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Abstract

The vertical distribution of chlorophyli-a was recorded throughout the northern part of the Levantine Basin of the eastern
Mediterranean and was related to patterns of the physical dynamics for October 1991-March 1994 period. A well developed
deep chlorophyll maximum (DCM) was observed in the northern Levantine Basin (NLB), with concentrations greater than 1
pg/L at depths ranging from 45 to 100 m on average. Chlorophyll-a concentrations ranged between 0.01 (in surface waters,
Oct. 1991) and 3.07 pg/L (in subsurface waters, March 1992). In general high concentrations of chlorophyll-a were
observed in late winter. In cyclonic regions the depths of the DCM and the nutricline coincided and relatively high
concentrations were observed at shallower depths at relatively high percentages of surface light. In anticyclonic regions the
DCM (at low level of concentration) were located at the base of the euphotic zone and much above the nutricline, Well
defined DCM feature was not prominent since at most of the stations, uniform distributions of chiorophyll-a were observed
in the euphotic zone during the cooler winter conditions in 1992. The chiorophyll concentrations were significantly high in
this winter when compared with those of ordinary mild winters. Because of the relatively low chlorophyll-a concentration
resulting most probably low phytoplankton biomass in the basin and low input of material from the land, a thick euphotic
zone forms with an average value of ~ 80 m.

Euphotic zone is nutrient depleted and the concentrations are close to detection limits (e.g. 0.02 wM for phosphate and
> 0.05 M for nitrate) and in general they do not show significant seasonal variations, Nutricline takes place in the euphotic
zone in cyclonic regions. In anticyclonic regions, the main nutricline is deep (as deep as 600 m). In cooler winter
condititions in 1992, very high concentrations of both nitrate and phosphate (almost equal to deep values) were observed in
the euphotic zone in the cyclonic Rhodes region. In deep waters phosphate and nitrate concentrations stay almost constant at
the levels of nearly 0.2 and 5.5 pM, respectively.
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structure is disturbed by moderately strong winter
conditions as was observed in the southern Levantine
basin in 1989 (Krom et al., 1992).

Chlorophyll concentrations previously recorded in

1. Introduction

A well-developed deep chlorophyll maximum as-
sociated with increased phytoplankton biomass, is a

prominent feature of the Mediterranean sea during a
large part of the year (Estrada, 1985; Berman et al.,
1984; Estrada et al., 1993). Nevertheless the DCM

the Levantine basin were low, not exceeding 1 pg/L
even in coastal waters (Berman et al., 1984; Dowidar,
1984; Azov, 1986; Abdel-Moati, 1990; Salihoglu et
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al., 1990; Yilmaz et al., 1994), as, indeed one would
expect for extremely oligotrophic waters. In the sast-
emn Mediterranean, the chlorophyll concentrations
vary seascnally, the highest concentrations occuiring
during late winter, with the onset of mixing of the
upper water layers (Berman et al., 1984, 1986; Azov,
1986; Salihoglu et al., 1990; Krom et al, 1991,
1992).

Eastern Mediterranean (deep) waters are poor in
nutrients because of limited external inputs to the
surface waters (Bethoux, 1981; Dugdale and Wilker-
son, 1988). Therefore phytoplankton production is
principally dominated by the extend and duration of
winter mixing which provides transportation of nutri-
ents from deeper layer (Krom et al., 1992; Yilmaz
and Tugrul, 1996).

In the westemm Mediterranean and in the other
oligotrophic seas, DCM appears to be closely associ-
ated with the nutricline (Estrada, 1985; Lohrenz et
al., 1988; Cox et al., 1982) and has been compared
to the Typical Tropical Structure (TTS) of Herbland
and Voituriez (1979). However, while a number of
publications deal with the characteristics of the DCM
in areas of the Atlantic, Pacific oceans and Western
Mediterranean (Anderson, 1969; Venrick et al., 1973;
Cullen and Eppley, 1981; Lohrenz et al., 1988 and
Estrada et al., 1993), information on the variability
of the DCM in the eastern Mediterranean is scarce.
In this paper, we attempt to compare seasonal changes
in hydrographic variables and examine the relation-
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ships between distribution of biological and physi-
cal-chemical variables in the water column.

2. Methods

The oceanographic cruises discussed in this work
took place between October 1991 and March 1994,
October 1991 and July 1993 cruises represent strati-
fied conditions. The March 1992 and 1994 cruises
represent cooler and mild winter conditions, respec-
tively. Unfortuanatelly there were no representative
data for the summer of 1992 and the winter of 1993.
The study area and the positions of the stations,
located between longitudes 28°00' and 36°00'E and
latitudes 34°00" and 36°45'N are shown in (Figs. 1
and 2). Biologically related measurements did not
always cover the entire basin (Fig. 2).

Water samples were collected with Go-Flo bottles
(Rosette) attached to the Sea-Bird CTD probe down
to at least 1000 m. The euphotic zone were subsam-
pled for chlorophyll-a measurements. 0.5-2 L of
seawater was filtered through 0.45 pwm pore size, 47
mm diameter membrane filters using a vacuum of
less than 0.5 atm. At some stations Whatman GF /F
filters (with a 0.7 pm pore size) were also used for
comparison. The filters were subsequently homoge-
nized in 90% acetone, and the suspension was cleared
by centrifugation. A standard fluorometric method
was used for chlorophyll-a determination (Holm-
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Fig. 1. Location map and bathymetry of the NLB with the nomenculature of mujor sub-basins.
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Hansen et al., 1965). A Hitachi F-3000 Model fluo-
rometer was used and calibration was performed
using a commercially available chlorophyll-a stan-
dard from Sigma.

Nutrient subsamples from bottle casts were put
into 50 mL HDPE bottles and the seawater samples
for nitrate and phusphate analyses were kept frozen
(—20°C) until being processed (maximum 1 month).

3r

The nutrient measurements were carried out by using
a Technicon II multi-channel Autoanaiyser, the
methods followed were very similar to those de-
scribed in Strickland and Parsons (1972) and
Grasshoff et al. (1983).

A Licor 185 Model quantameter was used for
downward irradiance measurements in the euphotic
zone at most of the chlorophyll stations during day
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Fig. 2. Locations of hydrographic (@), water sampling stations [marked by (C) for nutrients and (1) for chlorophyil] and surface
geopotential height anomalies during (a) Oct. 1991, (b) Mar. 1992 (modified from Sur et al., 1993), (c) Ju!. 1993, (d) Mar. 1?94
(unpublished data). Dynamic topography contours are given in centimeter units and L and H represent low and high pressures anomalies.
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time. This instrument measures Photosynthetically
Active Radiation (PAR) within the range of 400-700
nm in pEm™? 57! unit.

3. Results

3.1. Water column structure
The hydrodynamics and hydrochemistry within

the northern Levantine Sea display three regions of
distinct behavior: the cyclonic Rhodes basin; the
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anticyclonic Cilician basin and the transitional area
between them (Antalya bay or its offshore neigh-
bourhood) (Figs. 1 and 2).

The profiles of March, 1994 and 1992 represent
the mild-and relatively cooler winter conditions re-
spectively. The cooling of the salty surface waters in
winter causes extensive vertical mixing in the upper
layer due to the instability of the water column until
those depths are reached where the density exceeds
that of the sinking waters. This results in the forma-
tion of a mixed layer down to a certain depth (Ozsoy
et al., 1989, 1991, 1993 and unpublished data from
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Fig. 3. Vertical profiles of potential Temperature,

Sulinity und Sigma-theta for selected regions namely as (a) Rhodes cyclone (CYC), (b)

Cilician anticyclone (ACYC) and (c) Antalya bay (P + F) in the NLB (METU/IMS, 1993, 1995). The profile stations are circled by dark

solid line in Fig. 2.
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these authors) e.g. it was 200 m during the winter of
1994 (Fig. 3a) in the Rhodes gyre. Comparison of
the observed temperature, salinity and density pro-
files (Fig. 3a) reveals that the upper layer of the
Rhodes gyre had been mixed even more thoroughly
by deep winter convection in i1992. An isothermal
(~ 13.8°C) and isohaline (~ 38.8 ppt) water mass
extended from surface to a depth of at least 1000 m.
This salinity and temperawre were, in fact, little
higher than those previously measured in the Levan-
tine Deep Water (LDW) which is characterised by a
temperature of 13.6°C and a salinity of 38.7 ppt
below 500 m (Ozsoy et al., 1989, 1991) confirming
that the LDW had become mixed with the warmer
and more saline surface waters. In the Rhodes gyre,
LDW have been seen to rise into the lower parts of
the euphotic zone during summer—autumn months.
The upper layer of the cyclonic Rhodes gyre, occu-
pied by salty and warm waters (Fig. 3a), was sepa-
rated from the LDW by a relatively sharp pycnocline
located at around 50 m. This density stratification in
the Rhodes gyre can be completely destroyed in
cooler winters, as was observed in 1987 (Gertman et
al., 1990) and more recently in 1992 (Sur et al.,
1993).

The upper layer of the Cilician Basin, where
small scale anticyclonic eddies are generally ob-
served (Ozsoy et al., 1989, 1991, 1993), possesses
different hydrography relative to the Rhodes cy-
clonic region. The Cilician surface waters are more
saline and warmer and separated from the intermedi-
ate layer by a very sharp seasonal stratification at
50~100 m during summer-autumn period (Fig. 3b).
The vertically hoinegencous water layer formed be-
tween the less saline waiers (< 39 ppt) of Atlantic
origine (which is observed below the seasonal halo-
cline) and the LDW during stratifications is termed
as the Levantine Intermediate Water (LIW) which is
characterised by a temperature of around 15.5°C and
salinity of 39.1 ppt (Hecht et al., 1988; Ozsoy et al.,
1989) and its thickness changes both seasonally and
regionally. During winter convection, LIW mixed
thoroughly with the salty surface waters to form a
vertically mixed upper layer down to 500 m in the
mild winter of 1994 (unpubl. data) but down to
600-650 m during the cooler winter of 1992 (Sur et
al., 1993).

In Antalya bay, the permanent halocline vhich

was observed between 200 and 350 m during mild
winter of 1994 descended to about 600-700 m under
cooler winter conditions of 1992 (Fig. 3c). A well
defined seasonal stratification was observed at around
30 m in summer-autumn period while traces of
Adtlantic water could be observed only in October
1991. In this region fronts are frequently observed
such as significantly formed during 1992 wint:r (Fig.
2).

3.2. Nutrients

Long-term data on hydrography and nutrients il-
lustrate the role of winter convective mixing on the
spatial and temporal variations of the nutrient distri-
bution in the NLB (Salihoglu et al., 1990; Yilmaz
and Tugrul, 1996).

Nutrient concentrations were vertically uniform
throughout the water column down to a depth of
about 1000 m since deep convection had mixed the
mutrient-poor, more saline surface waters of the
Rhodes gyre with the relatively nutrient rich LDW in
March 1992 (Fig. 4a). However, the concentrations
of nutrients in the surface layer of the cyclonic
Rhodes Gyre have been recorded to be very similar
to the characteristic deep water values (0.2 uM for
phosphate and 5.5 WM for nitrate) as the conse-
quence of deep concective mixing but deep waters
had relatively lower values due to dilution with the
nutrient-poor surface waters. In March 1994, a per-
fectly mild winter, a well defined nutricline existed
in the upper layer (50-125 m) (Table 1) of the
Rhodes gyre and/or at the lower parts of the eu-
photic zone (Fig. 4a). A relatively sharp nutricline is
always observed at around 50 m under stratified
conditions which coincides closely with the sharp
salinity and density gradient (pycnocline) in the
Rhodes gyre (Figs. 3a and 4a). In the euphotic zone,
the concentrations diminish to trace levels in sum-
mer-autumn period, being less than 0.03 and 0.2 pM
for phosphate and nitrate, respectively (Fig. 4a).
However, the surface concentrations increased to the
levels of about 0.5 wM for nitrate and insignificantly
for phosphate during the mild winter of 1994.

Below the euphotic zone, vertical distributions of
nutrients appear to show different features from cy-
clonic to anticyclonic regions. In the anticyclonic
and partly in peripherial regions, there exists a nutri-
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ent-poor aphotic zone coinciding consistently with
the LIW layer which is subject to vertical mixing
with the surface waters during winter months. The
nutrient-poor LIW is, therefore, well defined in the
anticyclonic regions but it does not form in cyclonic
regions (Fig. 4a—c). The nutrient concentrations of
this layer remain almost constant with depth down to
the permanent nutricline, but vary with season (e.g.
up to 0.1 pM for phosphate and 3 uM for nitrate
during July 1993) and region. In the core of the
anticyclonic eddies, the nutrient-poor aphotic layer
may extend down to 300 and 500 m as experienced
in October 1991 and July 1993, respectively (Fig.
4b). Close examination of the profiles in Figs. 3b,c
and 4b,c also shows that the top of the nutricline has
been esiablished permanently at depths correspond-
ing to the lower boundary of the LIW layer through-
out the basin; its depth and thickness vary in space
and time, but its upper and lower boundaries are
defined respectively by the 29.00-29.05 and the first
appearance of the 29.15 density surfaces as previ-
ously reported by Yilmaz and Tugrul (1996). The
upper boundary of the prominent nutricline in the
Cilician basin, located at relatively shallow depths
(200--500 m) during normal winters, such as 1994,
In the stratified months the prominent nutricline was
located between 300-450 m and 500-600 m depth
range for October 1991 and July 1993, respectively
(Fig. 4b: Table 1).

In Antalya bay. continuous vertical and lateral
fluxes of nutrients through the fronts cause effective
nutrient enrichment of the upper layers above nutri-
cline. Nutricline was located between 100-300 m
depth range in the stratified months in this region. In
the mild winter conditions (1994) this depth range
changed between 150 and 250 m (Table 1). A regu-
lar increasing trend with depth was observed for
nutrients in this area during cooler 1992 winter
starting with relatively higher euphotic zone concen-
trations (e.g. ~0.05 pM for phosphate and ~ 1.5
pM for nitrate) not showing a developed nutricline.

3.3. Light and chlorophyll

Levantine basin is one of the most transparent
water body among the world oceans. The depth of
1% of the surface light is relatively deep in the NLB
and shows temporal and spatial differences. In gen-

PO4-P(uM)
02,

0 A|.-.- 1, 1
\m-ETT:mH

J
200- 8 ]
JOUE L
4001 N ]
500 !
GODt
700+ |v 1 Oct.1991 ———
| e —
900 i ] Mar.1994 —— |
1000 *

NO3+NO2{uM)
0300 20 40 60

Depth (m)

0.0

100j
200
300
200
500
600+
200
800
300 4
1000 4

Depth (m)

lOO?

200
300
400
500
600+
200
BOO -
900 -

1000 -

A A |

BRI I

Depth{m)

Fig. 4. Vertical profiles of dissolved nutrients [as phosphate (PQ,)
and nitrate + nitrite (NO, +NO,)] for the same stations in which
the hydrographic data is represented (see Fig. 3a~c).

eral, it is greater in summer than in winter, due to
decrease in phytoplankton abundance of the water
column. The winter of 1994 was extraordinarly warm
and the phytoplankton biomass indices were rela-
tively lower (e.g. chlorophyll concentration was low
in general) resulting in a relatively thick euphotic
layer (Tables 2 and 3). The depth of 1% of the
surface light is shallow in cyclonic areas such as in
the Rhodes gyre and its adjoining waters where the
shallowness of the nutricline is observed and the
phytoplankton abundance is relatively high com-



D. Ediger, A. Yilmaz / Jouvrnal of Marine Systems 9 (1996) 291303 297
Table t
Cormparison of nutricline depths —mostly the wp of the nutricline (ND)—and depth of Deep Chlorophyll Maxima (DDCM) in the NLB
Date CYC ACYC P+F

ND {m) DDCM (m) ND (m) DDCM (m) ND (m) DDCM (m)

QOct. 1991 50-100 50-100 300-450 75-13v 200-300 15-i30
Mar. 1992 - - 400-600 - - -
Jul, 1993 50-75 55-80 500-600 75-115 100-300 75-110
Mar. 1994 50-125 40-50 200-500 60-85 150~-250 50-80

CYC = Cyclonic areas.
ACYC = Anticyclonic areas.
P + F= Peripheral and Frontal areas.

pared to anticyclonic regions. The depth of 1% of the
surface light was determined in the range of 55-95
m with an average value of 80 m for the whole NLB
(Table 2).

The deep chlorophyll-a maxima, a common fea-
ture of the Mediterranean, have clearly been ob-
served in the NLB (Fig. 5). Eddy systems and frontal
events influence the vertical and horizontal distribu-
tion of chlorophyll-a and hence the magnitude and
depth of DCM (Figs. 2 and 6). The LM usually
formed at shallower depths in cyclonic eddy fields
(such as the Rhodes gyre) (Figs. 5 and 6) and, in
general, the depth of DCM coincided with the depth
of the top of the nutricline (Table 1). The DCM were
invader in shape and were observed at relatively
shallower depths in mild winter conditions of 1994,
in comparison with summer months (Fig. 5). In
relatively cooler winter conditions (during March
1002), the DCM was not well developed and rela-
tively high chlorophyll values were observed in the

Table 2

euphotic zone. The concentrations at the near surface
were much greater than the surface concentrations
during stratified seasons and they were comparable
with DCM concentrations. The mean concentration
of Chl-a was 0.45 pg /L for the water column in the
cyclonic Rhodes region in March 1992 (Table 3).
Well defined DCM structures were observed in the
summer months (Fig. 5) e.g. with relatively high
concentrations, ranging from 0.85 to 1.24 pg/L
with an average value of 1.0 pg/L in the Rhodes
region in July 1993 (Table 3).

DCM was observed to form and to be maintained
at deeper layers in the anticyclonic basins than in
those of cyclonic regions both for winter and sum-
mer months (Figs. 5 and 6; Table 3). In general, they
were located at the base of the cuphotic zone or
below it and well above the nutricline. The nutricline
was certainly below the euphotic zone (Fig. 4, Table
1), e.g., as deep as 200-600 m in such areas. As
expected the chlorophyll concentrations were rela-

The monthly averages of depths to which 1% of surface light penetrated (compensation depth) and the average light level at the DCM (%1,)

in the Northern Levantine Basin concerning the eddy fields

Date 1% Light depth(m) %1, at DCM

CYC ACYC P+F CcYC ACYC P+F
Oct. 1991 71 95 80 1 0.9 0.8
Mar. 1992 59 66 55 - - -
July 1993 73 90 86 3 0.5 I
Mar. 1994 85 90 82 5 1 3
Overall range for the NLB 55-95m 0.5-5%

CYC = Cyclonic areas.
ACYC = Anticyclonic areas.
P+ F= Peripheral and frontal areas.



298

tively iow compared to Rhodes gyre e.g. DCM con-
centrations ranged between 0.20-0.35 pg/L during
March 1994 (Table 3). Infact the concentrations were
slightly lower than those found in previous winters
in the same region (Ediger, 1995). Mixing extended
over the whole basin, water column being throughly
mixed down to 600 m in the anticyclonic Cilician
basin in 1992 winter. As a consequence a common
DCM structure was not observed in this region and
the concentration ranged between 0.27-0.51 pg/L
(Table 3). Chl-a concentrations were relatively high
and the average concentration at DCM was deter-
mined to be 0.77 pg/L in the anticyclonic Cilician
basin in July 1993 (Table 3) and the shapes of the
DCM were much more pronounced (Fig. 5). Average
chlorophyll concentrations at the DCM have been
observed to be rzlatively low (e.g., 0.11 pug/L on
average) in the Cilician Basin for October 1991 (Fig.
5; Table 3).

Between 1991 and 1994, the Chl-a profiles from
Antalya bay usually exhibited a broad and prominent
maximum (DCM) at a 50-130 m depth range. The

D. Ediger, A, Yilmaz / Journal of Marine Systems 9 (1996) 291-303

DCM were located at the base of the euphotic zone
or below it and above the nutricline (Tables 1 and 2).
In general the chlorophyll concentrations were ob-
served to be similar to those of cyclonic region but
more higher concentration values (e.g. 0.75 pg/L
on average for the DCM, Table 3) were observed in
such areas as was specially experienced in the winter
of 1992 (Fig. 5; Table 3). Mean values of 0.45 and
0.50 pg/L for March 1992, representing the cooler
winter mixing in the Rhodes gyre and its adjacent
waters in Antalya bay respectively, were almost
twice the concentrations observed in late winters.
Integrated chlorophyll-a values show that the cy-
clonic Rhodes gyre and its adjacent waters are more
productive than the anticyclonic region in the NLB
(Table 3).

The highest observed chlorophyll concentration
was 3.07 pg/L (at 10 m) and to a depth (surface to
125 m) integrated value of 238 mg/m?’ at a station
(36°00'N, 30°00'E) near Finike Trough in the An-
talya region during March 1992 (Table 3). At this
station chlorophyll-a concentration was still high

Table 3
The level of chlorophyli-a for offshore waters of the NLB for 19911994 period concerning the eddy fields
Time CHL-A (png/L) INTG (mg/m?) DCM * (pg/L) D-DCM (m)
Range X Range X Range X Range X
Oct 91(CYC) 0.04-0.16 0.07 6-20 12 0.07-0.56 0.26 50-100 75
Oct 91(ACYC) 0.01-0,07 0,08 7-12 9 0.04-0.20 0.11 75-130 160
Oct91(P +F) 0.01-0.09 0,08 3-17 9 0.03-0.28 0.13 75-130 98
Maor 92(CYC) 0.38-0.49 045 29-55 “ 0.36-0.64 0.51 - -
Mar92(ACYC) 0.19-0.45 0.28 15-47 28 0.27-0.51 0.35 - -
Mar 92(P +F) 0.20~1.10 0.50 21-90 42 0.32-1.35 0.75 - -
Mar 92(CYC) - L7l - 238 3.07 - -
(Finike Trough) :
Jul 93(CYC) 0.28-0.57 0.42 31-50 39 0.85-1.24 1.00 55-80 67
Jul 93(ACYC) 0.23-0.24 0.22 25-37 30 0.71-0.86 0.77 75-115 95
Jul 93(P + F) 0.19-0.47 0.32 30-50 k] 042-1.24 0.82 75-110 91
Mar 94(CYC) 0.20-0.57 0.35 20-54 36 0.37-1.08 0.70 40-50 45
Mar 94ACYC) 0.10-0.15 0.12 10-14 12 0.20-0.35 0.22 60-85 m
Mar 94(P + F) 0.12-0.25 0.17 14-26 20 0.30-045 0.40 50-80 70

CHL-A = averages of water column chlorophyll-a.
INTG = averages of integrated chiorophyl-a.
DCM = averages of deep chlorophyll maxima,
D-DCM = averages of depth of DCM.

‘2{ = mathematical averages.

CYC= cyclonic areas.

ACYC = anticyclonic areas,

P+ F= peripherial and /or frontal areas.

= DCM was not observed in March 1992 thus the maximum values of the water column were taken into account.
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(0.75 g /L) ai deeper layers (125 m). A small scale
cyclonic eddy was formed at this station with a
doming feature ascending to 100 m and fronts are
observed surrounding this eddy (Fig. 2). Such high
chlorophy!! concentrations have never previously
been observed in the offshore waters of the eastern
Mediterranean (Berman et al., 1986; Azov, 1986;
Abdel-Moati, 1990 and Krom et al., 1991, 1992).
The lowest value 0.01 pg/L which is the detec-
tion limit, obtained in surface and/or below eu-
photic zone (100-150 m) in the anticyclonic and
peripherial regions in October 1991 sampling period.

4. Discussion

The formation, maintenance and location of the
DCM were controlled by light attenuation and nutri-

e LR
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ent availability in the NLB. In general, the required
light level, for the formation and maintenance of the
DCM was found to be relatively low (average depth
corresponding to 0.5-5% of surface light} and the
DCM was frequently located at the compensation
depth, especially in the adjacent waters of the Rhodes
gyre. In winter, when the nutrient availability in the
upper layers was favorabie due to convective mixing
and when the incident light intensity decreased, the
DCM was located at a depth of 1-5% or even higher
of the surface light. This was quite clear for the
Rhodes basin where the nutricline reached the lower
boundary of the euphotic zone or in the euphotic
zone and the DCM could be observed at higher light
percentages relative to other regions. The light avail-
able at the DCM depth was in general 1% or less of
the surface light in the NLB (Table 2) and this was
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Fig. 5. Vertical profiles of total chlorophyli-a at the selected stations concerning the eddy fields in the NLB. The profile stations are circled

by dark solid line in Fig. 2.
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similar to the light intensity at the depth of the DCM
in the southern Levantine basin (Berman et al., 1984),
in a front in the south-west of the Azores (Fasham et
al., 1985), and in the Sargasso Sea (Cox et al,
1982).

In the winter months the DCM was generally
located in the upper mixed layer (MLD) when the
mixing deepened on the MLD to about 200-500 m
during ordinary mild winters. In cooler winter in
1992, high chlorophyll concentration values were
observed near surface and well defined DCM was
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not observed. The euphotic zone was rendered ho-
mogeneity in terms of chlorophyll concentration in
major part of the NLB. Usually, the studied area was
visited in late winter—early spring (February—March)
when the seasonal stratification would start to form
very soon and the DCM were observed in the MLD
in this period. On the other hand when the seasonal
stratification was established, DCM was located at
the lower parts of the salinity gradient zone or just
below it. Monthly averages of the depth of the DCM
fluctuated between 45-100 m throughout the basin,
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the depth being shallower during mixing months and
deeper during stratified months (Table 3). The eddy
fields also affected the depth of the DCM and, in
general, the DCM was located at relatively shallow
depths in the cyclonic region and in adjacent waters
having frontal zones but at the base of the euphotic
zone in anticyclonic areas such as the Cilician basin
(Tables 2 and 3, Figs. 5 and 6).

When Chi-a data were plotted against the hydro-
graphic data (Fig. 7) (temperature, salinity and
sigma-theta) for the whole NLB, it was observed that
hydrography and eddy systems influence the DCM.
The DCM occurred at narrow ranges of temperature
(14-16°C), salinity (38.9~39.2 ppt) and isopycnocal
surfaces (28.90—29.15) throughout the basin (Fig. 7).
As proposed by Cullen (1982), a decrease in the
sinking rate of phytoplankton leads to their accumu-
lation at a certain depth therefore forming the DCM.
Lande and Wood (1987) showed that this kind of
buoyancy regulation near the pycnocline could
greatly enhance the residence time of sinking parti-
cles in the euphotic zone. Some high Chi-a concen-
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trations were observed at 14°C, 38.85 ppt and densi-
ties of 29.15 during March 1992 associaied with the
chimney area in the Rhodes region and its adjacent
waters in Antalya bay near Finike Trough {(Fig. 7).
In the cyclonic regions, such as the Rhodes re-
gion, the nutricline formed in the euphotic zone or
just below it during summer-autumn period when
stratification was established. The depth of the DCM
was coincident with this depth in such areas. In the
euphotic zone, the phytoplankton rapidly consumed
the nutrients (which is provided by winter mixing)
during spring, after which the population was de-
creased. Below the stratification, nutrient concentra-
tions were much higher and nutrients can diffuse
upwards from the deeper layers. The continuous
availability of nutrients in this region, possibly com-
bined with the accumulation of sinking phytoplank-
ton in these reiatively nutrient-rich waters, may ac-
count for the establishment and maintenance of the
DCM with relatively high chlorophyll concentrations
compared to other regions. The deep phytoplankion
layer makes a significant contribution to the total
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Fig. 7. Relationship between chlorophyli-a and hydrographic parameters (temperature, salinity and sigma-theta) for the NLB concerning the
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primary production in such waters (Kirk, 1983). The
main question is that, whether or not the chlorophyll
maximum represents the true biomass (e.g., phyto-
plankton carbon) in the NLB. However, DCM may
have been the result of an increase in either the
biomass of the phytoplanktonic species or in the
chlorophyll content of the cell at certain depthe in
oligotrophic seas (Li et al., 1992). Unfortunately
there are no primary productivity measurements for
this region. A {imited number of particulate organic
carbon (POC) data obtained in the studied area
showed that there is a close correlation between the
POC and Chl-a profiles and the DCM was probably
due to the increase in phytoplankton density. This
coincidence generally occured only where the water
column is stabilized by a pycnocline formation and a
good example is July 1993 when the POC maxima
coincided with the DCM (Fig. 5).

The mechanism of formation of th: DCM in the
NLB seems to be similar to that of the eastern
tropical Atlantic Ocean. The close and relatively
stable coupling between physical and biological pro-
cesses in the eastern tropical Atlantic Ocean has
permitted the characterization of hydrographic and
biological features into "typical tropical structure
(TTS) (Herbland and Voituriez, 1979). It has been
shown that TTS is a continuum of pattern, ultimately
controlled by the input of nutrients from below,
supplied by upwelling or turbulent mixing (Cullen,
1982). The oligotrophic extreme of TTS was charac-
terized by a deep main stratification and wutricline,
low chlorophyll concentrations, and minimal primary
production. Hydrographic and biological features
change together along the continuum, culminatiig in
the productive extreme of TTS, shallow stratificaticn
and nutricline, high chlorophyll and production.
These conditions were provided in the anticyclonic
and cyclonic regions of th: NLB respectively. If the
nutrient flux was sufficient to elevate nutrient coa-
centrations in the surface layers, TTS breaks down
and the DCM was not observed (Cullen, 1982) as
was seen during the winter of 1992,

As the vertical distribution of nutrients was highly
influenced by the physical environment, such as the
eddy fields in the NLB; the dynamics also directly
affected the formation and maintenance of the DCM
at a certain depth. The intensity of winter mixing
modified the vertical transportation of nutrients and

when relatively high concentration of nutrients be-
came available in the euphotic zone, the magnitude,
behaviour and most probably the composition of
phytoplankton biomass changed and hence the struc-
ture of chlorophyll distribution. Comparison of Chi-a
data with the data from other sites of the Mediter-
ranean revealed that concentrations measured in the
northern Levantine basin during cooler winter in
1992 and for the summer in 1993, exceeded the
values reported for the southern Levantine basin
[0.06-0.12 ng/L (Berman et al., 1986); 0.15-0.23
pg/L (Krom et al., 1991, 1992); 0.15-0.35 pg/L
(Abdel-Moati, 1990}], but they were comparable to
the concentrations of the western Mediterranean
[0.1-0.8 ng/L (Berland et al., 1988); 0.12-0.84
ng/L (Estrada, 1985); 0.1-1.0 wg/L (Lohrenz et
al., 1988)}, indicating how the intensity of winter
mixing affects the nutrient transportation mechanism
and hence the feature of DCM in the basin.

Finally, the NL.B is a very dynamic sea and the
distribution of chemical and biologically related pa-
rameters are influenced by the physical dynamics.
The NLB is not as oligotrophic as previously re-
ported. Cyclonic and frontal regions represent a sig-
nificant proportion of the regional phytoplanktonic
biomass and probably the primary production.
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