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ABSTRACT

Salihoglu, 1., Saydam, C., Bagtiirk, 0., Yilmaz, K., Gogmen, D., Hatipoglu, E. and Yilmaz, A.,
1990. Transport and distribution of nutrients and chlorophyll-a by mesoscale eddies in the
northeastern Mediterranean. Mar. Chem., 29: 375-390.

The distribution of nutrient elements and chlorophyll-a in the Northern Levantine Basin (NLB)
were investigated in some detail and are discussed together with the physical aspects of the region
in the present study. The surface circulation pattern of the NL.B was studied and the structure of
the relatively large-scale Rhodes cyclonic gyre, which is located between Rhodes and Cyprus, was
investigated for the same time period. The most important characteristics of this cyclonic gyre
are the upwelling of nutrient-rich deep waters within the gyre and the reverse phenomenon at the
peripheries. Anticyclonic circulation systems generally surround the Rhodes cyclonic gyre; the
permanent ones are located in the southern part of the Rhodes gyre, in the Cilician Basin, and off
Iskenderun Bay. The vertical distribution of nutrients in the water column shows completely
reversed trends and the nutrient gradient ranges between 300-400 m in the central parts of the
anticyclonic systems. Thus downwelling processes also occur in the NLB and the formation of
Levantine Intermediate Water (LIW) observed in the NL.B matches the chemical data presented
here. This special vertical and spatial distribution of nutrients affects the distribution of the phy-
toplankton population, as the patches of primary producers are aggregated in the central parts of
the Rhodes gyre. This is confirmed by the chlorophyll-a data and the unexpected content of neus-
ton net collection in the same region. The concentration of chlorophyll-a was relatively high at
offshore stations, such as in the central parts of the cyclonic gyres, where zooplankton, small
shrimp and fish larvae, etc., were observed in large quantities.

INTRODUCTION

The need for basic oceanographic experiments covering the Eastern Medi-
terranean (EM) extensively has long been recognized, in view of the insuffi-
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ciency of the past data available for the region. The recent collection of high-
resolution physical, chemical and biological data during the framework of
POEM (aresearch programme on Physical Oceanography of the Eastern Med-
iterranean ) started in April 1986. The area covered by this research is shown
in Fig. 1. Sampling and in situ data collection were carried out on board R/V
“Bilim”, which belongs to the Institute of Marine Sciences (METU).

Review of the regional characteristics

The Levantine Basin (LB) (Fig. 2) is the second largest basin of the EM.
It is bounded by Asia Minor, and the northeast African mainland. The pas-
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Fig. 1. Sampling stations in the Northern Levantine Basin (NLB).
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sages of Rhodes, Scarpanto and Casos are its connection to the Aegean Sea,
and connection to the Ionian Sea is through the Cretan Strait.

There exist two important water masses in the EM. The first is Levantine
Intermediate Water (LIW), which affects the entire Mediterranean Sea. LIW
is locally generated, especially in the northern sector of the LB and along the
periphery of the Rhodes gyre (Ozsoy et al., 1989). The sinking of surface water
can be observed in autumn and spring, which suggests that LIW may be formed
continuously in the LB, although more intensely during late winter.

In general, the LB is a region of convergence and convective sinking of high-
salinity waters (Wiist, 1961). The LIW forms and flows in the reverse direc-
tion and carries relatively nutrient-rich waters towards the Atlantic Ocean.
These hydrodynamics tend to dilute any nutrient input either from the atmo-
sphere (Duce, 1986) or from the coastal shelf, as the terrigenous run-off of
nutrient-rich waters is very small and the coastal shelf where the benthic-
pelagic coupling for nutrient recycling is efficient is very narrow.

The second important water mass in the EM is Atlantic Water (AW) which
enters from the Gibraltar Strait to balance the mass deficit of the Mediterra-
nean. The water from the Atlantic generally circulates around the Mediterra-
nean in an anticlockwise pattern; thus there are cyclonic gyres within both the
western and eastern basins of the Northern Levantine Basin (NLB). As pre-
viously discussed by Phillippe and Harrang (1982), Ovchinnikov (1984), An-

TABLE 1

Average annual primary production values along the Turkish coasts, at different parts of the
Mediterranean and the World oceans (g C m=2yr—1)

Location - Production Reference

Northeastern Mediterranean 24° (Yilmaz, 1986)

(the whole basin)

Eastern Mediterranean 10-20 (Berman et al., 1984b)

Eastern Mediterranean 25 (Murdoch and Onuf, 1974)

Western Mediterranean 50 (Murdoch and Onuf, 1974)
Northern Levantine Basin 60* (Present study, 1986-1987 averages)
(central parts of Rhodes cyclone)

Northern Levantine Basin 33* (Present study, 1986-1987 averages)
(central parts of anticyclones)

Aegean Sea 36* (Y1lmaz, 1986)

The Sea of Marmara 74° (Yilmaz, 1986)

Black Sea 200-250 (Sorokin, 1983)

North Sea 100 (Murdoch and Onuf, 1974)

Atlantic Ocean 69 (Koblenz-Mishke et al., 1970)
Pacific Ocean 46 (Koblenz-Mishke et al., 1970)
Indian Ocean 98 (Koblenz-Mishke et al., 1970)

"Primary production values estimated from chlorophyll-a data as described in Methodology.
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TABLE 2

The concentration range of nutrient elements in the Eastern Mediterranean and the Black Sea

Nutrient Concentration range (in yig-atom 1=! unit !

SE Mediterranean" NE Mediterranean® Black Sea®

Inorganic phosphate U 0.0 <0.1-0.2 0.02
(PO,-P) L 0.35 0.2-0.4 9.92
Total oxidized nitrogen U 0.0-0.1 <0.5-1.0 0.0
[(NO;+NO,) —N] L 0.1-10.0 4.0-9.0 4.07
Reactive silicate U 0.0-0.5 <1.0-1.0 10.0
[Si(OH),—Si] L 0.5-11.0 1.0-10.0 224

*Israel Report (1985).

bPresent study.

‘Brewer and Murray (1973).

U: euphotic zone; L: aphotic zone.

ati (1984) and Ozturgut (1976), the Rhodes cyclonic gyre is the permanent
and relatively large-scale gyre in the region. Recent studies on the physical
characteristics of the gyre systems of the NLB and the overlapping of the
chemical and the biological data with these physical data showed that espe-
cially the central parts of Rhodes cyclonic gyre included patches of high quan-
tities of phytoplankton even though they lived locally at offshore stations. The
reason for this is very clear, as the Rhodes cyclonic gyre tends to homogenize
water properties at its central parts through upwelling (Ozsoy et al., 1989);
thus the relatively nutrient-rich deep waters are carried upwards where pho-
tosynthetic activity occurs. This is confirmed by the chlorophyll-a and neuston
results in the present study.

The previously reported data for the region are unanimous on the low pro-
duction rates for the EM (Oren, 1969; Gulland, 1971; Oren et al., 1973; Sour-
nia, 1973; Murdoch and Onuf, 1974; Berman et al., 1984b). The studies carried
out by Yilmaz (1986) have also reported low production rates for the NLB.
Most of these studies either were limited to neritic waters overlying the narrow
continental shelf or were confined within the anticyclonic gyre systems. They
generally included the measurement of nutrient elements and chlorophyll-a in
the region (Oren et al., 1973; Azov, 1986; Berman et al., 1986). Some examples
of primary production values measured directly and/or estimated from chlo-
rophyll-a data along the Turkish coasts and different parts of Mediterranean
and the World oceans are shown in Table 1 for comparison. This table clearly
indicates the oligotrophic characteristics of the EM. The poor primary pro-
ductivity of the region is the result mainly of the low levels of available nu-
trients which are essential for phytoplankton growth. As a consequence, the
Mediterranean in general and the EM in particular can be considered as a
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where PPt ig the 8Toss primary productivity in gCm-2d-' Rpis the intensity
of relative photosynthesis RP m-3 d=', Cis the chlorophyll-q concentration
ingm=3 Kis the average extinction coefficient in m~! and the factor 3.7 is

i -1 chlorophyll. The val-
ues of RP were obtained ag g function of solar radiation, and the extinction
coefficient wag related to Secchj disk depth (d,inm) ag follows:

K=l
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RESULTS AND DISCUSSION ‘.

The water mass distribution characteristics of the NLB were studied by Ozsoy
et al. (1986, 1989). Seasonal aspects of thermal stratification and the forma-
tion of LIW are shown by selected temperature and salinity profiles in Fig. 3a
and examples of the surface circulation patterns are illustrated in Fig. 3b, based
on data obtained by the above research workers for the same sampling period.
As is clearly seen from Fig. 3a, thermal stratification tends to form in April-
May but is not significant, and the top 200-400 m seems to be homogeneous,

TEMR("C)  SAUN.(ppt) TEMP('C)  SAUN(ppt)
135 25 B4 94 100 %8 BL 3
0 pRrrrry LI — Freepee g
3
£
T Y
e E 1 )
8 o
1000
April, 1986  STA. 425 July, 1986 STA. 410
TEMP(*C)  SAUM(ppt) TEMP (*C) SAUN.(ppt) '
0135 25 B 394 8o 800 3D ]
T T ] L 4 T TP T T ™Y w 2
Gl
£
= i
@
= [}
1000 -
Hovemnber, 1966 STA. 25 September, 1987  STA. 600
TEMP.(*C) SALIN.(ppt)
130 180 B/ 9.4
o LA RAAA AL ALES | Ra R | LAAM A8
Gl i
b L
a 3
@
o - .
1000k a

February, 1987  STA.410

Fig. 3.(a) Temperature and salinity profiles at selected stations in the NLB. (b) Surface circu-
" lation patterns in the NLB. Cyclonic and anticyclonic systems are represented with ‘L’ and ‘H’
respectively (Ozsoy et al., 1988). :
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Fig. 4. Vertical distribution of inorganic phosphate, nitrate and silicate in Mediterranean and
Eastern Atlantic (after McGill, 1965).

as observed in the salinity profile. In summer, the seasonal thermocline is clearer
but not complete; it forms above 50 m. The presence of low-salinity AW could
be observed at 75-100 m. Below this depth, high-salinity LIW occurs at around
200-300-m depth. This shape is strongly patterned in autumn; thermal strat-
ification is strong and located around 50-100 m. AW is observed at 100-m
depth and LIW is formed significantly at 200 m. In winter, the seasonal ther-
mocline disappears and the permanent thermal stratification is observed at
deeper layers (300-400 m); LIW keeps the usual structure, being located at
250-400 m.

Figure 3b represents some examples of surface circulation patterns of the
NLB. The Rhodes cyclonic gyre persistently covers a large area centered upon
the Rhodes Basin. At its center a cold dome with uniform properties indicates
permanent upwelling (stoy et al., 1988). This phenomenon causes the trans-
portation of relatively nutrient-rich deep waters to the euphotic layer and pro-
duces a high primary production. Generally, a relatively large-scale anticy-
clonic gyre surrounds the Rhodes gyre; the permanent and relatively small-
scale gyres are also observed in offshore areas of Iskenderun Bay. The LIW is
locally generated in the NLB and along the periphery of the Rhodes gyre. Sink-
ing processes for the formation of LIW can be observed continuously through-
out the year, probably more intensely in late winter. Thus the anticyclonic
eddies cause the surface waters to be poor in nutrient elements. On the other
hand, in general, because the LIW has westward flow characteristics, the Med-
iterranean waters are impoverished in nutrient content, as relatively nutrient-
rich deep waters are carried to the Atlantic Ocean.

In the Mediterranean the concentrations of nutrients are low and decline
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Fig. 5. Vertical distribution of inorganic phosphate, total oxidized nitrogen and reactive silicate
at selected stations in the NLB. (a) Stations at the central parts of the Rhodes cyclonic gyre. (b)
Stations at the peripheries of the Rhodes cyclonic gyre. (c) Stations at the central parts of the
anticyclonic gyres.
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towards the eastern parts. This phenomenon is presented in Fig. 4, which in-
cludes nutrient profiles for the Eastern Atlantic for comparison (McGill, 1965).
The three nutrient elements, inorganic phosphate, nitrate and silicate, have
their lowest concentrations at the surface. The concentration increases with
increasing depth. Even in the very deep layers, the concentration of nutrients
of the LB is approximately five times lower than the concentration of nutrients
of the deeper layers of Atlantic Ocean. The concentration range of nutrients
for the euphotic and aphotic zones in the NLB are shown in Table 2. Because
the LB is a region of convergence and convective sinking of high-salinity waters,
in general, the euphotic layer is low in nutrients. In spite of this situation, the
present study on the vertical distribution of nutrients showed that relatively
nutrient-rich deep waters are upwelling in the central parts of cyclonic gyres
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Fig. 6. Nutrient and salinity transects in an west-east direction in the NLB. April 1986: (a)
inorganic phosphate, (a’) salinity. July 1986: (b) total oxidized nitrogen, (b") salinity. June 1987:
(c) reactive silicate, (c') salinity. (Salinity profiles; Ozsny et al., 1988).

in the NLB. This is very clearly seen in the vertical distribution of nutrients.
Examples of profiles and transects, from a time series measurement from the
years 1986 and 1987, are presented in Figs. 5 and 6, respectively. To show the
consistent variability of nutrient and salinity at all times, a transect for each
nutrient at different times is selected. The nutrient profiles obtained at station
56 (Fig. 5a), which is generally located in the centre of the Rhodes cyclonic
gyre, show that the nutricline was observed very close to surface, at ~75 m.
The depth of the nutricline fell to 250-300 m at the peripheries of cyclonic
gyres (i.e. stations 26 and 54) and the central parts of the anticyclonic gyres
(i.e.stations 51 and 52). The depth of the nutricline is dependent on the struc-
tural dynamics of water masses. The nutrient and salinity, transect couples
(Fig. 6), when superimposed, help to explain the phenomenon in some detail,
as high nutrient concentration contours rise towards the surface at the central
parts of the cyclonic systems (i.e. at stations 550, 545 and 530 in April 1986,
at stations 345, 340, 335 and 300 in July 1986, and at station 340 in June 1987).
The same type of vertical distribution was observed in salinity transects. The
reverse trends were consistently observed at the peripheries of the gyre systems
(i.e. at stations 500 and 485 in April 1986, and at station 315 in July 1986) and
the central parts of the anticyclones (for example at stations 425 in April 1986,
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Fig. 7. (a) Relative maximum fluorescence intensities (X 10~2) due to chlorophyll-a measured by

in situ fluorometer at depths illustrated in part (b), July 1988. (b) Depth (m) of maximum
chlorophyll-a, July 1988.

at 220 in July 1986, and at 270 in June 1987), with lower concentration con-
tours below the euphotic layer.

This is reflected in the spatial distribution of chlorophyll-a; the specific ex-
ample of in situ relative fluorescence maximum due to chlorophyll-a and hence
standing stock of phytoplankton is shown in Fig. 7a, and the depth of maxi-
mum fluorescence in Fig. 7b, both for the July 1988 sampling period. The point
which has to be emphasized here is the exact agreement between the distri-
bution of phytoplankton population and the dynamics of the water masses
(Figs. 3a and 3b, and 7a and 7b). It is clear that when the nutricline rises to
70-75 m at the central parts of the cyclonic systems by local upwelling, the
depth of maximum chlorophyll-a could be observed at about the same depth.
At the peripheries of the cyclones and at the centers of anticyclonic systems
the depth of chlorophyll-a maxima drops as deep as 100-110 m. On the other
hand, maximum fluorescence intensities due to chlorophyll-a could be ob-
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Fig. 8. Profiles from high and low chlorophyll-a regions in the NI.B. (a) Central parts of Rhodes
cyclonic gyre. (b) Central parts of anticyclonic gyres. (c¢) Peripheries.

TABLE 3

Maximum chlorophyll-a and thermocline depth

Date Thermocline depth  Depth of chlorophyll-a maximum  No. of observations
(m) (m)

April 1986 45-70 80-100 6

July 1986 45 115 2

November 1986 35-70 100-120 7

February 1987 Mixed 75-125 6

served at the central parts of cyclonic gyres, e.g. the Rhodes cyclonic gyre, and
lower values at the peripheries and al the central parts of anticyclonic systems.
Consequently, the patches of high phytoplankton populations coincide with
the local upwelling areas. In other words, the distribution of phytoplankton is
strongly affected by the physical dynamics of the environment. As estimated
from the chlorophyll-a data, the primary production is found to be relatively
high in the areas of local upwelling — mainly the central parts of cyclonic gyres,
especially the Rhodes cyclonic gyre — where the nutrients are upwelled and
available to the euphotic zone, and is half of this value at the centers of anti-
cyclonic gyres for the same sampling period (Table 1).

The vertical profile of chlorophyll-a, of which some examples are shown in
Fig. 8, has a characteristic shape; the deep chlorophyll-a maxima are common
in the NLB. The depth of the chlorophyll-a maximum is as deep as 100 m and
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Fig. 9. Neuston net data for the surface waters of the NL.B, September 1987.

is not dependent on the seasonal thermocline, as is shown in Table 3. The
mesoscale eddy systems affect the vertical and spatial distribution of chloro-
phyll-a and hence the standing stock, the concentration and the depth of max-
imum chlorophyll-a. The vertical distribution of light affects the depth of max-
imum concentration of standing stock. In the present work, 1% of the incident
solar radiation was detected in the range of 100-120 m in the NLB. In other
words, the euphotic zone in the NLB is relatively deep and phytoplankton
prefer to inhabit the deeper levels of the euphotic zone. On the other hand, at
all seasons both for nearshore and pelagic waters, most of the chlorophyll in
the EM is associated with organisms smaller than 3 um (Berman et al., 1984a).
Often these ultra-phytoplankton are relatively more numerous towards the
bottom of the euphotic zone or in deep chlorophyll-a maxima. There is some
evidence that they are adapted to low intensity of light in the green region of
the spectrum (Platt et al., 1983).

The neuston net results obtained for the same time period, which are pre-
sented in Fig. 9, also confirm the above discussion. The neuston net content,
collected in September 1987, was analyzed and the quantities were measured
arbitrarily and comparatively. Thus the results are given on a relative basis
such as high or low quantities of biological material. Qualitatively, the net
contained a series of organisms such as large phytoplankton (diatoms and
dinoflagellates) and zooplankton (copepoda, pteropoda, isopoda, gastropod
larvae, fish larvae and surprisingly small shrimp) in its collector. Very high
quantities of neuston net biological material were observed at stations located
in the central parts of the Rhodes cyclonic gyre as well as in the other small-
scale cyclonic gyres in the basin. Nevertheless, the important phenomenon is
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that those offshore stations which are physically located at the center of cy-
clonic gyres are productive enough to support the growth of fish and other
pelagic species.

CONCLUSION

The primary productivity, as estimated by the measurement of relative flu-
orescence due to chlorophyll-a and the biological content of a neuston net, is
strongly influenced by the physical dynamics of the environment through up-
welling and downwelling processes in the NLB.

The Rhodes Basin, where nutrient-rich deep waters are upwelled to the eu-
photic zone in the central parts, seems to be relatively productive, or we could
say that the EM is not as poor in terms of productivity as was concluded in the
past. Thus with extensive knowledge of the behavior of the cyclonic gyres it
should be possible to increase the economical potential of the region.
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