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Copepod species in the CCLME accounted for 60-95% of the zooplankton abundance being the bulk of the
mesozooplankton biomass. Two main groups of copepod species can be identified, representing
biogeographical and ecological characteristics: tropical and subtropical species, related to a sub region with
a low influence of the upwelling nutrient enriched waters (Cape Verde, Canary Islands and Cape Blanc); and
subtropical and luso-boreal species identified along the Northwest Africa coast (Cape Spartel-Cape Blanc)
with a strong seasonality of upwelling and coastal nutrient rich waters. A succession from small to medium
and large calanoids and gelatinous organisms from the upwelled waters to the ocean is the rule and this
pattern is coupled with a switch of the feeding mode of the zooplankters. A phytoplankton-based diet was
observed in the inshore upwelling zone whereas a microzooplankton based diet was observed offshore
under more oligotrophic conditions.

More studies are needed to verify that the patterns observed in zooplankton composition and distribution
30-35 years ago are still valid and that climate change and variability of upwelling strength is neither
altering the cycles nor the productivity of the CCLME. Also the zooplankton physiology deserves future
work as these organisms live longer than any other plankton and are the food of diel vertical migrants
(large zooplankton and micronekton).
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4.6.1. INTRODUCTION

Eastern boundary upwelling ecosystems, such as the Canary Current Large Marine Ecosystem (CCLME), are
marine eco-regions that show the highest productivities in both primary (phytoplankton) and secondary
(zooplankton) production and have attracted the attention of biological oceanographers since the mid
1950s. Zooplankton occupies a key position in the food web, and plays an important role in compacting
organic matter, which is of paramount importance for the functioning of the biological pump.

Currently, zooplankton is also the focus of research on responses of living organisms to climate change,
mostly because of their short life cycles (in the order of weeks) (Hays et al., 2005; Richardson et al., 2009).
This community is therefore an ideal candidate for the identification of signatures of change (e.g. changes
in phenology, physiological rates, export of organic matter and/or latitudinal displacement of species),
which is a major challenge for ecologists. However, an important bottleneck for such research in the CCLME
is the lack of routine sampling programmes (e.g. time-series) for such a large area (the CCLME occupies
about 5000 km of coastline along Northwest Africa (NWA) and approximately 7600 km if the archipelago
coasts are included).

Early studies of zooplankton off the NWA coast focused first on taxonomy and species assemblages (Faure,
1951; Furnestin, 1957; Corral, 1970; Corral and Pereiro, 1974; Boucher, 1982; Boucher et al., 1983), and
later on the quantification of abundances and biomasses (Seguin, 1973; Vives, 1975; Furnestin, 1976;
Hernandez-Ledn, 1988a; Fernandez de Puelles and Garcia-Braun, 1989; Somoue et al., 2005). It was more
recently that advanced ecological studies on production, respiration, coupling processes and vertical
carbon flux were initiated in the CCLME (Hernandez-Ledn, 1988b; Hernandez-Ledn et al., 2002, 2007).

We have an incipient understanding of the main driving forces determining the peaks in abundance, their
variability and patterns in the Canary Current (Makaoui et al., 2005; Aristegui et al., 2006; Benazzouz, 2014
Benazzouz et al.,, 2013, 2014). Seasonal changes and upwelling strength show a close link with the
production of phytoplankton and zooplankton. Similarly, zooplankton production and its seasonality vary
with latitude, with the highest values near Cape Blanc throughout the annual cycle (Pelegri et al., 2005).
However, these general patterns need to be corroborated and complemented with additional studies at
local and regional scales.

This article is an attempt to review (i) the taxonomy and biogeography of the main zooplankton groups in
the CCLME and its area of influence northwards and (ii) patterns in the abundance and biomass of
zooplankton in the CCLME (with data obtained from international surveys and national sampling
programmes); (iii) it also seeks to give an overview of physiological rates (e.g. respiration) and fluxes in this
upwelling region.
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4.6.2. DATA SOURCES AND METHODS
4.6.2.1. Data sources

Descriptions of taxonomy, species assemblages and biogeography of zooplankton based on copepod
species in the CCLME and its area of influence were obtained from several data sources, mainly (i) existing
data published in scientific literature (e.g. Morocco, Canary Islands, Senegal, Guinea), (ii) data provided by
different authors and (iii) data downloaded from the Ocean Biogeographic Information System (OBIS-
www.iobis.org, accessed on 14 January 2015) in order to fill the gaps in data for the waters surrounding the
Cape Verde Islands.

In order to compare patterns in the abundance and biomass of zooplankton and their role in carbon fluxes
in the CCLME, most data were obtained from the literature, and also from surveys carried out on board
Moroccan, Russian and other research vessels in the context of regional programmes and international
projects (e.g. data obtained from publications and internal reports provided by the Institut National de
Recherche Halieutique of Morocco - INRH).

Physiological rates were obtained from published data obtained from different cruises performed mainly in
the area between Cape Ghir and Cape Blanc. During the 1990s and the first decade of this century, the
institutions engaged in marine science in the Canary lIslands studied the transport of phytoplankton,
zooplankton and fish larvae from the rich upwelling area to the oligotrophic ocean. Most of the research
was focused on the study of upwelling filaments and their interaction with cyclonic and anticyclonic eddies
shed by the Canary Islands. All these studies were carried out under the umbrella of the international
Global Ocean and Ecosystem Dynamics (GLOBEC) in an attempt to understand the mechanisms of plankton
production and fluxes, as well as the mechanisms of fish larvae drift from the upwelling region to the
Canary Islands and the open ocean (Herndndez-Ledn et al., 2007).

4.6.2.2. Methodology

The original data provided by Morocco for taxonomy, abundance and biomass were obtained through
zooplankton samples collected with a small-size Bongo net (20 cm mouth diameter and 145-150 um mesh
size) equipped with a flow-meter for measuring the water filtered. Zooplankton samples were immediately
preserved in 5% borax-buffered formalin. Identification and counting of zooplankton were carried out
under a binocular stereoscope. Oceanographic observations and sampling of the entire area localized
between Cape Spartel and Cape Blanc were conducted aboard the Russian R/V AtlantNiro during the warm
(July 1994) and cold seasons (January-February 1995). For other physical, chemical and biological data we
refer the reader to the original publications, describing the methodologies followed by the authors.

4.6.3. RESULTS
4.6.3.1. Zooplankton assemblages and biogeography

Zooplankton assemblages in different sectors of the CCLME have been studied by Furnestin (1957), Corral
(1970), Corral and Pereiro (1974), Vives (1975), Boucher (1982), Chiahou (1997) and Somoue (2004) among
many others, covering both the highly productive coastal waters and the oligotrophic oceanic waters. The
holoplanktonic organisms comprised 15 groups: Hydromedusae, Ctenophora, Siphonophora, Polychaeta,
Pteropoda, Cladocera, Ostracoda, Copepoda, Anphipoda, Mysidacea, Euphausiacea, Chaetognata,
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Appendicularia, Doliolida and Salpida. Meroplanktonic organisms were represented by 9 groups:
Gastropoda, Bibalvia, Cirripedia, Natantia, Anomura, Brachiura, Bryozoa, Echinodermata and Teleostei. As
expected, copepods dominated the zooplankton in terms of abundance and number of species.

A checklist of copepod species was produced with data available in different regions of the CCLME
(Morocco, Canary Islands, Cape Blanc, Guinea and Cape Verde Islands). The region is extraordinarily
diverse, including up to 511 copepod species, which is 2.5 times the number of species identified
(approximately 200) for the entire Ibero-Atlantic margin (from Santander to the Gulf of Cadiz, even though
this coastline is approximately half that of the CCLME). The number of identified copepod species for the
different regions were (from North to South): North Cape Bojador, 116; Canary Islands, 286; South Cape
Bojador, 104; Cape Blanc, 244; and Cape Verde, 295. Up to 60 species are common to 4 or 5 datasets and
these are widely distributed species (Table 4.6.1), making up the bulk of zooplankton; up to 315 species
were identified in at least two areas, whereas 196 species were counted in only one dataset.

The similitude analysis of copepod species and assemblages of 13 datasets, 5 from the CCLME" plus 8
other datasets from the northern area of the upwelling (the spatial coverage goes from 14°N to 50°N, i.e.
36°N latitude, in other words more than a third of the northern hemisphere), shows two main clusters (Fig.
4.6.1) representing biogeographical and ecological characteristics. One cluster groups together the datasets
from Cape Verde, the Canary Islands, Cape Blanc, Madeira and the Gulf of Cadiz, a subregion characterized
by tropical and subtropical species and with a low influence of the upwelling nutrient-enriched waters; a
second group encompasses the datasets from the North and South Cape Bojador areas, Portugal, Galicia,
Asturias, the Bay of Biscay and the Celtic Sea, which is characterized by subtropical and luso-boreal species,
with strong seasonality and under the influence of upwelling and coastal nutrient-rich waters.
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1-Pearsonr

Cv
ICA
CB

MAD
GCA =
MSA |
MRC ]

PTGS ——
PTGN |———

Tropical
Subtropical
/[species

Luso-boreal

species B ]—
GV

AST

PML

0.2 04 06 08 1.0 1.2 14 16
Linkage Distance

Figure 4.6.1. Ordination of copepod collections at different sampling sites. Cape Verde (CV), Canary Islands
(ICA), Cape Blanc (CB), Madeira Islands (MAD), Gulf of Cadiz (GCA), South Cape Bojador (MSA), North Cape
Bojador (MRC), South of Portugal (PTGS), North of Portugal (PTGN), Galicia (GAL), Asturias (AST), Bay of
Biscay (GV) and the Celtic Sea (PML).

! For the similitude analyses we removed the datasets from Guinea as these comprise fewer than 25 species whereas
the other catalogues comprise more than 100 species each.
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4.6.3.2. Abundance and biomass patterns in the CCLME

As expected, copepod species in the CCLME accounted for 60%—95% of the abundance of zooplankton and
makes up the bulk of the mesozooplankton biomass (Fernandez de Puelles, 1986; Corral, 1970; Somoue et
al., 2005; Salah et al., 2012; Zaafa et al., 2012a). Using available data and published literature, the following
patterns in abundance and biomass, from north to south of the CCLME, were observed:

North Cape Bojador area (35°48'N-26°N)

Geographically located between the European temperate zone and the African tropics, this area is
characterized by an irregular coastline, seasonal variability and rich shelf sea dynamics. According to these
features, two main areas are considered:

- From Cape Spartel to Cape Beddouza (35°48’N-32°30’N): The position of the Azores Current, the
presence of the Strait of Gibraltar, and the orientation of the coastline contribute to weak upwelling
conditions in this area with strong seasonality and low productivity during the cold season. Biomass
distribution in this area was recently studied in relation to seasonality during the warm (July 1994) and cold
(January-February 1995) seasons (Fig. 4.6.2A). Average wet zooplankton biomass did not exceed 400 mg
m?, the biomass during the warm season amounting to half of the values observed during the cold season.
The distribution did not show a clear pattern other than the coastal influence. However, some mesoscale
activity was observed, forcing offshore advection of zooplankton biomass during the cold season.

According to a seasonal sampling (2006-2007) in one transect near Tangier (Zaafa et al., 2012a, b), the
zooplankton assemblage was dominated by copepods (93%) representing 85 species belonging to 34
families. Copepod species richness reached a maximum during autumn (December 2006 and November
2007), coinciding with low abundances, indicating a structured and balanced population. During the
upwelling season in summer, the population was dominated by a few species with high densities and low
richness. The dominant species in this area were Paracalanus parvus, Oncaea venusta, Calanus
helgolandicus and Acartia clausi.

- From Cape Beddouza to Cape Bojador (32°30’N—26°N): Variability in this area is rather high due to
the irregularity of the coastline and the position of the Canary Islands (Fig. 4.6.2B). A strong seasonal
upwelling characterizes this area, with pronounced summer peaks in August and early September.
Remarkable features of this area are the presence of two mesoscale structures, the giant and quasi-
permanent filament off Cape Ghir (30°37'N) and the intermittent upwelling filament off Cape Juby. Both
structures have a pronounced impact on the structure of plankton communities as biological tracers of
upwelling filaments (Rodriguez et al., 2000; Berraho et al., 2012).

A seasonal study was carried out over two years (2008-2009) in Cape Ghir and Cape Juby to understand the
physical functioning (Troupin, 2011; Makaoui et al., 2012) and the structure of plankton communities
(Molina, 2013; Salah et al., 2012, 2013; Salah, 2013). Coastal areas surrounding the Cape Ghir and Cape
Juby region are zooplankton concentration sites (Fig. 4.6.2B). Contrary to the northern area, the highest
biomasses are observed during the warm season, with values exceeding 700 mg m™ in inshore waters.
During the cold season, high mesoscale activity again forces the displacement of zooplankton offshore.

In both areas, copepods dominate the zooplankton communities with 65% to 99% of total zooplankton.

This group accounted for 86 species in Cape Ghir and 56 in Cape Juby. Dominating species in both Capes

were: Acartia clausi, Oithona nana, Oithona similis, Oncaea venusta and Paracalanus parvus. These are

neritic species characterized by a wide tolerance to changes in environmental factors and contributing
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strongly to the signature of the upwelling filaments, and can be considered to be biological tracers of these
filaments.

The copepod community differed between coastal and offshore waters. Offshore, species diversity and
evenness were greater and the copepod community was more structured. Near the coast, the community
was less structured under the strong influence of the upwelling and the less stable hydrological conditions.
Temporally, low copepod diversity was recorded in June, coinciding with the seasonal intensification of the
upwelling in both Capes.

Warm season s arte Cold season
A
o Warm season Cold season
N
s0°N|
B
29°N
28°N
27N
C

19°W 18°W 17w 16°W 15W 15°W

Figure 4.6.2. Distribution of zooplankton biomass expressed as wet weight (mg m™) in summer (July 1994)
and cold (January-February 1995) seasons in North (A and B) and South (C) Cape Bojador areas. Please note
the difference in colour scales in the right bar; dots indicate the sampling stations.
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Canary Islands (28°N)

The annual cycle (June 1983-February 1985) of mesozooplankton (> 250 um) was studied by Fernandez de
Puelles (1986) and Fernandez de Puelles and Garcia-Braun (1989) at a sampling site northeast of Tenerife
Island (1200 m depth). The annual cycle showed two peaks, in winter and spring. The average abundance
was 280 ind m™ with peaks in March and May reaching approximately 900 ind m>. The zooplankton
assemblage was composed of 76% of copepods, with the genus Oncaea (18%), Clausocalanus (18%),
Oithona (17%) and Paracalanus (7%) being the most abundant and accounting for 60% of the total
copepods. Average biomass (dry weight) of mesozooplankton was 3.99 mg m™. The bloom observed in the
Canary Islands matched the pattern observed in northern Morocco, but was quite the opposite to the
pattern shown between Cape Bedouzza and Cape Bojador (which is much closer in distance to the
archipelago).

South Cape Bojador area (26°N-21°N)

In this region, the upwelling is strong and quasi-permanent. According to a north-south axis, the 26°N-25°N
region corresponds to the active upwelling centre characterized by high turbulence and relatively low
biological productivity. In the Dakhla region (25°N-23°N), the presence of mesoscale features (gyres and
filaments) caused by warm coastal currents, gives rise to offshore advection of cold water and enhances
plankton productivity (Makaoui et al., 2005). Further south, from Cape Barbas to Cape Blanc (23°N-21°N),
high biological productivity was normally found throughout the annual cycle. This richness is a result of the
upwelling, despite its low intensity, and advection of South Atlantic Central Water (SACW), which is quite
rich in nutrients. The Cape Blanc region (20°50’N) constitutes a southern limit of the summer upwelling
(Barton, 1998) and an ecological border (Binet, 1991). This was illustrated by the spatial distribution of wet
biomass of zooplankton which showed a positive north-south gradient during the warm and cold seasons
(Fig. 4.6.2C).

In this area the copepod population is represented by 104 species belonging to 29 families and widely
dominated by Calanus helgolandicus, Paracalanus parvus, Acartia clausi and Corycaeus typicus. In addition,
Oithona helgolandica, Euterpina acutifrons and Temora stylifera normally exhibit a rather high abundance
north of Dakhla. Further south, Calanus helgolandicus, C. minor, C. carinatus, Centropages typicus,
Paraoithona parvula, Paracalanus aculeatus, Temora stylifera and T. longicornis were the most abundant
species. They are preferential herbivores and colonize regions enriched with nutrients where
phytoplankton proliferates. Copepod diversity was generally high in winter and low in summer (Somoue et
al., 2005).

Mauritanian area (21°N-16°N)

This region shows the maximum intensity of upwelling during winter (February-April) (Benazzouz et al.,
2013, 2014; Ndoye et al., 2014). Several geographical features in this area, such as the Cape Blanc
peninsula, contributed to rather high hydrological variability and the presence of upwelled SACW, as well as
multiple upwelling filaments (Kostianoy and Zatsepin, 1996).

Different inventories of copepod species were established in the 1970s (Binet and Dessier, 1971; Seguin,
1973; Vives, 1975). On the basis of these studies, Boucher (1982) concluded the existence of a transition
zone along the Mauritanian-Senegal region. This area represents the southern limit of temperate copepod
species distribution (i.e. Calanus helgolandicus, Temora longicornis and Oncaea curta) and the northern
boundary of tropical species (i.e. Undinula vulgaris, Eucalanus pileatus, Euchaeta paraconcinna, Acartia
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plumosa, and Corycaeus africanus). This faunistic border perfectly matched the hydrological boundary
between the North Atlantic Central Water (NACW) and SACW (Minas et al., 1982). However, changes were
noted in these two water masses as a result of the northward propagation of the SACW, which relied
mainly on the poleward undercurrent associated with the coastal upwelling (Aristegui et al., 2006).
Therefore, significant variability of zooplankton biomass, distribution and species diversity was normally
observed in the coastal waters of Mauritania during winter (Glushko and Lidvanov, 2012).

Senegambian area (16°N-12°N)

Seasonal variation of zooplankton composition, abundance and biomass in Senegambia was studied by
Gaudy and Seguin (1964), Seret (1983) and Medina-Gaertner (1988), among others. Copepod assemblages
were determined in different hydrographic seasons (Gaudy and Seguin, 1964). Ten species of Calanoida are
perennial in the area: Eucalanus pileatus, E. subtenuis, Euchaeta marina, Scolecithrix danae, Temora
stylifera, T. turbinata, Centropages chierchiae, Candacia pachydactyla and C. curta. It is interesting to note
that, although all these species were present in the inventories analysed in the dendrogram shown in
Figure 4.6.1, most of them are not included among the most common ones in Table 4.6.1 (red dots), which
is consistent with the faunistic boundary indicated in the previous section.

Zooplankton was quite abundant throughout the year (abundances > 2000 ind m™) with peaks of both
biomass and abundance (in the order of 15,000 ind m>) from November to January (1982-1983) and
secondary peaks (5000-10,000 ind m) in May and August 1982. Binet (1991) suggested that phytoplankton
and zooplankton growth cycles seemed to be coupled, which he related to (i) the Ekman transport of
surface waters and (ii) ontogenetic migrations of copepod species coupled with the upwelling of deep
waters.

Guinean area (10°N-9°N)

Zooplankton taxonomy and abundances were studied in the vicinity of Conakry (Loos Islands, 9°26’N) by
Khlistova and Kéita (1985). A total of 50 copepod species were identified (Calanoida, 50; Cyclopoida, 20;
and Harpacticoida, 7). Paracalanus quasimodo, Oithona brevicornis, O. simplex, O. spinulosa and O. nana
were the dominant species, accounting for 80% of total zooplankton abundance. During some periods,
other species such as Corycaeus africanus, Temora turbinate, T. stylifera, Centropages furcatus, Eucalanus
pileatus, E. subcrassus, E. mucronatues and Euterpina acutifrons also reached high abundance levels.

Although the sampling site was shallow and under a strong coastal influence, we noted marked consistency
in seasonality, with peaks (15,000-18,000 ind m?®) during December and January and low values during
February and March (5000-6000 ind m?). These high numbers were similar to those found in the
neighbouring region of Senegambia.

4.6.3.3. Carbon fluxes mediated by zooplankton

Pioneering zooplankton feeding and metabolic studies in the upwelling waters of the CCLME were carried
out during the 1970s as part of the CINECA (Cooperative investigation of the central part of the Eastern
Central Atlantic) project. Some of the experiments performed at that time are, unfortunately, still
unpublished in peer-reviewed journals and remain in different reports. Copepods and euphausiids were the
target species commonly used. Concomitantly, other approaches to studies of metabolism were developed.
Enzymatic activities like the Electron Transfer System (ETS, Packard et al., 1974), digestive enzymes like
amylase (Boucher and Samain, 1974) and proteases (Boucher and Samain, 1975) were used as proxies for
respiration, grazing and carnivorism, respectively. An important set of data was generated during that time,
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providing the basis for knowledge of the role of zooplankton physiology in upwelling systems. During the
1990s, large projects such as CANIGO (Parrilla et al., 2002), MAST (Barton et al., 1998), and Coastal
Transition Zone (Barton et al., 2004) made the major contribution to the knowledge of fluxes mediated by
zooplankton.

The general pattern in upwelling areas is a marked decrease in nutrients and chlorophyll from the coast to
the ocean (Le Borgne, 1980), which is also coupled with an increase in zooplankton biomass towards the
ocean. A succession of small to medium and large calanoids and gelatinous organisms from the upwelled
waters to the ocean is normally the rule (Postel, 1990). Zooplankton have longer generation times than
primary producers and therefore survive for longer periods, so they could be transported far from the
coast. The increase in zooplankton size and temperature and the decrease in food along the offshore drift
imply changes in the physiology of the organisms, as shown by lkeda (1985). These changes were also
observed in a switch in the feeding mode of organisms. A phytoplankton-based diet was observed in the
inshore upwelling zone. Hernandez-Ledn et al. (2002) observed that 90%-100% of feeding in the proper
upwelling was phytoplankton, whereas only 10%-20% of the zooplankton diet was pigmented food in the
oceanic waters (Fig. 4.6.3). As mentioned, organisms drifting and succession developed towards the ocean.
Organisms changed their feeding to non-fluorescent food, to a microzooplankton based diet. This was also
observed in fish larvae by Bécognée et al. (2009) and seems to be a general rule for zoo- and
ichtyoplankton in the transition zone.

A permanent and prominent feature of upwelling zones is the formation of filaments of colder and fresher
waters flowing to the ocean. In the Canary Current, the first observations of filaments were obtained from
remote sensing (Van Camp et al., 1991; Herndndez-Guerra et al., 1993). They have important consequences
for fluxes as they transport phytoplankton (Aristegui et al., 1997), zooplankton (Hernandez-Ledn et al.,
2002) and fish larvae (Rodriguez et al., 2004) to open ocean waters. As observed by Postel (1990) as a
general pattern for the upwelling off NWA, the faunistic composition of filaments showed a clear
dominance of small and medium-sized copepods, and large species with a large oil sac (Hernandez-Ledn et
al., 2007). Zooplankton biomass transported along the filaments also showed the influence of
hydrodynamics in their physiology. Hernandez-Ledn et al. (2002) and Yebra et al. (2004) studied the effect
of these structures on the feeding and metabolic rates of this community. These authors found twofold
higher gut fluorescence inside the filaments compared to surrounding waters, indicating increased grazing
in the chlorophyll-enriched waters of the filament. Hernandez-Ledn et al. (2002) also observed gut
fluorescence decreasing as organisms drift to the ocean inside the filament waters. However, although ETS
activity also decreased, this proxy for respiration remained at relatively high levels. The growth index used
(Aspartate Transcarbamylase Activity, ATC) nevertheless increased towards the ocean (Yebra et al., 2004).
Thus, from the physiological standpoint, a succession from the coast to the ocean seemed to occur, with
zooplankton feeding heavily on phytoplankton in the upwelled waters and sharply decreasing their grazing
towards the ocean as metabolisms remained high and growth increased through the oceanic waters (Fig.
4.6.3). These features indicated a switch from a diet based on phytoplankton to one based on
microzooplankton as zooplankters drifted towards the ocean, since their metabolism and growth remained
rather high.
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(1l 0, mgtprotein h™), (e) specific ATC activity (nmol carbamylaspartate mg™protein min™), and (f) the
index of omnivory (ingestion-grazing/ingestion). The transect T1 is close to the African coast and T6 is
oceanic (oligotrophic). Observe the Sharp decrease in chlorophyll followed by primary production and
zooplankton biomass, while gut fluorescence and ETS activity decreased offshore, ATC activity remained
constant and the calculated index of omnivory sharply increased toward the ocean (from Hernandez-Leén

et al., 2002).
191



Berraho, A., Somoue, L., Hernandez-Ledn, S. and Valdés, L. Zooplankton structure in the CCLME

Another important characteristic of the CCLME is the presence of the Canary Islands, a 600 Km barrier in
the path of the main current, promoting significant mesoscale activity leeward of the islands. Cyclonic and
anticyclonic eddies shed by the islands generates the so-called “Canary Eddy Corridor” (Sangra et al., 2009;
Sangra, 3.5 of this work). These eddies also have a strong influence on the distribution of phyto- and
zooplankton (Hernandez-Leén et al.,, 2001). While cyclonic eddies produce centrifuge transport,
anticyclonic eddies promote downwelling, sinking prokaryotes and phytoplanton (Aristegui et al., 1994;
Aristegui and Montero, 2005), and causing an accumulation of zooplankton because of their capacity to
swim and avoid sinking (Hernandez-Ledn et al., 2001). The increase in primary production in cyclonic eddies
also promotes an increase in the metabolic activity of zooplankton, as observed from ETS activity
(Hernandez-Ledn et al., 2001). The interaction between filaments and eddies shed by the islands fostered a
net transport of organic matter to the open ocean which is not fully understood at present.

4.6.3. DISCUSSION AND CONCLUSIONS

The CCLME constitutes one of the four main Eastern Boundary Upwelling Ecosystems (EBUEs) of the world,
characterized by their high productivity. The CCLME covers a huge region (9°N-35°N) with marked
geographical/topographical diversity. The current knowledge on regional variability in plankton community
structure is sparse, with a few well-documented local exceptions, and insufficient to derive geographical
patterns of variability (Aristegui et al., 2009a). However, the common feature throughout the CCLME is the
dominance of copepods, despite wide variability of biomass, distribution and species diversity from one
region to another.

According to Boucher (1982), the comparison of communities that are distant in latitude but connected by
similar hydrological, chemical and environmental conditions, offers an opportunity to identify the influence
of biogeography and environment conditions on the types of organisms that inhabit them. Upwelling areas
are favourable environments for this approach, with a small number of abundant species having similar
importance in every region (Table 4.6.1).

In the Moroccan area, zooplankton (mainly copepods) showed a wide biogeographical distribution with
many cosmopolitan species from neighbouring regions. Between the lberian coast and the North Moroccan
coast, species exchange is reduced on account of the low flow between the two regions, caused by the
interruption of the coastline at the Strait of Gibraltar (Aristegui et al., 2006). However, plankton exchange
between the Atlantic Ocean and the Mediterranean Sea through the Strait of Gibraltar is more marked in
the Atlantic - Mediterranean direction than in the opposite direction. According to data from 2006-2007,
among the 103 species recorded at two transects on both sides of the Strait, 61.2% were common to both
sectors, while 21.4% and 17.5% were endemic to the Atlantic Ocean and the Mediterranean Sea,
respectively (Zaafa et al., 2012b). The Mediterranean outflow is reduced because of the shallow depth of
the Strait (< 300m), and, according to Gdmez et al. (2000), microplankton distribution patterns in the Strait
of Gibraltar showed an increased abundance from southwest to northeast, a tendency coinciding with a
gradual elevation of the Atlantic-Mediterranean depth in the same relative direction.

From Cape Beddouza to Cape Blanc, inventories of copepod fauna showed changes in latitudinal
distribution of some species as well as the emergence of other species from distant areas. Boucher (1982)
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identified, Temora longicornis and Calanoides carinatus, reported only in the Mauritania-Guinea sub-region
(Furnestin, 1960; Paiva, 1970; Seguin, 1973, 1981). North Atlantic species, such as Heterocope saliens,
Calanus hyperboreus and Scaphocalanus medius, and species with quite wide distribution ranges in the
Atlantic and Pacific Oceans (e.g. Scaphocalanus brevicornis) have also been reported between Cape Bojador
and Cape Blanc (Somoue, 2004; Somoue et al., 2005). Recently, Euchaeta paraconcinna, a south-central
Atlantic species, and the widely tropical Paracalanus tropicus (Southeast Atlantic) have also been found in
the area (Lidvanov et al., 2013).

In Cape Blanc, Temora turbinata, a species indicating the southern origin of the water mass, was dominant
in the copepod assemblage during winter 2009/2010 as a result of the inflow of warm waters into northern
regions (Glushko and Lidvanov, 2012). In a similar context, analysis of zooplankton assemblages in the
Mauritanian coastal waters during summer periods from 1998 to 2004 revealed pronounced increments of
the percentage of species, normally observed in the Senegal and Guinea waters. Simultaneously,
decreasing upwelling intensity and northward displacement of the boundary between the NACW and the
SACW were observed. Thus, the south species abundance on the Mauritania shelf can be attributed to the
northward advection of SACW (Sirota and Zhigalova, 2007).

According to Lindley and Daykin (2005) and Valdés et al. (2007), the calanoid copepods Centropages
chierchiae and Temora stylifera have both moved northwards and were found off the Iberian Peninsula in
the 1970s and 1980s and into the English Channel in the 1990s. The northward shift of zooplankton species
under the effect of increased temperature has been well studied in the Northeast Atlantic region. Here, the
range shifts revealed by zooplankton in response to global warming was estimated to be about 200 km per
decade (Richardson, 2008), being among the fastest and largest of any group of marine or terrestrial
organisms (Richardson et al., 2009). These changes in the distribution and structure of zooplankton
communities directly impact the food web, particularly fish species whose diet is planktivorous.

The data presented in this review show that the abundance of zooplankton populations is determined by
the seasonality and the upwelling regime. In spite of the different sources of information used in this
review, we found a strong consistency in the range of values and the seasonal patterns. However, it must
be noted that most of the data available (mainly the annual cycles in short time series) come from studies
carried out during the 1980s. More studies are needed to verify that the patterns observed 30-35 years ago
are still valid and that climate change and variability of upwelling strength is altering neither the cycles nor
the productivity of the CCLME. The zooplankton physiology also deserves future work as these organisms
live longer than any other plankton and are the food of diel vertical migrants (large zooplankton and
micronekton), which also transport carbon from the ocean upper layers to the deep sea through active flux.
This mechanism should shed light on the fate of the huge productivity of upwelling areas.
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