods in both areas (Fig. 4) with an ap-
parent space variation along the tran-
sect but not significant (P < 0.05). The
interannual variation is significant for
the Atlantic (with the threshold 0.05)
whereas it is not significant in Mediter-
ranean sector.
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Fig. 4. Spatio-temporal variation of the Shannon
index (H’) in Tangier and M’Digq.
Fig. 4. Variation spatio-temporelle de I'indice de
Shannon (H’) a Tanger et M'Digq.

3.4 Specific affinity of the copepods
community

3.4.1 Atlantic transect (species)

The hierarchical analysis carried out
on the densities of the Copepods in
various periods made it possible to
distinguish between two independent
groups of species at an Euclidean
distance from 80 (Fig. 5A). The first
grouping is represented by two sub-
groups:

SG1: composed mainly of Calanus
helgolandicus, Oncaea  venusta,
Euchaeta hebes, Paracalanus pyg-
maeus and Nannocalanus minor.
These taxa presented a strong con-
tribution within the settlement of the
Copepoda (48.8%). The strong con-
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Fig. 5. Similarity between the different species of
copepods (A) and the months (B) in Tangier. C1
is March 2006; C2 is May 2006; C3 is December
2006; C4 is May 2007; C5 is July 2007 and C6 is
November 2007.

Fig. 5. Similarité entre les différentes especes de
copépodes (A) et les mois (B) a Tanger.

tribution of these cryophilic species
was recorded in July 2007. SG2:
represented by the two species; Acar-
tia margalefi and Oncaea dentipes,
with a cumulated abundance of 33%,
can be attached to the first grouping
(July 2007) and corresponds to the
period of May 2006.

The second grouping is dominated
by Paracalanus parvus, Oithona hel-
golandica and Acartia clausi, with
an average frequency abundance of
40.5%. On the temporal level, this
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grouping corresponds to the periods
of March 2006 and May 2007 charac-
terized by the predominance of these
thermophilous species.

The third grouping includes other
less abundant species that are
grouped by high affinities. Among
the species characterizing this group-
ing there are rare species such as
Paraeuchaeta gracilis, Lucicutia flav-
icornis and clausocalanoidae, which
have similar percentage abundances.

3.4.2 Atlantic transect (months)

Two principal groupings were dis-
tinguished by hierarchical analysis
(Fig. 5B). The first grouping (G1) corre-
sponds to July 2007, when a character-
istic copepod density peak (compared
to the other periods) was recorded.
The second group (G2) includes data
from months characterized by average
Copepod densities lower than those
recorded in July 2007.

In this last group, May 2006 got
singled out with an average density
of 448 ind.m=3. The remaining parts
are divided into two assemblies. The
first assembly (A1) is represented by
November 2007 and December 2006
when weak copepod densities were
recorded. The second assembly (A2)
gathers May 2007 and March 2006,
characterized by copepodic densities
ranging between 448 to 459 ind.m=3.

3.4.3 Mediterranean transect
(species)

In M’Diq, three groupings of species
were identified by the hierarchical anal-
ysis (Fig. 6A). The first grouping (G1)
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Fig. 6. Similarity between the different species of
copepods (A) and the months (B) in M’'Dig. C1 is
March 2006; C2 is May 2006; C3 is December
2006; C4 is May 2007; C5 is July 2007 and C6 is
November 2007.

Fig. 6. Similarité entre les différentes espéeces de
copépodes (A) et les mois (B) a M’'Diq.

is characterized by the predominance
of Centropages typicus, Acartia clausi,
Oncaea venusta and Euterpina acu-
tifrons mainly in spring and summer.
This grouping, is also characterized by
high copepod densities, with a strong
contribution of thermophilic species.
The second grouping (G2), com-
posed of other species showing a
weak contribution within the commu-
nity of the Copepoda. The accumulated
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percentage of this species group was
the highest in autumn (December 2006
(29.4%) and November 2007 (26.7%)).

The third grouping (G3), includes
species characterized by a great
affinity, with a high percentage of
presence and variable percentage of
abundance according to the months.
However, the species Paracalanus
parvus dominates the community of
the copepods in various periods of the
study.

3.4.4 Mediterranean Transect
(months)

As in the case of the Atlantic, two
groupings were identified (Fig. 6B).
The first group corresponds to May
2007, when maximum copepodic den-
sities were recorded. May 2006 is in-
dividualized from other months repre-
senting the second group, when the
density in copepod did not exceed
468 ind.m=3. The second group is
forked into two subgroups. The first
under group includes December 2006
and November 2007 and represents
the first assembly of the months char-
acterized by low copepodic densities,
whereas, the second assembly rep-
resented March 2006 and July 2007
when densities varied between 347
and 434 ind.m=3,

4 DISCUSSION

This study of the copepod communi-
ties present on both sides of Gibraltar
Strait revealed a considerable simi-
larity in species occurring in the two
prospected areas. Thus, 85 species
were counted in Tangier area and 81

in M'Diq area, including 63 species
common to both areas. Youssara &
Gaudy (2001) showed that specific di-
versity is usually larger in the Mediter-
ranean waters because of the addition
of some rare species that are absent
from Atlantic waters. Elsewhere, Giron
(1963) attributes the faunistic richness
of the sea of Alboran to its topography
which is characterized by a low conti-
nental shelf and to its geographical lo-
cation near Atlantic waters. These wa-
ters host neritic and pelagic species as
well as species of Atlantic origin.

The spatio-temporal comparison of
the total densities of the copepods
in the two studied transects re-
vealed stronger densities recorded in
Tangier (1093 ind.m=3) compared to
M’Diq where the maximum density is
796 ind.m™3. According to Rodriguez
et al. (1994), the accumulation of
sea surface water in both anticyclonic
gyres of the Mediterranean basin cre-
ates a thicker layer of water that is poor
in nutrients (oligotrophic water).

In Tanger area, the total density of
copepods starts to increase in May
(2006 and 2007) to reach its maximum
in July 2007 (1093 ind.m~3), before de-
creasing in December (134 ind.m=3).
This seasonal cycle of the zooplank-
ton activity along the Moroccan coast
is related to the upwelling cycle which
develops in spring, is reinforced in
summer, attenuates in autumn and
decreases in winter (Furnestin, 1959;
Thiriot, 1978; Belveze, 1991; Orbi &
Nemmaoui, 1992). On the other hand,
in the M’Diq region, this seasonal vari-
ation is not well marked, however,
as in the Atlantic, low copepod den-
sities characterized November 2007
and December 2006 (132 ind.m™
and 340 ind.m~2 respectively). A peak
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of copepod abundance was noted
in May 2007 (724 ind.m™3). Thus,
the zooplankton activity in M’Dig can
be related to the seasonal cycle
of the Mediterranean water mass
which follows change of flow enter-
ing and outgoing through the Gibraltar
Strait (Larnicol et al, 1995; Traon
et al., 2007). Moreover, Fernandez de
Puelles et al., (2003) showed a sea-
sonal cycle related to an oscillation of
the zooplankton abundance with max-
imum values recorded during the first
six months of the year.

According to the temporal analy-
sis of specific diversity, the copepod
community is more stable and bal-
anced in autumn (December 2006
and November 2007) compared to the
other periods investigated in the two
studied sectors. Indeed, during this pe-
riod, high values of the Shannon in-
dex were generated by a large num-
ber of species which are generally rare
and stenothermal in November 2007 or
by cryophilic and stenothermal species
in December 2006. In the other pe-
riods, relatively hotter, the Copepod
population in the two areas is less
structured and balanced. Chiahou &
Ramdani (1997) and Somoue et al.
(2005) noted respectively in the north-
ern zone (EL Jadida area) and south
of the Moroccan Atlantic (between
Boujdor Cape and White Cape), low
copepod diversity during the hot sum-
mer season.

The coast-offshore variability of the
various biological indexes is not very
well marked in the two areas. How-
ever in Tangier, the strong copepod
densities were recorded in the coastal
stations during the whole periods, ex-
cept for December 2006 and Novem-
ber 2007. This corroborates the re-

sults from Bainbridge (1972), Touré &
Gningue (1991) and Somoue et al.
(2005) which underline a coastal lo-
calization of high zooplankton densi-
ties for the Atlantic. In the Western
Mediterranean, Fernandez de Puelles
et al. (2003) revealed a reduction of the
Copepod abundance from the coast to
offshore.

Seasonal variability in specific
richness was recorded in both ar-
eas. Indeed, the highest values were
observed in December 2006 and
November 2007 (the specific richness
reached a maximum value of 46 in the
Atlantic and 47 in the Mediterranean),
in opposition to the other months when
the number of species listed did not
exceed 30 and 25 respectively.

Cluster analysis allowed us to distin-
guish two copepod populations based
on the degree of affinity between
species:

— A structured and balanced popula-
tion with low densities and a high
specific richness, observed in au-
tumn (December 2006 and Novem-
ber 2007) in the two prospected
transects.

— A poorly structured population with
high densities and a low specific
richness observed during summer
in the Atlantic and spring in the
Mediterranean. An intermediate sit-
uation, with average densities and
specific richness was observed in
spring (Atlantic) or in spring and
summer (the Mediterranean).

This variability of the structure of
the copepod population can be at-
tributed to environmental conditions.
Roy (1992) confirmed that the struc-
ture difference of the zooplankton com-
munities between the hot and cold
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months is related to the hydrological
conditions. In the Atlantic, the pres-
ence of unbalanced population in sum-
mer is due to the strong intensity of
the upwelling in this season (Wooster
et al.,, 1976; Binet, 1991). Indeed, this
phenomenon supports the develop-
ment of certain species to the profit
of others, which explains the imbal-
ance of the copepod community struc-
ture during the hot months which is
characterized by a low specific diver-
sity (Bainbridge, 1972; Boucher, 1982;
Jacques & Tréguer, 1986; Diouf, 1991).
In the Mediterranean, Atlantic flow and
the well known anticyclonic gyre sys-
tem of strong intensity occupy all the
southern Western zone (Gil, 1994) and
probably account for the various struc-
tural differences observed in the Cope-
pod communities within the Mediter-
ranean transect.

Based on previous work, there are
species endemic to the Atlantic or
to the Mediterranean Sea, and oth-
ers are common to both sectors,
including Paracalanus parvus and On-
caea venusta occurring during all pe-
riods with high percentages of abun-
dance. Several authors (Gaudy, 1962;
Mazza, 1967; Razouls, 1974) reported
that these species were observed in all
seasons and in different areas. Other
species are endemic to the Atlantic,
such as Pleurommama xiphias and
Pleurommama borealis located near
the coast in Tangier compared to M’Diq
where these taxa are absent. However,
we could not identify a species charac-
teristic of the Mediterranean sea prob-
ably because our sampling was limited
to shallower layers waters. The species
Mecynocera clausi, a good indicator
of upwelling in Atlantic, can be con-
sidered characteristic of exchange be-

tween both areas: it presents a high
percentage of abundance in Tangier
mainly near the coast and in M’'Diq, the
presence of this species is limited to
stations located in the north, with low
abundance. These stations are charac-
terized by a strong influence of Atlantic
waters.

Because of likely future changes
in those environmental conditions that
affect copepod communities, not the
least in global warming, it is wise
to maintain monitoring of these com-
munities in this sensitive Atlantic-
Mediterranean boarder region.
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