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'ABSTRACT

The Bosphorus Strait is a strongly stratified wo-laver sysiem and a
unique case of the «maximal exchange” regime of strait flows, which lar-
gely determines the properties of the Black Sea. The strait operates in the
full range of possible exchange flows, with greal variability associated with
transicnt features. The net freshwater input into the Black Sca. baromeiric
pressure differences and wind setup are possible forcing mechansms. and
the response of the strait is strongly non-linear, The seasonal and inter-
annual response is extremely variable because of non-linear behavious and
also as a result of significant variability in ihe forcing. The hvdrological
cvcle and barometric pressure variations in the region poth have strong rela-
tionships with the sea-level fluctuations in the Black Sea. Mixing occurs
between the upper and lower layer flows via urbulent entrainment.
Longitudinal dispersion estimates for each individual layer are comparable
{0 other estuarine regions of the world.

RESUME
Le détroit du Bosphore, systéme 2 deux couches foriement stratifiées
et cas unique de régime d'échange maximal parmi les courants de détroit,
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détermine largement les propriétés de la mer Noire. Le détroit agit sur
une gamme cgmplgle de flux d'échanges avec une grande variabilité asso-
cice a des phénoménes passagers. L'apport d'eau douce en mer Noire, |

différences de pressions barométriques, le régime des vents sont de !0(:S
sibles meécanismes coniraignants et la réponse du détroit est forlenr;J o
non-linéaire que ce soit & I'échelle saisonniére ou interannuelle, Le c:verln
hydrologique et les variations de la pression baromélriqué dan'scle
région sont tous deux fortement corrélés avec les fluctuations du ni\;eas
de la mer Noire. Le mélange entre flux supérieur et inférieur résulie de
la turbulence du passage. Les dispersions longitudinales estimées pour

chacune des couches sont com 2 :
_ E S parables a celles observées ;
estuaires du monde. dans les autres

INTRODUCTION

The Bosphorus is one of the two straits in the Turkish i '
controlling the exchange betweer two relatively large inlandss::ﬁ,u;fs'\rzt;}?
differing hydrological regimes. i.e. the Mediterranean and Black seas gwhi‘c:h
are connected via the Marmara Sea. The exchanges through the "llurkiqh
s;r_ans determine the inter-basin transport of pollution (POLAT and TUGRUL
t s voflume: OZSO} e al., 19952). The fate of pollutants. such as the waste-
w?[e;' rom the city of Istanbul. is largely determined by the stabilitv of the
g&(‘%‘ aver exchange flows through the Turkish straits (DAMOC 197]:

UNNERSON and OZTURGUT, 1974: GUNNERSON. 1974 ORHON .
1994: OZSOY 1 al.. 1994, 1995b). R el

' The Black Sea is a landlocked basin, with precipitation (~300 km'/yr)
gndb'ru'nuff (=350 km/yr) exceeding evaporation (~350 km™vr); the excess
;SUNEE:CCd by a net outflow of ~300 km*/vr through the ﬁBospﬁorus
Q BITA e al.. 1990). The Danube. Dniepr and Dniestr rivers in the north-

est Black Sea are the important sources of freshwater. with the Danube
gf\lqhulmg_aboul a half of the total river runoff. Freshwater inflow into the

!.Lcl\q(SJea displays large seasonal and interannual naturai variability (SUR e
al.. 1994). A significant correlation exists between the Danube influx and

sea-level. even at anpual time scales. su i 1C1
€ . suggesting eff, !
Bosphorus (SUR et al., 1994; OZS0Y er a[..g%9953)g. icient control b the

BOqug:ut;al;'ncedesuma1es of the two-layer exchange flows through the
19@;)3 Tus. 'ase on long term salinity measurements {UNLUATA e al..
Y }__\:eld an average upper laver autflow of ~600 km*/yr and a lower
i:;i'lir”lgcf:lg::lotfh-.‘%(](]‘ J\né‘fg The steady-state salt budge: of the Black Sea
s that the ratio Q//Q: = 52/5: =~ 2, where Q,, S, and S:arc th
s i J , §: arc the
:E‘p;z;((;) cfmg ](‘Ir3wcr (2) laver volume fluxes and salinities at gfe Black Seu
o Jeﬁ ?_ the Bosphorus, Because of turbulent emrainment. it js estimated
! a - ,/f of the l(;wer laver flux in the Bosphorus is entrained into the
\25’&:“:_\;:1.)&&{1}? ~7% o_f the upper layer flux is entrained to the lower laver
mal‘eq : ADC f-t;;asgd instantaneous f_luxes greatly differ from these esti-
ra S y follow cl-osc]y the transient meteorological and hvdrological
cing in adjac_em basins (LATIF e7 al., 1991; OzS0Y er al., 1994, 1995a
1995b}, displaying significant variations over short time-scalt‘:’s. . ‘
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BOSPHORUS STRAIT HYDRAULICS

Among the two straits interconnecting the Mediterranean and Black
seas, the Bosphorus is the more crucial one in determining the exchange,
because it has two hydraulic controls imposed respectively at a sill and a
constriction while hydraulic control occurs only at a constriction in the
Dardanelles Strait. In fact, the Bosphorus Strait is the prime example for
straits with “maximal exchange™ (ARMi and FARMER, 1986: FARMER and
ARML. 1986; ARMI and FARMER, 1987). with two controls. favorable strait
geometry and adjacent basin stratification. In the case of the Dardanelles.
conditions are only favorable for “supmaxima] exchange” (OZs0Y el al.,
1986. 1988 OGUZ and SUR, 1989; UNLUATA ef al., 1990: OGUZ et al.,
1990). The Bosphorus is also a special case of straits with constriction loca-
ted between the higher density basin and a sill (FARMER and ARMI. 1986).
in which asvmmetry with respect 10 nel through-flow, depending on
constriction/silt width ratios is expected.

The planform geometry of the Bosphorus is shown in Figure 1. Two per-
tinent features of immediate atiention are the northern sill. with a depth of
60 m located about 3-4 km northeast of the Black Sea entrance, and the
conttaction at the Amavutkéy-Kandilli section in the southern pan, with a
width of about 600 m and & maximum depth of about 110 m. A further addi-
lion 1o these essential geometric characteristics is the southern sill and exit
region geometry (OGUZ et al.. 1090} near the Marmara Sea. Since the
controls imposed by the northern sill and the mid-strait consiriction sections
are sufficient to establish maximal exchange, the existence of a secondary
transition in south Bosphorus is not an essential element: in fact. south of
the constriction. the upper layer flow undergoes dissipation and partially
recovers before reaching the Marmara Sea exil (OzsoY et al., 1986: OGUZ
er al., 1990). Long-term observations has led to this schematization {(OzZ50Y
el al., 1995a). also confirmed by numerical model resulis (OGUZ et al.,
1990). Both observations and model results indicate that a passibility for the
loss of control at the southern exit region and replacement by the control at
the southern exit region is rare, and conjectured to occur only when either
the net barotropic flow diminishes or the interfacial and bottom friction
effects are negligibly small (OGUZ et al., 1990).

Other complexities of the Bosphorus flows include secondary and eddy
circulations induced by the lortuous geometry of the strait, unsteady effects
connected with wind set-up and changes in adjacent basins. along strait
density variations, and entrainment of fluid from one laver into the other.
Some of these effects, which are important (PRATT. 1987). but unconse-
quential in establishing the overall “maximal exchange”™ (ARMI and
FARMER 1987). have been successfully incorporated in a two-layer model
(OGUZ et al., 1990).

The Bosphorus responds rapidly to changes in the driving conditions,
opetating in the full range of weak to strong barotropic forcing in either
direction (Ozsoy er al., 1995a). Under normal conditions, hydraulic
controls exist al the two sections. In the casc of increased net barotropic
flow from the Black Sea or persistent northerly winds. the lower layer of
the Bosphorus occasionally becomes blocked. Similarly, southerly winds
cause the upper layer to be arrested and pushed back to the constriction and
beyond by the Marmara waters backing up in the Bosphorus. and its flow
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Figure | - Location map. showing planform geomelry of the Bosphorus.
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beneath the arrested wedge results in three-layer stratification. The upper-
layer blocking is accompanied by diminishing sea-level difference between
the two ends of the strait (DAMOC, 1971; GUNNERSON and OZTURGUT,
1974; ARISOY and AKYARLI, 1990). At the same time, increased surface
salinity is observed in the southern Bosphorus (the so-called “Orkoz”
events, cf. ARTUZ and Uduz, 1976; Ozsoy er al., 1995a). Both the upper
laver and the lower layer blocking conditions are short-term events, typi-
cally lasting a few days and often related to prevailing conditions in the
adjacent basins. The blocking of the Jower layer occurs during the late
spring season, when the seasonal outflow from the Bosphorus is at its peak.
while the arresting of the upper layer typically occurs during winter storms
when the barotropic flow is at its minimum (OZsSOY e al., 1994, 19952).

A summary of ADCP based flux measurements in the Bosphorus span-
ning the period of 1991-1995 (Ozs0Y et al., 1994, 1995a.b, GREGG e al.,
1095) 1s given on a seasonal basis in Figure 2. A clear definition of scasonal
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Figure 2 - 199}-1995 ADCP-based direct volume flux measurements in the Bosphorus plotied
on a scasonal basis (after Ozsoy er al., 1994 ; GREGG. 1995).
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signal is not possible, because it is masked by the great variability on shor-
ter time scales, and an insufficient number of measurements with statistical
reliability. It should also be noted that the estimates are subject to inaccura-
cies of the ADCP technique in the shallow and narrow waters of the strait
(OZSOY et al., 1994), due to loss of data near the bottom and the surface.
The lower layer flow appears to be consistently underestimated, compared to
mass budget estimates. Based on Figure 3, we can only suggest an increased
net flow in spring and a decrease in winter months. Indirect measurements,
based on hydrography, suggest an increasing influence of low salinity
waters in the Marmara Sea surface layer during the spring and summer

months, with a delay apprapriate for the residence time of the Marmara
basin (BESIKTEPE er al., 1994),
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Figure 3 — Frictionless, steady-state solutions of Bosphorus hvdraulics model for values

Bi=0.01. B:= 0.5, he= 015, f = 0.667, plotted as a function of the barotropic flux g, (after
Ozsov, 1990). '

192 Bulletin de I'Institur océanographique, Monaco, n® spécial 17 (1996)
CIESM Science Series n°2

A TWO LAYER MODEL
OF THE BOSPHORUS STRAIT

Following on these observations, the purpose of our model is to invesu-
gate the functional dependence of the exchange flows on external
influences, including the cases of blocking. and to construct a qualitative
understanding of the strait behaviour in response to seasonal forcing. A
similar approach has been followed by WELANDER (1974) in investigating
the non-linear response of an estuary, based on the two-layer exchange at its
mouth, and by MADERICH and EFROIMSON (1986) in the case of Bosphorus.
We present a simple hydraulic model following OzsoY (1990).

We base the model on the features reviewed above. A quasi-steady res-
ponse of the Bosphorus to seasonal forcing is considered, using a simple
variation of the FARMER and ARM! (1986) model, allowing for a finite depth
at the contraction and variable widths for each layer. A further trivial diffe-
rence, i.e. the presence of a free surface, allows seasonal storage in the Black
Sea basin. Although we can account for bottom and interfacial friction by
suitable parameterization, ie. integrating the frictional terms between the
two control sections (SUMER and BAKIOGLL, 1981), barometric pressure dif-
ferences and wind stress along the strait. we exclude explicil discussion of
these complicating effects.

We first consider the equations of motion. governing a two-layer, unidi-
rectional flow and integrate them between the two control sections.
(1a - ¢) are the continuity requirements for the Black Sea and Bosphorus.
A quasi-steady state assumption for strait flows leads to the Bernouilli
equations (le, f), and a similar one between the sill and the basin vields
(1d). We add hydraulic control conditions (2g, h), i.e. G* = F { « Fi = 1,
where Fy = w;Wegyi, Fy = uyVegys, respectively at the constriction and sill
sections. Equations (14, j} are simple geometrical refations relative 1o a
common datum.

a
Sb%"Qj*QZ“QI

%%i}-i:+ghu-nJ

1 A - A ' ! i
—{uf(—ul’,}-ﬂ‘ﬁ+gn,-—f T gy - - dx
[y 2P 2 AN

1{ 2 21 Aﬂ- s T, v Ty
Sduse ~uz; = —E 4 gim, - ey, - +J)—d.x+ dx
2 < 5 | { r)} % Pya x P2¥a

2 2
e | M (la—h)

E8Y1c £8Ya.

_ELS__.,, M2s =1

gy €8s

FYic ¥ Ye = Yo
Yis+Ya+Ho=m 4y,
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where u, b, }?, apd P, respectively are the velocity. width, depth and density
of the ﬂpw within each layer (j = 1, 2), where subscript s denotes the values
at the sili and subscript ¢ denotes values a the constriction, S, and #, res-
pectively the average surface area and sea level in the Bléck Sea. y, the
df:pth at constriction, A, and 7, respectively the bottom and surface eiyeva-
tion at the sill relative to the comstriction, Q; the net freshwater inflow
Or= i bic yie = uye by, Yisand s = uy by Y1 = Uz by, ya. the respective lave;
fluxes, Ao = Py~ Poand A, = P, - P, the barometric pressure differences
respectively between the Black Sea and the sill and the sill and constriction
Scctions. Tu 1s the along-strait wind stress and 7, and T, are the frictional
stresses. respectively at the two-laver interface and the bottom. ¢ = Ap/p-

1s the density stratiﬁpation parameter. We non-dimensionalize the variables
and make the following definitions:

Q ]
ql-—], Qz'—“Q', q;-gi.
QJ( QE( Q(
Oic = egyabic. O3 =rgyibic. Q7 = 0.0y = £gyi by b,

I
“ a1, 2 v ' , ,
wh ;‘g_ﬁi‘ dlr"'k- d- _."Zr d _)’15 d =_‘2.\

£y . € l is » 2Zs .
Jo L S Yo Yo

20,

CSb)‘o

¢ Yo
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o Eex/o, (2a-v)
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» — T,
PiE8Y PIERYs ¥,
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\ESYe \E8Y,
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Because friction effects ar : 1 m
s § are only secondary, we paramelerize them w;
. 4 - . - l
linear approximations 10 vield ’ P .

b, T 1 T .
kdl-,.Lf_dx. f bdx_f. wdy =k . .
j:‘ oy P ey, xe Pt JL‘Ju\,u’_d.x kO N ;::d.l.

b, . 4 .
—di e 3 : -1 1
N p]r\-! A f dl N ’L,{UI +H:)d1 - kinﬁ R‘b +A'"Q: i dx.

P2V
¥z by

Furthe: simplifications are made by using (2a - v} and defining

Vo= Eid“f-w = E'%idt b}r . q
. td. - d).x_d}r I 5 bj d; ) ‘J\Jbg,‘“J.j-l‘h (30‘{}}

corresponding 1o the integrals on the right-hand side of (2 '

n $ 2 e, f), dependin
(?n the width b,(£)/b, and thickness d,.. They are approxima{)cd bg linea%
vanauons between the two control sections, using the length scale for the
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strait { = x, ~ x.. where (b;) is the average width between the two control
sections. Since our purpose is to parameterize these terms, we assume v,
and y; to be adjustable constants. The normalized versions of (12 —j) using
(2a —v) are:

&

a -1
2L =g, +Bg- -
pabk Yy Bg--B"'q

Bigidil =Ln &+ 6y
912 {dﬂz "Bagdx_xz} e Es+ 05 - {Vlﬂw + Kiphq) +ﬁ'1|(,-,u2q3}
4 {dz_rz - Bzzdz_sg} w &= 2(dy —dy J 4T, + {ﬂxi,u]q, +{K; 4K, )Hth}
Bigidii + Bigidz) =1 (4a -1y
gidi] +qidy =1
dio+dy. =1

dls+d25+h_r ‘%gs+1

Equations (4a — k) are solved iteratively to determine the eight unknowns
& & qu. g di, dy di, da, for given values of forcing g, 6 s 7., geome-
try By, Ba, B h. friction Kk, k,, stratification €, and adjustable constants v,
uy, o Experience has shown that estimation of the adjustable constants at
each iteration. using (3a,b). produces better results. The blocking of the
fiow in either layer is treated by consistency checks during iterations.

SEASONAL RESPONSE CHARACTERISTICS

We demonstrate the functional behaviour in the simplest case without wind-
stress, barometric pressure or frictional effects (8, = & = M = K, = K= 0),
and first study the sieady-state case. An example solution with typical
values of the Bosphorus geometrical parameters is shown in Figure 3. Note
the non-linear dependence of & on g;. For some limited range of g, there
exist three different solutions in &; two of these roots at the high and low
ends are stable, while the third one located in between is unstable: i.e. the
solution will shift from one fixed point to the other under unsteady condi-
tions. An interesting feature of the solutions is the behaviour of the lower
layer flux g:: for lower range of net flows, the lower layer flux increases as
the barotropic flow g, is increased; and in the other range it decreases with
increasing g;. untii the lower laver becomes blocked. In contrast, the upper
laver flow conuinues to increase with increasing barotropic fiow. When the
sea-level decreases to zero. the barotropic flow as well as the upper layer
flow become smali, but do not have 10 be exactly equal to zero.

These basic characteristics survive in the case of unsteady (scasonal)
runs including the effect of Black Sea storage. Because the solution is
multiple-valued, for some range of variables, there is a chance for the solu-
tion 10 oscillate about two stable fixed points. An example is shown in
Figures 4a-c, with the same parameters as in the previous cases, but when
the model is forced by a time-dependent barotropic flow, increasing from
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Figure 4 - Top: a three-vear run of the seasonal model with (a) forcing g;. and (b) the sea-level
response. and (¢} g, versus L. Botiom : a thirty vear simulated run of the seasonal model. with

(d) svnthetic fresh water inflow g;. (e) the sea-level response & and (1) g, versus 5. (after
Qzs0Y, 199%0).

Zero to & seasonally oscillating function displayed in the upper right panel.
The sca-level is low during the first vear, and oscillates about a higher leve]
for the next two years. In Figure 4c, the solution oscillates about the two
fixed poinis. In addition 1o the possible interannual variations imposed by
the strait itself, the net freshwater inflow has its own natural variability.
When the system is forced with a simulated freshwater inflow with modest
interannual variations (Figure 4d), these variations are amplified in sea level
(Figure 4e). with the solution vacillating between the two stable solutions.
In phase space, the oscillations sketch a complicated pattern (Figure 4f).

The multiple valued simple solutions could be unrealistic, yet comple-
telv physical, because of the following reasons: (i} the occurrence of
multiple-valued solutions may depend on a suitable range of forcing and
may depend on the choice of parameters; (ii) the inclusion of further com-
plicating factors. such as the variable channel geometry. friction, short-term
inertiai effects, etc., can further modify the behaviour of the solutions. In
fact. when friction is included. the multiple-valued solutions become
suppressed; vet. the “flat” response. i.e. the region where a large change in
sea-level occurs in response to a small change in barotropic flow survives.
The solations are qualitatively similar to those discussed above.

RESPONSE TO HYDROLOGICAL BALANCE AND
BAROMETRIC PRESSURE

The adjustment of Black Sea sea-level to forcing is characterized by the
time scale (equations 2f and 2m)
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7 o E30Yo SpvE
20 28Yobyc by

i = - - b -~

ate values £ = 0.015, S, = 420 x 10“km=, Yo }00 m, by
b Eolfiﬁ;?p\:c find T. ~ 42 d. This adjustment time scale is relatively
shrort compared to the filling time scale Ty = Su N/ o (r'eqmred-for sea level
rise of #j»due to net river inflow of O in a closed basin-equation la), esti-
mated as Ty = 240 d. In comparison, the time scales for the Strait of
Gibraltar are estimated as T, ~ 9 d and T;= 25 d. Although the Bosphorus
net flow is two orders smaller than the Gibraltar flow, the Black Sea adjusts
relatively rapidly via Bosphorus exchanges. ‘

Monthly time series of sea-level at Sevastopol and net freshwater inflow,

with components of total river runoff, estimated precipitation and evapora-
tion in the Black Sea (SIMONOV and AL'TMAN, 1991) displayed in Figure 5,
verifv the close relationship between various elements of the hydrological
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; oo ia)
B |
* a0 ™ T T T T TR TRy e

freshwater Hux (F + R - E)

™Y TH

P+R-E,
(km?®/mo)
=ik uzsel

o
o

river runoff (R)

T

"

"~
=

I, (km®/mo)

LA 2] Tl Rk

a
a

precipitation (P} ‘

-4

d)

P. (km?/ma)
—

evaporation (E)

E, (km?' fmo)

a ¥

time (y7)

i 1 freshwater inflow, (c) total
Figure 5 - 1923-1985 data on (a) sea-level at Sevastopol, (b) tota ]
rivger runoff, (d) total precipitation, (¢) total evaporation (afier SIMONOV and AL'TMAN, 1991).
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cycle and sea-level variations. The most direct relationship is observed bet-
ween the river inflow and sea-level, based on direct measurements,
Although the other elements of surface fluxes involve certain assumptions
and caiculations, the relationship of sea level 1o total freshwater fluxes sur-
vives, especially for large events: To illustrate these relationships we plot
the Black sea-leve] versus river runoff and total freshwater infiow in Figures
6a.b, showing a remarkable set of forced oscillations in phase space.

From a dvnamical point of view, both the freshwater inflow and the
barometric pressure differen i

in Figures 7a,b and 8, While a clear rela-
tionship cannot be estabiished in Figures 7a.b. evidence for an inverse
relationship moduiated by seasonal dynamics can be found in Figure 8.
This relationship is more evideni on annual time-scales,
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Figure G illustrates wether sea-level differences across the Bosphorus
can be related to barometric pressure. Comparison of hourly baroFr)nelric
pressure in the Marmara region (Fig. 9a) with sea-level difference {Fig. 9b)
reveals a close relationship with delays on the order of few days between
the two signals. However such concurrent measurements are rare ‘a' present
and the determination of the exact roles of various factors in dri.vin the
Bosphorus-Black Sea system awaits further studies. ) i

MIXING IN THE BOSPHORUS

Recently, fivorescent dye technigues have been used to ¢ di '
and mixing in the Bosphorus and 1o evaluate the perfofmanscl:fl ((1))1‘ ?l::p\ifl:s't{::
water discharge system of Istanbul. Rhodamine-B dye was introduced into
thedlqwer layer flow at the diffuser near station B0 (Figure 1), and folio-
wcC'}ﬁn the Bosphorus using two ships equipped with fluormeters coupled
to CTD. Dve fiux calculations were made by matching and integratin
simultaneous current velocity (ADCP) and CTD data (Ozs0Y er a’g
1994, 1995b). The vertical mixing within each layer was very fas; {on tltl-t’:
?Bdgr of fe.w.tens of minutes), but the transverse mixing time of about
5 ((j)urs was comparable te the time of transit through the Bosphorus.

ood agreement was found between the observations and simple models of
longitudinal dispersion in the lower layer of the Bosphorus, accounting for
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{he loss 1o the upper layer with a sink term. With dispersion coefficient esti-
mates of E,= 90-205 m*/s (Figures 10a,b), the measured lower layer dye
concentrations compared well with analytical solutions for continuous and

instantaneous release cases.
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Figure 10 — Lower layer average Rhodamine-B concentration at different locations along the
Bosphorus after (a) continuous dye release. September 1992, ard (b) instantaneous release,
March 1993 (after OzSOY et al., 1994, 1995b. The analytical soiulipns a distances of 7.5, 15
and 28 km from the souree, corresponding to the B3, B8 and B15 sections in Figure 1. are

compared with mean lower Jayer concentrations observed nearby these sections).
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Both the dispersion computations and the measurements indicated that
diluted in the lower layer of the Bosphorus within short

ye injected in the lower layer was
yer. and only a small fraction — comparabie
Is way to the surface. even under the most

the dye is rapidiy
distances after the diffusers. Some of the d
trapped within the interfacial la
to background levels - found i
adverse conditions,

CONCLUSIONS

The Bosphorus is an outstandin
“maximal exchange” conditions
be learned about the exact nature of the
sessing the world’s most distinct physica
the Mediterranean), even a cursorv exam
ties for driving mechanisms and
scales. Further analyses of data
level are required for exact con

with increasing international traffic and industrial pressures, in a region of

developing hinterland and deteriorating marine environmental quality,
necessitates a better understanding of the Turkish straits.

response characteristics on a variety of time
and direct measurements of fluxes and sea-
clusions. Environmental concerns associated
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On the biology
of the Turkish straits system
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! Faculry of Fisherices, 2Science and Technology Institute,
Istanbul University, Laleli, Istanbul, Turkey

ABSTRACT

The Turkish straits system — the Dardanelles, Bosphorus and Marmara
Sea — represents a lransitional zone between the Mediterranean and Black
Sea basins. As such it constitutes either a barrier, a corridor or an acclimati-
zation zone for living organisms. The peculiar hydrological characters of the
Turkish straits limit the distribution of some species. Once major biological
corridors for pelagic fish migrating between the Mediterrancan and the
Black Sca, they have ceased to be so due to the destabilization of the pelagic
and benthic ecosystems. On the other hand the straits allow the acclimatiza-
tion of certain species of mediterrancan origin, such as decapod crustaceans,
anthozoans and sponges, penetrating to the Marmara Sea and Black Sea.
Alien species, such as Rapana thomasiana, Mnemiopsis leidyi and
Cunearca cornea, have also become resident. Major sources of pollution,
overfishing, ship accidents and heavy marine traffic. constitute major threats
for the biological diversity of the Turkish straits system and hence for the
ecological balance of adjacent seas, as exemplified by the disappearance of
resident populations of Phocoena phecoena, Tursiops truncatus, Deiphinus
delphis and Monachus monachus from the straits.

RESUME
Le systéme des détroits turcs — Dardanelles, Bosphore et mer de
Marmara — représente une zone de iransition entre les bassins de la mer
Meéditerranée et de la mer Noire. Il constitue soit une barriére, soil un cou-

Joir ou encore une zone d’acclimatation pour les organismes vivants. Les
particularités hydrologiques des détroits turcs limitent la distribution de cer-
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