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ABSTRACT: The Mauritanian Province, which comprises the area from the NW-African shelf to
about 20 °W and from Cape Timiris to Cape Verde, is redefined on the basis of fish larvae distribu-
tion patterns, direct and indirect current measurements, CTD-O2 hydrography and SST-remote sen-
sing. lts northern and western boundaries coincide with the permanent, although not stationary,
Cape-Verde-Frontal-Zone separating North- and South-Atlantic-Central-Water masses. Its southern
boundary is characterized by tropical temperatures throughout the year. The oceanic Mauritanian
Province is a myctophid dominated system that lacks genuine endemic species. Many deep-meso-
pelagic species of Myctophidae as well as other families are absent or rare in its centre, whilst some
northern oceanic Myctophidae acquire a pseudoceanic character and prosper. On the other hand,
tropical species of both oceanic and neritic origin co-occur alongside such cold-temperate Mycto-
phidae. Distribution patterns of fish larvae were partly directly dependent on currents intruding into
the province and partly indirectly on the impact of the circulation system on the local hydrography.
Local hydrography could affect the survival capability of either larvae or adults. While an oxygen
deficit southeast of the frontal zone is a limiting factor for subsurface-epipelagic and mesopelagic
species, southwestward Ekman-drift and the related temperature deficit hampers the intrusion or
survival of tropical fish larvae with neustonic or shallow vertical distribution. Southern, deep living
or eurybathic species with lower temperature preferences are transported into or even beyond the
province by northward currents. A transport model describing the input/output mechanisms of the
province and defining its limiting features is presented and discussed in respect to recent literature.

INTRODUCTION

The “Mauritanian Upwelling Region” was originally defined by Backus et al. (1977)
on the basis of the mesopelagic fish family Myctophidae (Fig. 1). The offshore bounda-
ries were at that time depicted on the basis of temperature data alone. The status as a re-
gion was based on the occurrence of two supposedly endemic species (Symbolophorus
kreffti and Lampadena pontifex). Hulley (1981) found that the distribution of these two
species was not restricted to that region. Even though myctophid biomass values were
generally comparable, at least a portion of this area can be regarded as a discrete pro-
vince, since the species composition, diversity and the rank order of individual species
differ strikingly from that of adjacent areas.
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Fig. 1. The station grid analysed in relation to the boundaries of the “Mauritanian Upwelling Re-

gion"” as originally defined by Backus et al. (1977). The inset shows the location of the station grid

(diagonal hatching) in the North Atlantic Ocean. The Mauritanian Region had been originally divi-

ded into a northern and southern Mauritanian Province (“NMP" and “SMP", separated by the das-

hed line). The area in the centre of the Mauritanian Bight and depicted as MP is the Mauritanian
Province as defined in this study

Also based on Myctophidae, the area has been classified as “unique in the North At-
lantic in that its species assemblage comprises species with northern, subtropical, and tro-
pical distribution patterns” (Badcock, 1981). This holds widely true also for coastal fishes
(Maurin, 1968), and was generally explained with the upwelling-related zonal tempera-
ture deficit (Briggs, 1974). The zonal temperature deficit along the NE-Atlantic boundary
was described by Wooster et al. (1976). Additionally, off Mauritania among euphausids
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an endemic of the Southeast Atlantic upwelling area was reported to be first ranking
(Weigmann-Haass, 1976).

Several myctophids of the subpolar-temperate and temperate-oceanic assemblages
acquire a pseudoceanic capacity along the West African slope towards tropical latitudes,
and can be top ranking there (Badcock, 1981). Furthermore, Badcock related peak abun-
dances of other shelf-break mesopelagic fish taxa to the along-slope undercurrent
system.

John (1986) reviewed the data from NW-African quantitative fish larvae surveys. He
pointed out that some elsewhere ubiquitous and abundant larvae of oceanic species were
almost absent off Mauritania. These "anomalies” could not be related to the zonal tem-
perature deficit alone, but other physical and perhaps biological features must contribute
also to the unusual species composition in the Mauritanian upwelling area.

Numerous studies on fish larvae in the Mauritanian coastal upwelling regime have
been published (John, 1986 and literature therein). The data presented below are the first
biological data to describe the western and southern boundaries of the Mauritanian Pro-
vince. They will be used to exemplify some characteristics of the Mauritanian Province
and to examine the interactions of adult and larval ecology with the hydrographic regime.

MATERIAL AND METHODS

Generally the data presented below are a synopsis of 3 cruises by the German RV
“Meteor” (Met). These are Met 64, January-February 1983 (maps cut off at the shelf edge
for reasons given below); Met 6, November-December 1987; and Met 9, January-Fe-
bruary 1989. For cruise reports see Siedler et al. (1983), Miiller et al. {1988) and Zenk et
al. (1989). The individual station grids, shown in Figure 2, yielded a total of some 40000
fish larvae. Additionally, previously published data for some neustonic species from two
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Fig. 2. The individual station grids of the three surveys in relation to the boundaries of the ,Mauri-
tanian Upwelling Region™”
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open-ocean neuston surveys were pooled with the above mentioned data (see Andres &
John, 1984; John, 1976/77).

For Met 6 and 9 in-situ hydrographical data are available, while for Met 64 such in-
formation is restricted to two surveys one month later (references given below).

Species compositions and abundances were obtained using neuston-net (NEU) sur-
face tows, and multiple-opening-closing-net (MCN) hauls from the depth range 200-0 m.
The NEU sampled uniformly on average 600 m? per cast. The MCN was towed obliquely
during Met 6 and 9, with an average sampled area of 3.1 m? (s = 0.5; n = 94). During Met
64 vertical tows with up to 4 replicates per station were made down to a depth of 1150 m,
but reduced to an identical 200 m interval (average sampled area 0.33 m?%
s = 0.02; n = 84). Met 64 and (to facilitate comparisons) 7 coastal stations of Met 6 had
finer vertical resolutions than open ocean stations. For larval taxa with defined vertical
distributions, respective depth profiles were included into the distribution maps.

While the overall sampling effort per area should be representative for each cruise
due to the much denser station spacing during Met 64, the differences in the MCN-effort
per station (order 9 : 1 for oblique versus vertical tows) limit the possibility of quantitative
statistical comparisons among cruises (Whittaker, 1975).

Therefore a K-means cluster analysis (Statistica, 1994) was run on the basis of the re-
lative abundances of species (or higher taxa, see below), in order to group stations by
their faunistic similarities. Since identification to species level in some genera like e.g.
Cyclothone and Vinciguerria was feasible only for the less abundant postflexion larvae,
regroupings to higher taxonomic levels were necessary for the cluster analysis. However,
such semiquantitative, taxonomically more detailed data occasionally were used to draw
more meaningful specific distribution maps. The statistical analysis included the shelf
stations of Met 64.

At the coastal stations abundances of pseudoceanic and neritic fish larvae were one
to two orders of magnitude higher than in the open ocean. This, plus the high horizontal
resolution near the coast, did not allow for a combined presentation with comparable sca-
les. As the original results from the coastal zone have been published in detail (see, for
example, Bas et al., 1985; Hermes, 1987; John et al., 1991 for overviews, original data, or
literature), coastal patterns either had to be omitted or, where relevant, generalized.

RESULTS

General patterns

The material comprised 170 identified fish taxa. The most abundant oceanic species
and genera contributed a maximum of 7.1 % and 9.3 %, respectively, to the total catch of
individual surveys, while the rank orders changed between the surveys, Myctophid lar-
vae were generally dominating in the larval community over most of the station grid sur-
veyed and particularly at its northeastern margin (Fig. 3). As shown by Figure 4, this do-
minance was generally at the expense of "Gonostomatidae”. "Gonostomatidae"” sensu
lato as, for example, used by Grey (1964) includes the families Gonostomatidae, Phot-
ichthyidae and the sternoptychid subfamily Maurolicinae. Local exceptions in the domi-
nance of myctophid larvae were furthermore caused by higher abundances of neritic fis-
hes (Fig. 5; for details see below).
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Fig. 3. Prevalence of Myctophidae as percentage of total ichthyoplankton
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Fig. 5. The distribution and abundance of larvae of neritic and slope-dwelling fishes (but excluding
pseudoceanic Myctophidae}. The scale of abundance is shown in the upper inset

Within these large-scale patterns subsets of stations were revealed by a statistical
analysis of dissimilarities between stations, as well as by the distribution patterns of se-
lected species.

Since many NEU-species revealed diurnal periodicities in their availability to the
sampler, a meaningful statistical analysis could be conducted only for the 28 first ranking
MCN-taxa. These taxa, named in Figure 6, amounted to 64.4 % of the total MCN-catch.
The results of the analysis are listed in Table 1 and the mean species composition for each
cluster is shown in Figure 6. The location of the clusters is shown in Figure 7. Table 2 pre-
sents a zoogeographical classification of each cluster and its characteristical components.
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Fig. 6. Plot of mean relative abundances of the 28 first-ranking MCN-taxa (alphabetical order)
in 8 individual clusters

Irrespective of the number of clusters chosen, three coastal clusters persisted together
with a “cold-water myctophids” cluster along the northern Mauritanian slope. These 4
clusters remained almost consistent in their respective station composition. Another clu-
ster in the centre of the "Mauritanian Bight” changed somewhat in its extension depen-
ding on the overall number of clusters chosen, but less so in its location. The change in
extension was on account of the “Mauritanian Province boundary cluster”.

However, an overall number of 7 or less clusters tended to merge the two oceanic pat-
terns into one single large cluster only. Such an oceanic cluster would also include erro-
neously some few low-abundance coastal stations yielding neritic species. As such results
contrast with the undisputed knowledge on the large-scale zoogeography of the tropical-
subtropical NE-Atlantic (references given in the introduction), the 8-cluster run was used.

The statistical distance between the northern and southern high-oceanic clusters
(Table 1} is likely to be an underestimation. It results partly from insufficient taxonomic
resolution (see below). Furthermore, some clusters seemed to scatter stations into the area
of other clusters (Fig. 7). This latter result is mostly a consequence of transport processes

to be discussed below.
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Fig. 7. The correspondence between stations and cluster numbers. The northern (cluster no. 1) and
southern high oceanic (no. 5) station grids are separated by their boundary line. Respective stray
stations falling into other grids are depicted by cluster numbers of smaller size. The dark area inte-
grates the northern and southern neritic clusters 3 and 4. The narrow midshelf cluster no. 6 running
through clusters nos. 3 and 4 is not shown individually. The “cold-water myctophid” (formerly “nor-
thern Mauritanian Province") cluster no. 7 is depicted by triangles. Dots denote stations with
boundary characters of the Mauritanian Province (cluster no. 2}. The Mauritanian Province as newly
defined is shown by diagonal hatching
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Table 1. Euclidean distances between clusters (based on the relative proportions of the 28 first
ranking MCN-species)

Cluster No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7
Number

No. 2 6.057

No. 3 9.019 6.271

No. 4 10.201 8.284 8.416

No. 5 3.807 3.347 7.359 9.095

No. 6 12.045 9.971 10.268 12.157 10.721

No. 7 7.460 5.338 7.449 8.355 6.276 11.159

No. 8 8.391 8.429 10.778 11.421 8.481 13.465 7.529

Table 2. Zoogeographical classification and characteristics of clusters (Rank places disregard

unidentified Myctophidae)

Cluster Zoogeographical N Species N Stas. Percentage Species on Feature, typical
Number classification {of 28) myctophids tirst rank species (rank)
1 Northern-high- 22 45 48.5 Cyclothone Diogenichthys
oceanic (NACW) braueri atlanticus (5)
2 Mauritanian 25 24 26.5 Ceratoscopelus  All species
Province boundary maderensis considered
3 Northern neritic 14 11 3.3 Microchirus Nerttic species
ocellatus {1-5)
4 Southern neritic 16 13 18.9 Trachurus Sardinella
trachurus aurita (3)
5 Southern-high- 20 64 32.5 Vinciguerria V. nimbaria (2)
oceanic (SACW) nimbaria H. macrochir (8)
6 Midshelf 10 7 1.4 Gobiidae Gobiidae (1)
(not in Fig. 7)
7 Cold-water- 18 10 50.7 Myctophum Boreal myctophids
myctophids punctatum and temperate
neritic fishes
8 Central Mauritanian 6 3 80.4 Benthosema Boreal {1-3)
Province glaciale and tropical
myctophids (5-6)

Individual patterns

Larvae of the family Myctophidae have on average the same abundance and fre-
quency in the larger Mauritanian oceanic area as in the adjacent areas. However, peak
abundances occurred above the northern Mauritanian slope (Fig. 8), distinguishing this
area as a distinct cluster. In it the cold-water myctophids Myctophum punctatum and
Benthosema glaciale were dominating. The cluster had a medium species richness in-
cluding many shallow-living larvae of temperate neritic fishes.

Furthermore, the myctophid maxima off Cape Verde may be related to the Cape-
Verde-Tongue (CVT; see Hentschel, 1933), and the isolated maximum southwest of Cape
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Fig. 8. Distribution and abundance of larval Myctophidae (n/m?, for scale see inset) combined for
“Meteor" cruises 64, 6 and 9

Verde seems to be associated with the Guinea Dome located at about 10°N and 22°W
(Siedler et al., 1992). These latter, more isolated maxima merge into the geographically
large southern high-oceanic cluster. The abundance patterns of myctophid larvae are ge-
nerally unrelated to the total abundance of ichthyoplankton abundance (Fig. 8), except
for the mentioned maxima at the CVT, Guinea Dome and northern Mauritanian slope.

There are some areas where the proportion of larval myctophids decreases due to
peak abundances of neritic taxa. This is noticeable, as expected, along the northern Mau-
ritanian slope, and also, but this was previously unexpected, adjacent to the Cape Verde
Islands,.
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Obviously contrasting are the respective low percentages of “Gonostomatidae” over
most of the station grid considered. They are particularly rare in the Mauritanian Bight
(Fig. 4). Only the sternoptychid Maurolicus muelleri (a pseudoceanic species) occurred
regularly above the slopes off Cape Blanc and Cape Timiris. A few stray individuals of
the high-oceanic Gonostomatidae and Photichthyidae occurred along the southern Mau-
ritanian continental slope and offshore and slightly south of Cape Timiris. “Gonostoma-
tidae" had their highest relative abundances in the distant western and southeastern

margins of the surveyed area.
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This change in relative abundance of Myctophidae and “Gonostomatidae” coincides
with the Cape-Verde-Frontal-Zone (CVFZ). The CVFZ separates North- and South-At-
lantic-Central-Water masses (NACW and SACW) and the northern and southern high-
oceanic clusters. Klein (1992) reviewed the literature on the CVFZ and the respective wa-
ter mass definitions and described the actual situation during two of the surveys discus-
sed here. The SACW-regime has generally a shallower thermocline and lower oxygen
saturation. The in-situ location of the CVFZ is generally depicted by 50 % and 25 %
NACW at 150 m depth (Fig. 10, data from Klein). Off Cape Timiris its location was assu-
med on the basis of larval data by John et al. (1991) and non synoptic hydrographical data
by Hagen etal. (1985). The CVFZ rises to shallower depths towards southeast, the depic-
ted 25 % NACW location represents broadly its location in the larval depth range.

Furthermore, the above mentioned changes in relative abundance and water masses
are associated with a faunal change among "Gonostomatidae”. As described and dis-
cussed in relation to the converging currents at the CVFZ (Zelck, 1993), the species com-
plex "Gonostomatidae” is dominated northwest of the front by Cyclothone (mainly tem-
perate-subtropical Cyclothone braueri, Fig. 10). South of the CVFZ the equatorial popu-
lation (see Johnson, 1986) of Vinciguerria nimbaria dominated, intruding into the
province mainly in its southwestern part (Fig. 11). Some few Vinciguerria were found also
along the Mauritanian slope (see also Champagnat et al., 1969). The meridional distri-
bution of V. nimbaria and the dependence of its vertical distribution of the temperature
structure is exemplified by a transect along 21°W (Fig. 12).

Larvae of central water mass myctophid species, like Lampanyctus ater (included in
Fig. 10), conform to a similar pattern as C. braueri. They only rarely penetrated the CVFZ
into the province. The neustonic Taaningichthys minimus did not enter the province at
all,

Samples from the centre of the Mauritanian Province persisted as an individual clu-
ster and corresponded broadly with the Mauritanian central gyre situation discussed be-
low. The central stations were characterised by a very reduced number of species: of the
28 taxa analysed only 6 were present. Even among the first ranking and seemingly uni-
formly distributed group Myctophidae, distribution patterns of individual species show
striking differences in respect to the boundaries of the Mauritanian Province, or within
the province itself. Within the province Benthosema glaciale and Myctophum punctatum
prevailed.

Peripheral to this central cluster those stations with a high species-richness, but no
dominant species, represented a statistically different “boundary” cluster.

Though widely distributed elsewhere in the tropical and subtropical open Atlantic
Ocean, larval Diogenichthys atlanticus were absent in the centre of the Mauritanian Pro-
vince (Fig. 13}. Such a minimum in the central province was even more pronounced in
the family Scopelarchidae. A few D. atlanticus (and Scopelarchidae) larvae did occur off
Cape Timiris and along the slope in a survey with high sampling effort (Hermes, 1987).
In the boundary cluster, D. atlanticus had a low frequency with 6 occurrences only, but it
was on rank place four in relative abundance due to higher catches at the southwestern
boundary stations.

A zone of minimal abundance or absence such as described for oceanic "Gonosto-
matidae” and D. atlanticus (or Scopelarchidae) was found also for the species group
"Oceanic Beloniformes”. This group consisted of the neustonic larvae of temperate
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Fig. 10. Water-mass related horizontal distributions of larvae of two high-oceanic species. Cyclo-
thone braueri (scale of abundance in the top inset) and Lampanyctus ater have a northern, central
water origin. They hardly penetrate the Cape-Verde-Frontal-Zone separating North-and South-At-
lantic-Central-Water (CVFZ, shaded line). The southern CVFZ-line represents its location in the lar-
val depth range (for details see text). The average vertical distributions are shown by the insets

Scomberesox saurus, central water species Nanichthys simulans, and the 3 tropical spe-
cies Oxyporhamphus micropterus, Exocoetus volitans and E. obtusirostris.

Another equatorial, SACW-type larva besides the warm stenotherm V. nimbaria is
Hygophum macrochir (Fig. 14). Hygophum macrochir larvae have highest frequencies
and abundances south of and in the CVFZ similar to V. nimbaria. The larvae have a dee-
per vertical distribution and lower temperature preferences. Therefore they can pene-
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Fig. 11. Frequency, minimum abundance (top inset) and average vertical distribution (lower inset)
of larvae of the equatorial species Vinciguerria nimbaria

trate further northwards along the Mauritanian slope. Hygophum macrochir seemed to
have a deeper distribution northwest of the CVFZ.

Restricted along-slope, mostly narrow distributions with generally high abundances
>20 larvae/m” (locally > 200/m?) revealed the pseudoceanic, subpolar-temperate mycto-
phids Myctophum punctatum (John, 1986) and Benthosema glaciale (Hermes, 1987%;
identical Met 64 data-base each). These distributions seem to be connected with the
Moroccan slope (from where we do not possess statistically comparable data) and faded
out at and south of 16°N. In the statistical analysis this northern, cold-water pattern also
persisted as a distinct cluster, irrespective of the overall number of clusters tested.

Fish larvae of neritic origin occurred widely {Fig. 5). Conforming (at least superfici-
ally) with the general situation, single expatriates were found in the Canary/Cape-Verde-
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Fig. 12. Vertical distribution of larvae of the genus Vinciguerria along a meridional transect 21°W

("Meteor” 6 stas. 814-884), and the vertical temperature structure. Black shading of columns depicts

identified postflexion V. nimbaria; the hatched part denotes unidentifiable small larvae belonging
probably to the same species

Current system, south of the Cape Verde Islands, and in high abundances within the
CVT. Along the Mauritanian coast, a northern anad a southern cluster persisted together
with a narrow midshelf cluster (characterised by gobiid larvae, but not of relevance for
this study).

The origin and offshore dispersal of such larvae, particularly off Cape Blanc/Cape Ti-
miris, hav been described in detail (John et al., 1991). Unexpected in respect to the pre-
vious knowledge on both zoogeography and hydrography of the area was a plume of high
larval abundance in the open ocean. This plume extended from the CVT along the south-
western boundary of the Mauritanian Province, and crossed the CVFZ further in the
north. This pattern on its own suggests that the CVT is related to the coastal regime south
of 15°N and that the transport of its neritic larvae is prevailing northwestwards. This is
corroborated by the similarities with the distribution patterns of H. macrochir, Bathyla-
gus argyrogaster, and V. nimbaria. As only the less frequent and abundant H. macrochir
and B. argyrogaster are part of the statistical analysis, the plume merged into the sou-
thern high-oceanic cluster. However, it is not only a very conspicuous feature in the re-
spective specific distributions, but also in the maps of, for example, overall abundances,
pooled neritic larvae or the oxygen deficit,

Adult B. argyrogaster is a species endemic to the tropical East Atlantic with a centre
of distribution in the Gulf of Guinea and off Angola (Kobylyanskiy, 1985). It is absent off
Mauritania (Maurin et al., 1977). However, larvae of the species occurred regularly at (for
larvae) greater depths in noticeable frequency along the Mauritanian slope and in the
southern Mauritanian Province (Fig. 15, see also Hermes & Olivar, 1987). They were also
abundant in the above mentioned plume characterised by neritic fishes plus V. nimbaria
and H. macrochir.
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Fig. 13. Horizontal and average vertical distribution (lower inset) of larvae of the subtropical-tropi-

cal myctophid Diogenichthys atlanticus. The abundance scale is shown in the top inset. The species
is almost absent off Mauritania (open station circles)
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DISCUSSION AND CONCLUSIONS

As pointed out by Loeb (1979), and corroborated by our own (unpublished) compari-
sons of data and literature covering 23 areas worldwide in the open ocean, the ratio bet-
ween the abundances of Myctophidae and “Gonostomatidae” can be indicative of fau-
nal regions. "Normal” for the warm open oceans are similar percentages of some 30-40 %
each for myctophid larvae and those of the complex "Gonostomatidae”.

As shown above, the larval assemblage of oceanic waters off Mauritania is mycto-
phid dominated. Except for the northern Mauritanian slope area with peak abundances
of northern pseudoceanic species, myctophid biomass is not in excess of the adjacent
areas, and myctophid diversity decreases to a minimum in the centre of the province. By
and large these findings conform with biomass and diversity data for adult myctophids
(Backus et al., 1977).

The following zoogeographical features of the Mauritanian Province are noteworthy:

(a) The co-occurrences of tropical with cold-temperate North Atlantic species.

(b) The intrusion of some few species of “South Atlantic endemics” in larger num-
bers along the eastern and western boundaries.

(c) The absence or paucity of many oceanic species, which as adults are deep-meso-
pelagic or bathypelagic and which occur regularly at and beyond the boundaries of the
“Southern Mauritanian Province”.

These peculiarities were consistent between winters of different years, and at least
between the seasons autumn, winter and spring (John, 1986; for spring see Klenz, 1988;
all data from different years). During summer, at least from Cape Verde to 17°N “Gono-
stomatidae” were somewhat more frequent, but not abundant (Aboussouan & Aldebert,
1978, no specific data given, presumably Vinciguerria nimbaria).

The cold-water myctophid cluster conforms broadly with the situation of the former
“Northern Mauritanian Province” as defined by Backus et al. (1977) on the basis of peak
abundance of adult myctophids. However, this area lacked tropical representatives al-
most completely. It formed a discrete cluster in the statistical analysis due to higher per-
centages of particularly cold-water myctophid larvae and temperate neritic fishes. It had
a comparatively low statistical distance to the adjacent oceanic realm. We do not have
any own comparative data available from off Sahara and Morocco. Respective literature
data (Palomera & Rubiés, 1978) show a very similar species composition. The cold-water
cluster is therefore not considered to be a discrete province.

Within the Mauritanian Province proper, the above mentioned representatives from
the north and south revealed some mesoscale distribution patterns. These patterns con-
tributed distinctly to the "boundary” cluster and caused the scattering of adjacent sta-
tions among clusters, irrespective of whether the origin of the taxon could be classified
as cold-temperate, oceanic-equatorial, or tropical-neritic. However, the individual pat-
terns differed with the origin of the taxon, and partly with its vertical distribution.

Therefore, the Mauritanian Province itself can be most easily described by the dis-
appearance of many oceanic larval species {“Diversity Minimum ") from the surface fauna
as well as from the epipelagic community. The respective shape of this province is very
similar to that originally defined by Backus et al. (1977), but its meridional and zonal ex-
tension is smaller. Having only a restricted station grid, Backus et al. (1977) had depicted
the boundaries on the basis of the upwelling-related temperature deficit, which may
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reach as far south as 10°N (Schemainda et al., 1975). The reduction of the province ba-
sed on our findings may be the result of below-average southward windstress and up-
welling during our sampling {Servain et al., 1987; Servain & Lukas, 1990), whilst upwel-
ling was more intense in the sixties and early seventies {Michelchen, 1989).

Nevertheless, comparing individual station data from Nafpaktitis et al. (1977; same
data base as for Backus et al., 1977) and our data for the area of the diversity minimum,
very similar biological boundaries or mesoscale features are revealed (both boundary-
data-sets come from autumn). The resulting northern and western boundaries of the Pro-
vince (at Cape Timiris, respectively 20°W) coincided with the in-situ location of the CVFZ
in the larval depth range. The southern boundaries seem to agree with tropical sea-sur-
face temperatures throughout the year (e.g. Mittelstaedt, 1991) at about Cape Verde, but
need further discussion below.

Based on quantitative mapping of frequency and abundance data as well as the sta-
tistical analysis of relative species compositions, larvae of several oceanic-subtropical
adults have their distribution boundaries towards the Mauritanian Province at about the
in-situ position of the CVFZ.

Converging currents along the CVFZ (see John et al., 1991 for the coastal zone, Fie-
kas et al., 1992 for the open ocean) act as an isolating mechanism against larval disper-
sal across the front into the province, but rather less so as a barrier stopping larval emi-
gration out of the province.

In the area in question the large-scale surface circulation causes a generally shallow
mixed layer (e.g. Olbers et al., 1985) and, consequently, oxycline (Fig. 16). Barnett (1984)
concluded that similar conditions in the eastern tropical Pacific limited species distribu-
tions. However, in evolutionary scales midwater oxygen deficits may cause speciation
(White, 1987). In this respect it is noteworthy that the generally oceanic and mesopelagic
species Benthosema glaciale and Myctophum punctatum off Mauritania acquire a pseu-
doceanic character and a shallow vertical distribution (Badcock, 1981). The Mauritanian
B. glaciale are in some meristic characters closer to specimens from the Mediterranean
Sea than to those from the northern NE Atlantic (Badcock, 1981).

As a rule in the eastern tropical world oceans the percentage of "Gonostomatidae”
decreases (unpublished comparison of data from 23 areas worldwide). A sharp doming
of oxygen-depleted water inside of the CVFZ (less than 30 % saturation locally rising to
80 m, see Zelck & Klein, 1995) limits the distribution of mesopelagic adults with daytime-
depths between 200 and 800 m, while the above mentioned shallow-mesopelagic species
occur more widely throughout the province.

However, an identical boundary is found for temperate and subtropical sauries Scom-
beresox saurus and Nanichthys simulans, which are neustonic throughout their life and
probably not affected by the oxygen deficit. In this group as well as for neustonic larvae
of mesopelagic adults, the Ekman-drift hampers larval dispersal eastwards into the pro-
vince. The offshore dispersal of shallow living fish larvae with Ekman-drift has been de-
scribed by John et al. (1991). The temperature deficit associated with offshore Ekman-
transport may suppress spawning of neustonic adults.

As mentioned above, the occurrence of cold-water species in this area is generally
explained by the coastal upwelling regime. It entrains northern species southwards by
the coastal jet at least seasonally, and at the same time it creates low temperatures faci-
litating survival and reproduction of neritic and pseudoceanic species widely beyond
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Fig. 16. The ascent of the oxygen deficient layer in the tropical NE Atlantic, exemplified by the up-

per isopleth of 2.5 ml/l oxygen. Cross-hatching indicates depths shallower than 50 m. Open ocean

values are in-situ data; for the area off Mauritania they were measured one month later than the
plankton survey (see text)

their latitudinal range elsewhere. On the other hand, this temperature deficit probably
hampers reproduction of tropical expatriates at least during the cooler months.

The along-slope poleward undercurrent below the southward surface flow can act as
a recirculation or maintenance system (Badcock, 1981; Hamann et al., 1981; Parin, 1986).
The above mentioned pseudoceanic myctophids seem to be well adapted to the under-
current regime. High abundances coincided with the situation of the undercurrent off
northern Mauritania and a tongue of vertically deeper oxygen saturation (non synoptic
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data, see below). A much shallower doming of oxygen-depleted water in the centre of the
Mauritanian Province may limit the further seaward extension of adults, whilst the Ek-
man-drift facilitates dispersal of shallow living larvae from slope waters into the centre of
the province. This explains the partial overlap of the cold-water myctophid and neritic
clusters with the Mauritanian Province.

The coastal oxygen data were taken one month later (under upwelling conditions,
Hagen et al., 1985; Lenz et al,, 1985). They show for the slope realm that the undersatu-
ration level of <50 % rises generally from about 100 m depth at Cape Blanc to some
30 m depth at about 16 °N. This may again limit the respective distributions towards the
south, as in-situ surface temperatures continued southwards at comparable low values
(Hermes, 1987%).

As mentioned in connection with the diversity minimum, some of the species missing
in the centre of the Mauritanian Province occurred infrequently along the Mauritanian
slope and off Cape Timiris. A similar along-slope pattern is visible for the tropical species
B. argyrogaster (particularly in the data by Hermes, 1987) and H. macrochir, intruding
from the south. Both species (or the less frequent D. atlanticus and Scopelarchidae) have
medium-deep to deep larval ranges and lower temperature preferences. Consequently,
they survived entrainment by the undercurrent. In an earlier study the euphausid Nyc-
tiphanes capensis, an endemic of the southeast Atlantic, was found to be top-ranking in
the Mauritanian undercurrent {(Weigmann-Haass, 1976). The undercurrent descends to
depths of > 200 m north of Cape Blanc (Mittelstaedt, 1982).

However, a branch of this undercurrent deflects off Cape Timiris seawards (Hagen et
al., 1985; John et al., 1991). It forms the eastern and northern part of the cyclonic Mauri-
tanian central gyre (Mittelstaedt, 1991) and entrains some larvae from the slope under-
current westwards along the northern periphery of the Mauritanian gyre. The Maurita-
nian central gyre coincides with the diversity minimum and causes the local doming of
oxygen depleted waters.

Contrasting herewith is the distribution pattern of the equatorial Vinciguerria nim-
baria, having warm-stenotherm larvae distributed from near the surface to less than
60 m depth. They may pass Cape Verde and survive in the warmer southwestern Mauri-
tanian Province, but larvae entrained by the along-slope poleward undercurrent can sur-
vive generally only under summer conditions (compare Champagnat et al., 1969). Vinci-
guerria nimbaria does not cross the CVFZ northwestwards, contrary to H. macrochir
which had an on average deeper vertical range and lower temperature preference. The
large-scale northwestward transport of H. macrochir caused the scatters of cluster no. 5
stations within the area of the northern high-oceanic cluster no. 1.

Hentschel (1933, and subsequent papers) related on the basis of neritic elements
the CVT to the NW-African upwelling area. Since the CVT points towards southwest,
the authors of this study had previously assumed an origin from the Mauritanian up-
welling.

However, the shape of the plume emerging from the CVT towards northwest and the
respective abundance gradients suggested dispersal towards northwest and close to the
Cape Verde Islands. This is supported by the mentioned prevalence of equatorial species
among the total of oceanic larvae, and among the distant neritic species southern species
were also identified (Microdesmus longipinnis, Scaridae, Syacium micrurum). The above
mentioned southeast Atlantic euphausid N. capensis occurred, formerly unexplainably,
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also between the Cape Verde Islands as the first ranking euphausid (Meira, 1970).
Therefore, the above mentioned plume must have had its origin in the tropics.

Hydrographic data also support the conclusion that the plume originates from the tro-
pics. Northward transports between the Cape Verde Islands and Cape Verde, conforming
with both the revealed undercurrent and offshore dispersal, were anticipated by Hagen
& Schemainda {1984, although assumed to flow offshore in a deeper layer). Mittelstaedt
(1991) suggested a prevailing northeastward surface flow off Cape Verde in summer. A
northward, bifurcating surface-near geostrophic flow was calculated by Olbers et al.
(1985), or measured from in-situ Acoustic Doppler Current Profiler-data from Met 9 by
Fiekas et al. (1992). Satellite images (Van Camp et al., 1991, in-situ data for Met 6) show
for 9th December 1987 a plume of tropical sea surface temperatures (SST) conforming in
form, size and location with the plume transporting tropical fish larvae. The satellite ima-
ges showed that the SST-plume was larger a month before our survey and that it had va-
nished 2 weeks later.

Hagen (1989) described a comparable SACW-plume from summer 1972, and esti-
mated a time scale of about a year for its separation from the undercurrent. A year seems
too long in respect to the normal planktonic phase of fish larvae (except for eel}, but there
are no data available concerning the planktonic phase of the actually identified species.
We suppose that the actual time scale was 1-3 months on the basis of the following ar-
guments:

(a) Among the neritic larvae was the congrid eel Ariosoma balearicum, found almost
everywhere in the warm open Atlantic and thus probably planktonic for several months.

(b} Along the NW-African coast the nerthernmost record for adult B. argyrogaster was
15°11'N (Maurin et al., 1977). Tentatively relating the larval along-slope transport of some
630 km with undercurrent core velocities of 25 cm/s (Hamann et al., 1981), we obtain a
minimum planktonic phase of 29 days for B. argyrogaster.

(c) This time span of 29 days coincides with the minimum lifetime of the SST-plume
revealed by the satellite images discussed above.

The above discussed hydrographical and biological data suggest that a plume of tro-
pical origin was consistent among at least 4 different surveys, but it may be a feature re-
lated to warmer or weak-upwelling seasons only. This seems to be corroborated by the
earlier mentioned catches of N. capensis between the Cape Verde Islands (Meira, 1970},
which yielded peak abundances from late spring to summer, whilst the species was ab-
sent in April.

A TRANSPORT AND BOUNDARY MODEL OF THE MAURITANIAN PROVINCE

As discussed above, these peculiarities of the Mauritanian Province, such as the co-
occurrence of cold-water and tropical species, can be directly related to ocean currents
intruding into the province. The total ichthyoplankton abundance shows striking peaks
wherever there is & current input. However, there is a specifically restricted capability of
larval (and sometimes adult) fish to survive there. The comparatively low temperature of
the surface waters may be detrimental for larvae advected from the tropics and may in-
hibit spawning of trapical adults. The low oxygen saturation of the mesopelagic layer or
as shallow as 80 m in the Mauritanian central gyre limits the distribution of adult fish as
well as the survival of deep-living larvae. The low temperature and oxygen conditions
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Fig. 17. An input/output model for the subsurface (30-90 m) layers of the Mauritanian province as
based on the analysis of larval dispersal and hydrographic data. Black arrows indicate transport from
the north by the Canary/Cape-Verde-Current and Coastal Jet. Shaded arrows indicate advection of
southern, SACW-type water masses and SACW-species in the epipelagic layer, and deflections by
the cyclonic Guinea Dome (10°N) and by the Mauritanian Province Central Gyre. Blank, dashed
arrows denote descending northward transports of SACW-origin below the general southward
flow (see text). The surface Ekman-transport across the Mauritanian Province is generally towards
southwest

also are partly caused {or at least geographically confined) by the circulation system. We
present therefore a transport model for the subsurface-epipelagic and upper-mesopela-
gic layer of the Mauritanian Province (Fig. 17). It is based on the larval transport patterns
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discussed and conforms also with the above quoted recent hydrographical literature. The
descending transport across the CVFZ towards northwest is biologically unknown in
greater detail. Nevertheless, the respective indicator species Hygophum macrochir was
traced as far as 31°N 40°W (unpublished data from Atlex 89), and well conforming profi-
les of SACW-distribution and geostrophic flow were described by Hagen & Schemainda
(1987).
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