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INTRODUCTIO N" 

The Mediterranean Sea. system, a. gri=;a.t e: -~pa.nse 

t~e Atb.ntic Ocea n O:'l the west, to Asia. O!l the ea.st, 3.:-;d s epa.r=:i.tes 2-,_;ro:pe from 

f .. .fric.a. 

T~is system cccupies a. de~p elong2ted, ar:d a.l~ost la.n::ilac ked depression 

a.n.d 
0 

J6 2. Its ea.s t-;.;es t extent is 

2 .ppr'J~,.ima.tely 2 ,500 :niles, while its a.vera.ge 11orth-south ex:tent i s .J.bout 500 

miles ( World Book Encyclopedia, 1972 ) . The ~ , Iedi terra.:ie::;.:.. Sea> including the 

Sea. of >ia.rma.ra. 2.~cl the Bla.ck Sea. occupies a.n area. of l ,lLr-5, 000 squa.re '.ili lcs 

( ~orld Book Encyclopedia, 1972 ) . 

The f~.r wester:"l ~axt of U:e ;·Iedi terra.r:ea.n connec ts ·.-d t h the Atla.;itic Ocean 

t hr0ugh the 3tra.i t of Gi bra.l ta.r. The Stra.i t is only .3 miles wide a.t its na.rrow-

9st point, and a. depth of ar:~n1 l, 05J FT ( World Book ~ncyclopedia 1966 ) . The 

::J.orth~aster:i Medi tera.~ca.n 3ea. is connected. rri th the .3la.ck Sea. thro~~c'.-1 th0 

Jo.rdanelles. The .ca.rda."'."le lle 3 ha.s a.n a':era.ge depth of 2;0 FT ('.forld Book Snc~rcl c -

pedia, 1966) . 

NATURAL DIVISIONS. A ridge lies between the island of Sicily a.nd Africa, with 

a depth of 1,200 FT (World Book Encyclopedia, 1966). This ridge divides the 

:1editerra.;iec:in Sea into ea.ster:i a.nd wester:i hal '1es. The western ;-a.rt i s -the;i rli vidcd 

into three ba.sins. The Alboria.n Ba.sin lies ce1:.wee!'1 t he mo.s t a.nd 

~·iorr0cco. Th9 Algerian Ba.s il'l i s ~rest of 3a.rdinia a.~d. C::Jr s ica, e :dending to the 

coa.s t of Algeria., a.!1d off t he coast of Fra.nce. The Tyr::-hc ~ia:l .B2.s i n , lies t.ebre(=;::. 

.l. t a.ly a.nd -the Isla.nds of Corsica. a.nd. Sa.2'.."'di:lia.. T'.:.e ea.ster n i·10di terra.:1eei.n is 

S"t.:bdi vided ir!to tw() :najor ba.si:-is. The Ioni0n Ba.sin lies to th8 south of Itc:.ly 
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3 .!1d Greece, where the dee:?es t a.rea. in the [•'ledi terra.nia.n is found. The deepest 

i :L 4: his a .!'e .? . is 1).66 ) . 

T~e Le'. a.nti:1<J Ba.sin r uns from the wi::ster:1 e;id of ·'.:re-:e t o '7,he south of Asia. 

~liner . The Aegea.n Sea con ta.ins a. large number cf islands known a.s the Grecian 

a.rchipe la.go. The Adria.die Sea. is bounded by Italy -:o the ·i{est a.nd north a nd 

by Yugosla.via. and Albania. _ to the ea.st. 

GEDLCGY AND PHYSICAL GEOGRA?HY. The Medi terra.nea.n Sea. is the existbg 

fra.gment of the o:ice huge Tethys Sea., which o~ce enveloped the entire Eastern 

Hemisphere. The present geologic structure is tha.t of the basins and their 

bordering mounta.in system tha.t ma.ke up the relatively stable contine~ta.l 

blocks of Eura.sia. a.nd Africa. ( 'tia.lker, 1965). 



so,1thwa.rd f::-o'TI Sicily. The widest o: tl-:e '.: o-r:.tine:ita.l shelves is of: 3pa.in' s 

.Je l ta , ~·1he::-e it extends out so:ne 

Si'.'lila.rly, west of Ha.rseille ":.he shelf ~.;ide:1s off tte r.hone .J-: 1 ta. a.:rea. to l~ .'J 

:niles. Cff -:he Ea.lia.n penins:.ila. the shelf is narrow, a.n'i the 21Jpes a.re 

;;iostly quite low. The narrow shelves contir:.ue a.long t!:e French ni vie:r-a., but 

t:-:e slopes sl:.ow a. ma.rked increase where 1:~ey are c"L:.t by ::la.ny ca.:'lycms and troughs 

, • T 1 ;l ,..., T ·:-i 1 d 0 196h \ \, ., or-~ .oooK. r..nc:/c ... ope. ia., ,__,;. 

The Ea.stern i!iedi terra.!1ea.n.. 0outh o-" tte Sicilian stra.i ts t~e shelf widens 

to a.s much a.s 170 miles off the Gulf of.' Ga.'.:;es on t;;.e 2a.stern coo.st of Tu::isia.. 

T1:1e first mud a.pl'ea.rs on the a.p-proa.ch to the 3Ee Delta., a.nd the shelf widens 

a.ga.i!'l to 70 niles to the entra.::ce of the Si..:ez. An exce~tion is t:-:e oroa.d 

she1~ extendi r:g ?-'.JO :-iile :3 a.lo-,1g the inn~r :portion of t!-.. e Adria.tic 3ea. . nela.~ 

tively deep wa.ter is found a.lons ::iuch of the coast of Yugo3lavia. and a.l o:ig the 

Ita.lia.n coa.st, in contra.st to the gentle slopes of t~e Po valley (World Book 

Encyclopedia, 1966). 

HYD~-1 ,~! I.iJGY . The hydro logica.l conditions b. the :1edi ter:!'.'2.nean va::::r cbe to 

cha.::.ges i:-i the th~~e la.yeYs of wa te>r :7'!asses; the surface b .yer, the intened-

ia.te la.yer, a.nd the deep la.yer -tha.t co!;.-:,b 110s rloK:i to the bottom. 

The sur-face la.yer ha.s a thick:J.es.3 '!O.r::.ting between 250 a.:id l, 000 ?T. ·:;:-his 

rni!l.i11u"l te:rr9era.b..:.re a.t i :s 1ower li:-:ii t. I ·'1 th(; ea.s:.cr:-i ta.si:1 :~e te11pera.t.__~re 
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"The intermediate la.yer i s a.ccompa.nied by warn a.nd sa.li:-ie wa te:r co:ning 

from -::-:e ea.s-ter~ ~·Ie di :.erra.nea.!1 a.::d cl:a.:-a.cterizeC. '2y +,e~pPra-:ure a.!ld sa.lini ty 

maxi:na. a. t 1,JOO FT. T!:is la.yer is siti.:a.ted at depths bet~-r een l, :JOi) a.nd 2., COO 

FT (~orld Book Encyclopedia, 1966). 

"The deep layer occupies the remaining zone between the intermediate 

la.yer a.nd the bottom. The approximate tempera.tures in the zone are: 55. 2° F 

r o ) ho \12.9 C a.t J,000 FT a.nd 55 . ..., c ) at 8,200 FT; its salinity is 

JS.40 pa.rts per thousa.nd or slightly less. In general, the water of this la.yer 

is very homogeneous (World Book Encyclopedia, 1966). 

Currents. The ?<Iedi tera.nea.n Sea. with all of its river imput still only 

receives about one third of the wa.ter that it loses through evaporation. 

The rledi tera.nean gains most of its wa.ter input through the Stra.i ts of Gibra.l tor 

from the Atla.ntic Ocean. This ma.in body of water comes through as a surface 

current, which makes up the most constant component of the circulation of the 

Hedi terra.nea.n (World Book Encyclopedia., 1966). 

Sea.wa.ter tempera.ture. The highest tempera.ture of the Mediterranean is 

met within the Gulf of Sidra., off the coast of Libya., where the mea.n tempera.ture 

in August is a.rounii R,g" F (31° C). This is followed by the Gulf of Iskenderun, 

Turkey. The lowest sea. tempera.tures found in the f'1 '=di terra.nean exist north 

0 
of the Adria.tic, where the mea.n temperature in February falls down to 41.4 F 

(5.2° C) in the Gulf of Trieste. In this region ice occa.wionally forms in the 

depth of winter (World Book Encyclopedia., 1966). 

Sa,lini ty. As will be discussed in detc.il i :-1 t he following rea.dine: , :he 

i·1edi ~erra.nea.n is a. closed sea. system, a.nd being closes it loses a. great deal 

of wa.ter through evaporation. The loss of wa.ter through this process leaves 

the rema.ining wa.ter mineral heavy especb.l ly in tl':a t of sa.l ts, thus creating 
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a. higher sa.lini t y ra.te t ::an no:-8a.l. As::: u:T:i~g this, t he >le 'li terra.!'lea.n ':l'a. -:ers 

ga.ps in the :nounta.in ra.nges. The r'iistra.l, a c olC., ~crt!i.·,.,resterly wind., :;ia.sses 

-:. :--2"'0:1gh -the Alps-Pyr~!'1ees ga.p, -the s'tro~g !'lorthea.sterly ~ora. pa.sses ttro 11gh 

the Trieste gJ.p, a.nd the cold easterly leva.:iter a.r..d westerly \'enC.ava.l pa.ss 

~hro;..:g!l the Stra.i t of Gi bra.Her (".Jorld 3ook ~r.cyclo-pedia, 1972 ) . 'lhe wan., 

d'..1sty soi_ithea.s terly that clows from Sa.ha.ra. Africa is k:iown a.s the gi bl eh or 

~hamsin ( World Book Encyclopedia, 1972). 

The :·Tedi terra~ea.:i wea.ther is c!-:a.ra.c-terized by wind.y, mile, wet wir:te_rs 

a.nd re la.ti vely ca.lm, hot, cL.ry sumMers. 3pring, towever, is a tra.nsi tiona.l 

season and is changeable. Autumn is relatively short ( World Book 2ncyclopedia, 

1972). 

FI3ii STOCKS. The environmental conditi ons of the Mediterranean which 

:·rill . be disc'..lssed in a ·:iifferent chapter, give the 1·1edi terranea:1 i -:s poor 

c'.Jncentra.tion of phopha:tes and ni t ra.tes which a.re so necessary for ma.inta.inh:g 

a.n a.bundance of ma.rine fish. 

Al though the genera.l lack of la.rge concentrations of marine fish ha.s :pre-

vented the development of a la.rge sea.le opera.tion , the prices of fresh of fif:h 

in the ~ledi terra.:iean ha.s fa.•1ored the de•relop::-:ent of a. la.rge number of s:nall 

sea.le fisheries. 

"The fish fau.'."'a of the .t·Iedi terra.nean is t a.sica.lly relc.ted -:/! t he fo.una. o: 

the su~tropical Atlantic with a J~rge variety nf s pecies. Cf the dene~sal 

rec :n'Jllet, gc:bieS-, &=lr~2.rds, liza.rd fi sh , r ed.fis hes, sea. 2a.ss, grJuper s ' 
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~ombers, sea. breams, :pa.ndora., a.nd ja.cks a.nd ca.rtila.genous fi s hes such a.s 

s"'.-!a.r ks , ra.ys a.::d s~a.:es a.re a.11 cau.g1:t o:; t~e t r a.wle-:-s . A:nong the de;,er sa.l 

fish, ha.ke is one of t he f.1 0::-e bpcrta.::t in all co:ir:4: ries bc r c eri r:6 t :-:e ~·1ed:_ -:-

erra.nea.n Sea.. It is ca.ught in deepe"!.' wa.ters ('.lorl::i Book ~ncyclopedia, 1972 ) . 

"Rocky coasts provide a. valuable harvest of J o.bs t ers, crabs, shrimp, and 

prawns. Oysters a.re more common on shallower a.lluvia.l caa.sts. -i'he bra.ckish 

la.goo~s and del:ta.s provide eels, anchovies, a nd gra.y :nullets (World Book Ency

c 1 opedia., 1972) . 

"About half of the i"Iedi terranea.n and Ela.ck Sea. catches a.re of pela.gic 

species (those ca.ught in the upper layers of the sea. ) . Sardines constitute 

the ma.in ca.tch in the western a.nd northea.stern parts of the Medi terra.nean. 

Occasionally sa.rdines a.lso ap:pea.r in relatively smal l qua.rttities in the south

eastern pa.rt of the M€·di terranean. The tota.l yearly catch from the ivledi terr

a.nea.n amounts to ~66, C)QO tons. The sprat is taken in some quantities in the 

most northern pa.rts of the ~·Iedi terranean such a.s the northern Adria tic. It 

also occurs in commercial quantities in the Black Sea. Anchovy is importa.nt 

in most of the regions of the Medi terra.nean and the Black Sea. ( World Book 

Encyclopedia., 1972). 

VEGETATION. The na.tural vegetation around the riedi terranean varies from 

conifer pines to desert cactus, all of which will be discussed i.n deta.il in 

following chapters. Of a.11 the i;iedi terra.nea.n vegetation, the olive a.nd gra-pe 

ea.s ily succeed a.s their best ca.sh crops. 

EAHLY :·1IEDIT2RRANEAN CULTUR~. Some of the world 's ea.rlie~t civilizations 

origina.ted_ in the Medi ter--a.nea.n a.nd sprea.d tb.rought the grea.ter :pa.rt of the 

world. The first of these wa.s the ancient :Sgi;ptian ci vili za -tion in the Nile 

v~.lley. The :'1inoa.ns (2800-1500 BC: ) learned the great lessons of navigation 



a.nd were a.":Jle "to co:npete with Phoe::icia.ns on equa.l ter':1s so tr.at :hey were 

! t~ r:: c. \ 
_;, ./ J"-'I /• 

a. period of splendour was a~lways followed by cor:fusio:l and 0:.;.tb:..J.rs-:, a.:::d then 

a. "'lor.• ~.0, ' 1.J~""c- D""eSP""teri i+~o1~ f:·7 er.1hicrin l1JC:,.. \ 
. .a.-1'1 o-.. · ......... _ ...L.. ... J.0 .._ .1- -&..l".J """' - "-"-::::>._. _J.. \•'i •1 .-...J- b --L f _._7 _ 10j • 

s::IaITIFIC STUDY. Al though the geographers of antiquity knew the :iiedi-

t .erra.nea.n well, it was scarcely subjected -:o a.ny 'thorough study u:itil the 

Da.nish expedition (THOR) under~ook the ta.sk in 1908-10 (World Book Encyclopedia, 

1972). 

It was not until the end of ;r.r II were :najQr surveys resumed, 11hen s:rster:l-" 

atic studies were carried out by the ?re~ch from 1957-63 (World Book ~ncyclo~ · 

pedia. , 1972 ) . In 1969, a.dva.nced s~ismic research a.nd geotherma.l measurements 

with a nu!1ber of other ex:peri;nents were ca!rried 0,.l t by -:he Ger:na.~ resea.rch 

·ressel, "· Ie t eor" ( ,hrld Book I~ 1955, the French research 

vessel, "Ca.ly:pso" was funded for, and to this da.y ca.rries on Tiluch of the 

research in the Medi terra.nean a.s well a.s all oceans . ('1{orld .Dook .Gncyclopedia, 

1972). 

CONCLUSION. The Mediterranean Sea System, this ancie~t ''sea between the 

la.nds" often ha.s bee!"l ca.lled t:-ie i!lcuba.tor of 1.'lestern civilization, a.nd is 

a.s important toda.y as it was in ea.rly BC. 

The individuals who took part in the 
h 

effort to a.cieve a deta.ilec, well 
I\ 

presented, ;-:ell wri -+:.ten publicati on dii so by co:nbinL1g togeth0r a.s a. -tea.m 

a.nd a.s friends. A specia.l thanks goes out t o DY. Ca.rl Gppe::~ei:ier a.nC: J 01:.n 

S:ni th for when ffi thout, none of t:-iis would ha.,.re be8n possible . 



10 

Newbigin, [•1.I. The ~1edi terra.nean La.nds: With ~mnha.sis 
Princeton: Princeton Univ. Press, Jrd ed. 1956 . 

· "Registrada, Ma.rca.". World Book Encyclopedia.. 1966 ed. 

"Registra.da., Marca". World Book Encyclopedia. 1972 ed. 

Wa.lker, D.S. The Mediterra.nea.n La.nds. Chica.go: Univ. of Chica.go Press, 
Jrd ed. (1965). 



II 

ORIGINS OF THE MEDITERRANEAN: HISTORICAL GEOLCGY 
AND THE HISTORY OF MAN 

Part 1: The Mediterranean: Geologic Origins 

I. A Brief Review of Plate Tectonics 
A. Plates on the surface of the earth 
B. Convection currents in the asthenosphere 
C. Spreading ridges 
D. Subduction of ocean crust and formation of backarc basins 
E. Continental Collision 

II. Early Tectonics in the Mediterranean Region: Pangea II 
and the Tethys 
A. The formation of Pangea 
B. The formation of the Atlantic and Tethys oceans 

III. Mediterranean. Phase of Tectonics in the Region 
A. Opening of North Atlantic causing Tethys to close 
B. Alpine orogenesis and the fonning of backarc basins 

1. The Pannonian basin 
2 . The Aegean basin 
3. The Alboran-Balearic basin 
4. The Tyrrhenian Sea basin 

C. The Caucasus, Crim:a, the Back and Caspian Seas 

IV. The Messinian Salinity Crisis 
A. Origin of the Tenn 
B. Physical paraIIEters 
C. The three nodels 

1. The shallow basin nodel .· 
2. The deep basin nodel 
3 . The ''dessicated'' deep basin rmdel 

V. The Present Day Mediterranean 
A. Major rivers that drain into the Mediterranean Sea 

1. The Ebro 
2. The Rhone 
3. ·The Po 
4. The Nile 

B. Mineral deposits in the Mediterranean and surrounding regions 
C. The Sahara Desert 

Part II: The Origin of Man in the Mediterranean 

I. Prehistoric Man 
A. Paleolithic Age - food gatherers 
B. Neolithic Age - food producers 



I~ 

II. The Ancient Near East 
A. Mesopotamia 

1. SUIIEr 
2. Babylon 
3. Assyrian Empire 

B. Palestine (Phoenicia) 
C. Egypt (Valley of the Nile) 

III. Hellas 
A. The Aegean Age 

1. Minoan civilization 
2. Mycenaean civilization 

B. The Hellenistic Age (Athens) 

Dl. The Roman Republic (Etruscans) 

V. The Roman Enpire 
A. The rise of Rone 
B. The Roman Forum 
C. The fall of Rone 



13 

THE MEDITERRANEAN: GEOLOGIC ORIGINS 

by Steve Rainey 

Abstract 

Knowledge of the geologic history of the M:diterranean Sea can be 
applied to learning nore about : the earth' s surface, mineral resources , and 
similar geologic processes. This knowledge can also be applied to under
standing other processes at wrk within the M:diterranean marine ecosystem. 

Introduction 

"The geologic character of the M:diterranean region has given the 
region a conplex physiographic character which has afforded the natural 
conditions for an extraordinary human development" (Serrple, 1971). Indeed , 

human development in this region is quite fascinating, with 
Western Civilization having its roots in the region. It is not surprising, 
therefore, that much of early geologic research was carried out in this region. 
Today, geological and geophysical research is taking place in the Mediterranean 
area, as much is yet to be learned about this highly corrplex region. Plate 
tectonics have played an irrportant part in fanning the M:diterranean Sea and 
surrounding Alpine regions. This formation is a result of the closing of the 
Tethys ''Ocean'' of the M=sozoic. 

During the Tertiary period, back.arc basins fonred as a result of 
stretching 0£ continental cnist at the Eurasian margins. Alpine belts "VJere 
also created as a result of these defonna.tions. Three of the four major rivers 
which errpty into the M:diterranean fonred in valleys caused by these extensions. 
The fourth river has origins stenming from other causes which may be indirectly 
related to the formation of the M:diterranean. 

During this tine, a major evaporitic event occurred which has puzzled 
researchers in this region for nmlY years. This event, tenred the Messinian 
Salinity Crisis (see Drooger, 1973), has been hotly debated, especially in 
recent years. Several different nod.els, each with its own contingent of 
loyal support (see M:ssinian Events in the M:diterranean ed. by C.W. Drooger, 
1973) : All are in general agreem:mt that much is to be learned about the 
event, and that this knowledge can be applied to other events of a similar 
nature. 

By learning of the geologic origins of the Mediterranean region, one 
can apply this knowledge to the understanding of the many other aspects of 
the M:diterranean marine ecosystem. Furtherrrore, a better lmderstanding. of 
the M=diterranean ecosystem can lead to a better understanding of other marine 
ecosystems. 

A Brief Review of Plate Tectonics 
Since plate tectonics plays such an irrportant role in the origins of 

the M=diterranean, a brief review of the aspects of plate tectonics is in 
order. A surma.ry knowledge of plate tectonics is necessary for an appreciation 
of the forces that cone into play in these origins. 

f 
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Plate tectonics is the theory that several nostly rigid plates (the 
lithosphere: corrposed of continental crust, oceanic crust and the upper mantle
see Fig. 2) cover the surface of the earth. ('This theory was first postulated 
by Alfred Weggener. Press and Siever, 1974, p~ .. 457). Beneath the lithosphere 
is the asthenosphere, a portion of the m:mtle which flows plastically (Fig. 3). 
In the asthenosphere, convection currents, roughly circular currents fonred by 
hotter material rising and cooler material sinking, drag against the plates of 
the lithosphere, causing them to nove (Fig. 4). When currents upswell beneath 
continental crust, the crust starts stretching apart. As this crust stretches, 
it becones thinner, and depositional basins occur (Fig. 5). Volcanics occur . 
during this ti.ire also (fig. 6). Finally, the crust splits and oceanic crust 
spreads from a· ridge, pushing the rn:J new continents apart (Fig. 7) . As 
oceanic crust noves away from the ridge, it cools, causing it to sink as it 
becones denser (Fig. 8). 

In the case of rn:J continents approaching one another, · oceanic crust 
(density is approximately 3.3),being heavier than continental crust (density is 
approximately 2.65-2.85), is shoved beneath the continental crust (Fig. 9). As 
it does so, the oceanic crust sinks into the asthenosphere, where it is re
melted (Fig.Cf). Lighter oceanic sed:i.nents are scraped off and accrete onto the 
the condnental margins, forming island arcs (Fig. 9c). As the oceanic crust 
is subducted beneath it, the continental margin is stretched, and thinning be
hind the island arc occurs. Block faulting and basinal developm=nt are a 
result of this stretching and thinning (Fig. 9d) . Volcanics are also associa
ted with these backarc basins. Conpressional forces result in folding and 
thrust faulting behind these basins (Horvath and Berkheire~, 1982). 

Both of the above situations have taken place m and are at least res
ponsible for the fonna.tion of the .M=diterranean and surromding Alpine regions. 
A nore detailed look at ·the M=diterranean genesis will show 9ome of the com
plexities involved in the study of these tectonics. 

Early Tectonics in the ~diterranean Region: Pangea II and the Tethys 
During the earlier part of the earth's history, the continents were all 

part of one large supercontinent called Pangea. Plate novenents throughout 
the Paleozoic split Pangea up and noved the continents apart from one another. 
By the end of the Paleozoic, the condnents were lIDving together to form a 
second supercontinent, Pangea II (Fig. 10). 

Approximately 360 million years ago, Europe and North Arrerica were 
approaching North Africa, which was Part of Gondwanaland (Fig. 11). The seaway 
between Europe, North Anerica, and North Africa was called the Tethys. About 
300 million years ago (Late Pennsylvanian), North Arrerica had collided with 
North Africa, and the westem Tethys, be~en Europe and North Africa,was 
nearly closed off. Also during this tine, Siberia and Baltica collided with 
~urope. 

The next stage of continental lIDVeJrents is temed the ''TethY.J2", or 
geosynclinal phase of Alpine evolution (Hsu, 1982) . }bvenElt started with 
Africa roving sinestrally a:wa.y from North Am:rica and Eurasia, which remained 
bound together, during the Early Triassic (Hsu, 1982) (Fig. l~. Evaporites 
are associated with this tine period, due to the fact that corrmmication with 
any major body of water was limited, and also due to the region being at or 
above 15 degrees latitude, which is the southern extent of the trade winds, 
which are dry winds that com= down from the upper atnnsphere after leaving 
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rroisture behind (fig. 14). Seafloor spreading occurred during the Jurassic 
and Early Cretaceous, forming the Atlantic bet»;een Africa and North Anerica, 
and the Tethys "Ocean" bet»;een Eurasia and Africa (Fig. 13) (Hsli, 1982). During 
these tines, nostly carbonate deposition took place on the continental shelves, 
with pelagic deposits and turbidites occurring in the ocean basins. 

Mediterranean Phase of Tectonics in the Re~ion 
During the Late Cretaceous (abOut 8 m.y.b.p.), a different era of 

Alpine orogenesis occurred; this is called the ''M=diterranean'' phase. At 
this ti.Ire, Eurasia started noving a:way from North Am:rica, forming the connec
tion bet»;een the Atlantic and Arctic oceans . This seafloor spreading caused 
the rroverrent between Africa and Eurasia to change from a sinestral and di.la
tional nature to a dextral and con::pressional one. This continent-continent 
collision resulted in the Alpine orogenesis and the gradual elimination of 
the Tethys Ocean, of which the Eastern M:diterranean is the last rerrna:nt. 

Several earth scientists believe that these novements represent not 
only of tv;o major plates, but of several microplates as well. The number 
0f plates proposed varies greatly, from as few as three (Hsu, 1971) , to as 
rrany as nineteen ~y, Pitman, Ryan, and Bonnin:l973). The ma.in microplate 
considered in this discussion contains the Adriatic Prom::mtory (labeled,Fig.13), 
which consists ma.inly of Italy and Sicily. The inportance of the Adriatic 
Prorrontory in M:diterranean geodynamics will be discussed later. 

Alpine Orogenesis and the Formation of Backarc Basins 

An effort has been ma.de to correlate the formation of Mediterranean 
backarc basins with Alpine orogenesis, as the tv;o processes are closely 
related. Q)mpressional deformations of the Alpine belt are associated with 
the above-mentioned continent-continent collisions. During and after col
lision, regions of extension and subsidence developed wi. thin this orogenic 
belt. The crust in these regions is in transition from attenl{ated continental 
crust, to an oceanic cn.ist. This backarc extension is actually a stretching 
of the lithosphere acconpanied by like extrusions (Fig.15). For a rrore 
con::plete discussion of M:diterranean backarc basins, refer to the readings by 
Frank Horvathand Hans Berkhener (1982). 

There are four backarc basins recognized in the M:diterranean ~egion, 
and they are: Paunonian, Aegean, Alboran-Balearic, and Tyrrhenian (Hsu,1982) 
(Fig.16). Features characteristic of the Mediterranean Sea backarc basins 
are the following: 

a) 
b) 
c) 

d) 
e) 

f) 
g) 

They lie behind or bebMeen island and/or nountain arcs; 
they are zones of areal expansion; 
these processes are strongly related in ti.Ire and space to 
orogenic phases of the surrotmding arcs ; ·· 
calc-alka.line volcanism is associated with their evolution; 
their crustal structure ranges from attenuated continental to 
an oceanic one; 
intemediate deep earthquakes occur; 
their heat flow is high 
(taken from Berkhener and Horvath, 1982) 

Of the four basins only the Aegean has all the characteristics of the Pacific 
backarc basins, and it differs in that it is t..mderlain by continental crust, 
rather than a basaltic one. 
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Parmonian Ba.sin The Parmonian basin is the only conpletely dryland backarc 
basin in the l"editerranean (Fig.16) It is now surrounded by a riilg of nnun
tains trade up of the Eastern Alps, the Western, Ea.stem and Southern Carpa
thians, and the Dinarides (Fig.17). The central bas:in is the Parmonian, 
which is separated from the Vienna basin to the nor~st by the Carpathians. 
The Transylvanian bas:in is separated from the Parmonian by the Apuseni 
nnuntains. 

Alpine defamation :in the region started with thrusting followed by 
erosion (Linoine, 1978) . Mainly carbonates of Jurassic and Early Cretaceous 
age were thrown up by these events. From the Eocene through Oligorene, . 
the Northern Calcareous Alps were overthrusted upon flysches (largely sandy 
and calcareous shales) of ma.inly Early Paleogene age. Alpine granitoids of 
Oligocene age are known to be on the northern border of the Periadriatic Line, 
a najor lineam:nt which has at least partially noved as a strike.;.;sl±p "faUlt 
(Linnine,1978). This line separates the Southern Alps from the Ea.stem, 
Western Alps and the Jura MJuntains. 

During the Early Miocene (21-24 m.y.b.p.), intensive folding and 
thrusting acconpanied by vertical novemmts occurred in the backarc area. 
At this t:ine msrine sedimmtation started in the peripheral Vienna and 
Transcarpathian depressions. Block faulting with basinal (graben) fonnation 
occurred 16.5-19 m.y.b.p. The largest anDtnt of subsidence at this tine 
occurred in the Vienna basin and :in the Transcarpathian depression. Toward 
the end of this tine, ignimbrites (chiefly fine-grained rhyolitic_tuff) 
poured out and resulted in a thick ( 460m) and extended ( 40, 000 kni'-) ''middle 
tuff horizon" of the Panrionian basin (Ponto,1968). 

Qmpression continued, and caused the thrusting of flysch nappes onto 
the fordeep nolasse (13-16. 5 m. y. b. p . ) . Later, andesi tic lava was erupted 
in northern Hungary, Central Slovakia, and the Apuseni M::mntains . Also , 
the central Paratethys, acquired a IIDre fresh water character because com
m.mi.cation with the M:!diterranean was closed. Developm:mt of endemic fauna 
resulted from continuing freshening of the water. The Carpathian volcanic 
arc was active during this tine (10.5-13 m.y.b.p.), erupting ma.inly andesites 
with subordinate dacites and rhyolites. Subsidence during the Pannonian 
(5.5-10 m.y.b.p.) be~ vezy general and very fast in the central region, 
while in the peripheral areas, it slowed. Faults separating the horSts and 
grabens seem to be the site of volcanism (Fig.18). 

During the Pliocene (2-5.5 m.y.b.p.), fast subsidence, along with 
minor basaltic volcanism occurred. . From the Pliocene to Recent (2. 5-0 m. y. b. p.) 
the Pannonian lake filled with fluviatile sediments, and the surrounding 
Alpine regions have been energent . · 

Aegean Basin The Aegean is bordered on the "West by the Hellenides and 
Dinarides, and on the east by the Taurides and Anatolides (Fig .19). Before 
collision, the area was characterized by a shallow water marginal platform 
in the Apulian-Anatolia region. The Ionian and Pindos troughs were nnbile 
depressions and were separated by anticlines. The central part of the 
~sozoic Tethys was the Vardor basin in the north. 

The beginning of Ciontinental convergence in the Cretaceous caused the 
Vardor basin to be consurred by subduction. These corrpressional forces 
caused ophiolitic nappes to be overthrust from the internal Vardor onto the 
Pelagonian platform (3 ,Fig.19). Flysch deposits were occurring within the 
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Pin.dos trough. In the Upper Eocene, the Pindos trough started being subducted 
beneath the Pelagonian platfonn, and Pelagorian nappes started migrating in an 
outward direction. ~lasses (partly continental, partly marine deposition of 
conglorrerates, sandstones, shales, and marls; nore elastic and less rhythmic 
than flysch facies) were deposited from the newly built cordilleran ranges 
onto the hinterlands. 

In the Lower Miocene, the Pindos nappes were thrust over the outer 
Hellenides. These tectonic events were accoopanied by andesitic volcanism 
(22-13 m.y.b.p.). 

By the Upper Miocene (13-16 m.y.b.p.), defamation in the Aegean region 
changed from conpression by thrusting to extension by normal faulting ~d 
differential vertical nnverrents (i.e. formation of a backarc basin). In the 
southern Aegean, marine basins started developing in the central and western 
Cretan Sea (Fig.20) dur:ing the Tortonian (11.5-6.5 m.y.b.p.). These basins 
were connected with the marine regim= in the Northeastern Aegean. 

Apparently, the Saras trough had subsided continuously since the Mid
M:i..ocene. Several continental basins famed on the Greek mainland, which 
interrupted the passage of large mmmals betw=en Greece, Turkey, and the 
islands (Horvath and Berckhener, 1982) . 

The M:ssinia.n Salinity Crisis was a period of general regression in 
the region, followed by a transgression in the Pliocene. This transgression 
covered the mrrginal area of the Greek mainland and the southern islands of 
the Aegean. Also during Pliocene tines (5.1-2.0 m.y.b .p.), tensional frac
turing gave rise to new basins. Increases in secli.naltation indicate ·contin
uing subsidence dur:ing Pliocene and Early Quaternary times. 

A new climax of conpression With volcanism in the exterrial parts of 
the Hellenic arc along with block faulting accounts for the present South 
Aegean arc consisting of Kos, Nysiros, Santor:ini, Miles, Methana, andfo.egina. 
The uost prominent event which occurred in this region was the enornous 
phreatic explosion of Santor:ini (1500 B.C.) which has often been co!Ulected 
with the downfall of the ancient Minoan civilization. 

Apparently, the Ionian trench system results from underthrusting 
perpendicular to its strike, whereas the Pliny and Strabo trenches result 
from relative t1Dtions essentially parallel to their trends (Horvath and 
Berckhener, 1982)(Fig.19). The Greek ma.inland and West Anatolia are mainly 
under tensional stress, while the outer arc and its foreland are under 
northeast-southwest directed conpression. The Aegean basin is mderlain by 
a predominantly sialic crust. 

Alboran-South Balearic Basin The Alboran-South Balearic is a narrow 
basin, approx:i..m:ltely Thu hundred kilorretre wide, in the Western Mediterranean 
(Fig.16). It is bounded by the Gibraltar Arc :in the -west, and by the South 
Balearic arc in the east (Fig.22). The Betic Cordillera of Spain surrounds 
it and curves around the Gibraltar Arc into the Rif and Tell .Atlas of North 
Africa. 

During the early Mesozoic, carbonates and evaporites, characteristic 
of shallow seas, were deposited in the Betic Cordillera and Rif zones. 
During the Jurassic and Cretaceous, troughs started forming in the Subbetic 
and Intrarif zones. Abundant flysch zones famed in the area during the 
Oligocene. Northward subduction of the flysch troughs occurred during the 
early Tertiary. Collision of the internal and external units could have 
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occurred as early as the Late Eocene. However, the paroxysm of continent
continent collision took place during the Oligocene through Early Miocene 
and includes thrusting of nappes onto external fl ysch zones. Defonnation 
after collision occurred on both sides of the Alboran Sea during the Middle 
:Mi.ocene through the Pliocene. Also during this ti.Ire, calc-alkaline vol
canism occurred in southeastern Spain. North of here, potassic and ma.fie 
volcanism occurred slightly after the last episodes of calc alkaline 
volcanism. 

Tyrrhenian Sea Basin Formation of the Appenines is closely related to 
geodYMIIILcs in the Tyrrhenian region. The Appenines proper occupy the 
major part of the Italian peninsula (Lenoine, 1978) (Fig. 23) . During the Ear 1 y 
Cretaceous, a rotation of the African continent caused Adria to drift north
ward(Fig.13). M:Jst of the Penninic Ligurian Ocean, a waterway be~en Adria 
and the European land rr.ass during the M=sogoic) was consurred by subduction 
during the Late Cretaceous, along with original corrpression of the internal 
zones of the Appenines. Thrusting of the Ligurian t.mi ts (made up of pelagic 
secl:iirents, and linestones on an ophiolitic basenent) onto the external 
Appenines began during the Oligocene and novenent of internal and external 
nappes (Tuscany, Calcareous Alps , etc. ) nappes toward the interior of the 
chain continued throughout the Miocene and up to the Lower Pliocene. 

During the Tortonian (about 9.5 m.y.b.l.p.~, a phase of extension and 
subsidence led to the formation of the Tyrr.uonian Sea (Fig.24). Magmatic 
activity started during this tine; however, the main period of extension did 
not begin until the Lower Pliocene (about 3.5 m.y.o.p.), stretching in an 
east to ~st direction. About 0.8 m.y.b.p., the stretching changed to 
northeast-southwest . From the Upper Pliocene to Recent tines, the tectonic 
style has been characterized by vertical block "IIDvem:nt with sliding. The 
1Iolocene rate of fmmdering has been approximately 1.1 rrm/yr . has been 
occurring .(Fabbri and Selli, 1982). . 

The Tyrrhenian Sea has been considered the youngest bacharc basin in 
the M=diterranean Sea, and perhaps the youngest in the IDrld. (Berckhem:r 
and Horvath,1982). It may also be the largest backarc basin in the 
M:diterranean Sea. 

The formation of the M:diterranean has resulted from the closing of 
the Tethys waterway, as Africa collided with Eurasia. The Ionian and 
Levantine basins are apparently the last rennants of this waterway, which 
had opened up during the M:sazoic (Hsu,1982). The rest of the M:diterranean 
of today is made up of backarc basins fonred during the Tertiary, sore of 
which are still active. 

Geology of the Caucasus Region 
The fonnation of the Black (Fig.16) and Caspian Seas (Fig.25) is related 

to Alpine tectonics, of :...which they are subsfilding elenents. The main ·nountain 
belt in this region, the Greater Caucasus (Fig.26) . is sane llOOkm. long and 
varies from 32 to 60km. in width. The Cr:i.nean M:Juntains, a srmll, separate ,.) 
section of the Alpine orogen, are 150 km. long and up to 50km. in "Width (F1~.i1lj 
(Kotanski, 1978) . The next stage was of trari.ne subsidence and enlargerent 
of the Greater Caucasus geosyncline. M:lgms.tic events i;vere also occurring 
at this tine (Early Jurrassic-~r Cretaceous-Figs.29-31). Cimrerian nove
nents were very active in the axial zone of the Greater Caucasus and led to 
the fonna.tion of a central elevation. 
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The next period (Upper ~r Cretaceous-Oligocene-Fig.32) was a period 
of developrrent of geosynclinal furrows (greenstone, flysch, and calcareous 
sedi.rrents) which were later folded and uplifted when the Greater and lesser 
Caucasus }btmtains were forned. At the end of the Upper Cretaceous , and 
begirm.ing of the Paleogene (Figs. 33,34), general elevations occurred in 
these areas, eliminating the flysch furrows and fanning notmtains. Intru
sions of alkalic plagio-granites occurred during these uplifts (Kotansky, 
1978). 

The Oligocene through Miocene (Fig. 35) was a period of noderate 
elevation of the Greater and Lesser Caucasus and of nolassic sedi.rrentation 
in associated basins. Several separate troughs (superinposed grabens) were 
forned in the Trans-Caucasian region. Uplift of the Crinean anticlinorium, 
a series of anticlines and synclines lined up to form a general anticline, 
started during this tine. 

The last part of the tectogenesis, Pliocene to Quaternary (Fig.36) sa:w 
very active uplift in the Greater and Lesser Caucasus along with trerrendous 
sedi.rrentation of mainly continental nolasses, which also contain volcanic 
sedi.rrents. M:my areas were affected by Pleistocene glaciation, and contem
poraneous subsidence occurred, especially in the Kura depression and in the 
Baku area, where sedi.rrents reach lOkm. in thickness. Also during this t:im:, 
the Black Sea was created by down-warping of the Cr:im:an anticlinorium. 

Both the existence of the Black Sea, and that of the Caspian Sea are 
characteristic of the features of this region as a whole. They are both 
also a result of very yotmg Neogene and Miocene subsidence. According to 
seismi..c data, the central part of the Black Sea and the southern part of 
the Caspian Sea are both devoid of a granitic layer (see 23,Fig.26), and 
sedi.rrents rest directly on basaitic bas€IIEI1.t, possibly suggesting subsidence 
similar to that of the :Mediterranean backarc basins. 

:he M=ssinian Salinity Crisis 
One event dUdilg the fonnation of the M:diterranean Sea is so unique 

that it stands out on its own, and that is the M=ssinian Salinity Crisis. 
The ~rd M=ssimm cane from the town of M=ssina, Italy. Charles Mayer 
used this term in 1867 to designate the stage at the end of the Miocene 
(Cita,1982)(Fig.37), -

The tmiqueness of this event stems from the length of t:im: involved, 
a period of less than 2 million years, and its m.gnitude (1.5 million km3 
of evaporites were deposited; the present day volume of the Mediterranean 
is only 4 million km 3 ) • The evaporation was caused by a virtual cutting 
off of comrnmication ben..-een the M=diterranean Sea and the Atlantic Ocean. 
Evaporites in several basins were deposited up to ~ kilom:ters thick. 
In one drying up , the M=di terranean 1MJuld leave only 20m of evapori tes . 
So, apparently there was periodic corrmunication with the Atlantic. 

One author, William R.F. Ryan, feels that the resulting freshening 
of 1MJrld oceans resulting from these evaporites (about 6% of total mrld 
oceanic salt) being drawn out m.y have been a contributing factor to the 
glaciation of this period. He thinks that glaciation m.y be a buffer 
against excessive variations in mrld salinity. 

1:-bdels Three different nodels, each with its own supportive contingent 
of scientists, have been proposed for the geological setting within which 
formation of these evaporites occurred. They are: the shallow basin nodel, 
deep basin nodel, and the dessicated deep basin nodel. 



Scientists who support the shallow .basin nndel (Leenhardt, M.ilder, 
Bratme, Fabricius, and Heimann) state that the Mediterranean at the tim: 
of the salinity crisis consisted of shallow basins with a shallow water 
connection joining them to the Atlantic (Fig.39). They argue that since 
these basins have been subsiding gradually since the Miocene, a deep basin 
muld have to inply that a trem=ndous amJtmt of subsidence occurred prior 
to the Messinian. This, they say, is not what happened. They also use what 
they contend is good supporting data for the shallow basin: the presence of 
shallow water carbonates and land plants. According to supporters, the 
presence of these data indicates a total depth of not nnre than 200-500m 
during this tim:. 

Proponents of the deep basin nndel state that the Mediterranean at 
the tine of the Messinian consisted of several deep basins connected to the 
Atlantic by a shallow sill which allowed Atlantic waters in, but not Medi
terranean waters out (Fig. 40). These deep basins allowed for a "stagnation" 
of the waters which led to evaporite deposition. These proponents (Selli, 
Lucchi, Richter-Bemberg) also point out that for the evaporites to have 
fomed from a dessicated basin, it muld have to evaporate tens to lnmdreds 
of t~s to get the great thicknesses now seen. 

1he third nndel, the dessicated deep basin, is based on the ass~
tion that the M:diterranean had basins similar in appearance to these of 
today that were dried up (dessicated) then refilled periodically (Fig . 41) . 
According to HsU, Ryan, Bandy, and Gita, several pieces of evidence point 
to their nndel. One evidence is that several fossil river drainages had 
carved out deep canyons (up to 2000m or nnre) into the shelves. The Nile 
river bed of the Messinian was 280m below that of today as far into the 
continent as the Aswan dam. This suggests that the basins had to have been 

·at least 2000 rreters deep. M:>re evidence is given in the fact that the 
basins appear to have a nearly perfect ''bullseye" pattern, suggesting 
cooplete restriction of these basins (Fig. 41) . If the Mediterranean had 
been connected to the sea by a shallow sill at all tim:s , one muld expect 
to find nnre of a teardrop pattern of facies (Fig. 4lb~-c). Karst-like 
feati.lres in the Mediterranean ridge also point to the deep basin TIDdel, 
suggesting subterranean drainage patterns at fairly deep depths. 

1he fact that not one, but three nndels exist to explain the Messinian 
Salinity Crisis points out the rrany conplexities faced in explaining such 
an event. Apparently, tID.JCh needs to be learned before a rrodel explaining 
all related phenoma. can be nade for these Messinian evaporites. For further 
discussion on the natter, refer to ''Messinian Events in the Mediterranean'' , 
which was edited by C.W. Drooger,1973. 

The Present Day Mediterranean 
What is referred to here as the M:diterranean actually includes a 

short geologic history of the Sahara, mineral deposits in and arotmd the 
Mediterranean, and the najor rivers that drain into the Mediterranean Sea. 
Descriptions of the present-day physical features of the Mediterranean will 
be given in other papers of this project, so they will not be discussed 
here. 

Ml~r Rivers There are four major rivers that drain into the Mediterranean 
to y. They are : the Po , the Ebro , the Rhone , and the Nile . Three of these 
rivers, the Po, Ebro, and the Rhone, have origins directly related to Alpine 
tectonic events. 1he Nile has origins nnre closely related to the fonna.tion 



~I 

of the Red Sea and East African rift systems. A· brief discussion on these 
rivers will. begin with . the Ebro in the west, then IIDve east to end with the 
Nile. 

The Ebro is located in the northeastem portion of the Iberian 
peninsula (Fig.43) and runs sane 450 nri.les along a basin separating the 
great plateau of Spain from the Pyrenees. Its elevation drops from 2800 
feet above sea level in the northwest to 170 feet "Where it is cut off from 
the sea by the coastal ranges of Catalonia (Chisholm,1897). This basin was 
forrred during tectonic processes associated with the f0nnation of the Alboran
South Balearic Sea during the Late Eocene through Miocene. It is probably 
a graben formed during the latter part of this phase. The river itself stems 
from runoff coming down from the Pyrenees, as the basin has a low annual 
rainfall due to clouds being intercepted by the Basque highlands (Chisholm, 
1897). 

The Rhone river drains the eastern section of France in a long funnel
shaped valley (Fig.44). This valley was form=d as a result of Triassic 
through Jurassic block nnvenents prior to differential block nnvenents in 
the Western Alps, the Jura, and the Central Massif of France. The waters 
of the Rhone drain these nnuntainous regions and errpty into the Mediterranean 
at the eastern part of the Gulf of Lions (Chishelm,1897). 

The Po river system is the m3.in river draining the Padan basin, which 
is a mi.ogeosynclinal basin form=d by interspersed periods of corr.pression and 
extension accorrpanied by a trenEndous load of sed.:i.m:nts (Fig.45). This his
tory covers a period of ti.Ire from the Pliocene to the Recent. The river 
begins in the highlands of the Southern Alps and enpties into the Adriatic, 
with several small streams from the highlands joining it in its course 
(Chisholm, 1897) . 

The history of the Nile involves forces which have been associated 
with rifting in East Africa and in the Red Sea (King,1970) (Fig.46). Lake 
Victoria, at the headwaters of the White Nile, is associated with the East 
African Rift system (Fig.47). The lake represents a shallow depression that 
lies in a downwarping of the highlands adjacent to the rim of the eastem 
section of the rift valley. These highlands are a result of upwarping 
associated with the early stages of rift systems. There has also been 
uplifting and faulting in the Nile river valley during Miocene times (Fig.48). 
This uplift has generally been associated with rifting in the Red Sea. 

Mineral Deposits As a result of its dynamic geological history, the 
~diterranean is an excellent som-ce of mineral deposits. These deposits 
have been mi.ned since earliest history, and people of the region are still 
taking advantage of the vast abundance of mineral resources. The following 
discussion will give a brief outline of minerals found and where they are 
fotmd, plus their geologic origins, if possible. See Figure 49... for areas 
of European mineral deposits, 49 and 50 for those of North Africa. 

First, the discussion starts with Italy. One of the rrost fanous 
exports is the white Carrara marble, which is found in the Apuan hills. 
(Chisholm, 1897) . This marble is formed of Triassic lllrestones which are 
rretarrorphosed , during the corrpressional tectonics i;.,mtch - lfcD.rmed ·~the l~nines. 
Zinc and lead are mined from the southwest of Sardinia. Copper ore is 
found in southern Tuscany, Genoa, and Belluno . Iron ores corre from Elba, 
Lombardy, Val Trorr.pia, Val Cam:mica and Val Seriana, In the volcanic 
districts, boracic vapors are condensed in water vapor and solidified 
(Chisholm, 1899) . Lignite is mined in the provinces of Arezzo and Perugeo. 
Silver is produced in Sardinia, and trercury in Grosseto. 



The next region discussed is the Iberian peninsula. L:ad is fotmd on 
the south slope of the Sierra }brena; here it is argentiferous (treaning it 
contains silver) . Silver of a nore pure nature is fotmd near Hiendelaenirna., 
60 mi.les northeast of M'.3.drid, and at Horaj ca, 50 mi.les northeast of G:rrdoba. 
Copper occurs in the province of Huelva. Iron is mined in the Basque pro
vinces, in the Huelva and Alneria-M.rrria fields, and in the district of 
La Serena. In Portugal, iron is mined at MJncorvo and Quadrami.l in Tray
os-MJntes. Chief coal fields lie on the north and south faces of the Sierra 
}brena. M::rci.n:-y is mined in Almaden. Zinc is fotmd near San Sebastian and 
in the Alneria-M.Jrcia field. Manganese is also fotmd in the Alneria-Murcia 
field. (Chisholm,1897). 

Minerals found in the Balkan peninsula include gold mined on the 
island of Thasos, the Chalcidice Peninsula, and the basin of the Stunna 
since before Alexander the Great. Other minerals fotmd include silver, 
iron, coal, antimmy, zinc, lead, nerci.n:-y, arsenic, sulphur, lignite, and 
barite. The fanous white marble quarries of the island of Paras are still 
being worked. (Chisholm, 1897) 

In France, iron ores of brown hematite are fotmd in oolitic rocks. 
Argentiferous lead ores ·are found in Pontgiband. C.Opper was form=r ly \IDrked 
at Chessy, near Lyons, where the ores occurred at the Triassic-Jurassic 
botmdary. Gold is found in stream deposits of the Alps, the Pyrenees, &""ld 
the Cevennes. Calcium phosphates are foimd in Jurassic strata of Nonnandy, 
Champagne, and Lorraine. Deconposing granite yields kaolin in St. Yrieux, 
about 20 miles south of Linoges. Coal deposits are found in Devonian 
strata in the northern area (Chisholm,1897). 

In Austria, the principal mineral products are coal , lignite, salt, 
. silver, iron, lead, rercury, copper, and zinc. Minor mineral products 
include sulphur, aluminum, gold, tin, biSIIUth, antinDny, arsenic, rranganese, 
uranium, and asphalt (Chisholm, 1897). Minerals fotmd in 1-brocco include 
gold, copper, nickel, chromium, cobalt, platinum, rranganese, lead, zinc, 
gold, pyrite, arsenic, apatite, uranium and coal. The maj01'ity of these 
minerals are fotmd in the folded regions ot the Rif (Asga,1969) . 

In Algeria, the minerals fotmd include lead, zinc, iron, copper, 
phosphates, and hydrocarbons . The majority of these minerals are fotmd 
in the Tell Atlas (Asge,1969). 

Tunisian mineral deposits include lead, zinc, iron, and phosphates. 
These minerals are fotmd in areas of deform.tion. (Asga,1969). 

The only minerals fmmd in Tripoli to date include iron, evaporites 
and hydrocarbons. Hydrocarbons are fotmd in the interior regions. , 

~1in~rais fotmd in Egypt include iron, gold, arsenic, uranium, copper, 
titanium, zirconium, phosphates, zinc, lead, and hydrocarbons. MJst of 
these minerals are fotmd near Red Sea with titanium and zirconium fotmd at 
the delta of the Nile (Asga,1969). 

Important mineral deposits are also fotmd in association with 
M:ssinian sedim:mts; these include sulphur, halite, potash and gypsum 
exploited on land from Messinian form.tions. Also hydrocarbons are found 
trapped in coarse sedim:mts deposited in depressions induced by the fall in 
water level during M:ssinian tines (Cita,1982). 

As one can see, m:my of the minerals in the Mediterranean region are 
found in deposits associated with the form.tion of this area. These deposits 
have been exploited for economic reasons since the tim:s of the ancients, 
and are still being utilized today. 



The Sahara The Sahara is the largest desert in the Y.X)rld, covering an area 
of 3,500,000 square miles (Fig.~); this muld make it twice as big as the 
Mediterranean Sea in area. The distance from east to west across the Sahara 
is greater than from Newfoundland, to London, and the distance from north to 
south is as far as from Denmrrk to Tunisia (Alfons Gabriel,1969). 

The Sahara is also a very old desert. Eolian (wind carried) sedinents 
have been found here dating as far back as the Paleoyoic (Alfons Gabriel,1969). 
Part of the reason for this is that during nost of its history, the Sahara 
has been located bet:rheen the latitudes of 15-30°, which is the trade-winds 
region (Fig. 51) . The trade winds result from down drafting air currents 
coming from the upper layers of the at:nosphere. These currents are usually 
dry, having dropped their noisture in ·IIDre humi.d regions . Another reason 
for desertic conditions could stem from the notion that Africa has been 
surrounded by continents throughout much of its history. The trade winds 
tIDve ~cross continental masses from the northeast, dropping any precipitation 
before they reach the Sahara. 

There were tim:s when not all of the Sahara was a desert. During the 
Cretaceous, much of the Sahara was inundated by a general marine transgression. 
Similar transgressions followed during the Eocene and Pliocene, with the 
Eocene inundation having reached as far south as Tibesti. Volcanic processes 
in the slopes of the Tarso-Wohan in Tibesti have occurred tn'ltil recent times. 

MJre humid environments were also fotn1d during times of major glacia
tion, such as the great Pleistorene Ice Age. During this tine, the trade 
'Winds were pushed south, and areas that are now hot and dry were covered by 
extensive lakes populated with fish. When the great ice sheets rrelted, the 
Sahara returned once again to a hot, dry climate. 

Surrmary 
. The Mediterranean Sea, being the birthplace of Western Civilization, 

is also one of the areas of earliest geological research. Plate tectonics 
have played a major role in the physical history of the region, resulting 
in a highly conplex physiography about which much still needs to be learned. 
Knowledge taken from this area has been used in learning about earth processes, 
and in the exploration of mi..neral resources. Additional knowledge from this 
area will probably result in better knowledge of the earth's many corrplex 
processes plus lead to better rrethods of mineral exploration and recovery. 
'Ihis knowledge can also be used to help one understand other processes at 
w::>rk in the Mediterranean ecosystem. 
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Fig. 8. Major geological units of the Aegean region (afte r Berckhemer, 1977; Le Pichon and 
Angelier, 1979). Keys: I= Internal crystalline massif. 2a = Vardar zone (Dinarides-Hellenides). 
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Fig . 14.5 . Paleotectonic map of the beginning of the Alpine epoch (Upper Permian to T riass ic) (Milanovsky and Khain, 1963, fig. 
67 ). 
Legend: see Fig . 14 .3. 
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Figure 19-23 
World geography today. Color shows sea floor prcxiuced during the pasc 65 million years, in · th~ Cenozoic 
Period. [After "The Breakup of Pangaea" by R. S. Dietz and J. C. Hold.:n. Copyright ~· 1970 by Scientific 
American, Inc. All rights reserved.] 
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The Origin of Man in the mediterranean 

~ any of the finest and most important contributions to 
s ociet y today briginated or trace back to the cultures of the 
-, ' e d i t 2 r r a n B an l a n d ~ • T n e a r t s o f an c i e n t ~ ' 2 d i t 2 r r an 2 ::: n 1 a n cs 
i n f 1 u o n :: 2 d d a n :: 2 r 2 , m u s i c i a 11 :: , p CJ s t:;; a il d s c u l p t o r ~-; • ~ -. r::; cl i -
t 2 r r a n !'.:! a n a r c h i t 2 c t u r 2 i s s 2 e n i n c o l o n i a 1 d L' 1 !? 11 i 11 ';! 2 i n V i r -
~ inia and missions in Salifornia, science from the Egyptians 
and Cre~ks brought astronomy and mathematics, political organ
i z at i o n LiJ as s t am p e d b y :~ om an g o v e r nm e n t a n d 1 m1 , r ' e L'j F a i t h an d 
its organization into a church was sprea~ by the Romans and 
ona of ths most important contributions-lan gu age. 

The geographical location of the med iterranean ?ea served 
as a melting ~ot for the neighboring countries surrounding it 
and a distributing center for the various cultural achievements. 
The close knit relationship of the shores created a cultural 
unification wh ich consolidated the ancient ~ editerranean world, 
even before the political unification under the ~oman Empire, 
and thus spread throughout the economic and political history 
of t h e s e a as a LV h o 1 e • " L i k e f r o gs a r o u n d a p o n d w e h a v e s e t -
tled doi;rn upon the shores of this sea," Plato. (Grant,1969) 

The origin of man occurred in Africa with the rise of civi
lization having its roots in the Near East-Egypt and the Meso
potamia. Earliest man, Java Man, appeared 5CO,OOO years ago 
during the Pleistocene Ice Age. Their evolution v1as directed 
by glaciation which periodically covered the northern terri- . 
tories of the Mediterranean thus causing man to migrate east
wa rd, not only to escape the harsher weather, but to benefit 
from the more fertile lands to the south which recieved rainfall 
resulting from the glaciation. · 

The Paleolithic Age 

The first stage of human progress was called the Paleolithic 
or Old Stone Age and lasted from 10,000 3.C. to 2,000 S.C.(fig.l) 
Durino this time, man lived in caves or huts, wore skins, and 
used tools of bone, horn or stone. The Paleolithic constitutes 
the time in ~kh man was a food gatherer as opposed to a food 
producer. About 12,000 years ago, Neaderthal man appeared and 
was the first inhabitant of the Mount Carmel caves in Palestine. 
He had tools, fire, and clothing; furthermore, the burying of 
their dead implies some sort of religious practices or beliefs. 
Peking man, estimated about 100,000 years old, followed. He had 
also stone tools and fire wh ich he used to cook meat on. Africa 
did not learn the use of fire until 55,000 3.C. from Asia at 
u1 hich time the Africans had learned to construct shelters and 
the Asians we re still living in caves. Aurignacian or modern 
man (off which Cro magnon man is a branch) appeared about 70,000 
years ago during the last glaciation of the Pleistocene. ~ ith 
cross breeding and racial blending, ;! eanderthal rnan eventually 
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died out some time before 30,000 3.C. Aurignacian man went on 
to revolutionize man not only with better hunting methods, 
tools, Geapons, and housing, but also with artistic values such 
as engravings, sculptures, and paintings. He was a nomadic 
hunter wh o followed t he reindeer and mammoth and findin gs of 
sea s hells, ce rtain t ool s , an d cave painting2 prove that he ~as 
2 l s o a f i s h e r rn a n • T h 2 iTI o s t f am au s o f t h e ;; u r i g n a c i a n a rn a z i n •;J l y 
r e alistic art wor k are the cave paintings of ~ aunt Carmel and 
t hose of Cro ~ agnon nan in the Great Hall of Frances Lascaux 
Cave, actually have color in them. 

The fJ eolithic /~ge 

The end of the Ice Age brought the ~ eolithic or New Stone 
i~ g e ( 8 , 0 0 0 B . C • t o 4 , 0 0 0 a • C . ) VJ h i c h L\J as ma r k e d b y t h e c ha n g e 
from food gathering to food production. The cycles of gla
ciation and the Final withdrawal of the ice sheets caused dense 
Forests to develop on the fringes of the land in southwestern 
France and northeastGm Spain ~1here such notably rich cultures 
as Cro Magnan prospered. The prosperity of these cave-dwelling 
hunters depended on the richness of the land which supported the 
massive herds on which they feasted. With the development of 
these dense forests not only was grazing land greatly reduced 
causing herds to dwindle in number and be replaced by smaller 
animals, but it also forced these cultures to deal with food 
production. ~ hile these factors were causing a regression in 
the European cultures, ~ estern Asia, bein g farther a way from the 
glaciers and therefore experiencing less effects, advanced and 
agriculture began. The foothills of this arsa were well watered 
by mountain streams and we re a natural habitat for goat, sheep, 
emrner, uh eat, rye, and barley. Radio-carbon tests sho v1 huntsrs 
i n t h is a r a a s p e c i a 1 i z e d i n g oats as e a r 1 y as 1 0 , 0 0 0 S . C . 1,:.li t h 
the domestication of goats as well as sheep, pigs, donkeys, and 
camels, man was able to obtain milk clothing, meat and even fat 
for fuel and with the domestication of the ox along with the 
invention of the plow, man went from hunter to farmer. The cul
tivation of crops led to trade which in turn resulted in the 
development of boats around 8,000 B.C., sleds, and wheeled carts 
creating land and sea routes. The first substantial settlement 
in the Jordon Valley was Jericho and represented the emergence 
of civilized life. (Grant,1969) Another site, known as Catal
huyuk located north of Jericho in southeastern Asia minor, re
presents one of the earliest known examples of houses which were 
planned and grouped. This 7,000 8.C. settlement showed the 
emergence of urbanization. (fig. 2) 

With the discovery of copper followed by the discovery of 
Sronze in 5,000 8.C., advancements occured rapidly. 1ne improve
ment in quality and ~rability of tools made possible the cutting 
of trees and stones. These products were used for construction 
of large ships, increasing trade and communications, (fig. 3) 
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'' construction of buildings leading to the rise of cities, and 
the development of weapons resulting in conquerors and kingdoms. 
8oats of some kind had existed as early as 10,000 8.C. for 
transporting obsidian of which CatahGl~k had a monopoly on, but 
bv the seventh millenium, the vessels must have been bigger and 
mo re d u r ab l e b e ca us e v o ya g es .lIJ e re n O\J.i '.::: 2 i n g ma d a carry i n g s e t t -
lars to islands such as Crete, Cyp r us , and ~raace. 3y tha ~ixth 
millenium, an i mpo rtant Pho ~; nician to~n called Syb los be gan where 
stood at least se veral hundred f rae standing houses and occupied 
a strip of land on the coast of Syria 10 0 miles wide and 400 
miles long. These people were skillful sailors and became the 
main traders of the ancient tn orld. Here, advanced modes of life 
radiated and a new and vigorous way of life pervaded northern 
mesopotamia through the last years of the fifth millenium, Cen
tral designs and uniformity of cultures made for extensive trade. 
Throughout the fourth millenium, ideas u;ere advanced. City life 
developed with more progressive architecture and even carved 
statuettes. Trade was multiplied with the invention of the pot
ter's wheel resulting in mass manufacturing of pottery and the 
wheel stimulating trade on land. The increase in effectiveness 
of river and maritime communications resulted from earliest 
writings which consisted of symbols and pictures on clay tablets. 
Thus the ~ ] eolithic brought a regression in Europe with a rapid 
rise in the f"8 ar East. 

The :·)ear East 
r:les opotamia 

With the end of the Neolithic in Asia, came the first civi
lized life created by the Sumerians around 3,000 8 .C. in southern 
Mesopotamia. They were aggressive and militarianistic people 
whose monarch, by 2,400 B.C., claimed divine sanction for his 
rule. None the less, the Sumerians made many valuable contri
butions to civilization with such marvels as cuniform writing, 
planned large scale irrigation canals, and religious and poli
tical institutions. They also made great advances in sciences 
by creating a calendar and a system of weights and measures. 

The Babylonian civilization which followed, as an adaption 
and elaboration of the Sumerian civilization and was the finest 
yet produced in the lower Tigris-Euphrates Valley. (Robinson, 
1959) These people brought such things as the arch and divine 
nation to the Romans, astronomy to the Greeks, and religion to 
the Heb re ws . Their language became the language of diplomacy 
all over Syria and in the Egyptian Court, and their writing 
consisted of first pictographs, then word signs, and finally 
syllabic signs. Libraries we re discovered with books, some of 
which were math and medical texts, whose pages were thin clay 
tablets and schools were present where reading, writing , arith
matic, and geometry were taught . 2y 1, 800 3 .C., they had made 
great advances in sciences giving weights, measures, the sun
dial, the water clock, the 354 day year with t welve months 
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composed of four waeks and days divided into hours and minutes, 
and the recorded daily movement of the stars. Even the mod2rn 
day zodiac sign s were produced by the 3abylonians. The hsad of 
statehood uas a king under wh om existed a large bureaucracy to 
co ll ect tax2s and r egu lat e business matter~. The ~a bylonians 
~ er e t he first to possess an actua l written l aLJ . It ~1as call sd 
Ham murabi's CodG and was found in scribed on a slab of eight foot 
tall black diorite. Through trade and commerce thG sci en ce, a rt, 
be liefs, and culture of this great civilization spread to Asi a 
~ inor and Europe. 

Origination north of Sa bylon at about equal times ~ as Assyria. 
Located to the west of the Zagros mountains along . the upper 
Tigris it was rolling hill country with invigoratin~ climate, 
Fertile and productive land for crops and provided stones for 
building and minerals. The Assyrians went from farmers and shep
herds to fierce fighters. Through the centuries they built the 
mightiest empire the world had thus seen and aquired a reputation 
of cruelty in their conquests. By copying Babylonian cuniform 
writing, they were able to record the chronological ord~r of 
exploits of their kings, who ruled with absolute power. They 
established cities of commercial importance and divided large 
territories into small provinces governed by provincial admini
stration under complete responsibility to the king, A unity 
developed under this absolute rule and from the Assyrian Empire 
emerged the basis for the Persian Empire. The Persians improved 
in government and political organization bringing Europe and 
Asia into close political relations and putting Europe in control 
of the civilized world from that time for ward. (fig. 4) 

By 1,000 B.C., the Phoenicians, who had nou1 gained command 
of the sea, had sailed uiestward establishing commercial centers 
for trade on all rn editerranean shores. Their great sailing 
skills eventually took then beyond the Straits of Gibraltar to 
Britain, and around 609 8.C. they had sailed clockwise around 
the continent of Africa taking two and a half years. The reason 
for them going into trade and industry was because of the lack of 
natural resources from the slopes of the coastal plain on which 
they first settled. They established small rnonarchial cities 
westward with excel1ent harbors and fine palaces and temples.(fig.5) 
One of the most Favoured Phoenician settlements was Carthage and 
was one of the greatest commercial cities of the Mediterranean 
cities. It in turn founded colonies in Sicily, Sardinia, Spain, 
and elsewhere ultimately establishing a great rivalry with the 
Greeks and Romans almost succeeding in destroying the might of 
Rome. 

The greatest achievement of the Phoenicians was the estab
lishment of the modern alphabet. With the first form of writing 
being that of the Egyptian heiroglyphs, the Phoenicians follo wed 
by creating an alphabet of 22 letters. By 900 and BOO 8 .C., 
they had taken the five main dialects of ancient Greece which 
consisted of Aeolic, Doric, Ionic, Attic, and Achaean and modi
fied them into one langua ge . The Cree ks adopted this language 
with the Etruscans and Roma ns then making it almost ~1 hat it is 
today. The evolution of writing by the Phoenicians cannot be 

'overemphasized. (fig. 6) 



ALPHABETS 

COLUMN 1. Latin letters taken from the / 
Greek alphabet through the Etruscan anJ 
retaining approximately the same sounds A 
and shapes as in West Greek. B 
COLUMN 2. Latin letters which acquired 
in Latin sounds different from their West D 
Greek sounds. E 
COLUMN 3. A Latin innovation. 

COLUMN 4. Letters added to the Latin 
from the standard Greek alphabet long 
after the original borrowing. 

COLUMN 5. Letters of the West Greek 
alphabets. 

COLUMN 6. The standard Greek alpha
bet (a late Attic development of East 
Greek letters) arranged so that the sounds 
correspond to the sounds of the adjacent 
West Greek. 

COLUMN 7. Early Phoenician alphabet 
arranged so that the shapes approximate 
the Greek. 

The alphabet constantly makes its way 
from one language into another even 
when the languages are not in the slight
est degree alike. Each time the alphabet 
serves a new language the inherited 
letters suffer changes in shape. in sound, 
or in both; new letters are made, old 
letters lost. Observe that letters may face 
left (Col. 7) or right. Angles tend to 
become rounded (cf. S of Col. l with 
corresponding letter in Col. 5) . Letters 
become turned about (cf. A of Col. 6 
with Corresponding letter in Col. 7, or 
L of Col. 1 with its equivalents in Cols. 
6 and 7). 
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Egypt 

Occur ng simultaneously with t he development of cultur e s in 
th e r·:ear a st urns the rise of ;~nci e r1t Egypt. So metime s calle d 
t he b irt hpl a ce of civiliz a tion, Egy pt bgg an i n t h r ee i nde pendent 

• 1 1 t I T I .L h - • • /- ' L ,..J .L • r · • 1 ,.. r l v e r v a .... .L 2 y 2 ; 11 e _ n o u s , L 2 1 i ·~ r i s / t.. u p 11 r a -t.. es , a n ·....: L 11 2 · · i .L 2 , o 1 

L"J h i c h t h e i\J i l e i s b e s t k i: o u n • ( f i ;i • 7 ) ._3 s 1~ i n n i n J a iJ o u t •: , CJ 0 0 3 • = . , 
t he s e ttlement was t he startin g point of ~ ed iterran ea n man ' s 
first experi ment in a complex socialization and embodied in its 
institutions an indispensable part of civilization today. (Carring
ton, 1971) Settlers chose this region for several factors. 
First of a ll, the Nile had seasonal predictable floods which 
overflowed into the valley leaving rich silt for rejuvination of 
the s oil for crops. This way the soil was never exhausted and 
the people did not have to resettle. Secondly, the f:ile provided 
a waterway on t wo navigable seas for trade, communications, and 
transport of surplus goods to neighboring regions. A distance 
of nearly 1,000 miles. Thirdly, the valley was located between 
two deserts providing protection and lastly, the mountains were 
rich in metals and building stones. (fig. 8 ) 

Ancient Egypt witnessed the water table of the Nile drop with 
the encroachment of desert sands forming terraces as the water 
decreased. Eight terraces have been found that hold the earli
est phases of development of Egyptian Man in a prehistoric cul
ture sequence. The lower four have no s igns of human habitation 
while the upper four have artifacts dating from Neolithic throu g h 
to civilized life. 

History divides Egyptian civilization into three kingdoms, 
The Gld Kingdom dates from around 4,000 3.C.-3,000 3 .C. These 
people were already aquainted with the art by 4,000 ~ . C . and 
during this time they invented heiroglyphs which ar 2 pictures 
and symbols used for writing. Agriculture was the basis of eco
nomic life with the Pharaoh, who had umlimited po wer, owning all 
the land of Egypt. The fourth Dynasty built the three famous 
pyramids of Gizeh and by the end of this kingdom, th e civil 
calendar of 365 days was introduced. The Middle Kin gdom, lasting 
from about 3,000 to 2,000 8.C., experienced the peak of power 
and prosperity taking place under the twelfth Dynasty and by the 
e '1 d of t he t ! e LU K in g do m which 1 as t e d f r om ab out 2 , 0 0 0 B . C • to 5 2 5 
a.c., Egypt became a part of the Persian Empire. 

The Egyptians were extremely religious having a multitude of 
gods and revealed alot of their religious practices in their 
pyramids. They had a military class. They made paper and ink, 
fine linens, fine je~elry, and gla s s work. They progres s ed in 
sciences using geometry and arithmetic for land surveys and de
termined the solar year using astronomy. They even sho wed ac
curate kno wledge of anatomy in their medical Dritings. 

Today, the total habitable land in upper an~ lo we r Egypt 
i s only 3.5~ and out of th e whole one millio n square kilomet e rs, 
a population of 32 million is concentrated in 35, 000 s quar e 
kilometers wh{ch is more ueoole to the souare mile than in Bel
gium(the most densely pop~lated nation i~ Europe. 



fig. 8. Egyptian Calley, 1600 (Culver, 1924) 
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As Asia became s oli di f i e d under tha ~arsia ns Sreece ha~ 
g o n e t h r o u ~ h a l c ;1 r; , r e m a r k a b l e c! e \J e l c p m e n t • ·_ ; 2 t 1. ! ·3 r d e x -
p 3.r; ~;. i c ii ~ r c f;1 .. ~ ~~ i 2 b s g i n n i ,1 g a r a u n cJ 7 , 0 0 CJ ~ , C . L ; j_ :i : '.I e u 2 2 c f 
th e l a r g2 ~ an d mor 2 dur 2b l a v a ~2G l2, c onveyed i nh a~i tent s to 
:ypru 2 , : r eta , an d ~r ee cB. Thi s beg an t he Aegean ~ge s i nc e it 
u a s c ~n tered on the Ae ge 2n 3ea. One of th e mcst anciant civi
lizations in the Aeg ean Sea ~ 1 as the ~ i n oan civilization s e ttle d 
at Knossos on the i s land of Crete. It correlates with tha 
civilization of Ancient Egypt (3,400 3.C.-1,400 2 .C.) and re
presents the beginning of th e high sta g e of civilization in 
Europe. Knossos blossome d ~ ith the discovery of bronze and 
also benefitted from the introduction of the potter's ~ heel 
r e s u l t i n g i n t h e ma k i n g of t h e i r VJ e 11 k n o ~v n " e g g s h s 11 p o t t e r y " • 
The strategic geographical position of Crate allo wed for a
bundant trade and maritime. In 1,400 3.C., Knossos was de
stroyed by the Mycenaeans who gained economic domination of the 
mediterranean by domination trade routes. 

The Hellenistic Ag e 

A short time after Crete was settled, ths earliest inhabi
tants arrived on the east coast of northern Greece and settled 
in Thessaly. (fig. 9) This was the sign that colonists from 
the northwest of Asia ~ i n or first sailed the 160 miles crossing 
of the Aegean Sea to Europe. The geography of Greece consis
ting of a pattern of mountains separated by valleys, created 
barriers bet wean regions. This caused local centers of admin
instration to develop rather than a more centralized one t hus 
leading to the creation of Greek city-state s . Each city-state 
~ as territarally defined, politically independent and self 
governing having their own laws and their own methods of ad
ministering them. In spite of this, they shared a strong sense 
of kinship and respect creating and maintaining a strong civi
lization on the whole. (Carrington, 1971) ay 6GO 3.C., there 
were 200 city-states of which the better known were Athens, 
Corinth, and Crete with the population of Athens already at 
300,000. (fig. 10) 

Located on the Acropolis or high ground, Athens became the 
nucleus of settlement. A feeling of community quickly deve
loped and the polis became the optimum center for administra
tion of justice and determination of policy. Until the Homeric 
poems in the ninth century S .C., u1 ritten records u ere absent 
because Egyptian heiroglyphs did not spread far from the ~ l ile. 

The Odyessey of Homer was the earliest and greatest epic poem 
and evidenced the seafaring abilities of the Creeks. 3e t ween 
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Et~uscan '/l arrior 
(Robinson, 1959) 



. 750 g . C: , a nd 550 3 .C., t he He ll e nic or :_~ re ek tn orld extended 
from the Aegsan t o the furthe s t sho r e s of th e 3l ac k Sea , to _ 
~·' o rt h "~ f r i c 3. a. n d E g y p t a n d u 12 s t 1n a r d ~; t o t h q c o a ~ t o f .:l p a i n 
an d s outhsrn ~rane e . (fi g . 11) Us ing the alrea dy establishgd 
s a :::.·rn ~' ~3 o f t h 2 != h o e n i c i an s , .'·H i"IO ans , ~ ! y c: 2 n a ea n ~~ a. n d '' -? CJ l i t h i c 
soc iet iB s , th s ~r 2a ~ 2 ex~andsd trJd2 8 ith Syr i~ 2n~ ~ Jypt in 
c r gas i ng t ha ir popu l aticn 2nd 0~ed fo r ns~ 18 ~~ . ~ro m t his 
e arly colonial maritime movement , many cu ltures ca me to be 
~e llenize d . (fig. 12) 

The Greek s wAr e good pe ople wh o avoids d exagg s ration and 
exc9ss, valued human r e ationships, and we re sensible to beauty 
and conduct. They brought a new wa y of lif e , ne~ cultur e , and 
new ideals to th e western Med ite rranean an d spread it into the 
mainstream of history. 

The Roman Republic 

In the twelfth and thirteenth centuries B.C., the Etrus
cans established sites on the mainland of Italy. Their lan
guage has never been interpreted so their past is shadowy but 
through the abundance of their beautiful art work it is sho wn 
that they lived a natural life. They we re influenced by the 
~reeks in conouest and domination, but were more concerne d with 
the arts and ~usic. (fig. 13) Civilized Etruscans and Greeks 
converged on an Iron Age world of Latins at the site of ~ ome. 
Located in the Tiber River Valley and Plain of Latium, Rome 
was near productive agric ultural land, with the Ti be r Riv er and 
the sea making it possible to get food, raw material, and 
building materials into the area. 

The first settlements were hilltop villages with farming 
being the main concern. By 550 3 .C., ~ome had become a trading 
center, a focus of religious observations and a strategic point 
en route to southern Greek cities. Temples were erected with 
the main buildings built around the market place or Forum all 
surrounded by a six mile long wall. The Great Drain which was 
built to drain the Forum, emptied into the Tiber River perma
nently fouling it wi th sewage and refuge. There were t wo 
libraries, one containing Creek manuscripts and the other con
taining Latin manuscripts, and, enclosed by four story walls 
were the colosseum and amphitheatre where chariot races and 
plays t.!Jere held. (fig. ·14) 

The Roman Empire 

:.Hth the decline of Et ruria and the He llenic city - states, 
caused mostly by internal stagnation and loss of creative po wer, 
the fifth and fourth centuries 3 .C. brought cpportunities of 
early expansion for Roma. Concentrating on territorial control 
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go 

and military and naval supremacy, they established roads, for
tified military colonies, and agricultural colonies. 8y 275 
3 .C., the Romans had conquered all the way down to the southern 
~reek cities and after a long series of Punic Wars ending in 
146 a.~., they had become the supreme power of t he sea and land. 
(fig. 15) They developed a pattern of expansio n wh ich involved 
aquiring ma riti me cities and strong points. As a r e~ult of am
bition , military skills, and th e ability to de velcp and ma intain 
a system of physical communications ~ ith the centGr of govern
ment in Rome, Romanisation of the entira ~ editerranean was even
tually reached. A geographical revolution occurred requiring 
regional specialization and production expansion for the increase 
in population. ~ ith their skills in organization and civil 
engineering and their massive investment in public works, they 
established new standards of efficiency in industrial techniques, 
agriculture, trade, and mineral resources. 

Strategic roads were built mainly for military use, but they 
also attra~ta:i trade and settlement. (fig. 16) Like modern day 
roads, these followed the contours of the land. They consisted 
of five layers: compacted earth, a large stone layer, a small 
stone layer mixed with lime, and a fine cement paved with closely 
fitted polygonal blocks of hard stone. 

The construction of sewers, canals, and aqueducts was handed 
down by the Etruscans. Roman sewers, of which many still exist, 
began in the sixth century 8.C., 200 years after the founding of 
Rome. They were large enough for wagons to enter for maintainance 
and repair. The conduits converged at a central sewer called the 
Cloaca ~ axima which is the oldest and is still in axistance. It 
transported sewage from the Forum to the Tiber River. Limited 
rainfall and shortage of fresh water brought the necessity for 
aqueducts to supply water to houses. Some were many miles in 
length in order to reach the better watered regions, The most 
famous aqueduct is Nimes and is thirty one miles long. 

The peak of the Roman civilization occurred in the second 
century A.O. with Rome covering six to eight square miles and 
consisting of over half a million people. Their need for pre
cious metals for ornaments and currency led to the systematic 
exploitation of mineral resources. This exploitation caused 
the manufacturing, po~tery,_cloth, and glass industries to spread. 
These economic changes took place in the third and fourth cen
turies B.C. By exporting little and importing massive·amounts 
of grain, oil, timber, wine, and metals, the Romans dominated 
the economic map of Europe. (fig. 17) 

As the Roman Empire grew, the major cities became miniature 
replicas of Rome and began to break away from it aquiring a 
sense of independence. This played a minor fole in the fall of 
the Empire. It was in the fourth century A.D. when the capitol 
of the Empire was moved to Byzantine thus dividing the Empire 
into east and west that caused the major break up. The Chris
tian religion emerged spreading its philosophy of loving kind
ness through a greater part of the rn editerranean in a very short 
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time. Also rn ohammedism became a unifying force of the Arab 
world, One of the main causes, if not the main cause for the 
fall of the Roman Empire was simply the fact that they made 
their pipes of lead caus~ng lead poisoning of much of the 
population. 

~s s ho u1n here, a major portion of t he hi st ory of our own 
~ounda tio n2 lies G1ithin the a nci 3nt world of the ~ edit e rra ne an. 

Thi s area is the ~irhtplace of lit e rature, art , sc ie ncs , math, 
law, and religion-t he bases of modern society . Arch e ological 
excavations yiel d ns w information en richin g modern society 
~ ith beneficia l knowledge on the structure of ancient socia-

1 

ties. The ~ editerranean has ~rovided man with the opportunity 
to study th e se great soceities and learn the driving forces or 
causes of success and failure within a civilization. 
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Climate of the Mediterranean Sea System 

No discussion of a marine system would be complete without 
mentioning the atmosphere above it. As the sun heats the planet, 
water evaporates, condensates into clouds, and rain falls. A.ir 
drags across the sea surface and makes waves. Water and air may 
both be considered fluids, only one is alittle thicker than the 
other. Our weather takes place in the bottom 10 kilometers of 
the atmosphere, but the real surface of the earth is 600 kilo
meters from land and ocean. 

The Mediterranean Sea is an excellent model for many of the 
earth's oceans. The climate is very unusual in this region, (Fig. I), 
mainly because it is so moderate. This .. average" climate makes 
correlation to many other areas very reasonable. This climate is 
very condusive to human inhabitation, as this area is the birth
place of western civilization. Many large scale phenomena take 
place in the Mediterranean Sea on smaller scales. Subdividing t - ~ 
this climate, (Fig. II), we see there is even large diversity 
within this "typical" regiono Generally, from northwest to south
east, there is more sunshine, higher temperatures, and less precip
atation. This sea is ice free, so the model does not address 
Polar enviroments. Also, being a closed sea, waves cannot get 
very large and there are no high energy coasts • 

• 
Mediterranean scrub 
woodland 

• 

Figure I. 
Distribution of Mediteranean Climates (after Rumney, 1968) 

The sun is by far the most important source of energy on 
the earth. We are connected by an invisible extension cord to 
the Great Power Company in the sky. The Mediterranean area 
receives in the summer 400 hours of sunshine per month, and in the 
winter it receives about 150 (Landsberg et al, 1965). In the 
summer, it is daytime for only 435 hours? This total amount of 
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Figure II. Subdivision of the 
Mediteranean Climate (after Rumney, 1968) 

sunshine annually is the same as most of the earth's oceans 
between 40 degrees north and south. The area with the most 
solar radiation is just south of the Mediterranean over the 
north of the African continent. This proximity to such a hot 
and dry area has a pronounced effect on the neighboring sea. 
Recieving as much sunshine as other areas with higher primary 
productivity, it is not a limiting factor in the abundance of 
organisms in the Mediterranean Sea. Solar radiation, by heating 
the earth and thereby heating the air, causes density differ
ences which dictate atmospheric circulation. 

Hot air rises from the equator, travels poleward, cools, 
and decends at approximately 30 degrees (Fig. III.). This cir
culation pattern forms what is called the Hadley Cell. Notice 
how centrifugal force slings the atmosphere further out at the 
equator. As the earth spins about its axis, a sheering effect 
is felt by all things not attached. This is the Coriolis Force. 
The deflection is to the right as you go poleward from the equator. 
Rising air causes lower atmospheic pressure on the surface. 
Being deflected to the right, lower pressure circulates clock
wise in the southern hemisphere and counter- clockwise in the 
northern hemisphere. Between the hot, tropical air and the cold 
air over the poles is the Ferrel Cell. · The Mediteranean, at 
about 40 degrees north, falls under this circulation. The upper 
limit of these cells defines the tropopause. Trapped between 
two circulating cells and the tropopause are ribbons of air 
which zip around the planet. These are jet streams, and some 
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Hadley cell . 

600 30' o· 
Latitude 

Figure III. cross-section of the atmospheric 
circulation (after Riley et al, 1974) 

have been clocked at speeds of over 400 kilometers per hour 
(Riley et al, 1974). They are not a signifiaapt weather pro
ducing phenomon in themselves, but their speeds and location are 
very useful in forecasting major air mass frontal positions. 
Their positions over the Mediteranean Sea are shown in Fig. IV. 
The polar cell is less well defined as this blob of cold air 
hugs the surface. It remains fairly stationary, and the temp
erate zones of the earth slip under it in the winter and further 
away in the summer. Sometimes, a drop of this more viscous air 
will slidedown so far that it becomes detached (Fig. v.). The 
jet stream in (a) is faster before the cold air is cut off (b). 
In (c), the circulation of this now independent low works against 
the flow of the jet stream and it disappears. 

As previosly mentioned, air exerts a force on the land and 
water beneath it. Low pressure means that air is being sucked 
upward. The standing water of the earth acts like a barometer 
(Fig. VI). This pressure is very important in the study of 
meteorology. Low pressure systems are the driving force behind 
the weather. In one school of thought, there are no "highs", 
only the absence of a "low". Just like a hiker in hills, the 
path is easier from high to low. Air behaves in the same manner. 
This tendency of air to move from high to low creates the pres
sure gradient force. This is the most important cause of air 
movement. Combined with the Coriolis force, wind is created. 

The moderate climate of the Mediterranean area is due largely 
to its position around the inland sea. Water, being the thicker 
of the two mediums, changes temperature much more slowly than 
airo Even water vapor in the air,(humidity), has a stablizing 
effect on the temperature. This effect is most markedly shown 
in the summer by the sea breeze. As suggested by the abundant 
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Figure IV. Mean Positions of the (a) Polar Front Jet 
and (b) Subtropical Jet Stream by Season. (after Black, 1977) 

sunshine in summer, the skies are virtually cloud free. The 
land bakes in the sun during the day. Air above the land is 
heated by conduction. When warmer air underlyies cooler air, 
and inversion is created. The inversion breaks suddenly, and 
the air over the land rises to make low pressure. The exiting 
hot air is replaced by the cooler air that is over the water. 
At night, the situation is reversed and less pronounced. Daily 
maximum temperatures for reporting stations 40 kilometers inland 
are generally 10 degrees C higher than coastal stations. Evap
oration exceeds precipitation in the Mediteranean Sea on the 
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Figure v. Formation of a Cut-off Low 
(after Riley et ali 1974) 

order of 4 to 1. This accounts for the high volume of water 
taken from the North Atlantic through the Straits of Gibralter. 
The evaporation rate is so high in Lebanon, on the eastern coast, 
that sea water is evaporated to remove NaCl. This ancient 
technique is still practiced (Fig. VII). Most evaporation 
takes place in the summer. Over the deserts of Iran and Pakistan, 
a "heat low" is created by the albedo effe-ct. Its counter- clock
wise rotation brings northerly winds to the eastern Mediteranean 
region. These hot, dry winds, called Meltimi (Fig VIII) steal 
water from the Mediteranean and deposit it in the form of sum-
mer monsoons in India. Winds are from the north in the western 
Mediterranean, but for a different reason. In the summer, the 
Azores High is a major circulation feature of the North Atlantic. 
Its clockwise rotation brings light, upper level winds to this 
region. The mean temperature in July :is shown in Fig. IX. 

As the direct rays of the sun travel away from the Tropic 
of Cancer, the Mediterranean moves closer to polar air. In the 
fall, unstable weather becomes more frequent. By mid-October, 
cold polar air will sneak through the Rhone River Valley. These 
Mistral winds (Fig VIII) blow strongly. Trees in the valley 
show a lean to the south and the houses have no windows on the north 
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Figure VII. Collecting ponds in Lebanon where sea 
water is evaporated and salt remains (after Snead, 1980) 

Figure. VIIIo Local winds in the Mediterranean Basin 
(after Rumney, 1968) 



Figure IX. Mean sea level air temperatures in 
degrees F(C) in July 
(after Black, 1977) 

side. In late fall, storms over north Africa will develope 
strong winds called sirocco (Fig. VIII). These winds pick up 
unconsolidated silt and sand from the Sahara. It is estimated 
that one storm dropped one million tons of this quartz "dust" 
on England (Riley et al, 1974). For a water droplet to form, 
it needs a condensation nucleus. These storms certainly do not 
go lacking for them. A phenoman peculiar to the southern Alps 
is known as .. blood rain", which discolor the first snow accum
ulations. Wind is also reworking the Nile Delta {Fig. X.). 
The Aswan Dam holds back the waters that used to flood the 
delta and deposit sediments. Aeolian sand dunes are now accum
ulating along the delta shore. 

The Mediterranean basin is protected from the inclimate, 
northern European winter by the Alps. The mountains force the 
cold air upwards, where they cannot hold their water content. 
By the time these systems reach the Mediterranean, they have 
lost most of their punch. More prevalent over the area is weather 
generated by the Mediterranean Sea itself. This is where. the 
Mediterranean area is an excellent model for ocean~atmosphere 
relationships. Low pressure circulation develope where the 
air and water have the greatest contrast, in the north Ligurian 
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Sea, south of France and Spain . (Fig. XI.). After cyclogenesis, 
they travel eastward. Once established and moving, the land 
topography disorganizes the storm systems. When a storm crosses 
the Apennines Mountains, which run along the pants leg of Italy, 
they are reorganized by the Venturi effect (Fig. XII.) • . Upper 
level winds cause warm, moist air to rise and refuel the dis
turbance. This newly aquired wate~ from the Adriatic Sea falls 
on the western portions of Yugoslavia and Greece, making this 
area the highest in rainfall of the whole Mediterranean area. 
The 55 inches of annual rainfall makes for plush vegatation and 
some of the best sking in the world. More typical of the region 
is 25 inches per year, most of which falls in the winter. Snow 
is very rare along the coast, as are killing frosts. In the 
winter, rain lasts about three hours, and cloudiness prevails 
for only a week, followed by a week of fair skies. 

' · 

Figure x. Gemini space photograph of the Nile Delta. 
The white sands outlining the delta shore are dunes 

formed after the construction of the Aswan Dam. (after 
Snead, 1982) 
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Figure XI. Generalized areas of storm developement 
and their movements (after Riley et al, 1974) 

Figure XII. Formation of a low on the leeward side 
of a mountain range (after Katsch, 1972) 
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Figure XIII. Mean sea level air temperatures in degrees 
F(C) in January (after Black, 1977) 

In the months of March through May, days become longer 
than the nights. Storm occurance increases slightly from the 
winter months. Because of the increasing daylight hours and 
the more direct sun rays, temperatures of the air begin to in
crease. The land responds more quickly to temperature, and 
the sea breeze sets back up. The water, however, is almost 
as cold as it was in the wintero This pronounced contrast 
between air and water temperature differences creates the most 
severe weather of the Mediterranean. Frequency of thunderstorms 
and their intensity increase until the water can warm up. 
The sea is coldest in late March and warmest in September. 
By June, the Azores High is reestablished and dominates the 
upper level wind flow from the north over the western Mediter
ranean. The eastern half begins to feel the effects of the 
desert air to the east, and the region enters the near drought
like conditions. 

The drag of air over the water's surface creates waves. 
Except for "tidal" waves, (an incredibly poor choice of words), 
which are caused by earthquakes or volcano eruptions, waves 
are made by wind. This force sets up a circulation below the 
water surface (Fig. XIV.). Waves travel in the direction of 
the wind. The distance from their source is called the fetch. 
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Figure XIV. Orbital motion of waves in deep 
water (after Williams, 1960) 

Figure xv. shows the change of waves from chop to swells. Waves 
take time to develope, and the longer the fetch, the more de
veloped is the wave. The north-south nature of the winds in 
the Mediterranean makes for a small fetch compared to the open 
oceans of the world. The sea breeze is a very small scale, 
localized effect, and can create only chop. The size of the 
waves in the Mediterranean Sea are usually less than one meter. 
Major winter and spring storms, however, can make very rough 
seas. According to Senior Cheif Petty Officer William Herbert, 
one storm south of France made waves in excess of 10 meters. 
Figure XVI. shows how wave heights are measured. Waves greatly 
effect the surface area of the water. This enhances evaporation. 
White caps on the open sea mechanically lift water as a liquid 
into the air. When waves come upon a third medium, land, their 
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Figure XVI. Method for determing wave height 
(after Williams, 1960) 

circulation is broken. That is why surf is refered to a breakers. 
The top of the wave falls over (Fig. XVII.). Well developed 
surf, as in Hawaii and Australia, make "tubes". Both of these 
coasts are far from the origin of the waves. A breaking wave 
draws water and sediments seaward with their undertow. As the 
velocity of the undertow decreases, any suspended particles 
are deposited to fo.ona sand bar. This accumulation of sand 
further serves to trip the waves as they approach the shore. 
They are largely responsible for the very gradually breaking 
tubes so highly prized by surfers. waves are the most import
ant factor in erosin and deposition. Tides only effect .the 
water level and deliver very little energy. In a low energy 
coastline, sand is moved -by a process called creep. This is 
when a grain is rolled along the sea bed without being picked 
up. Transport by lifting the particle _is called jumping, or 
saltation. The amount of sediment is relatively smallo It is 
this effect that causes the water near shore to look muddy. 
This hinders light penetration, which has a direct effect on · the 
primary productivity of an ecosystem. Even small waves, in their 
persistance, cause sand grains to abrade against one another. 
This tends to round the grain. The higher the enery, the great
er the degree of rounding. Interuptions in the lazy washing 
of coastal sediments are caused by storms. Storms and their 

,· 
--- - · ·- __ . ., 

Figure XVIIo Sediment movement beneath the surf 
(after Williams, 1960) 
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related surges will sometimes deposit bermso These outline 
the shoreline and are further inland than the normal water 
extent. Therefore, they are not under the influence of water 
transport until the next storm. Their redistribution "is sub
ject to the less efficient processes of aeolian movements. 
Whether a coast is classified as erosional or depositional is 
based primarily on the direction of the strongest winds, such 
as those associated with low pressure disturbances. Waves 
rarely break perpendicular to the shore. Instead, they appreaah 
at an angle. This moves sand not only inland and seaward, but 
also parallel to the coast. This effect is called longshore 
drift. This also related to the general circulation of large 
scale currents of the sea. Organisms must adapt to this wave 
energy. Algae of the Mediterranean use "roots" not to gather 
nutrients but to hold on to the substrate. The grain size 
determines how deep an animal can burrow. On rocky coasts, 
waves splash water onto encrusting organisms such as barnicles. 
They are able to remove nutrients they need from the water. 
Organisms that live below 30 meters do not feel the effect of 
waves. 

The atmosphere above the marine ecosystem acts as a buff er 
zone between cosmic energy from the sun and the water. Heat 
is transferred from air to water by conduction because they are 
in contact. The movement of air, which is directly related to 
the temperature, mechanically exerts force on the sea surface 
and creates wave$. Evaporation, which is directly related to 
temperature, effects the salinity of the enviroment. The net 
loss of water from the Mediterranean causes the draw of water 
from the Atlantic Ocean, which effects the general circulation 
patterns of the subsurface currents. All of these factors in
fluence the organisms which call this environment home. The 
geology of the system is also effected by the weather in the 
redistibution of sediments. Coasts are continually being re
shaped by energy exerted by waves and precipitation runoff. 
Winds also move sediments, as illustrated by the severe dust 
storms borne over the Sahara Desert. All of these factors relate 
directly to the situation of the enviroments and play a major 
role in how the ecosystem functions. 
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~IVER INPUT 

The r.'ledi terranean Sea is a se'.Tiienclosed sea (see figu.re 1), 
in\-1hich its' only contact v:i th an open ocean is with the 
Atlantic Ocean, through the Straights of Gil~ralter. The cir
culation in the ~editerranean is restricted, tecause the 
Straights of Gilbralter acts as a barri9r between t~e two 
c o ~ ies of ~at er. Eowe7er, i~ d oes let so=e Atlantic ~:ate r flo~ 
into the =:e c'.i terranean> on top of SDalle :r· a mounts of tt.e see. 
wate r flo 1t/i ng out. The =.~ e c~ i terranean water flo vrs uric. er the 
Atlantic water due to its' war~er te~pe ratures, greater ~ e n-
si ty, and higher salinity . The ~ ;~edi terranean Sea has alot of 
evaporation fro~ its' surface, creati~g a high saline laye r 
of surface water. 

The eva}Joration of :.iedi terranean sea vrate r excee c~ es the 
amount of precipitation and river runoff that is af ~ e d to the 
sea. But the water level does not go down, because of the water 
that flows in from the Atlantic . The river water that is addef 
to the ~e~iterranean Sea does not cause a significant change 
in the salinty of the sea water, but it has an effect on the 
seawater at the '.Tiouths of the rivers. The water is less saline 
at the rivers mouth than in the open sea, due to the fresh 
water input. The water contains nutrients carried down by the 
rivers tLat concentrate at the rivers mouth, attracting ~arine 
species. The climate has a major role in d etermining the c h ar
acteristics of the land surrounding the l\Iedi terranean Sea. We 
will be looking at the factors that influence river flo w into 
the ~editerranean Sea, and center upon four main rivers in the 
region; the Ebro, t he Rhone, t h e Po, and the Nile. 

On the southern coastal an~ inland areas of the ~e d iterran
ean Sea, the clLnate is arid. The :nean annual rainfall in thj~s 
area is under 10 inches, however there is a small strip of land 
about 400 miles wide, oriented west to east, just south of the 
Straights of Gilbralter, that gets up to 40 inches of rain a 
y ear. In this vast desert, there is not much surface water or 
groundwater, except along the Nile river. The vegetation is 
sparce in the desert, but there is a belt of scrub and temper
ate grassland in the semi-6 esert belt . The headwaters of the 
Nile river is located in the mountains ~hat are over 6,000 
feet high, and have a mean annual rainfall of 20 inches to over 
40 inches .· The mountains also receive snov-1, whi ch melts in the 
summer, adding to the river runoff as it melts. Temperate for
ests grow in the mountains, savanna and s"crub in areas between 
1,500 and 6,000 feet in elevation, and desert vegetation in 
areas that are b elow 1,500 feet. These variations are due to 
different climates in each of these regions. Although the pre 
cipitation is low in the arid land, the rainfall is sporatic, 
which results in floocUng, because of the lack of vegetation 
in the desert , anC. the hard soils. These floods occur between 
September and November . During the dry season, Llay through 
August, the Nile will totally evaporate before reaching the 
sea, which makes irrigation a necessity . Pe ople far~ed the 
lane_ on either side of the Nile, and as far back (inland) as 
they could go and still b e able to irrigate the crops. They 
grew cotton, rice, maize, an~ ~illet. There was also alot of 
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cultivation on the Nile delta. The land along the river anc on 
the c1el ta was rich and fertile, because· of the silts and clays 
that were deDosited on these flood plains, when the Nile Doul~ 
flood each y~ar. The silts and clay s woul d enrich t h e existing 
soil 'i?i tl-: r:iineral rich se :_1 i :-:ient, 2:-:d 1:·:ash a1:ra~r t h 2 accur.':ul2..te c'. 
salts, ·:r~-1 ic h for=ie c~ -8y t he evaporation of irrigat e c;_ ;:':ate!'. 

On the northern si c,e of the l':~edi terranean Sea, tl~e clL'J.ate 
is auite a bit ~ore humi d and cooler than the southern si ~ e. 
The -average temperature and rainfall for the north si ~ e is 47 
degrees (~), and 34 inches, respectivly. The land is ciountain
ous, and the coastline is steep due to plate tectonics, rapif 
erosion, high precipitation, and river runoff. Since veg
etation is indictative of the amount of rainfall in an area, 
the vege.tation on the northern si de of the Nec1Li terranear: in
cludes conifer forests and meadows .in the more humic areas, anc~ 
olive trees, evergreen oaks, and pastureland in tb.e slightly 
less hwnid areas. In a (C1. ition to :yrecipitation, snow :nelt and 
glacial melt add to the stream and river flow, which is per
iri...nal. This constant flow of water into the i·.Iedi t.erranean is 
important for irrigation, and serves as a supply of drinking 
vvater for the people. There are several small streams that 
flow directly into the ~Jedi terranean Sea, without first join
ing up with any of the major rivers. 

' i.1any people settled. along the rivers anc_ strea~s in the 
area surrounding the I.1edi terranean Sea, because the rivers 
served as a water source for driYLl.cing water, and irrigation 
crops. In t he northern regions, since the land is mountain
ous, it was necessary to live near streams or rivers in 
order to have access to fresh water. 

Hydrology 

River flow is determined. by the precipitation, te~perature, 
infiltration capacity of the soil, and evapotranspin.).tion> , 
v1hich is the combi.nation of vrater vaporized by evaporation, and_ 
by transpiration by plants. ~iver flow is actually the water 
that is not evaporated or infiltrated, but that v-rhich runs 
off the land. Figure 2 shows how the hydrologic cycle works. 

If evapotranspiratinn exceeC!.s precipitation, then the 
river will dry up, but if the precipitation exceedes the other, 
-then there will be a continuous flow of 1nater in the stream. 
As the climate changes from season to season, the amount of 
precipitation and eyapotranspirat ion changes, so t h e water 
level in the rivers tends to vary ~rom season to season. 

On the southern side of the I.T edi terranean Sea, in the 
summer, the evaporation is extreoely high in the vast spanse 
of desert, be cause of the high temperatures, and the lack of 
~recipitation. This is true, especially in the ~e d iterranean 
area, as the flow in the Nile is extremely lo~, a~d . sometimes 
does not even reach the ~editerranean Sea . In the winter, 
l~owever, t.here is more flovr, because of 10 1t1er temperatures, 
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thus less evaporation, and ~ore pre ci pi tatin--1'1. 
On the northern si de of the Llediterranean Sea, some of 

t h e sr:1aller strear:is would C..ry up i n the sur:m1er , such as those 
it southe rn Italy , a~f t~en beco~e f ull acai~ fari~g the ~i~ter 
:;:;~or:-Js . Strea..::is ·;;.rtos:; ~~~9ac ·:1aters ·:.~e r e i n the ::ioun-:aL:is ~no ul ( ~~· e 
c~ r:,r C.uring tl::.e wi nte r, oe ca1..1.Se the !'.i.e a dv.raters 1."TOUl d freeze, a n c'. 
t~en flow once the snow a~~ ice s elte f in t~e spri~g . ~~e flo~ 
in the ma j or rivers fluc t ~ated accord i ngly with the seasonal 
flo \7 of the streams, since the streams, carry i:--ig\snow melt and 
rainwater, merged together to form the major river. Unc.er 
nor:nal climatic concitions, all of the u.ajor rivers i n the 
Mediterranean area flo r.ved continuous l y , wi th the exce pt ion of 
the Nile. 

The northern side has more precipitation, infiltrat ion, 
and transpiration than the southe rn side, because the former 
supports more vegetation than the latter, and more permiable 
soils. The precipitation or snow and glacial melt that does -
not run off, infiltrates into the ground and recharges the 
grow.""ldvvater. So the water table marks the level of t h e ground.
water. The unsaturated zo ne is called the vadose zone, and the 
sattirated zone is called the phreatic zone. In ~gypt , the 
groundwgter saturates a permiable formation, the Nubian sand
stone, which serves as an aquifer, and the source of fresh 
water for those people not living along the Nile. Groundwa t er 
flo ws through the aquifer from a high poten~tal to a lower 
pot~"t.ial, and in E5Jpt , t h is flo v: is in a northerly direct
ion. The Nubian sandstone formatio n thickens northward, but 
its' water table declines, be cause of the :iigh evapora.lc ion, 
and the lack of precipitation across the vast spanse of desert. 
If the ground is hard and compacte d , or if the terrain is 
steep , then little infiltration will occur, l:::: ecause of the 
impermiabili ty of t h e soil, and t h e lack of time for the grounc_
water to infiltrate. Vegetation and surface water indicate the 
level of the water table. Streams, rivers, ·c.:-i::d oasises mark 
the level of t h e groundwater C. irectl~, and ve getation marks 
it indirectly. Vegetation drmvs moisture fro m the soil, so if 
there is a lack of moisture in the soil as t h e result of a 
low water table, then the vegetation will be sparse, as it is 
in Egypt. 

?1Tany of the lakes in the area surrounding the ~\1 edi terranean 
are the result of glacial -scour, where the glaciers left i n
dentions on the surface of the land when tb.ey retreated. So, 
many of the lak es are located in the mount ai ns , a:J.d serve as 
headwaters for rivers and streams. Other streams form from 
the accumulatio n of runoff fro~ the surrounding mountain slo pes. 
These small streams flo v1 downhill, due to gravity, and u~ei r 
drainage pattern dep ends on the to ~ o craphy and the rock type . 
'."later tenc"s to flo vv around the :nore resistant roclrn, and flo 'n 
through the less resistant rock . It also follows the nath of 
least re s i st ance, so it will flo w down the steepest siope. 
Streams tend t o flo 1:1 c~ o vm the val leys oe t ·:.ree~~ :nountai:ns or 
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l:ills, anc~ then ::ierge with othe r streams to for-n a river t hat 
flows through a ce~tral valley , an~ t~en flows int o the sea. 

Ir.. ~Z~·-?it ~ tl:ere are s o2e oasises i L:. t :-.:.e li::i esto~:.e , tha t 
~-: a~c -9 'w"L] t~-:. 0 su~:ace roc ~c The ;rour:c>·:a -~e r r.~ is s o]_ver~ L:e liT~ 
stone and :Por:.aec~ caves, ':'.'i1ich later c o ll aps·2 c~ , 2~r.. c"' fo r-Je e 
s i ::'.:2d10les. These s ii~·:holcs expose t:1e :; ro un Ci_rmter, L-i so :·.~e 
cases, which then serves as a source of water for pe ople an~ 
ani!'l'lals. The oasises allo 1Ne c :IJ.a:J.y i nha bi ta~ts to settle i ::i 
~gypt, because no other surface was avai ble other than the 
Nile. 

The river water and the groundwater eventually flo ~ into 
the sea, and create a mixing zone between the fresh ri ver 
water and the saline seawater. This ~ix~ng is particularly 
notice d in the 1.Iec_i terranean Sea, because of the war:n, high 
saline seawater. The river water is generally less dense than 
the saline seawater, but the actual density of ~he river ~ater 
is deter::iined by the sediment load it carries. The river water 
will be more dense with a greater sedicent load than with a 
sCTaller sediment load. So the density difference between the 
seawater and - the river . water depends on the te::i.perature anc. 
the sediment load of the river water. This density difference 
stratifies the two waters. The seawater itself is stratifie d 
according to temperature and salinity. T}-ie warner, more saline 
,,~rater :nakes up the surface layer, a~d as t h e vmter increases 
in depth, it gets colder, an~ less saline. Generally, the 
river water moves out as a torigue, in its stratified level, 
sandwiched between two layers of seawater, until it is dis
persed "by wave action or water cu·rrents. At all of the :nouths 
of t h e major rivers in the Llediterranean Sea, the water an~ 
sedinent is carried by the sea currents, along the coast, 
which is to the right of each of the delta. 

The fresh water input into the Mediterranean Sea allows 
for certain species of marine organisms to live at the river~ 
mouth, because the fresh water dilutes the salinity of the 
seawater, and creates a semi-fresh water habitate . The river 
water also supplies nutrients for marine organisms to feed on. 
So, the mouths of rivers attract marine organisms, because 
of the rich nutrient supply, and the semi-fresh water habitate . 

The velocity of a river is determined by the amount of 
water in its' river bed, and the slope of the land. The steeper 
the slope, the faster the water will flow. Also, the more water 
in the river bed, the faster the water will flow. 
So generally, during the summer ·months,when the river flow is 
low, the velocity is low, and in the winter, when t h e river flow 
is high , the velocity is high . The velocity corresponds to the 
amount of erosion that takes place, so increasing the water 
velocity increases the erosion. Ti ith an increase in erosion, 
the river increases its sediment load. So, increasing t h e 
velocity also increases the sediment load of a river. As t~e 
ri ve r flo vi approaches t h e sea , the slo::!e of tlrn lane_ beco:nes 
more gradual, and the veloci ty decreases. As the river water 
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and the seawater ~erge toget~er, the velocity of the river 
c~ ecreases c_ramaticall:y. Eow far the tongue of the river 11'.'ater 
and its se di ment load extends out into the sea de:9 ends on the 
velocity of E:e river t ·efor<?. it f lo 1:1ed. into tte sea. T~:G f0,s~er 
~ h e river ~ater ~as flo ~i~g ~ efore i t e~t eref t ~e s ea, ~ ~0 
furthe T its tongue ~ill extend out s eawarf . Ho~e ve r, st ro~g 
~ave action ~ill tend to decrease t~e extent of t~e fre s~ 
rmte r tongue. 

Deltas 

Deltas are formed by sediment, carried down by rivers, 
accmnulating fas te r at t!:e river mouth th2wn the waves and 
currents can wash away. De ltas can be classified into two 
main groups, according to their characteris t ic shape; ~ave 
dominate d and river ~ ominated. Those deltas that are wave d o~
inated have a s traight coastline, because vrave action c~o:ninates 
over the sedimentation, and the waves are capable of taking 
away large aI!lounts of sedd.ment and depositi:!'l.g them somewhere 
offshore. Deltasthat are river dominated ~re do:ninated by the 
sediment deposition on the delta, so a delta forms with a pro
truding shoreline. Wave action is mini~al in forming this type 
of delta. 

Deltas are stratified into three main lay ers; to:pset, 
{o:.'"'eset, and "botto ~:iset. Tl1.ese la:lers 1Ni!re formed b~r the · ::_J ro
gradatio n of sedi:nents being deposite d seaward. Th e topset 
consists of s~ndy ailt with-ninor amounts of clay , the fore
set co ~sists of silt and sand, and the oottomset consists 0f 
silt and clay . Se~iment, carrie d by the river, starts t o 
settle out as the velocity of the river decreases, when the 
river and seawater meet. First the larger sefi~ents settle 
out, and then the finer particals settle out wb.en the vel
ocity of the water can no longer keep the:n in suspension. 
Sediments are deposited in the topset, and currents cause sooe 
of the sediment to fall over the edge, onto the foreset. The 
bottomset consists of the finest grained sediment, which did 
not fall out of suspension until they were beyond the main 
part of the delta. 

r.'Iinerals 

The rivers contri bute minerals to t h e :.:edi terranean Sea. 
Groundwater and surface water dissolve and erode the rock on 
the land, and carry dissolved ions and sediment to t he sea. 
So, the minerals, in the sea are characteristic of the rock tyne 
of the surrounding land. The 1.'Iedi terranean Sea ~1as l:igh car-- -
bonate levels in its water, clue to the river water dissolving 
limestone, ·,1vhich is lo ca tee~ along the southern coast anc the 
northern coast. Italy, which is alo ng tl:e rj.orthern coas t , is 
composed totall ~r of c_ olo ~""."l i te and liznestone. T~-:.. .2 :~1L1erals 
calcitlm anc. :-: 1. c\~·:--:_2si~n are associated with t£1e 6issolution o -F 
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li2 estone, because the limest on e i s compose ~ of large a~ounts 
of t!".:.e se r.iinerals. :8olo r:ii t~ is a li r:iestone '.Vhich is rich i n 
Jl2.g::.-iesi:J..:1 . r:I: he r0 is a l1 ig~1er level of the cart ;onat e i r: tb2 
::rnrtt.er:::J. part of the sea, c 2cause of t~-:e l-: i ghe r prsci :;:J i t a -: io ::-:. , 
l:. i ;her l""ate s of erosion, 2vnd greater a:nount of r~_ issolut io:-i of 
the car~onate rock, t~an on the sout~ern si ~ e. Iron, manganese, 

t i taniurn, and :Dl10sphorus are also found in the I,T edi terra:nean 
Sea, but are not as abundant as the carbonat e minerals, oecause 
they are not as susceptable to weathe ring as t}:e latter. The sea
water is enriched in these minerals near the coast, where the 
rivers and streams em~ty into the sea. Some of these minerals 
are used by the marine organisms to construct their s hells, such 
as calcium, and othe rs are distributed out int o the open sea, 
where t h ey may settle out and accu.-r:lulate on the se a floor. 

L~ain ~i vers 

The r,Tedi terraneans' catchment area surrounds its peri p ~e.1,y 
(see figure 1), anc. is determined by the surface water, which 
drains into the sea. Indirectly, t he catchment area is deter
mined by the topography of the la..YJ.d, the direction of tl1e water 
flow, and the clinate. tiountains along the northern coast act 
as a barrier, which causes the water on the south side of the 
mountains to flo w into the sea, an~ the water on the north 
side to flo w into other bodies of water. ffi ost of the surface · 
1.vater runoff in the catchment area flo 1N into ·· the :·.Tedi terranean 
sea by way of four major rivers; the 3bro in Spain, the Rhone 
in France, the Po in Italy, and the Nile in Egyp t. 

The 3bro river is 575 miles long. It flo ws through the 
3 bro Valley, 1Nhich is also its drainage basin. The mountai n s 
in no~thern Spain act as a barrier, and provide a divi e i ng line 
for water that flows into the Ebro, and for .water that flows 
away from the Ebro. Th e climate in the :-r1ountains is humid, •Ni th 
temperate temperatures (47 degrees F ), and h igh rainfall. Pine 
forests, conifer forests, and meadows are t yp ical there. In the 
Ebro Valley, the climate is drier, with a fe w semi arid areas. 
The temperature is more variable here, than in the mount~ins, 
and the rainfall is less. The vegetation includes· olive trees, 
evergreen oaks, and wheat, which the people far:n . The Lbro 
delta is a cuspate delta; river d ominate ~ . It has low sand 
be aches, salt marshes, beach ri dges , and eolian dunes on it. 
Th~ salt marshes provide a habitate for cert ain ~arine organ
isms that can tolerate hi gh saline water. The se diment that 
does not settle out on the de lta is carried laterally south
ward, along the coast, by sea currents. The ~bro has a..Yl a ve rage 
discharge of water of 19,500 cubic feet pe r ye ar. The aDount 
of discharge varies seasonall~r , because of irregular rainfall. 
Spain is periodically affected by ~i d es pread drought , when the 
rain does not fall for several months. Wheat production, i n the 
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valley is a:1 imyortan t li ve l yhoo d for many :far-.-:'lers, as is ;;, ro'.'.1-
ing citrus fruits and rice elong the coast, and i~ sout~ern 
SpaL1. Irri gation i s n ece s sary to r.1at2r t h e cro ps , es ::_; eciall~r 
c:)uri n.,5 ti r:-1 2s of lo '/i r2.infall . 1=:1 ~1 e la2.':c~ ir_ S~;aL"- i= ~-:oo r ~ ~ : e 
cav~se i ~: l~as :) 8811 Q\l8l~[;raz e(~ , Q \TSI't ille C·~ , 2~l~( c::2f01""' e ste c: . . r, ~/ i ~'..~r~ 
a:~( ·:;ate r erosion is :;wre rap i r~_ on t l-iis ~ oorl: .. :·-1at:aged l al!. (~
than on ~ell manag~d laD~ . T~e erosion of t~e la~d fro~ 9oor 
land rilana ge:.::1_ent causes siltation of the streRns, a:'J.c_ a 11i ghe r 
concentration of ~inerals in the wate r than nor~al. This excess 
silt and se diment ir2. the v:ater pollutes the ·:mt er ':J ecause it 
alters the habitate of ~arine organisms at the rivers mouth . 
The excess nutrients in the wate r cause algae to gro111, ·:1hich 
then can c. e p 1 et e the supply o f oxygen in t l:c e wa t er , i f i i1 

large num.bers. The streams and rivers in Spain pro"'1ic;_e the 
pe ople with electricity,by converting the po~er of the w~ter 
into electricity , by np,y of hydroelectric pov1er plaj_1ts. Pro
j.e:cts began in the 2otn century to harness the rivers, and 
produce electricity. By\the mid-1960's, 1/3 of the total river 
flow was controlled by a bout 140 major dams. In the 1960's, 
:-nore dams \'le re under construction, which 'Nould event\Aally double 
the water storage capacity that they had at the present. 

The Rhone river, in southeastern France, discharges 
777 ,OC0,000 cubic feet of v7ater per ye ar, \7i tl1 peak flows in 
the spring and sununer from the snow melt. ~he i1hones drainage 
basin covers an area of +oo, 000 square kilometers, v.1hich is a 
narrow plain located b et~een the ~ountains. ~he cli3ate in the 
Rhone basin is mode rate, r:i th an average temperature of 47 de 
grees F, and an average rainfall of 34 inches. The rainfall is 
seasor;i.al, as southeast France receives d. ovm pours in spring 
ancl autw11n, and no rain in the surri.Jner. The :2bros" headwaters 
are in the Alps,· in Switzerland, v:hich freeze i n the winter, 
so the flo w in the winter is lo w. The Rhone receives ~ater fro~ 
its tributaries along its route to the sea. The rthone also 
gets water from the Saone river, the Isere river, the Drome 
river, the Durance river, and from na tura1 rairnva t er. The Rhone 
river forms a large subiliarine cone, but the aerial coastline 
is relatively straight with the shoreline, so the Rhone delta 
is wave dominated. Along vvi th tovms, industries have been 
buil-t along the banks of the Rhone river. One of these in
dustries is a major ch emical co mp any, t h e ?i.hone-Boulanc. These 
to\~ms and industries serve as sources for pollutants, v/c .. ich 
find their way into the river, and are carried out to sea. 

The Po river is the largest river in Italy. Its length is 
400 miles long, and it has a drainage area of the entire 
country of Italy. The Alps, to the north of Italy, act as the 
boundry of its drainage basin. The Po river flo~s through the 
Po Valley, which occu~ies about 1/2 of the plains region. The 
country can l)e broken into 23j; plains, 35~~ r:iount aL.1s , an(_ 42~;;,. 
hills. Italy is in the temperate zo::-ie, but the mountains cause 
a temperature and rainfall variation fro m west to east. On the 



~est si d e of I t aly , temperatures are a bout 45 ~ e grees F, and 
rainfall is a~~ut 26 inches a y ear. On the east si d e of Italy, 
~o~ever, the ~e~p eratures &re l o~er, a~ou~ 44 Ceg~e es ? . a~~ ~~e 
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c ountry ~i th many s ourc es of ~ater , t~us there is alot of r u2-
off fror:i Italy i nt o the =.'Lerl i te rraDe a n Sea . The re are a:~ out 
l S CC 1 ak e s i n I t al y , ;.'.10 st o f t l:.. em o e i ns alpine 1 ak e s . A f e '.V o f 
the se drain into the Po river by way of six mountain ri ve rs. 
One of these i'S tl.1.e Adige, vll-.Lich is the second largest river 
i n I t aly . The streams a nd rivers :9 rovi d e irrigatior~ fo r agri
cultural , electricity, and dri~cing ~ater. The populat ion 
i n Italy is he avily concentrated i n the_ valleys, b ecause the 
mountain terrain limits the places :people can set t le. 

The Nile river is t h e largest of the four rivers that 
flo w into the hl editerranean Sea. I t is 4,123 miles lo ng , and 
h as a drainage basin that is 3,500,COO square kilometers. 1he 
~Tile is made up of the \"/hi te Nile, the Blue Nile, and the 
Atbara river. The ?/hi te Nile flo ws from Lake Victoria, 111hich 
is the largest lake in Africa. The Blue Nile flows fro~ Lake 
Tsana, in the mountains, and j oins ~he 1.'n~1 i te i'Tile to fom 
the Nile. The Atbara river joins the t wo ' rivers soon afte r 
~}1 e Blue Nile joins the 1;'/h i te TTile' se e fi gure 2). The ~ ;I akwar 
~ a~ ~as built along the Blue ~ile, so that t h e water would 
flow into a man made canal system, io b e use d for irrigat io n, 
a2~ t o provide a y ear round sup~ly of dri~ring ~ater. T~e 
=~ile flows acro~s t he vast desert before it reach es the Lle d-
i t erranean Sea, so alot of 1Ha te r is lost to evaporation. The 
:Tile branches out into t wo main branches, t h e Dar:iietta and tl"...e 
Rosetta, on t h e Hile delta. There use to be several bran ches 
that disttibuted t h e Nile water to the sea, but as t he flow 
de creases in the Nile, as a result of the As·.van d am, the oth er 
brancl1es dried up or ·were s ilted up. In the dry season, ~ ."iarc~i 

through July , river flo w b ecomes so low that they close the 
gates on the barrages (dams) to retain ·Nhat little water is 
flo v1ing, anc1 to keep the seawater from advancing up the Nile 
river. Of the two branches, the Rosetta receives more flo w 
fro m the Nile. The sediment flowing away from the delta, which 
is a cuspate delta, is carried by the sea currents, along t h e 
coast, to the east. Since t h e ouilding of the Aswan da2 , the 
f low in the Nile h as decreased, thus the sediment load ~as 
c:!. e creases also. This h as cause d the delta to b e eroded., by 
~ave action, since the delta is now wave dominated. Eventu
ally, the Nile delta will b e straight with the s horeline. 
:Presently, though, the delta has an area of 22,000 square 
k ilometers; 175 kilometers from north to south, a nd 22C kilo
::!1eters from east to v.;eat. It is ~;1ade up of terrigenous sa:-2.c~ 

and mud. , carried down 1Jy the Hile river. The sand is quartz , 
and the mud is cla~/ , which is c1 ominate d 1J:r montmorillite anc. 
kaolinite. High sand beaches, barrie~s ~i t~ 0ol i an ~unes. a~{ 
_ ~--:'..',:; _ · ·~ __ . charac teri':"" '~ : ·:::L·-:: ,· , ~ ~- - - .. ~~ . :=,_- , ., . : "":- '°"' '" , ~ 

saJ.t :--~:~rs}~_ ~2s a_·~ -~:_ 3~:.-~us rie s 011. -0i1e ~- V ~ < 
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To conclude, the river input into the ~.I edi t erranean Sea 
is n ot very sit;iJ.ificant, l~ ecause of ·tJ.:e ~1u:;:·e e~p anse o f tJ.1c= 
se a, a~~ t~e small vol~~n of f~s sh ~a~8 r flo~i~g i~t o t~e s e a . 
Lo cally , t ~:o;_:_gh, at ti.:.c rivers :nouLi , -~~;.s :::c-es 11 ;;,rate r i ::-i fl ~~:z 

into the sea is very i~portant to 2 arine organis~s . T~e or
g anis::1s thrive on the s2~ni fresl.1 ·.'.rate r iia'oi tate , anc on t~1e 
inflow of nutrients carri ed do~m by the rivers. T~e rivers 
are also i m}} ortant to hu.r:ians as a source of fresh w2ter for 
cl ri rJdng '.~mt er, and for irrigat ing cro ~1s 1 especiall~-' i n the 
d rier regi ons surrounding the ~ed i te rranean Sea . 
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The circulation of the Mediterranean Sea is a broad subject 
that is best examined when broken down into a number of sub-topics. 
Such things as the influence of physical parameters, the methods 
of study, the surface currents, the subsurface currents,. and the 
circulation of the Black Sea are each examined in this investiga
tion in hopes of presenting a whole integrated picture of Medi
terranean circulation. 

In trying to understand the circulation of the Mediterranean 
Sea it is important to remember that it is completely landlocked 
except for the Strait of Gibralter, the Bosporus Strait and the 
Suez Canal. By far, the vast majority of water exchange occurs at 
the Strait of Gibralter whi ch is lJ miles wide at its boundary 
with ~he Atlantic Ocean and narrows to 7 miles at its most eastern 
extent. The Bosporus Strait allows a limited water exchange with . 
the Black Sea and varies from ~ mile wide to 2 miles wide at its 
boundary with the Black Sea. The Suez Canal, which is a man made 
channel connecting the Red Sea with the Mediterranean is B?t miles 
long, 300 feet wide, and 37 feet deep. Because sea level is higher 
at Suez on the Red Sea than ?ort Said on the Mediterranean, there 
is a surface i~low directed from the Red Sea to the Mediterranean. 
The ...-oltm1e of water and salt exchange, hcwever, is so small as to 
be considered insignificant. (Rand-McNally, 1977) 

The Mediterranean is more than one r.iillion square miles in 
extent but is slgnficantl y shallower than most cf the major ocean 
~eg~ons, Its complex submarine topography includes ridge systems, 
basins, and trougts, The basins sa=k the s it2s of a number of 
smaller seas within the Mediterranean that are separated from each 
other by thresholds of limited depth. These various topographic 
highs act more or less as gates controlling the quality and quan
tity of interchange between the seas, 

O~e of the largest of these t opograrhic highs is the Sicilian 
sill which !'"ises up to about 4 00 r.ieters below the water's surface 
and divides the rl:edi terranean into an eastern and a western 
basin (fig. 1). The western basin is characterized by broad, 
generally smoo t h alyssal plains , in contrast to the eastern basin 
whi c h is ~omina~ed by the Mediterranean ridge system, 

i ~ -·· l " ~ - ·· ·-- ----- .I. · -~ = l 4 -~·; ~, t - ~ ! ~ ·l _, ·-- -·· - - - -- - ·"' ') ' :: : 1 - --· - .. .. . lll . • .. ~ .:. ~ • .. 
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The :·:.~ .-. c :c .::: 1...:".: ·..: ~· .~:_ : .:: .:.. ·:i;.: ~=- 'f.he ·,-.·es-:ern bz:.:~ in are the Alboran 
Sea, -+:he 3ale2ri ·: .:::ea, -::::-.E: ..:....l.~u=ian :.:ea, and -::-1e ·r:1rrenian :ea. 
The eastern basin i~cludes the Adria~ic Sea, the Ionian Sea, the 
Aegean Sea, and the Sea oi"' i·r:armora. The rryrrenian Sea is the 
deepest in the western basin with a depth of 3700 meters while 
·the Ionian Sea is the deepest in the eastern basin with a depth 
of c;soometers (fi.fr. 2). 
·---------------------
! 

fig".lre 2. Major Seas of the Mediterranean 

Islands will effec-: water movement and -the Mediterranean 
Sea ~as a great ~any of them. The largest of these are Sicily, 
Sardinia, Cyprus, Corsica and Crete. 

Other physical factors not to be oYerlooked are such things 
as the highly irregular coastline, especially on the northern 
border of the Mediterranean, the limited fresh water inflow from 
the 4 major rivers (Ebro, Rho~e, Po, and Nile), and cf course, 
cli:mate. 

Climate is one the illost critical factors influencin~ circu
lo.tion. ':'he secg!"aJ:hic se~~ing ·,vhich is between 30° and 4c0 

::. latitude results in a semi-arid sub-tropical climate. ~his 
~P.~ion, then, has a very high evaporation rate. In fac~, the 
~edi~erra~ean loses ~Y evaporation about 3 times as much as it 
receives ~r.rot:.~h crecir:itat:ior-.. ar:.d :":L'lcff. The ccn-:ini..:ous evap
oration, estima~ad a~ ?o,ooo tons of wa~er ~e~ second, causes the 
s~rface water to beccme denser and sets into motion a unique 
hyd:-ological system. (Stanley, 1972) 

In general, for a situation in which a restricted basin 
naz evaporation exceeding pr-=:cipi ta-cion tl'1e followiri~ dynamics 
will occur. The rest=ict.ed basin will lose water at a very fast 
:'a t e from i-:s sur:ace t hroush evaporation. This wa"'.:er will have 
-:o '::e ~ epl~ced. oy :::1..:r:f3.ce i~flcw :,rom ti1e o~ en ocean ·v i -:h 1:-,-!'.. ich 
-
-: -. , -~ <,, :; -~~.r-.... '!.p_.~-:::. :-_' r. . ....,h,:: '"~ ~·-- r-cY'--= ... i .-n n -, -:·· c Y'\e,:· ~ ··~~e""' _ .... , O''T~ y,~ ~""' 
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figure J. Simplified Hydrological System of Mediterranean 

Two phenomer1a are of special importance in this system. 
The first is the horizontal density difference between the marginal 
sea and the open ocean. It is important to remember that density 
is a function of both temperature and salinity, The second is the 
inclination of the sea surface in the area connecting the marginal 
sea with the o~en ocean. (Deitrich, 1975) 

Looking at the rnediterranean system, we see that it meets 
both of these requirements with inflowing Atlantic water having a 
salinity of J6. 5~~ as compared with the more salir.e waters of the 
r.1edi terranean reaching values as high as 39 .1r~ in the far eas-cern 
basin. A surface gradient is also present with the eastern Medi
terranean beine 15 cm lower than the Strait of Gibralter. (Stan-
ley, 1972) -

Because these are the mechanics of the main circulation sys
-cem of the L!edi terranean, it is imnortant to understand how this 
d.9nsi ty driven system o:perates. '1~hen the densi ~J cf the water at 
-:::e surface c:;quals c!' exceeds water densi cy at depth, the water 
c olumn becomes unstable and the r.lore dense water mass sinks dis
t:·lacin.g less dense vraters beneath. 'rhis sinking continues until 
tt..e ·,..,rafer mass reaches its appropriate density level. At a state 
o: equilibrium, the newly implaced water tends to spread out 
laterally reinforcing the stratification of the water masses. 
( Davis, 1972 ) 

~he r;·1edi terranean Sea offers a nerfect examnle of this 
thermo-haline convection or density driven circulation and although 
i0 is ?riillarily responsible fer the pattern of circulation found 
t here 2..re ether factors which also play a part, especially with 
~ezard tc :he 3urface curre~~s. 

- ~he f ollowing char~ s hows the gains a~d losses incurred by 
~ .. ~-- ~ ; ·ea.· -i -.=..,...,...~rean .;: c -::: - - ... .... ..;._ __ .__, .. .. .. .._.,,_ ....... 

\'la t er 3udge0 or' L:n.e r-::edi terranean (Kraus, 2.7 72) 

,..._ ..... i Y"C: ( ...,J ;~ ': 
. _..a ~ ..... '"-' \ 1. 1 • ~ - / 

=~flew ~re~ A tl~n~i c Ocean l, ry50 ,ooo 
I~flow ~rcn El ack Sea 12,600 
~rec~ o i~ati c ~ 31, 600 

• r-t '" '. - c..: •. '· ( ... 
- ' '- J - , - · \. } ..; 

Los~es 
I 1 I ' \ r:..., ' s ) 

Cu~flow to A-cl.C. 1,680, CCC 
Cutflow to =~~ck Sea 6,IDO 
Evapora t ion 115, i.!DO 
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~or~~n:e of the ~~~e~ ex~ hange oc:urring at the Strait of Gibr~l
~e~. (Surface flew "brings in nearly 2, 000, 000 tons of new ·Hater 
per second.) 

Various means have been used to study the circulation of 
the Mediterranean. In fact, the motion of the water masses has 
been studied for thousands of years since the Mediterranean is at 
the heart of so many ancient cultures. For example, Homer in the 
8th century B.c., theorized that the earth was a flat disc with 
the Mediterranean at its center. In the later 17th century an 
Italian by the name of Massigli determined that there were density 
current flowing opposite directions at the Bosporus Strait. 

Within the last century, circulation studies have relied on 
a number of methods. One of these is the analysis of depositional 
and erosional structures on the sea floor, The most abundant of 
these features are ripple marks, sand and gravel streamers, and 
alignment of shell debris and pebbles. This method has been part
ticularly useful in u..~derstanding the behavior of the cou...-1ter
current flow at the Strait of Gibralter. 

Other means of investigation are dyes, chemical traces, cur
rent ~eters, man-made pollutants, sediment and faunal distribution, 
core sampling, and satellite monitoring. Studies made during the 
early 6C's relied principally on ~he core technique while research 
conducted from the mid '?Cs to the present has relied principally 
on satellite data. 

The so-called "core technique/f is used to study the movemen1: 
of the wel:. defined sue-surface wa::er bodies each having a char
acteris~ic tempera~~~e and salinity, This method pernits one to 
:'cllow the s:;::reading and :::1ixing processes of the main water masses, 
:n ~.!:is wa.y, the main fea"C'..lres of the mean steady deep circulation 
can be ielinsted :i:~or a who2.e expar.se of sea or ocean. The nanser:. 
~ot-tle 'i"1i-::h a rsvers.:.r. ,:: t hernometer is used to collect the water 
sam~les and take the ~emperature and salinity readings (fig. 4). 

Compu~er modelling oa~ed on satellita da~a is used a great 
deal now and ::iay well be the wave of the fut".lre as far as oceano
graphic studies go. Regular monitoring of the surface features of 
the :·,:edi terrs.near .. has oeen ongo.:.ng since 1977. ?olar orbiting 
satellites using 7isible and infrared imagery have been used. 

It's t~enerally recognized that satellite borne sensors can
no~ ~a~ch the overall accuracy of "in situ~ measurements (those 
-:a :~en :.r: ~ls.ce) ·~ut -:bey ;ro .. .ride a 2ynop-:ic or overall simultaneous 
view ~hat is i~pcssitle ~o achi2ve fro~ platform sa~pling. There 
is ·:!. corn~u1.:2:-iz.eci 1at2. case 1c ein~ :ie7eloped at the l'~A'.I:O ASW re
searc~ ~enter in La :~ezia, Italy. :he ai~ of this cen~er is to 
i.!"lcr2ase ~co.!.·~.L-:.a-:.:oE ::: .:: ~he :-.3~ ~e.2...=..i 4ce ~easuremeYl"t3 '.d th the 
me~eorclogical a~d in s i~~ ~ata. I~ is also 1:ooed that the ano~
alies tha~ develop be~ween any categories of da~a will improve 
selection fer future ~ro ;x~ms. Cne reason for the s~ecial intere~t 
in develo~in~ this c e~~e~ i~ the ~editerranean is th~t such things 
as T.rres, s~;~op:ic eddies, nea~ders, a!"~d fronts a.re often found 
L~. ss!:li-er.cL~sed. 2eas at ~el2.tivel~· small sc::..les B..J."'1G. c.re easier 
+v:J ,.,,;..,c:o-r·· .~ ::1 ""~ .,..o..,.....,..n('::'.o"'~ -;~ :-, ._, .... 'l-r.,P.'a+.: , .... ~1 r-o'~Al~ (~ .. 7~ ;, . ,,, l 10C2'; 

._ ....Ji. .. , _..._.._.; ._ _...,._...,. - · ,., ~.1 - -~-1l. ..- a..•- · · · - · V.l.•'I...:.: · •- .. __ i-._ •iJ. u, _ _.,_..,,.; e ., , ._.,. ._'"""" f / f_.. J 

·:i!".e s w:f~:ce :!T:"~Cr.-:: =2~ e :':01: en-:ir :~ly d.ensi t:/ dri Ver... r.2he 
.:~c l: c ·;1 .~:.'"'~ ~ .~ .:_ ::: : .~s :' .!. ~ :: ·,·.r i 12- ·.~ cir:~ c i ~ : -: i-1 s ~:=.. ._; C!' :,l c·,\: : ).:?.. ~t;erns a.n d 
~~·=~_:_::...:.:-. _--.. ~~· ~.-:e c 1-. -: ::e .J ·: ~ ~ ~=-- i'~l.,-~o::': :..~ e spo ~'":sitle for t~~eir :i:oveme:-l-:. 
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figure 4, Core Sampling with Nansen Bottle 
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r.rhe s~f::..ce wc.-:ers of t he :.:Qdi terranean are found in the upper 
l00-2CC me-:ers. In this sys"tem, Atlan-:ic water with a salinity 
o: J6.5% and a temperature o: 27°c in summer and 22°c in winter 
enters the Mediterranean through the Strai-t of Gibralter as a 
surface flow that is carried in to replace surface water evapor
ated at a very high rate in the very eastern end of the Mediter
ranean. The majority of this water is carried eastward along 
the coast of North Africa and is therefore called the African 
current. It is the strongest and most discernable of the stirface 
currents. To the north of the African current minor branches 
feed secondary counterclockwise gyres in most of the major basins, 
whereas to the south of this current all gyres and eddies have a 
clockwise motion (fig. 5). The Atlantic waters t~avelling in the 
African current steadily lose momentum and are warmed by the sun 
as they travel eastward. By the time it reaches the eastern 
basin, this surface water has lost its Atlantic character and now 
has a very high salinity (up to 39.1%). In the winter months 
this water will be transformed into intermediate water as its den
sity increases even further. (Wust, 1961) 

s· 25' 30° 

N 

CIRCULATION SUPERFICIELLE ts• 
EN ETE 

o• s· 10· 15• 20• 25' 30° 

figure 5, Surface Circulation in the Mediterranean 

Before beginning a discussion of the internediate waters, 
an explanation for the counterclockwise g-1res in most of the 
basins north of the African current is necessary, 

I 

I 
..{)" 

~ 

Seasonal varia~ions of the atmosnheric motions exert a defi
nite influence en surface circulation.- Lying as it does between 
a deser~ climate on the eauato~ side and a rainv marine coastal 
climate to the nor~h, the -Mediterranean weathervl~s the ability to 
make ve~J rapid char:5es. Hegior .. s of this clima -:e cy-pe witness a 



- 7 -
/~/ 

succession of warm and cold fronts associa~ed wi~h cyclones and 
anticyclones which move from west to east, The middle latitudes 
lie between the tradewinds to the south and the westerlies to the 
north arid seasonal variations can be attributed to the north-south 
shifting of these wind belts. Hot sirocco winds may be replaced 
by northerly Mistral or Bora winds. These northern winds are 
often termed cyclonic winds and are particularly well marked 
where travelling lows are relatively numerous and where an extra
ordinarily large and hot desert lies to the south. Cyclones come 
into being or intensi~y when pressure falls more rapidly at one 
point than i~ does in the surrounding area. In the middle lati
tudes this is likely to occur at a frontal trough. A front, in 
very simple terms, is the surface of discontinuity between two 
air masses of different characteristics. It makes sense, then, 
that a cyclone would be induced as the cold air from the north 
blows down and meets the warmer air over .the water surface in 
creating a front. The major oceanic features associated with 
fronts are current eddies, convergences, divergences, and areas 
of upwelling (fig. 6). Cyclones are often associated with diver
gences. A divergence denotes an area of decreasing wave height 
and energy concentration and is often associated with upwelling 
(fig. 7). 

35• 

6° WEST 0 ° 

1 ~ Su So :: SummPr 
·o Sor,nc; 

6° EAST ~2° 

30• 

1a 0 24 ° 30• 

figure 6. Frontal Expressions Determined from Satellite Imagery 
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figure 7. Surface Circulation Divergences Associate with 
Cyclonic Movement 

xxx = areas of divergence 

In summary, it is apparent that the winds undergo important 
seasonal changes and these in turn directly aftect the surface cir
culation. In particular, the strong north winds are associated 
with cyclonic circulations. 

Because there is a modest inflow of surface water from the 
Black Sea to the Mediterranean Sea this exchange merits some dis- · 
cussion. Unlike the Mediterranean Sea, the Black Sea is not 
situated in a region of arid climate and therefore does not have 
the intense evaporation problem. It also has a large influx of 
fresh water from four major rivers thus contributing to freshening 
of the surface -waters which have a salinity of only 19%. The bot
tom water salinity may reach amounts up to 22%, still much lower 
than any Mediterranean water. Therefore, a surface current of 
this •light" water from the Black Sea flows toward the Sea of 
Marmara through the Bos·porus Straits. A deep counter-current with 
a salinity of 35-38% likewise flows from the Mediterranean toward 
the Black Sea. According to C\SZ:rent measure~ents, the outflow 
and inflow values are 12,600 m~/s and6,100 mJ/3 respectively. 
Therefore, the outflow is almost twice as great as the i~low which 
is balru:ced by precipitation and river inflow. Because of the 
modest in.flow, the renewal of the deen water of the Black Sea is 
a very slow process. To understand j~st how slow it is consider 
the followings the ~1edi terranean bottom water is renewed every 
75 years due to its flushing system, but the slow system of the 
Black Sea would take 2,500 years to replace its bottom water. For 
all prac~ical purposes, ~he deep wa~er of the Black Sea is stag
nant and below a depth of 200 meters there is no oxygen. 

The next item of discussion is the formation and movement of 
the S'-lbsurface waters. ;rhe subsurface waters are all f·ormed 
wi -:hin -:he r.:edi terranean Sea owing to the shallow sill that sepa
rates the Mediterranean fro~ the Atlantic Ocean. 
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'rhe intermediate water which is carried in the Levan tine 
i~termediate current is characterized by the maximum of salinity. 
Its source region is the northern Levantine basin and it is found 
throughout the entire Mediterranean at various morphologically in
fluenced depths between 200-600 meters. It is formed in February 
and March on both sides of Rhodes, where at the surface there is a 
combination of low temperatures (15°c) and high salinities (39.1%), 
therefore, conditions favorable for vertical thermo-haline convec
tion to a depth of 100-200 meters. From this winter source region 
of high salinity, the Levantine intermediate water spreads out 
within the core layer to all western basins. After having passed 
the central Ionian basin, the main flow goes over the Sicilian 
ridge through the Strait of Sicily and along the continental slope 
of north Africa (fig. 8). It continues to the Straits of Gibral
ter where it becomes the outflowing undercurrent at 275 meters 
depth. In the narrow steep walled straits of Gibraltar it reaches 
velocities greater than 100 cm/s. This outflow from the Mediter
ranean into the Atlantic is considerably more saline and it pours 
out over the continental slope forming a wedge that can be detected 
for 1,.§00 miles out into the Atlantic (fig. 9 and 10). 

28 c 2• c zo c 16 c 12 c 8 c 4 c 0 c 
c 1 --c-r--r 1 1 ,, u :Gil 1000m 

13 c 
2COOm 

JOOOm 

figure 8. Block Diagram of :,:edl te~ranean Circulation 
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Outflow of Dense Mediterranean Water into the Atlantic 
Ocean 
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f ir,ure 10. Wedge o! Mediterranean Water Extendi~g 1,500 Lliles 
into the Atlantic Ocean 
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In the summer the Leva:::-r~i~e ir .. ter::edia-::e c'.lr:-en t is _r:src ep
tibly weaker than in winter, b u t apar-r from this fact ~he main 
trends of distribution of salinity remain the same. 

The other two subsurface water types are the deep and bottom 
waters. The loss of heat due to invasions of polar air masses 
from the northeEn cgntinent during February and March produce rela
tively cold (10 -12 C) and heavy water masses, formed at the sur
face of the following northern border regionss l)Gulf of Leon, 
2) Ligurian Sea, 3) Southern Adriatic Sea, 4) Southern Aegean Sea. 
In general, these waters are about 1° colder than the intermediate 
waters and .2 or .J% lower in salinity. 

In the whole water column of the north Balearic basin, there 
exists in February and March a vertical density distribution which 
favors extensive vertical convection. The mixing of surface and 

·intermediate waters forms deep and bottom water of relatively high 
oxygen and high salinity that is called the north Balearic deep 
water. This water type, by its spreading at depths betw~en 1500 
and JOOO meters produces an oxygen maximum of 4.4-4.9 cm~/liter 
(fig. 11). 

:~-:!:.~~-~---~--~- -E'" . . -. 't. -- --~~ - - .-~...:=-s.: ., .. . _ 

figure 11. Oxygen Distribution in the Leep Waters 

In the eastern Mediterranean, ~he . main source region of high 
O .,...,'f...,. 0 ' "' Cl'pc.r; wa+e 1"" i c::: ~i-u-:::+ 0 d ;r ..... h e S'""' " ~ i-- e.,...,...., ~.;.,...~a ... .; ' · -

••• ~ -·~ • - ~. ' v -: :- ..... . : 1,, <;,... v ·- ~ ., • L.... ._. u ~·- ....... ..,.......,_ ~ v:-C wnere o:y 
C ,...Y"l\··0 c T - ''·"'"' and .... , ·r ~ ng ,.. .. su ..... -ac 0 ·· nc.' c:::: ..., l,""e in ..... 0,..Me,.,-a+ t. ,.... VLI. ~ _, ..;.. •..1J..., 4 ' ! u ...... _ .:. V..L. .._ ..i. -.. -.::0 ._,c;. ....... 4 1,;,__ ~ . J. ,_.,. ve wa err C ... 
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cc t-co~ 'Nater of very high oxiJgen (greater than 4. O err: .... '/ l.i t9r j and 
density is formed. It is called the Adriatic deep and bc~tom 
water. Because of tte separation by the Sicilian ridge, differen~ 
characteristics are found in the eastern and western basins. In 
the western basin, densities, salinities, and temperatures are all 
lower than in the eastern basin. (Wust, 1961) 

In conclusion, the Mediterranean Sea can be viewed as 
markedly different from the major oceans. Its physiography and 
climate dictate a system of circulation that is primarily density 
d ven, though wind effects are important to surface circulation, 
creating a constant though varying net eastward flow of low salin
ity Atlantic water and a net westward flow of very saline Mediter
ranean water. The water column is stratified by four major water 
masses each having their ov.m characteristic salinty, temperature, 
and oxygen content. These are the surface water, the intermediate 
water, and the deep and bottom water. 
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Biologic Factors 

The following two chapters deal with the diversity of life 
in the Mediterranean Sea,both plants and animals. Marine eco
systems are very complex and involve many physical and chemical 
variables,but what makes them "ecosystems" is the fact that all 
the variables combine to sustain living organisms. The Mediter
ranean Sea is relatively depleted in the number of living organ
isms when compared with other marine ecosystems,but the diversity 
and unique characteristics of the Mediterranean fauna makes the 
study of life there quite interesting. 

The first chapter of this section involves the plant life 
of the Mediterranean Sea and the role plants play in the ecosys
tem as a whole. The second chapter deals with the animals living 
in the Mediterranean Sea;their diversity and relative abundance. 
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PiU ivIARY PRJDUCTIVrrY IN Tru.. MEDII'L-tRAi'JEAi~ 

Lynn Kirby 
iv1NS J54l~ 

The I~edi t erranean has a very low rate of primary pro
ductivity. To understand why this is true it is necessary to 
understand how primary production operates in the marine en
vironment, and why the ~editerranean is not successful as such. 

GENERAL 1vIARII'fu PR.D'iAHY .?rlOD UCTIVITY 

Primary production is the creation of new organic mat
ter from C02, H20, and other nutrients using sunlight as the 
energy for the conversion. The world's oceans produce the 
largest annual crop of green plants in the world, which is 
not surprising since water covers two-thirds or more of the 
earth's surface. Despite its large total production the oceans 
are actually quite low in their rate of production; in other 
words, the amount produced per unit area is much lower in the 
oceans than it is on land. 

Marine waters contain an ecosystem similar to the ones 
found on land (figures 1,2 and 3). Plants comprise the first 
trophic level and are eaten by the primary consumers. These 
are in turn eaten by the secondary consumers> and the chain 
continues all the way to man at the top. Each trophic level 
releases suspended organic matter which is used by the hetero
trophs. Dead organisms are taken care of by the scavengers 
and decomposers. Energy in this system is a oneway flow, and 
at each trophic level some energy is lost and thereby the 
efficiency of production is reduced. The lower you are in 
the food chain, tt.e ~ore effective the exchange of energy. 

Fig . ..1. Energy flow in an 
ecosystem. Solar energy 

utilized by photosynthetic 
plants is eventually degraded 

by cellular respiration to waste 
heat. 
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f;°}v•c. 3 Paths of nut~ienl and 
energy flow in an idealized 

marine ecosystem. 
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All marine primary production is limited to the 
photic zone; the upper layer of light that is penetrated by 
light (figure 4). Referring back to figure 2 which shows 
the two types of aquatic plants found, one can see the re
strictions caused by light limitations. Basically the benthic 
or attached plants are found near shore and must be better able 
to adapt to possible exposure and other stresses, such as wave 
action. The other types are the phytoplankton or floating 
palnts. Since these plants have a much greater area to oc
cupy they compromise the largest biomass of marine plants . 

. · 

~ :JJ 
~; ! 
• ~ NERtTtC PROVINCt OCEANIC PROV1Nce ,,,, .. 

~,.c.-o 

~ 

Apl'\otic -zone 

-6000 

Figure 4 Cross-section 
of the marine en
vironment showing the 
photic zone where pri
mary production takes 
place. c..s ....... ;c.\. {HG.) 
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Three basic factors limit the amount of photosynthesis 
taking place-

1
the amount of sunlight recieved,grazing pressures, 

and the supp y of nutrients all act as controls on production. 
Unlike plants on land, marine plants must compete with water 
to absorb incoming light. Chlorophyll is common to all eu
caryotic plants and is the cause of their green color. They 
appear green for the same reason that marine water looks 
green: they both absorb light from the red and violet ends 
of the spectrum. Marine plants have responded to this com
petition by developing accessory pigments to absorb energy from 
many different wavelengths. Brown and red algae can therefore 

· live in deeper waters as t hey c nmpete for light absorption 
better. 

Another factor affecting the supply of available light 
concerns the amount of suspended particles contained in the 
water (figures 5A and 5B). The coastal zone, as seen in fi~ure 
5A, is more turbid and has a much shallower photic depth th~n 
the temperate or tropical waters. The open ocean, in contrast, 
can have a penetration of one hundred meters or more. 
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Figure 5A The percentage of surface light th~t pene
trates in different environments to different 
depths. 

( 5 um i ch , 19 7 6 ) 
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Figure 5B The relative photosynthesis is shown 
for different transparancies at different 
depths. 

Herbivors can also limit the amount of production taking 
place. Grazing pressures can greatly reduce the plant biomass 
of a system and reduce the production. 

Finally nutrients are extremely important, especially 
nitrogen and phosphorus. Also needed are silica, calciun carb
onate, and a wide array of trace elements su~h as iron, cobalt, 
zinc, manganese and others. If supply of these nutrients is · 
low, the amount of photosynthesis taking place is limited. 
Ocean water is stratified such that many nutrients reside be
low the photic zone. In areas where currents bring these more 
fertile waters to the surface the production is greatly in
creased, such as the waters off the coast of Peru. Production 
also improves along the coastal zones where surface runoff, 
river input and the continental shelf all add to production 
rates (figure 6). The world map in figure 6 shows the dis
tribution for annual production increments in tons per hectare. 
The areas of highest production are along the western margins 
of continents where there is upwelling occurring and along 
places with wide continental margins. The areas of lowest 
production are the south-central subtropical regions of the 
major oceans. The supply of sediments is the key to these 
productivity differences. 

Related to the supply .of nutrients, availability of 
light and grazing pressures is the seasonality of production 
in the marine environment. The spring brings warm temperatures 
and an increase in\light and new nutrients producing a large 
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phytoplankton bloom. In the summertime there is more light 
available, but the amount of nutrients is decreased as the 
thermocline disappears and reduces verticle water movement. 
Increased grazing pressures also limit the amount of summer 
production, which is reduced from that of the spring. The 
autumn brings new convection and nutrients as the thermocline 
returns, which results in a small bloom. Sunlight is the 
limiting factor as it decreases in the autumn. Finally the 
winter has a complete return of the thermocline and mixing is 
high, but temperatures and light supply force the productivity 
to be low. Seasonality is very pronounced in the arctic cli
mates and less pronounced in the tropical and subtropical waters 
such as those of the Mediterranean. 

There are many ways to measure the amount of production 
that is taking place in the sea. 'rhe "light and dark" bottle 
technique has been used for many years. 'N ith this method the 
02 consumption and the production is measured from two bot
tles that are submerged. One bottle allows light to enter 
and the other is opaque, and both are filled with seawater 
which contains it's natural phytoplankton. In the dark bottle 
no production takes place and oxygen is only used for respir
ation. The bottle that allows light to enter has photosynthesis 
taking place and therefore an increase in the amount of oxygen 
inside of the bottle. Knowing the amount of plant respiration 
and the net amount of photosynthesis it is possible to compute 
the gross amount of primary productivity. 

Another way to mei~ure productivity is through tracing 
the radioactive element C . The light and dark bottles are 
again used, but the amount of carbon 14 is measured at the end 
instead of oxygen. This gives net primary productivity and has 
become the preferred method for the measurement of marine eco
systems. 

Some other methods for measurement include a straight 
forward measurement of the amount of chlorophyll in the system 
to remote sensing of the envirorunent. The chlorophyll method 
measures the "standing crop" of primary producersortheir bio
mass. Connections between this and gross productivity are only 
approximate. Finally remote sensing is the wave of the future1 
as today a satelite can measure productivity while in orbit. 

PRIMARY PRODUCTIVITY IN 'r!fE MEDITERRANEAN 

Now to turn to the Mediterranean specifically. The 
Mediterranean is a sea of high salinity~which causes density 

· driven circulation patterns (figure 7). Ninety-three percent 

J ' 
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of the water coming into the ~editerranean comes from the al
ready impoverished South Atlantic surface waters. Stream and 
river effluent into the ffiediterranean is very low so nutrients 
are not supplied to the system by this mechanism either. Phos
phates and nitrates are particularly low. Also reducing the 
amount of nutrients present is the flow of the relatively rich 
intermediate waters back into the Atlantic because of the density 
currents. This flow robs the Mediterranean of what few nutrients 
it might utilize for production. 

~ <<"~•""~ o'> b.; ?"oo~l:i•· "r ( L.u ""'"'SO +t••f,,) 

WJ r~~'°~ 0 r; ~o.\t. \>' .;.J .. ,,~ ••. 1, (&o-100 .,,t,..•1,1) 
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Map of the Mediterranean Sea Detailing Primary 
Productivity 

Figure 8 Map showing the primary production patterns in 
the Mediterranean. , Notice the increses in areas 
where river input supplies nutrients. (MKc!od\ °"'J.Onu\'1 ''n.~) 

An interesting aspect of the Mediterranean is the anomaly 
between the eastern basin and the western basin. The nutrients 
in the west are twice the figures for those in the east and so 
is the amount of yearly production (see Table 1). The water cir
culation patterns create this contrast because as water moves 
east along the surface from the Atlantic it loses much of its 
nutrient content. This pattern is interrupted by the influx of 
nutrients from the Po river in the Adriadic which cause one of 
the highest areas of production in the Mediterranean. Product
ion is also high at the mouths of the other rivers entering the 
Mediterranean; the Ebro, the Nile, and the Rhone ( figure 9). 

---
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A surprising fact about the Mediterranean is the amount 
of nutrients does not significantly increase with depth, as it 
does in the worlds other oceans (figure 9). In figure 9 the 
different basins of the Mediterranean are compared with the At
lantic and ?acific for the concentration of phosphates at depth. 
None of the Mediterranean basins show an increase with depth, 
while both the Atlantic and Pacific waters have a very apparent 
increase with depth. This means that for the ~editerranean the 
rate at which nutrients are going to be brought into the sur-

9 

face waters is quite low. Thus even with a strong upwelling 
current primary production would not increase distinctly because 
there is simply nothing to upwell. This is evidenced off the 
coast of Israellwhere reguardless of~the u~welling currents pro
duction is low (36 grams of carbon/m~/year) (Murdoch and Onuf, 1972). 
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FIGURE q The concentration of phosphate-phosphorus with water depth in various parts of the Mediterranean, 
the Eastern Atlantic and the Pacific Ocean. 21 .. The Relative Supplies of Phosphate, Nitrate and Silicate in tr• 
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( Murdoch and Onuf,1973) 

The Mediterranean has a comparatively narrow continental 
shelf, ,on average less than ten miles wide, while the average for 
the world is closer to forty feet. This effectively reduces the 
amount of production taking place. 

By ·comparing gross primary productivity for the Mediter
ranean with other marine and non- marine _ environments it becomes 
clear just how poor it is in production (see Table 1). The high
est values are in the coastal ~ones of the western basin (75 gC/m2/ 
yr), the L~gurian sea (78 gC/m~/yr. ), and the Adriadic(60 gc/m2/yr. ). 
These are all zones of coastline and yet they are all below an 
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average.figure for marine coastal environments of 100 gC/m2/yr. 
To then compare this with a terrestrial ecosystem exemplifies 
the Mediterraneans poverty even more. Agricultural land has an 
average productivity of anywhere from 100 to 4000 gC/m2/yr. A 
tropical rainforest, the earth's highest area of production has 
a rate of primary productivity ranging from 1000 to 5000 gC/ 
m2/yr, quite a difference from the amount taking place in the 
~editerranean. All of these figures measure gross primary pro
ductivity {!1'lurdoch and Onuf, 1972). 

Man's impact in the ~editerranean may be affecting the 
production rates but the Mediterranean is much less likely to 
be affected than sayJthe Black Sea>because of it's narrow shelf, 
it's relatve large size and deep basinsJand the fact that it is 
well oxygenated at depth. Rivers flowing into the ~editerranean 
bring pesticides and other pollutants, but because of the afore 
mentioned characteristics, these are not yet a problem, with the 
possible exception of the Adriadic, which doesn't have these 
saving features. 

JO 

The damming of the Nile certainly affec~ed the primary 
production that had taken place at it's mouth. Before the dam 
there were seasonal floods that would wash great amounts of 
nutrient filled sediments into the .Mediterranean. These nutrients 
are now trapped behind the dam and their loss has reduced the 
primary production of the area . . 

The most urgent problem man has created is the accumula
tion of oil and oil residues in the surface waters. This material 
picks up other wastes, such as chlorinated hydrocarbons, which 
are in turn becoming concentrated on the microorganisms that feed 
on the oil. These poisons then filter on up through the food 
chain and will eventually be·concentrated in the fish man catches 
from the Mediterranean. (Murdoch and Onuf, 1972) 

CONCLUSI O~'l 

Overall the waters of the Mediterranean are very low 
in the amount of primary production taking place. 'rhe only 
areas that are more oligotrophic are the waters below arctic ice 
and the south-central subtropical waters of the major oceans. 
The reasons for the Mediterraneans low productivity center on it's 
poverty of the basic nutrients required for photosynthesis. Also 
significant is the slow rate of nutrient replacement because the 
Mediterranean lacks any stratification of the amount of nutrients 
in the water column. Because primary productiviy is the first 
trophic level in an ecosystem, it's deficiency in the Mediterran
ean then sets the stage for a limited amount of production in 
the rest of its trophic levels. 
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Table 1 Comparisons between the Mediterranean and other 
ecosystems exemplifies it's low rate of primary pro
duction. Also notice the sharp contrast between the 
eastern and _ wes~e~n basins. All fi~ures are in gross 
primary pro~uctivity per year (gC/m ). 

TABLE OF COMPARATIVE PRODUCTIVITY 
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SPECIES DIVERSITY IN THE MEDITERRANEAN SEA 
by Kenny Kaihlanen 

If someone were to look up "species diversity 11 in an 
ecology book, the definition he would likely find would read 
something like this: the number of different species found in 
any given area. Unfortunately, species diversity is easily con
fused with, or overshadowed by, the number of individual organ
isms in an area, regardless of species. In the Mediterranean 
Sea especially, these are two separate and distinct measurements. 
This is because, in general, the Mediterranean Sea is depleted 
in overall number of organisms but rather rich in species diver
sity. During the course of this chapter, both of these two 
topics will be discussed to some extent, with specific empirical 
data used whenever possible to establish certain unique charac
teristics of the Mediterranean fauna. Only the diversity of 
animal species will be discussed in this chapter, with plants be
ing covered in the chapter entitled Primary Productivity. 

Although the Mediterranean Sea is historically one of 
the best known bodies of water on Earth, species diversity there 
was not understood very well until the twentieth century. The 
Greek philosopher Aristotle was the first man to document his 
findings on species diversity in the Mediterranean Sea, when in 
the 3rd century B.C., he observed and identified 50 different 
varieties of fish in the Agean Sea. It was not until the late 
1800s, however, that any extensive research was conducted in 
this field. At that time, Spanish, Italian, and French zoolo
gists began to ~xamine the fauna of the Mediterranean Sea, par
ticularly that of the neighboring coasts of the western basins. 
As a result, the western Mediterranean fauna was much more 
thoroughly documented and better understood than the eastern 
Mediterranean fauna throughout the early 1900s until about 30 
years ago. Only then was sudden interest generated in the faunal 
elements of the eastern Mediterranean, spurred on particularly by 
Russian zoologists. 

A significant result of the predominantly foreign re
search in the field of species diversity of the Mediterranean Sea 
is that most of the scientific literature and specific information 
is in a foreign language, most commonly French. Translations of 
particular research programs are rare, although brief abstracts 
can sometimes be found and in that care are extremely useful. 
Several zoologists seem to be quite prominent in the area of Med
iterranean Sea fauna, in that their works appear time and again 
in the references of their colleagues. Their research was orig
inally in a foreign language, but has since been translated into 
English. Sven Ekmar was the first of these zoologists, and his 
book Zoogeography of the Sea was published in 1953. J. M. Peres 
is the other pioneer in Mediterranean Sea fauna, and her work was 
published in 1964. Both of these scientists compiled their own 
information and put it together .with others' to build viable 
models and explain general trends of faunal elements throughout 
the history of the Mediterranean Sea. 
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General trends of species diversity seem to be most 
useful when discussing the Mediterranean Sea, because to delve 
into details concerning the many thousands of different kinds of 
organisms found there would he entirely too tedious for the pur
poses of this project. Besides, new species are constantly be
ing found and identified in the Mediterranean Sea. For example, 
in 1948, 209 species of the crustacean Copepoda had been identi
fied. By 1967, that number had risen to 260 and today, more than 
300 species of Copepoda have been identified in the Mediterrean 
Sea. Therefore, species diversity can be said to be in a con
tinuous state of change. 

The first thing that needs to be discussed when consid
ering the diversity of species in the Mediterranean Sea is their 
origin. Where did these organisms come from, and how did they 
get there? The Mediterranean Sea, throughout its history, has 
not always been inhabited by the same kinds of organisms. There 
have been several large-scale variations in the fauna of the 
Mediterranean Sea, as can be seen in the preserved fossil record. 
Entire groups of organisms, corresponding to a particular water 
temperature or salinity, have completely disappeared, only to re
appear at a later time. These large-scale variations have been 
interpreted by scientists to be directly related to periods of 
glacial and interglacial activity. 

Throughout most of the Tertiary, the Mediterranean Sea 
was just a small part of the much larger Tethys Sea. Therefore, 
the Mediterranean water was in direct contact with the rest of 
the Tethys Sea, which included the Inda-Pacific ocean of today. 
When the Tethys Sea closed late in the Tertiary; two distinct 
bodies of water were created with a very effective land barrier 
in between. As a result, many of the organisms in the Mediter
ranean Sea, especially those in the far southeastern sector 
nearest the Inda-Pacific, were direct descendants of Tethyan 
stock, as were many organisms in the Inda-Pacific ocean. Be
cause the Tethys Sea was predominantly tropical in nature, the 
majority of these original Mediterranean Sea inhabitants were of 
warm-water varieties. 

Ever since the closing of the Tethys Sea, several se
ries of transgressions and regressions, directly related to pe
riods of glacial and interglacial activity, have drastically af
fected the water temperature and salinity of the Mediterranean 
Sea. It was these transgressions ahd regressions that periodi
cally introduced very different organisms into the Mediterranean 
Sea through the Straits of Gibraltar from the Atlantic Ocean, 
while at the same time making water conditions impossible for 
certain other existing organisms to survive. The end result of 
these fluctuations is the extreme variation in faunal assemblages 
throughout the history of the Mediterranean Sea as seen in the 
fossil record. 

The mechanism for the modification of these faunal as
semblages in the Mediterranean Sea is just a hypothesis at this 
stage, because there is no way of actually testing its validity. 
However, according to a very reputable source, J. M. Peres, the 
"inversion of currents" hypothesis can hardly be questioned. It 
is as follows: during interglacial periods (like the one we are 
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in today), the. climate in the Mediterranean region is warm and 
relatively arid. Because the rate of evaporation exceeds that of 
both runoff -and precipitation combined, there exists a deficient 
water balance in the Mediterranean Sea. As a result, to compen
sate for this deficiency , and to maintain a stable sea level, 
there is an important penetration of Atlantic surface water into 
the Mediterranean Sea via the Straits of Gibraltar. During 
these interglacial periods, the warm-water region extends farther 
north for all of the oceans, resulting from wa r ming trends caused 
by the rotation of the earth. This allows warm-water species to 
be introduced into the Mediterranean Sea along with the strong 
influx of relatively warm Atlantic water. It must be emphasized 
that by and large, the Straits of Gibraltar do not provide a sub
stantial barrier for the migration of organisms. The conditions 
during interglacial periods are thus highly favorable for the 
introduction of warm-water varieties into the Mediterranean Sea, 
while the chances for the boreal (cold water) species to survive 
are greatly reduced. The diversity of species found today in the 
Mediterranean Sea confirms this hypothesis, in that the majority 
of animal species inhabiting the area are subtropical varieties. 
Only in the far northern parts of the Mediterranean Sea and at 
considerable depth are boreal varieties found in abundance. 

During glacial periods, much of the ocean's water is 
tied up in ice, so in the Mediterranean Sea, a eustatic regres
sion lowers the sea level. The warm-water region retreats south
ward, bringing a humid, temperate-cool zone to occupy the Medi
terranean area. As a result, the rate of precipitation and run
off increase dramatically, surpassing the rate of evaporation, 
which declines at the same time. This changes the water balance, 
and the change effectively reverses the flow of water through 
the Straits of Gibraltar, hence the name "inversion of currents." 
A strong surface current of Mediterranean flows out into the At
lantic Ocean during glacial periods, while a deep, cold water 
countercurrent flows into the Mediterranean from the Atlantic 
Ocean. At the same time, then, the water of the Mediterranean 
Sea becomes colder and less saline due to increased precipita
tion and run-off during glacial periods. These conditions are 
ideal for the introduction of boreal species into the Mediter
ranean Sea. Because of the subtropical zone migration south
ward, cold water dominates the area and boreal species enter 
the Mediterranean along with the deep, Atlantic countercurrent. 
Once in the Mediterranean, these cold-water varieties are much 
better adapted to the prevailing conditions than the preexisting 
subtropical varieties, which all disappear except in the extreme 
southeast Mediterranean. 

At the same time, the circulation of organic material 
introduced into the Mediterranean via the Atlantic bottom 
countercurrent (which is nutrient-rich) greatly increases the 
nutrient levels in the water of the Mediterranean,especially in 
the photic zone. This allows for a substantial planktic bloom, 
which in turn can support extremely large benthic populations. 
The biomass of such populations during glacial periods probably 
far exceeded that of present-day populations, which are depleted 
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in number of organisms. This assertion is backed up by fossil 
records which show enormous numbers of ahermatypic corals in the 
Mediterranean Sea during the last glacial epoch, . which are found 
today only in scattered patches. 

The "inversion of currents" hypothesis and its impli
cations on the variance in species diversity is backed by consid
erable fossil evidence, as well as the conditions and faunal as
semblages that are predominant today. The hypothesis equally 
well explains the successive waves of warm-water organisms dur
ing interglacial periods and the rather complete reversal of con
ditions during glacial periods which would allow the .replacement 
of subtropical forms by boreal species. Not only did the species 
diversity change periodically throughout the history of the Medi
terranean Sea, but the overall abundance of organisms did so as 
well. Many more organisms in much larger populations were sup
ported during the glacial periods than in the interglacial pe
riods. As a result, today we see a marked depletion of biomass 
in the Mediterranean Sea ecosys terns comp a red with faunal as -
semblages of the last glacial epoch. Transgressions and regres
sions of smaller amplitudes are believed to have played a role 
in forming the faunal assemblages in the past and present-day 
Mediterranean, but their effects are minor compared with the 
large-scale variations caused by glaciation. 

Evidence for the most recent trend in species divers
ity and abundance in the Mediterranean Sea has been found off the 
coast of Israel. Surface sediment samples and gravity cores in
dicate a definite change in the fossil planktic organisms of 
Pteropoda from cool water varieties in the recent past to the 
predominantly warm-water.varieties of today. This gradual change 
is exactly what we would expect in light of the "inversion of 
currents" hypothesis. Furthermore, the abundance of fossil 
Pteropods was considerably greater for the cool water varieties, 
gradually diminishing as the warm water varieties of today began 
to dominate. This trend would also be expected according to the 
"inversion of currents" hypothesis. 

As pointed out before, the number of organisms living 
in the Mediterranean Sea today is very small compared with other 
marine ecosystems of the world. The prevailing nutrient-poor 
conditions cannot support a large population of organisms. One 
study of the Mediterranean Sea's biomass was published in the 
International Journal of Environmental Studies, and its findings 
are summarized in Figure 1. The maximum values for the biomass 
of benthic organisms on the continental shelves ranges from 
8 g/m 2 in the southern Adriatic to a high of 126 g/m2 in the 
northern Adriatic. The lowest value determined for the Mediter
ranean Sea biomass, howeve~, was located in the eastern region, 
where a range of .3-19 g/m was given. In any event, even the 
highest value of biomass for continental shelves in t2e Mediter
ranean is well below the worldwide average of 200 g/m was given. 
This deficiency in biomass is not due entirely to the nutrient 
deficiency of the area. Another major factor involved here is 
the relatively poor development of continental shelves in the 
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Mediterranean Sea. In the northern Adriatic, the continental 
shelf is very wide and well developed, and as a result, the bio
mass of the shelf area there is the highest in the Mediterranean. 
Furthermore, the Po River empties into the northern Adriatic and 
carries with it vital nutrients for the existence of a relative
ly large crop of benthic organisms. The nearby Southern Adriatic 
is in sharp c ontrast with the northern part be c ause its c ontin
ental shelf is extremely narrow and poorly developed. As a re
sult, biomass there is one of the lowest in the Mediterranean 
Sea. As far as east-west variation is concerned, the western 
continental shelves are more fertile than those of the eastern 
Mediterranean, probably because the influx of Atlantic seawater 
brings some nutrients with it. The eastern basins receive very 
little or none of this Atlantic water, and therefore remain 
rather stagnant and unusually deficient in numbers of organisms. 

The diversity of species in the Mediterranean today is 
a completely different story from the relative abundance of or
ganisms. Looking at the topic on a worldwide scale, gradients 
can be drawn which connect areas of equal diversity (Fig. 2). 
Species diversity, as a general rule, is highest along the equa
tor and gradually decreases as you move toward either pole. In 
the case of these diagrams, diversity of genera and families of 
recent bivalves are considered, not diversity of species. How
ever, the trends of diversity at the species level can reason
ably be expected to closely resemble those of the genus level, 
just as trends of the genus level closely resemble those at the 
family level. Bivalves today are a very diverse and widespread 
group of organisms, and are particularly useful as representa
tives of the trends of marine organisms in general. As is shown 
by the diversity gradients of the bivalves (Fig. 2), the Medi
terranean Sea is not an area of maximum diversity , but it is by 
no means depleted in numbers of families or genera either. Spe
cies diversity, then, is not so great in the Mediterranean as it 
is along the equator, but it is nevertheless well above the av
erage for the best of the world's oceans. It is evident that 
the nutrient-poor conditions of the Mediterranean Sea do not 
have a deleterious effect on the number of niches which can be 
filled there, so the number of different kinds of organisms in
habiting these niches is likewise not harmed. Species diversity 
in the Mediterranean Sea is, by any standards, rather high. 
Again, this is in sharp contrast to the relative abundance of or-
ganisms. 

After conducting numerous investigations into the fau
nal assemblages of the Mediterranean Sea, it has been observed 
that many species which are abundant in the western parts of the 
Mediterranean Sea are completely absent from the eastern parts, 
and vice-versa. The seemingly distinct nature of the western and 
eastern Mediterranean fauna has led zoologists to divide the area 
into two distinct faunal units. However, the matter is further 
complicated by the fact that the western Mediterranean and the 
neighboring Atlantic waters have a large number or species in 
common. As a result, the two faunal units described in Ekman's 
Zoogeography of the Sea are the Southeast Mediterranean fauna 
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and the Atlantic-Mediterranean fauna, which includes the western 
Mediterranean Sea and the neighboring Atlantic waters, both north 
and south (Fig. 3). The northern boundary of the Atlantic
Mediterranean zone is the western entrance to the English channel, 
and the area from there to the Straits of Gibraltar is termed the 
Lusitanian Province. Extending to the south of Gibraltar all the 
way to Capo Blanco is the Mauritanian province, wh i c h includes 
Madeira and the Canary Islands. Both of these provinces of the 
Atlantic Ocean share a great many species in common with them
selves and with the western Mediterranean Sea, and are thus con
sidered as part of a single faunal unit. 

Within the Mediterranean Sea, both the western and 
eastern surface waters are dominated by subtropical varieties of 
organisms, because of the prevailing warm temperatures of the 
interglacial period. However, the southeastern Mediterranean has 
a more pronounced tropical assemblage of organisms. The water 
temperature of the eastern basins is indeed greater than that of 
the western basins, and is therefore better suited for survival 
of tropical and subtropical species. Also, the influx of species 
into the Mediterranean Sea via the Suez Canal (which will be dis
cussed in more detail momentarily) has given the southeastern 
Mediterranean a new source of tropical species. The population 
of the southeastern Mediterranean, disregarding any immigrants 
through the Suez Canal, is comprised of many types of organisms 
that are descendants from the original stock of Tethys Sea or
ganisms. Because of their tropical nature, they have been able 
to survive only in the southeastern Mediterranean , where the 
water temperature is consistently high. 

The western Mediterranean, on the other hand, is heavi
ly influenced by the influx of Atlantic species. There is a 
marked trend of these Atlantic varieties to gradually decrease 
in diversity as you go eastward into the Mediterranean Sea. The 
Straits of Gibraltar do not act as an effective boundary for a 
great many varieties of organisms, and a predominance of Atlantic 
species is found in the Alboran Sea, gradually diminishing as you 
move eastward. However, along the northern coast of Africa where 
the strong Atlantic current runs, there remains an extremely 
large number of Atlantic species. 

For certain other species, the Straits of Gibraltar 
has acted as a very effective boundary to prevent the migration 
of organisms. Some kinds of organisms which are found in abund
ance on one side of Gibraltar are completely absent on the other 
side. This is probably due to the fact that some organisms are 
highly sensitive to either the salinity difference between the 
Atlantic and Mediterranean, the strong currents, or the irregu
lar bottom features. In addition, many species which are con
fined to the surface waters of the Atlantic Ocean can be found 
at depth in the Mediterranean Sea because it is so much warmer. 
For example, Heteropod snails which are found no deeper than 300-
350 meters in the Atlantic Ocean commonly live in the Mediter
ranean Sea at depths approaching 1000 meters. 

Although many species are found in the eastern Medi
terranean but not in the western part, and vice-versa, there is 
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no firm boundary between these two areas. In other words, there 
are some species which are found throughout the Mediterranean . 
Sea, both the eastern and western regions as well as the two 
provinces of the neighboring Atlantic Ocean. In general, how
ever, the two halves of the Mediterranean, east and west, are 
inhabited by distinct faunal assemblages. 

Considering a diagram provided by Peres (Fig. 4), it 
seems that the Mediterranean fauna as a single unit is comprised 
of two main stocks of organisms: those of Northern Atlantic ori
gin and those that are endemic to the Mediterranean Sea. These 
figures were put together in the 1940s before the substantial in
crease of Inda-Pacific immigrants through the Suez Canal, so 
present-day numbers would be certainly modified to include a 
higher percentage of Inda-Pacific species and thus lower per
centages of everything else. The specific organisms which Peres 
used in her study were believed to be representative of all other 
animals, because they included both mobile and sessile forms. 

The figures for northern Atlantic groups of organisms 
in the Mediterranean Sea raises a contradiction. Ekman claimed 
in his work that the majority of Mediterranean species were warm
water varieties, originating from the southern Mauritanian prov
ince of the Atlantic Ocean. Peres, on the other hand, shows data 
which indicates that the majority of Mediterranean species orig
inated 1n the northern Atlantic, not the central Atlantic or 
circumtropical regions. The differences in analysis probably 
arise from differences in the species studied by each person. 
Peres did her work predominantly on benthic organisms, which might 
have a distinctively cool-water nature due to their living at 
depth. Ekman's analysis, namely the predominance of warm-water 
varieties, is more in agreement with the ninversion of currents" 
hypothesis. 

The most outstanding feature of the Mediterranean fauna 
is its large number of endemic species. Endemic species are 
those that are found nowhere else in the world, and there are an 
u~ually large number of them found in the Mediterranean Sea. 
Some 70 species of fish, 30 species of decapod crustaceans, and 
12 species of echinoderms are endemic to the Mediterranean Sea. 
The reason for such a high number of endemic species is that when 
the Tethys Sea closed in the late Tertiary, many genera were ef
fectively isolated in the Mediterranean Sea. Over the years, 
then, many organisms have evolved along unique lines correspond
ing to different environmental conditions in a semi-enclosed 
body of water. This kind of situation is ideal for an abundance 
of endemic species. The process is intensified for less mobile 
organisms, because their reproduction is confined to a limited 
area. 

Looking more closely now at the topic of Red Sea immi
grants into the Mediterranean via the Suez Canal, the rate of 
species influx has risen tremendously in the past 30 years or so. 
When the Suez Canal was dredged in 1869, the waterway consisted 
of two lakes connected by the channel. These lakes had exten
sive gypsum, anhydrite, and hydrite precipitates, so the Suez 
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Canal was for a long time extremely saline. This prevented any 
substantial migration between the Red Sea and the Mediterranean 
Sea. In the past 30 years, however, salinity of the Suez Canal 
has dropped to reasonable levels and the migration of organisms 
has increased dramatically; expected to increase even more due 
to the effects of the Aswan Dam. As a result, 160 species have 
migrated into the Mediterranean Sea via the Suez Canal since its 
opening, contributing to the southeastern Mediterranean's tropi
cal and subtropical faunal assemblages. The Red Sea is in di
rect communication with the Indian Ocean, so the influence of 
organisms of Inda-Pacific origin can be expected to increase in 
the Mediterranean Sea. 

Not all Inda-Pacific varieties of organisms found in 
the Mediterranean Sea got there by migrating through the Red Sea 
and Suez Canal. Some are descendants from the same stock of 
original inhabitants of the Tethys Sea. True relict species 
don't really exist, because any species which existed in the 
Tethys Sea have adapted to new environmental conditions and 
evolved into different species. True relict genera do exist, 
however. Occasionally, the same species with little or no 
morphological change is found in both the Mediterranean Sea and 
the Inda-Pacific Ocean. An example of this is the crab Actaea 
rufopunctata. Furthermore, 68 species of molluses are report
edly found in both bodies of water, most of which are concen
trated along the coast of Israel and the Sinai peninsula. More 
commonly, though, organisms which at one time were the same have 
evolved along different lines since the closing of the Tethys 
Sea, and are now two separate yet closely related species, 
called "sister species." Just one example of these are Octopus 
macropus and Octopus variabilis. 

Up until this point, this chapter has dealt mainly in 
broad generalities to give the reader a feel for the basic, fun
damental trends of species diversity and faunal assemblages in 
the Mediterranean Sea. However, as the result of an excellent 
publication on the finer details of zooplankton distribution 
throughout the world's oceans, it is possible to examine one as
pect of species diversity in the Mediterranean in more detail. 
The publication mentioned is Zoogeography and the Distribution 
of Plankton, published in 1979. It is prob~bly the most up-to
date literature of its kind. 

As a broad group, zooplankton are an excellent choice 
for more detailed examination for several reasons. First of all, 
their diversity and distribution are probably the best understood 
and most thoroughly documented of all the organisms in the Medi
terranean Sea. Changes in diversity and abundance can be traced 
both vertically in the water column and horizontally across the 
Mediterranean Sea, covering all areas north, south, east, and 
west. Zooplankton are particularly useful to study because they 
play such a vital role in marine ecosystems. Zooplankton are 
the lowest animals on the food chain, feeding directly upon 
phytoplankton. Therefore, all the animals higher in the food 
chain, including man, depend either directly or indirectly on 
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zooplankton for their source of food. Zooplankton are therefore 
reliable indicators of the abundance and distribution of other 
carnivorous organisms, since their existence is directly or in
directly dependent on the abundance and distribution of zoo
plankton. 

The definition of zooplankton in c ludes any animal 
which is free-floating, in that it relies entirely on the water 
currents for mobility. This includes an extremely large number 
of microscopic organisms as well as the larval stages of other 
large animals, including fish. As is the case for most organ
isms in the Mediterranean Sea, the abundance .of zooplankton in 
sheer numbers is unusually low. This can be contributed to the 
nutrient deficiencies of the water. For comparative purposes, 
consider the fact that the temperate-sub-Arctic Atlantic has 20-
30 times more zocrplankton than the Mediterranean Sea, the Green
land Bays 20 times more, and the North Sea 10 times more. The 
number of different species of zooplankton in the Mediterranean 
Sea is not low, however. Although no exact figure has been 
given for species diversity in the Mediterranean Sea, the number 
is surely in the 1000s and probably in the 10s of 1000s. 

Examining the figures for Mediterranean zooplankton 
distribution in the source mentioned earlier, it becomes clear 
that one particular planktic organism is well suited for more 
detailed analysis. The small crustaceans of Copepoda are very 
common in the Mediterranean Sea and particularly well docu
mented. Furthermore, they are representative of the diversity 
and distribution of planktic animals in general throughout the 
Mediterranean Sea. There are 7500 species of Copepoda in the 
world today, and . 300 of them are found in Mediterranean waters. 
Their distribution is not random, however. 

Several species of Copepoda found in the Mediterranean 
Sea have been termed Atlantic varieties because they are found in 
abundance in the neighboring waters of the Atlantic Ocean. Be
cause zooplankton rely exclusively on water currents for their 
mobility, these Atlantic varieties of Copepoda serve as excel
lent hydrologic indicators for the Atlantic surface current 
(Fig. 5). In the Alboran Sea especially, the zooplanktic fauna 
is dominated by Atlantic varieties. This dominance can be seen 
throughout most of the Mediterranean's western basins, and the 
distribution of Atlantic varieties should closely resemble the 
surface current features of the western Mediterranean. The thin 
line of red (indicating a predominance of Mediterranean varie
ties) along the coast of Africa in Figure 5 can be explained as 
the rather deep countercurrent which carries Mediterranean water 
out the Straits of Gibraltar into the Atlantic Ocean. This water 
thus carries with it a predominance of Mediterranean-type zoo
plankton. 

The vertical distribution of Copepoda and zooplankton 
in general is more complex than the horizontal distribution. As 
you move eastward from the Straits of Gibraltar, the number of 
cool-water Atlantic species decreases gradually, and the eastern 
Mediterranean is dominated by subtropical varieties of zooplank
ton. The vertical distribution of certain species of zooplankton 
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in the water column is .still an accurate determinant of convec
tion currents, but the process is very complex and species of 
Copepoda are not used as extensively. 

The encircled numbers on Figure 5 indicate the total 
number of species found at each locality, regardless of Atlantic 
or Mediterranean predominance. Highest diversity seems to occur 
wherever a river empties nutrients into the Mediterranean Sea, as 
in the Gulf of Lyon (the Rhone river), the northern Adriatic (the 
Po river), and the southeastern basin (the Nile river). Don't 
let these figures fool you, however, because even though the di
versity of Copepoda is at times greater in the eastern Mediter
ranean, the abundance of zooplanktic organisms is definitely 
greatest in the western Mediterranean, gradually diminishing as 
you go eastward. This phenomenon has a pronounced effect on the 
distribution of organisms which rely on zooplankton as their food 
source. Fish-catch statistics, for example, reveal that the 
western Mediterranean is inhabited by many more commercially ex
ploited fish than the eastern Mediterranean, and this is due in 
part to a greater supply of food (zooplankton) in the western 
basins and margins. 

Besides zooplankton, the other group of animals which 
broadly reflect species diversity in the Mediterranean Sea is 
fish. There are 550 different species of fish which have been 
identified in the Mediterranean Sea. The western basins and 
particularly the Alboran Sea are inhabited by Atlantic varie
ties, while tropical varieties are much more abundant in the 
southeastern Mediterranean. However, throughout the Mediter
ranean Sea as a · whole, fish are predominantly subtropical due to 
the warm-water climate of the region. 

As far as vertical distribution is concerned, the bulk 
of fish in the Mediterranean Sea live on the shallow continental 
shelf, between 0 and 200 meters in depth. Reportedl~ 120 species 
live deeper than 20 meters, and only 4 species can be termed 
deep marine, living below 2000 meters of depth. 

Specific literature on the diversity of all other or
ganisms in the Mediterranean Sea is hard to come by. It should 
be sufficient, however, to note that the Mediterranean is in
habited by members of virtually every major group of marine 
vertebrates and invertebrates. Actual numbers of species for 
these groups cannot be conclusively determined, especially given 
the limited sources of information at our disposal. 

In conclusion, althougli the abundance of organisms in 
the Mediterranean Sea is depleted when compared with the other 
oceans of the world, species diversity is not unusually low but 
is, in fact, quite healthy. Perhaps the most outstanding feature 
of the Mediterranean fauna in general is its rather large per
centage of endemic species. However, the faunal elements are in 
constant change, do to influx of organisms from the Atlantic Ocean 
and from the Red Sea. Several cyclic variations of faunal as
semblages have been documented in the Mediterranean's fossil 
record, and these large-scale events are directly related to pe
riods of glacial and interglacial activity, as explained by the 

---
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"inversion of currentsn hypothesis. Species diversity has 
changed considerably throughout the history of the Mediterranean 
Sea, and can be expected to do so in the future as well. 
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~~ml\· H~b\\f;R.~~E~N bl~T'R.u3UTtoN (%) Of H€t>tfERRAtl~N 
· SPECJES 

I Decapoda 

I 
I 

Group Hydroids Echinoderms 
I 

Ascidians 
I 

Reptantia 
I 

Total number of species 

I 
192 129 

I 
107 132 

Northern Atlantic 41 · 6 56·6 50 31·8 I 

I i I 

Senegalian I 0 17·9 14 I 2·2 
I : I 

Central Atlantic (both the I 

I 
I 

subtropical sides of the 
Atlantic) 3·6 I 2·3 4·6 l · 7 

Circumtropical 10 2·3 0 ·9 I 4·5 

Cosmopolitan 17·2 4·6 2·8 5·3 

Indo-Pacific 0 3 0·9 3·2 
i 

Endemic 
I 

27 · I 13 ·2 
I 

26· 1 50·4 
I 
I 
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Ecosystem Definition 

The complex self-sustaining natural systems of which living organisms 
are parts are termed ecosystems. An ecosystem includes not only organisms, 
but also the several nonliving components together into a stable system. 
These interactions include those between organisms, the physical environment, 
and various phases of the nonliving environment which mold its own change. 
See figure one for an example of how complete the interrelationship of these 
components is. Since an ecosystem is a dynamic entity which represents the 
total complex of factors operating within the system, an alteration of any 
part, which occurs either naturally or as a result of human perturbation, may 
have repercussions throughout the entire system as the system responds to the 
change (Clapham, 1973), 

How do we identify and define the boundaries of an ecosystem when we go 
to study it, when we know that it is not a closed system? All the energy 
that allows living organisms to exist on earth comes ultimately from the sun. 
Sediment is eroded from mountains, transported by rivers , and deposited in 
lakes and oceans, and animals migrate from one area to another~ However, the 
natural intercourse between ecosystems does not perclude out delimiting them. 
There are natural boundaries, such as the shoreline separating an aquatic 
ecosystem from a ter~estrial ecosystem. Other boundaries are less clear. 
The key to delimiting an ecosystem for study is to choose boundaries that 
make sense in the light of the study bel.ng made, and to keep in mind the 
aspects of the ecosystem that are not contained by the boundaries chosen 
<Clapham, 1973 > • 

Aquatic ecosystems are simpler than terrestrial systems, not so much 
because they are less complex or less varied, but because the properties of 
water provide a unifying principle to all aquatic ecosystems. The properties 
of water control the the productivity, lifestyle, and complexity of the 
aquatic environment in ways for which there is no analogue in terrestrial 
communities (Clapham, 1973). 

Water absorbs light, transforming radient energy into heat. But it does 
not absorb all wave lengths equally. Both ends of the visible spectrum, 
especially the red end, are selectively abosrbed, so that as one descends 
into a body of water, the color changes from white to bluish to a dull blue 
green. In addition, light may be absorbed or diffused by particles in the 
water such as sediments, detritus, animals, and plants. The most significant 
abiotic effect of light penetration is heating of the water, indeed this is 
the main source of heat for the aquatic ecosystem. The specific heat of 
water also is closely related to the importance of the sun as an energy pro
vider for an aquatic ecosystem. The most important biotic function of light 
is its role in photosynthesis. 

Most gasses disolve readily in water, most notably those that are essen
tial for life. Table one shows the comparison between important gasses' con
centrations in air and in water. 

The solid materials dissolved in water are exceedingly variable, not 
only in distribution but also in origin and importance. Important dissolved 
solids and ionic components · include phosphate, nitrate 1 bicarbonate, calcium, 
magnesium, sodium, and chloride. 
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Salt Marsh F.cosystems 

Maritime salt marshes occur in many parts of the world and comprise 
areas of land bordering on the sea , more or less covered with vegetation, and 
subject to inundation by the tide. Salt marshes may extend vertically from 
about mean sea level up to the extreem upper limit of the tides, where they 
will abut on normal land vegetation or else grade into fresh water swamps 
(Chapman, 1960). Please see figure two, a map showing the worldwide distri
bution of salt marshes. As there is a gradation in height between the sea
ward and landward portion of the marsh, there is a change in vegetation as 
one passes from one to the other. This is a universal feature of all normal 
marine marsh areas. The marshes are intersected to a greater or lesser de
gree by creeks, empty or nearly empty at low tide but full or overflowing at 
high tide. Depressions, usually lacking vegetation and full of water after 
high tide, may occur scattered over the general marsh area. The depressions 
are commonly knows as pans, and with the creeks form the principal physio
graphic features of the marshes. As can be seen by refering to figure two, 
salt marshes are primarily associated with mid and high lattitude regions 
because in the tropics and subtropics their place is largely taken by man
grove swamps, with only occasional occurrances of the tropical version of a 
salt marsh (Chapman, 1960). 

A way of considering the marine contribution to the hydrology and phys
iography of the marsh system is to think in terms of the tidal basin. Like 
the catchment basin of a river, this is a convenient, though much less dis
crete, unit of the sea. Superimposid on this is the effect of aerial weather 
systems (Ranwell, 1975). Tides are produced in the oceans by the gravita
tional pull of planetary bodies, primarily the sun , the moon, and the earth. 
Because these are moving in relation to each other, the gravitational forces 
change. Constraints to movement formed by land boundaries result in water 
basins in which oscillations are set up and rotated by Coriolis forces about 
nodal or amphidromic points , points or areas of significant tidal rise or 
fall. Around these points tidal range increases concentrically (Def ant, 
1964). 

The vertical range in level of a salt marsh is primarily related to 
tidal range and secondarily to turbidity of the water. If the turbidity of 
the water is high, this reduces the potential vertical range of growth of the 
salt marsh plants. Marshes within a large tidal range tend to be more steep
ly sloping and consequently have more clearly zoned vegetation and sharper 
drainage systems perpendicular to the shore. Marshes within a small tidal 
range have less clearly zoned vegetation and sluggish drainage on the ebb, 
which produces a more complex net'W'Ork of winding and highly-branched creeks. 

Water in the tidal basin moves in response to tidal streams and currents 
which may have their origin within or outside the basin, and to winds which 
generate waves. While the tidal currents may transport material in the 
vicinity of coasts, it is waves under the influence of wind which predominate 
in moving material along the shore or add material to the shore from supplies 
immediately off shore or by erosion of the coastline. Waves are usually gen
erated by the win~, and their size governed by the strength of the wind and 
by the size of the body of water over which the wind operatesj the "fetch". 
(Ranwell, 1975) 
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The essential nutritional problem for plants that grow on a salt marsh 
is one of adaptation to growth on soils with elevated levels of certain ionic 
species. Such adaptation is intimately related to osmotic effects. These 
partly control ionic concentrations either side of cell membranes and also 
the capacity of plants to function in the presence of elevated ionic levels, 
particularly sodium. Although these adaptions can be studied at a variety of 
organizational levels within the cell, within the whole plant ; or within the 
community, they must be related to the capacity of a plant to survive, grow, 
and reproduce in the habitat where selection operates at all levels in the 
life cycle . 

While elevated levels of sodium ions are the main problem for salt marsh 
plant growth, there is evidence that high levels of calcium ions in addition 
exert profound effects on the tolerance of certain species to sodium and on 
the actual species composition of the salt marsh flora (Ranwell, 1975}. 

Plant cells must maintain internal osmotic potential lower than the ex
ternal osmotic potential or they lose water. Halophytes subject to salin
ities at full strength sea water need to develop osmotic pressures greater 
than twenty bars to survive. There are four main effects of hig~ external 
osmotic potential: 

1 } It depresses growth and . therefore yield of either the whole 
plant or parts of it and this effect occurs even with halophytes. 
2) It may depress transpiration initially, but not to the extent 
that growth is depressed. The extent to which this occurs depends 
in part on stomatal behavior . 
3) It may have similar effects to low soil water content and re
duce water availability. 
4) It induces excess ion accumulation in tissues which may combine 
with reduced uptake of essential mineral elements (Ranwell, 1975). 

It is a great problem for salt marsh plants to obtain co 2 without the 
loss of water vapor through transpiration. There is a close analogy between 
salt marsh plants and desert plants, which experience an absolute water 
shortage, and the physiological strategies for coping with the problem are 
similar. Although water as such is never lacking in the salt marsh, it must 
be desalted at significant physiological cost. It is not energetically com
petetative for a plant to lose water through its stomata, yet the stomata 
must be open to receive CO 2 . The water use efficiency of photosynthesis 
( mgCO 2 uptake per g H2 o transpired) effectively represents the ability of a 
plant species to solve these conflicting demands (Pomeroy & Wiegert, 1981). 

Considering conditions of submergence and exposure, algae occurring in 
the upper marsh are peculiarly suited to withstand desiccation . The tidal 
factor has a greater influence upon vascular plants than upon the algae, 
especially since the occurrance of the algae may be determined by other fac
tors such as the nature of the substrata, light, and space (Beeftink, 1977). 

The animals living in the salt marsh can be considered in five categor
ies: mammals, birds arthropods, mollusks, and a number of meiofaunal groups 
such as nematodes, flatworms, and protozoans. 
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Only the smaller mammals such as rabbits and rats, have permanent hab
' , itats in the salt marsh. 'Ibis is in part due to the replacement of the orig-

inal macroherbivores by cattle and sheep in many places. The influence of 
grazing is a very complex one , depending on ; 

1) the selectivity of grazing; 
2) the treading pattern of the animals in relation to geomorph

ology and vegetation types; 
3) the pattern of manuring by feeces. 

Birds may be found in salt marshes , either breeding or overwintering. 
Their influence on salt marsh vegetation is scanty but selective: certain 
geese feed on Zostera · and green algae, others may just feed on the root 
tubers of plants. High concentrations of bird droppings on the edge of the 
marsh may promote growth and development of some of the salt marsh grasses. 

Arthropods are represented in great numbers of both species and individ
uals The main groups are insects, arachnids and Crustacea. The insects and 
arachnids are largely confined to the supratidal zone, while the Crustacea 
are most abundant in the intertidal and subtidal. 

Among the aquatic meiofauna inhabiting the salt marsh soil, nematodes, 
turbellarians, oligochaetes, harpacticoid copepods and halacarids are the 
most important taxonomical groups. 

For the following discussion on the community structure and food chain 
of the previously mentioned organisms please refer first to figure three, a 
hypothetical diagram of food chain pathways in the salt marsh ecosystem. 
Note · that this must be for a dry salt marsh, as fish are not present , If 
fish were on this diagram, they would occur in the upper three tiers of the 
diagram. Food chain studies point to two principal pathways: (a) the grazing 
food chain in which living plants are the primary source for the consumers; 
and (b) the detritus food chain, in which dead and decaying organic materials 
decomposed by bacteria, together with benthic blue-green algae, are the pri
mary energy source. Ev~nts taking place in salt marshes may subsequently 
influence the growth of consumers in adjacent water bodies , either by in
creasing or decreasing the detritus export of the marshes (Beeftink, 1977). 
A major export of marsh plant production also may occur not as particulate 
detritus but as living organisms which come into the salt marsh to feed and 
then leave (Haines, 1979). 

Primary consumers include the herbivorous gastropods and annelid worms . 
High levels of production can be obtained amony benthic primary consumers 
(Mc Lu sky, 1 98 1 ) • 

Fish utilize the salt marsh as nursery areas in order to benefit from 
the availability of food and to gain protection from predators (Haines, 
1978) . Other fish move into the salt marsh to feed, among other things , on 
the benthic invertebrates. 

Invertebrate predators are principally crabs and carnivorous poly
chaetes, the crabs being very mobile and the polychaetes being present in the 
lower portion of the salt. marsh. Predation also occurs within zooplankton, 
with larger carnivorous zooplankton feeding on smaller members of marine 
plankton (McLusky, 1981). Turbelarians feed mainly on nematodes, oligo
chaetes, and diatoms. 
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The birds of the salt marsh, which are often migratory feed on herbiv
orous gastropods and other infaunal invertebrates . and tend to concentrate 
their feeding near the water's edge (McLusky, 1981} 

Mediterranean Salt Marshes 

Please see figure four for a map of the distribution of Mediterranean 
salt marshes. As salt marshes are classified by the dominant plant type of 
the salt marsh community , a chart of these communities is given in figure six 
for reference during the following discussion_ 

Zostera Communities 

These are homogenous communities composed of one or two Zostera species . 
Zostera marina is often associated with a great number of epiphytic algae and 
animalsw Detached and free living algae brought in by waves are often found 
caught in the Zos~er~ commuinities. The Zoster~arina is mainly restricted 
to the coasts of France, the northern Adriatic, and Aegean seas, Zostera 
Noltii occurs only ·locally in the Mediterranean and Bla.ck Seas, 

The Zostera marina is essentially a sublittoral association penetrating 
into the intertidal belt at the most to about mean sea level, dependent on 
the water-holding capacity of the substratum. It developes in more or less 
sheltered localities on substrates ranging from soft mud to firm sand. The 
upper limit of the area occupied by Zostera m.~rina seems to depend greatly on 
the degree of desiccation that the part of its stems just emerging from the 
substratum can stand. 

Zostera noltii develops in intertidal flats of mud or find rich sands in 
detritus. The characteristic species is less susceptable to frost damage and 
is less euryhaline than .Zostera ~rina. 

Annual Salicornia Communit~es 

The characteristic and dominant taxon Salicornia europaea , is very vi
able but not yet fully understood from the morphological and genetic points 
of view. These are communities poor in species and optimally consisting of 
summer annuals only. Algae washed ashore by storms and caught by the phaner
ograms may be abundant, but under very sheltered conditions marsh fucoids and 
other algae may be associated. These Salcornia europaea communities occur 
locally on the northern Mediterranean coasts . 

These communities are ephemeral owing to dominance of annuals, 
lapping zones with lower developing Zostera communities may occur, 
rarely . as well as transition zones to highter marsh associations . 

..§Eartina Communities 

Over
tho ugh 

These communities are poor in species, usually forming dense monospecif
ic stands of one of the Spartina species. Algae are generally rare except in 
the least dense ~artina maritima communities, in which marsh fucoids and 
rhodophytes may be common locally. Spartina maritima communities form opti
mally in waterlogged mud under conditions of accretion. The community forms 
a rather narrow belt closely below the mean high water level. They can with-



1'5 
6 

stand some errosion after establishment, in which case algae attach to the 
emerging roots. Please see figure six for representatives of some of the 
genera of salt marsh grasses. 

Fauna of Mediterranean Salt Marshes 

Invertebrates found in the salt marshes of the Mediterranean include the 
herbivores gastropod Litorina_~~ri~ides and the crab Pachygrapsus marmoratus 
(Beeftink . 1977). Please see figure seven. 

As discussed previously , birds are an important part of the macrofauna 
of salt marshes There are several gulls, a few of which will be mentioned 
here. One of great size is the Great Black-backed Gull, ~arus marinu~, which 
has black mantle and wings all the rest of the plumage being pure white. 
This bird is migrant, occurring on both the norhtern and southern Mediterran
ean coasts. The strength of this omnivorous and voracious bird enables it to 
capture bulky prey. Its diet includes fish, molluscs . mammals, birds, cer e
als insects, and carrion. 

The Herring Gull, Larus argentatus, is a fifty-five centimeter bird 
having mantle and wings more or less pale grey, with the primaries pure white 
with the crown showing dark streaks and the rest of the plumage pure white. 
These gulls wander all along the coast and sometimes penetrate a little in
land. They are omnivorous and cause much damage in bird colonies by devour
ing eggs and young. 

The Lesser Black-backed Gull, Larus_;~, is a fifty-three centimeter 
bird with a dark mantle, similar coloring otherwise to the Great Black-backed 
Gull, but the legs are yellow. They are omnivorous, just like the Herring 
Gull. 

The Mediterranean Gull, Larus me.l:a~ocephalus, is a black headed, grey 
mantled bird with the rest remaining white. It mixes with other gulls, and 
flies also around lagoons, sea shores, and river mouths, penetrating little 
inland. It is a migrant bird, migrating from the eastern Mediterranean and 
winters in Morocco, Algeria, Tunisia, and Egypt, but expec ially Morocco. 
Please see figure eight for pictures of these and some of the other birds to 
be discussed. 

The Black Tern, Chlidonias niger, is a twenty-three centimeter bird with 
the whold head and throat black with the upper parts, wings, and tail slate 
grey, with the lower belly and undertail white. It frequents lakes, lagoons, 
and all coastal environments. It feeds on small fish and insects which it 
takes from the surface without ever diving. This tern is a migrant, migrat
ing from the northern Mediterranean to the southern Mediterranean and winters 
in tropical Africa . 

The Winged Black Tern, Chlidonias_leucopterous . is a twenty-three centi
meter bird with the whole head, mantle, upper parts, and underwings black, 
with the rest white. This bird has the same habits as the Black Tern, but it 
winters as far south as the cape of Good Hope. 

The Whiskered Tern, Chlidonias hybrida is a twenty-five centimeter bird 
with summer plumage being a black crown, white sides of head and chin, upper 
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parts blue-grey and lower parts very dark grey. This is the largest of these 
three marsh terns. Its habits recall the Black Tern and is the only marsh 
tern breeding on the north African coast. It nests in rather deep marshes. 

The Grey Heron, ~rdea cinere~, is a ninety centimeter bird with the 
head, neck, breast, belly and thighs being white. A black streak extends 
above the eye, with the back wings and tail being grey. The Grey Heron is 
rather gregarious, ofter found fishing alone in a corner of the marsh of on 
the edge of the sea. Besides fish, it also feeds on frogs, small mammals, 
and large insects. It is only a partial migrant, occurring on north and 
south coasts, but many remain in Europe all winter. 

The Grey Lag Goose, ~E~~~nser, is a seventy-five to eighty centimeter 
ashy grey-brown bird, with a paler underside, and a white tail. This species 
is gregarious and when a flock settles in a marsh to graze, they continually 
maintain conversational calls which disclose their presence. The Grey Lag 
Goose frequents cultivted fields, marshes, and river mouths. 

The White Tailed Eagle, ~liaetu~_?lbicill~, is a sixty eight to ninety 
centimeter bird with a dark brown body, ochreous head and neck, and a white 
tail. It is a fish eating bird of prey which is now very rare , fishing in 
fresh or salt water and also feeding on carrion, domest~c chickens, and wild 
birds. 

The Wood Sandpiper, Tringa ochropus, has dark olive grey upper parts 
with a white rump, and white tail. Although catholic in its choice of habi
tats, it mainly frequents marshes and the edges of lakes. This bird occurs 
on the north and south coasts. and migrates all the way from northern Europe 
to Asia. 

The Redshank, Trin~_totanus , is a twenty-seven centimeter bird with 
dark grey wings and upper parts, and a pure whith rump. The redshank fre
quents coastal shores, salt marshes and estuaries. 

The Ruff, Philomachus pug nax, is a twenty-nine centimeter bird with 
grey or grey brown upper parts and a white belly. The Ruff mainly frequents 
marshes and the shores of lag90ns rather than the open seashore. This 
species occurs from the canaries to Sinai, on its passage from the northern 
Mediterranean to winter quarters in tropical Africa. 

The Knot, Calidris canutus, 
clear grey above the wihte below ... 
lecting in costal areas in great 
tions before settling. 

is a twenty-five centimeter bird which is 
This bird is very sociable, sometimes col

numbers. Flocks perform impressive evolu-

The Dunlin, Calidris ~lpina, is a seventeen centimeter bird with grey 
upper parts, a dirty grey breast and the rest white. This bird is very soc
iable, mixing readily with other waders and lives in large flocks. It ac
cepts a wide range of habitats and migrates from northern Europe to its win
tering areas of North Africa . 

The Broad Billed Sandpiper, Limicol~ falcinellus, is a sixteen centi
meter bird wiht a dark black, rufous breast and white belly. This sandpiper 
is solitary and favors salt marshes and freshwater lagoons. It is migratory 
and nests in north Europe and Asia. 
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The Avocet, Re~~~Y~E_o~tra a~etta, is a fourty-two centimeter bird with 
black on the top of the head, nape, back, and wings with the remainder being 
white The Avocet frequents saline waters and defends its nest courageously, 
and breeds in small colonies. The nests / very scanty, are hollows formed on 
mud or sand, often very close to one another. 

The Kingfisher, Alcedo a~this, is a sixteen centimeter bird with a thick 
set body, short tail and pointed bill with blue on its head , nape; and on a 
band running from the bill and crossing the neck; also all the back, tail and 
wings. It has rufous underparts and white on the throat Th.is bird lives 
along coastal areas only in the winter. It feeds on fish and insects and 
dives for them suddenly but not deeply. For nesting, it excavates a hole in 
the bank of one half to one meter long, ending in a small round chamber where 
it lays its eggs. 

The Oystercatcher, Haematopus ~stralegu~, is a black and white bird, the 
head, mantle, end of tail and wings are black, with the rest being white. 
The oystercatcher is migrant, usually frequenting sea coasts, lagoons, salt 
marshes, and fresh water. It is a noisy, nervous bird and nests in Europe, 
occurring both on the northern and southern Mediterranean coasts. 

The Curlew, Num.enius a~ata, is a fifty-seven centimeter bird with a 
long, thin curved bill. The bird is generally brownish yellow with the chin, 
rump, thighs, and t _ail being whi teish. The Curlew occurs on borders of 
lagoons and shoreline areas, and migrates from Europe to the North African 
coast. 

The Black-Tailed Godwit, Limosa limosa, is a fourty centimeter bird with 
a long, black very straight bill, and a roufous head, neck, and mantle with a 
white rump and tail. This species prefers fresh water marshes, but on pas
sage frequents salt water marshes. It migrates in small flocks, remaining 
rather silent outside of breeding areas. 

The Reed Bunting, Emberiza pusilla, is a small thirteen centimeter bird 
with a black head and throat and a white collar, rufous-brown back and pale 
belly. The Reed Bunting frequents salt marshes and reeds, dispersing a 
little in winter on dry land. In Europe it nests close to the ground in 
moist places, laying four to five eggs (Etchecopar & Hue). 

Deltaic Ecosystems of the Mediterranean 

The major deltas in the Mediterranean occur at the mouths of the four 
largest rivers in volume which empty into the Mediterranean: The Ebro of 
Spain, the Rhone of France, the Po of Italy, and the Nile of Egypt. See the 
chapter on river input into the Mediterranean for maps of these deltas. 

As the rate of flow of a river is reduced as it flows into a standing 
body of water such as the Mediterranean, a delta is formed by the dumping of 
the courser sediment load and by the raining and flocculating out of suspen
sion of the suspended load. Organisms that live in the vacinity of a delta 
are less diverse because they must deal with the high sedimentation rates and 
the variability in salinity and temperature. See figure nine. Some organ
isms which may live in the more stable salinity environments near the delta 
are the sea urchin, Paracentrotus lividus, the hermit crab, D. pu3ilator. 
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Please refer to figure seven for pictures of these organisms. A delta is 
also in part a combination of some other ecosystems. Salt marshes may occur 
in the flood plane of a delta ~hile a sandy or muddy coastline ecosystem may 
occur, depending on the amount of winnowing taking place by wave action. 
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Figure one Ecos~em re l a tio r1ship . (Clapham, 197J) 
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Figure two : World distribution of salt marshes. 
(Beeftink,1977) 
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Table one: Concentrations of gasses in the atmosphere and water. 
(Clapham ·, 197 J) 

Gas 
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Nitrogen 
Carbon Dioxide 
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(Carnivor~s I 

Consum«s 
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ProdUC«S 

Atmospheric 
Concentration 

210 cc./l. (21 %) 

780 cc.II. (78 % ) 
0.3 cc./l. (0.03 o/c) 

Saturation 
in Water 

7 cc.II. (32.9%) 
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Limonium 

Salicornia 

Spartina 

Figure six:Mediterranean salt marsh plants. (Ursin,1972) 
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Pac hygrapsus marmoratus Litorina neritoides 

Paracentrotus lividus Lima hians 

Diogenes pu0ilator 

Figure seven: Mediterranean invertebrates. (Luther and Fiedler, 
1965) 
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Calidn·s alpina 

Mediterranean Gull 

Latus melanocephalus 

Green Sandpiper 
Tringa ochropw. 

a) ~~"llillcr; b) Winter 

From left to right : Herring Gull Larus argmtatus (juvenile and adult), 
Lesser Black-backed Gull Larus fuscus. 

From left to right: Black Tern Chiidonias niger, White-winged Black Tern 
Chiidonias leucopterus, Whiskered Tern Chiidonias hyhrida. Top row, winter 

plumage ; bottom row, summer plumage. 

Fi gure eight: Birds of Mediterranean salt marshes. 
(Etchecopar a nd Hue,1967) 
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Redshank 

Grey Heron Artka cinlr1t1~ 

White-tailed Eagle Haliaitus albicilla. 

Kingfisher 

Broad-billed Sandpiper Limicola faJa114llus. Alcedo atthis 

A vocet Recuroirostra <WOsetta. 

Figure eight: (cont.) 
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Ecosystems: Coastal Lagoons 

Introduction: Definition 

Lagoons are shallow bodies of brackish water or sea 
water partially separated from an adjacent coastal sea 
by barriers of sand or shingle, which only leave narrow open
ings through which sea water can flow. Lagoons may become 
completely isolated from the sea behind such a barrier, in 
which case they transform into coastal ponds or freshwater 
lakes if the lagoon receives river discharge. They may also 
originate by ~he transgression of sea water into previously 
existing freshwater lakes or during reclamation of salt
marshes (Colombo, 1977). 

Lagoonal coasts occupy 13% of the world's coastline 
(fig. 1.1). Of this total, 34% is contributed by North 
America; Europe only has 5.3% of its coastline assignable 
to this category and is the continent with the lowest pro
portion of lagoonal coast (Barnes, 1980). 

The typical lagoon has an entrance channel which is 
very small in relation to the size of the lagoon itself and 
to the length of the barrier (fig. 1.2b). Another lagoon may 
have no discrete channel at all (fig. 1.2c). A lagoon may 
be formed by island chains (fig. 1.2a), or it could be a 
short lived or transitory lagoon as in the Ebro Delta in 
eastern Spain (fig. 1.2d) (Barnes, 1980). 

Lagoons: Formation and Fate 

Formation of lagoons are caused by offshore bars and 
barriers, longshore barriers, spits, subsiding land, and spits 
that intersect. 

Offshore bars and barriers are produced by wave action 
on shallow, gently shelving sand coasts (fig. 2.1). Wave 
action may be of two types, constructive and destructive. 
Constructive waves plunge obliquely up a beach, generating 
a powerful swash but a relatively small backwash; destructive 
waves plunge more vertically downward with a powerful back
wash moving material downslope. Constructive waves tend to 
move sediment up an incline. Upon entering shallow water 
constructive waves begin to break and their shoreward motions 
move particles of sediment towards the coast, when waves 
begin to break some distance offshore, a bar is formed there 
by deposited sediment (Colombo, 1977). 

Enclosure of lagoons by longshore barriers are created 
by longshore drift of sand or shingle (fig. 2.2). Waves 
do not always approach parallel to a beach, when waves hit a 
beach at an angle material is moved along it. The swash of 
constructive waves approaching at an angle will move water 
and sand up the shore at the angle of attack, but the back
wash will be directed, by gravity, perpendicularly, to the 
shoreline (Barnes, 1980). 
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In some c~ses material moved along a coast may form 
spits, (fig. 2.3a) resulting from the material maintaining 
the alignment of that stretch of coast even though the shore
line itself may have changed. These spits can seal off 
bays and form lagoons (fig. 2.3b). Spits are formed in tide
less seas where water level is relatively constant (Barnes,1980). 

Lagoons can also be formed along coasts where land ~s 
subsiding and the sea may breach pre-existing barriers and 
flood low-lying ground. Storms may also move and deposit 
them on the mainland shore enclosing small lagoons. 

Small lagoons may be formed by spits which were inter
sected by other spits formed by waves arriving from opposite 
directions (fig. 2.4). An example of this is the mountain

ous island of Monte Argentario joined to the Italian main
land by spits, with the enclosure of the Laguna di Orbetello. 

Because lagoons are generally shallow, small in size, 
and a mixture of fresh and salt waters, the physical envir
onment is often severe and subject to fluctuations. They 
are also liable to occasional catastrophic events--invasion 
by sea during hurricanes or storms, and flooding from the 
landward side by swollen rivers and the lagoon ecosystem 
will start afresh after each such catastrophe (Colombo, 1977). 

Man is also affecting ;the evolution of lagoons by reclaim
tion works, by stabilising the positon of entrances and by 
modification of hydrographic regimes. Many Italian lagoons 
were drained in the effort to combat malaria(Barnes, 1980). 

Lagoons -of The Mediterranean Sea: 

Mediterranean lagoons vary greatly in size and character 
(fig. 3.1). The largest amo~them are located in Egypt. The 
lagoons of the Nile Delta in tgypt include Lakes Mariyut, 
Idku, Burullus, Manzilah, to which should be added the small 
enclosed lagoon south of Alexandria called the Hydrodrome of 
Nuzha. The Lakes of Port-Fuad and Baradawil north of the 
Sinai are cut off from the Nile Delta. All of these lagoons, 
with the exception of Lake Mariyut, are directly connected to 
the sea; they are shallow and brackish, and receive drainage 
water from the surrounding agricultural activities. Fish 
production is sizeable, approximately 20 to 24 tonnes per 
square kilometre per annum, this includes mullet, Tilapia, 
eels and in some lakes crab and shrimp (Unesco, 1979). 

Lake Mariyut 

Lake Mariyut is the smallest of the brackish lakes along 
Egypt's Mediterranean coastline. It covers an area of 
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6,000 hectares, (1 hectare= 2.47 · acres), its average depth 
is 90 to 150 cm. The main pa~t to the lake may be consid
ered as a reservoir and receives drainage water mixed with 
various pollutants. In recent years, the gradual rise in 
population density close to the lake has meant an increase 
in harmful substances in the lake, resulting in a sharp 
drop in total fish production (Unesco, 1979). 

Nuzha Hydrodrome 

The Nuzha Hydrodrome is an enclosed basin completely 
separated by a dike from the original lake Mariyut since 
1939. This basin is situated east of lake Mariyut and covers 
an area of about 480 hectares. Water from the Nile reaches 
this artificial lagoon through the Mahmudiya Channel. Its 
average depth is 3.65m. below sea levle. The bed is formed 
of fine mud, mixed in the central part of the lagoon with 
Lamellibranchia shells, gasteropods and calcareous Annelida 

tubes. The Hydrodrome is used for fish culture, and has 
good production levels (Unesco, 1979). 

Lake Idku 

Lake Idku has an average area of 1,200 hectares with an 
average depth of 50 to 150 cm. The eastern part of the 
lagoon was recently converted for agriculture. The nature 
of the beds varies from the mud in the south and south
eastern parts to the muddy sands on the north-east edge, 
clos·e to the opening of the lake into the sea. The lake is 
supplied with drainage water through channels which raises 
the water level above sea level, thus producing an outflow 
of the· lake towards the sea. Water exchange between the lake 
and the sea takes place through the Bughas El Maadiah Channel. 
In winter, westerly winds raise the sea level, causing an 
inflow from the sea to the lake (Unesco, 1979). 

Lake Burullus 

Lake Burullus is in the northern part of the delta 
between the branches of the Nile. Its surface area is about 
60,000 hectares. The lake is separated from the sea by a 
chain of sand dunes. Average water depth varies between 
o.7om. and 2.4om., gradually increasing from east to west and 
from south to north. Water exchang between the lake and the 
sea takes place through the Bughas El Burullus (Unesco, 1979). 

Lake Manzilah 

Lake Manzilah is bordered by the Mediterranean to the 
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north, the Suez Canal to the east and the Domiatt branch of 
the Nile to the west. The southern and south-western edges 
of the lake form transitional zones with cultivated land. 
The lake has a number of small islands and a surface area 
of approximately 120,000 hectares with an average depth of 
0.12m. The lake is connected to the Mediterranean in the 
area of El Gamil. Other connections with the sea appear 
periodically during the bad weather season at the narrowest 
points of the stretch of sandy land which separates the 
lake from the sea. The lake bottom is covered with powdery, 
pre-colloidal mud mixed with Cardium shells (Unesco, 1979). 

Lake Bardawil 

This lagoon is located alon the Mediterranean coast of 
the Sinai, at its most northern bend, and stretches along 
45 km. east of Port Said and about 18 km. in the eastern 
direction·. The whole area covers 70 ,OOO hectares and can 
be divided into three basins: the eastern basin, the west.ern 
branch and lake Zaranik which is located east of the eastern 
basin and linked periodically to the sea, the rest of the 
lake is in periodic contact with the sea. Lake Bardawil is 
not deep, averaging 1.5m. and its salinity levels are some
times higher than the Mediterranean itself (Unesco, 1979). 

Port Fuad Lagoon 

On the edge of the Suez Canal, this lagoon is connected 
both to the canal and the sea. It stretches 14 km. south 
along the canal and 30 km. east along the coast line. Its 
average depth is about 50 to 70 cm. and its total surface 
area is approximately 82,000 hectares, 2,100 of which are 
cut off from the rest of the lagoon, east of the new road. 
The internal parts of the lagoon to the east and south are 
hypersaline, but the level of salinity where the lake 

connects to the sea is equivalent to that of the sea (Unesco, 
1979). 

Al·ong the coast of Algeria there are three lagoons, 
Lake Melah, Garat Mkhada, and the Macta Marshes. 

Lake Melah 

Lake Melah is a salt water lagoon covering 837 hectares 
:that is connected With the sea (Unesco, 1979). 

Garat Mkhada 

Garat Mkhada is a combination of shallow brackish and 
fresh water marshes covering several thousand hectares; 
lagoons with thick vegetation (Unesco, 1979). 
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Macta Marshes 

Macta Marshes is a brackish coastal lagoon of varying 
size, depending on the season its size ranges from 3,000 to 
15,000 hectares (Unesco, 1979). 

Located on the coast of Tunisia are the following lagoons; 
Lake Tunis, Lake Ichkeul, Ghar El Melh Lake, Lake Bizerta, 
Lake Monastir, Bahiret El Biban, Bougarara Sea, and Lake 
Kelbia, all of which have direct connections with the sea 
except for Lake Kelbia. 

Lake Tunis 

Lake Tunis is divided into the northern and southern 
lakes by the Canal de La Goulette. Its area covers 5,000 

hectares with an average depth of 1 m. Fish production was 
580 tonnes (Unesco, 1979). 

Lake Ichkeul 

Lake Ichkeul has a surface area of 12,000 hectares, It 
has a freshwater inflow in its western part and communicates 

in the east with Lake Bizerta through the Tindja channel. 
Fish production was 123 tonnes (Unesco, 1979). 

Ghar El Melh Lake 

Ghar El Melh Lake has a surface area approximately 3,000 
hectares. This lake is situated north of the Cued Medjerda 
estuary and communicates with the sea; its average depth is 
1 m. Production was 154 tonnes (Unesco, 1979). 

Lake Bizerta 

Lake Bizerta has a surface area of 15,000 hectares. It 
communicates with the sea through a very wide channel in its 
north-east section. Exchange with fresh water coming from 
Lake Ichkeul in winter takes place particularly along the 
western banks • . This lake has an important shellfish product
ion which was 76 tonnes (Unesco, 1979). 

Lake Kelbia 

Lake Kelbia is situated between Sousse and Kairouan, 
this lake has a surface area of 10,000 hectares and may 
reach a maximum depth of 4 metres. It has no permanent com
munication with the sea, and :exchanges with the sea can only 

take place through overflow during periods of heavy rain. 
Production was 35 tonnes (Unesco, 1979). 



Lake Monastir 

Lake Monastir is between Khniss and Moastir and has 
been developed and exploited by the National Fisheries Office 
which has used fixed fishing systems since 1971. Its surface 
area is 6,000 hectares and depth does not exceed 0.5 metres. 
The lake has communication with the sea through two channels. 
Production was 9 tonnes (Unesco, 1979). 

Bahiret el Biban 

Bahiret el Biban is located south of Zarzis, close to 
the Libyan border. It has a surface area of 30,000 hectares 
and is separated from the sea by a group of small islands 
with passages between them· leading to the high seas where 

fixed fishing sites are installed. This lagoon has an average 
depth of 5 to 5 metres with a production of 334 tonnes (Unesco 
1979). 

Bougrara Sea 

The Bougrara Sea is a coastal lagoon of 50,000 hectares 
and a maximum depth of 10 m.. It is connected with the Gulf 
of Gabes and subject to heavy influence from tides. Pro
duction was 260 tonnes (Unesco, 1979). 

Other coastal lagoons of high productivity include the 
Lagoons of Venice located in Italy, which produced around 
3810 tonnes per year (Ketchum, 1983). The Etang de Berre 
and the Etang de vaccares are two large lagoons located along 
the coast of France (Ketchum, 1983). On the coast of Libya 
are two lagoons, Ain-El Zaiana Lagoon and'Fawa Lagoon (Unesco, 
1979). On the Mediterranean coast of Morocco is the Nador 
Lagoon (Unesco, 1979). Located in the Ebro Delta off the 
coast of Spain are several lagoons but the names of these 
lagoons and detailed information on both these lagoons and 
the ones mentioned above is lacking at this date. These 
countries at the present are making an effort to study their 
coastlines and plan to publish their findings at a later date. 

Lagoonal Environment 

In discussing the environment of lagoons salinity becomes 
an important factor. Because of the relatively small size 

of the entrance/outlet channel in relation to a lagoon's volume, 
longitudinal salinity gradients in lagoons are stable and do 
not fluctuate on a semi-diurnal or diurnal basis in relation 
to tides. They may vary seasonally, especially in areas 
subject to wet and dry periods of the year. The controlling 
factors responsible for the nature of the gradient are volume 



of freshwater input and volume evaporated from the surface. 
In wet seasons lagoons may be greatly diluted by freshwater 
falling directly as rain and flowing through river systems. 
in dry seasons evaporation from the water surface can exceed 
the volume of freshwater input, salinity may arise to hyper
haline levels. The Cornacchio Lagoon in north-eastern Italy 
shows a salinity increase from 26% in March to 48% in Sept
ember (Barnes, 1980). 

Salinity is one of the main factors responsible for 
determining the productivity and composition of the flora and 
fauna of a lagoon. In many lagoons the salinity depends on 

the maintenance of canals leading to the open sea and period
ical dredging is essential (Ketchum, 1983). 

After salinity the most important environmental feature 
of a lagoon is their shallow depth. Maximum depths in excess 
of 10 m are rarely found and many lagoons are much shallower. 

Lagoons are floored by soft sediments because of the 
deposition of fine sediments in the relatively sheltered pre
vailing conditions. These are mainly -contributed by the in
flowing rivers. Because of their shallowness, wind action 
can penetrate to the bed of the lagoon and ~esuspend sediments, 
leaving the water turbid during periods of high wind (Barnes, 
1980). 

Lagoons are nutrient-rich, both as a result of the in
put of nutrients by rivers and through the effectiveness of 
recycling between sediment and water mass. There may be a 
large input of organic matter into the surface sediments, 
which will require large quantities of oxygen for its de
composition. Because of the well-mixed nature of the water, 
oxygen may reach the sediments in ~ufficient !uantity to 
meet this need, althought the sediments themselves may be 
anoxic only just below the surface; but in lagoons with a 
very large productivity anoxia of the bottom waters is common. 
Biological activity, other than anaerobes, is then confined 
to the surface water layers and to the relatively shallow 
areas overlain by those waters (Barnes, 1980). 

Evaporation of water from the surface of hypersaline 
lagoons has two effects relevant to these processes. Nut
rients may be concentrated to very high levels, further 
raising potential plant productivity and because of the in
creased density of the evaporated surface waters, water 
continually sinks from the surface to the bed taking with it 
oxygen. Solubility of oxygen in water decreases, however, 
with both increase in salinity and increase in temperture. 

Most of the other characteristics of the lagoonal en
vironment are common to all shallow, pond-like bodies of 
water. Temperature variation will reflect that of the over
lying air, for example, and very high temperatures may be 
recorded in the shallows. The pH is more variable than in 



sea water, causing relatively fresh lagoons in high latitudes 
to freeze over in the winter (Barnes, 1980). 

Lagoonal Organisms 

Along with pond and tasselweeds, green algae is found on 
the bottom of lagoons. These frequently lime-encrusted algae 
are particularly characteristic of clear waters; they form 
the colonists of clean sandy areas in the lagoons of Italy 
and create a dense ground carpet. 

Phytoplankton include diatoms, dinoflagellates, chloro
phytes, cryptophytes, and other micro-flagellates. Zooplant
onic organisms include copepods, ostracods, and nematodes. 

Benthic macrofauna is dominated by three groups: annelids, 
crustaceans, and molluscs. This is usually true of lagoons 
fegardless of geographical region but relative importance varies 
from lagoon to lagoon. 

Basically, food sources in lagoons are phytoplankton, 
epiphytic algae, and detritus derived from the macrophytes • . 
As in other aquatic ecosystems, very little direct consump
tion of living macrophytes occur. Phytoplankton is consumed 
by zooplanktonic copepods and by smaller nekton, but there 
is considerable quantities of phytoplankton available to 

benthic organisms in the form of sedimenting algal cells or 
as detritus (fig. 5.1). 

Detritus or vegetable debris serves as a food source 
mainly via the activities of micro-organisms. Flagellates 
may increase dramatically in numbers at times of sea-grass 
decay and it seems likely that they are utilising, among 
other substances, dissolved organic compounds leached from 
the leaves in the early stages of the decomposition process. 
In this way, some of the products of decay return to the 
planktonic system, bacteria and fungi are responsible for 
the later stages of decomposition of macrophyte debris. 

Excluding the top carnivors and the consumers of living 
phytoplankton, most lagoonal animals consume detritus, 
benthic algae and epiphytes, although living plant material 
may be prefered. An example of this is the grey mullet, 
who consume mats of algae on the sediment surface and epiphy
tic species on the submerged macrophytes when these are 
available. 

Most lagoonal invertebrates are deposit feeders and/or 
browsers, several of them have the ability to suspension 
feed as well. 

The vertebrate members of the lagoonal fauna contain 
some detritus feeders, as in the grey mullet, and some 
plantivores, but the majority are opportunistic omnivores 
or carnivores (Barnes, 1980). 
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Human Use of Lagoons 

Exploitation of lagoonal prawns and fish occur today in , 
many parts of the world, both through actual lagoonal fisheries 
and through fisheries based in the adjacent sea which are 
dependent on species which spend parts of their lives in 
lagoons. An example would be the mullet which are fished in 
such a way in Italian lagoons. 

More damaging are the uses of lagoons as receptacles of 
noxious substances and as areas of potential land. Because 
of the slow flushing rates and shallowness of most lagoons 
pollutants reside for longer periods and high concentrations 
are achieved. In or near residential areas, the scenic qual
ities of small lagoons also encourage encirclement of luxury 
housing, with the installation of sanitation systems discharg
ing directly into the lagoon. 

Habitat destruction and degradation are mainly associat
ed with the north temperate zones. Most of the world's 
lagoons are therefore still in a natural state, even if, in 
some areas, overfished. There are therefore ample opportun
ties to rectify ·the existing scientific neglect of these 
interesting, widespread and productive coastal ecosystems. 
This process was started in the mid ?O's by the formation of 
an advisory panel in coastal lagoons by the Scientific 
Committee on Oceanic Research and the International Council 
of Scientific Unions, but much more remains to be done (Barnes, 
1980). 
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I. Introduction 

The coastline of fue Mediteranean Sea is a~ large and quite 
diverse system containing nearly every ~pe of land/sea interface 
found in the world. For example, the Mediterranean coastline has 
salt-marshes, lagoons, varieties of beach, and coastal cliffs. 
There is not one presific zone in fue Mediterranean that each of 
these features can be found, they are mixed throughout the whole 
coastline. 

The nearly landlocked Mediterranean Sea extends almost 4000 
kilometers from the Strait of Girbraltor to the foot of the Leba
non Mountains. The coastline totals 22,500 kilometers, but its 
distance is irregular with almost 13r,ooo kilometers along the 
European margin contrasting with only about 5000 kilometers along 
the African front and the remainder along the Levantine margin, 
(Stanley, 1~1~). For comparison to see how complicated fue Medi
terranean coastline is the country of Greece has about the same 

_ land area as the state of Florida, but has as much coastline as 
the United States, (P.M. Magazine,,,,~). 

The majority of the Mediterranean coast is a continental 
collision coast like that of the western United States, but ~ 
different in that fue Mediterranean coastline is caused by the 
buckling of plates when continental plates converge. The Western 
coast of the United States on the other hand is formed by an 
oceanic plate moving under a thicker but less dense plate at the 
continental edge.raising and folding the continental plate, 
(Davis, I 'I 71 ) • · 

The .Northern half m.d the South-eastern half of the Mediterra
nean coastline is influenced by a ruggard mountainous topography. 
Where as the South-western topography of the Mediterranean is 
flatter like that of a coastal plain. But, througout the Medi
terranean coastal region, there is a mixture of the different 
coastal features that make the coastline highly complex. In some 
cases it is hard to tell where one coastal feature begins and 
another leaves off because of their gradule blending together. 
On the other hand there are sharp md sudden changes, like from 
a rocky cliff face to a sandy beach cove. 

The nature of the shoreline of the Mediterranean is determined 
by three important factors. First the geology and topography 
of the coastline and the adjacent lands to it. Secondly, by the 
physical processes operating on the shore, particularly the actions 
of rivers and waves which create, supply, end distribute sedimentary 
material. And lastly, by the nature, size, tjpe, and quantity 
of available beach material, (Barns, t '!T? ) • 

Geologically, the type of rocks found along the coast plays 
an important part in the rate of erosion of the coastline and 
the type of beachmterial. Soft rocks like Hamsted Beds, Barton 
Beds, Chalk's, md Gault clays errode much easier th~n harder 
rocks like Slate, Basalt, Limestone, md Granito The softer rocks 
allow for a quicker replenishment of sand along the beach than 
do the harder rocks, ( ~~ i ~ l e.y , ) • 



The topography of the coastline and aija_cent lands deterJlline 
whether the shore will be stable enough to support a beach or be 
a cliff running into the sea. If the shoreline is capable of 
suppporting a beach, the topography will ~lso play a role in the 
size aid type of beach, (Barns,1~77). 

II. Coastline Classification 

The coastline can be divided up into many classifications. 
Two classifications, which can be futher divided are "Sea Cliffs" 
and "Beaches". Sea Cliffs include the "Rocky", hard cliffs and 
the soft, "Earth" Cliffs. _ Beaches are divided up into four major 
groups depending on the size of the sedimentary particles on the 
beach, (Davis,1~77). 

A. Sea Cliffs 
1. Introduction to Cliffs. 
Cliffs are constantly being reshaped by waves, winds, and 

rain. The reshaping depends on the kind of material that makes 
up the cliff. The interplay of waves loosens sand, shingle, and 
solid rock to change the limitless variety of coastal features. 
As waves break against 1he face of the clif~ they loosen tiny pieces 
which become abrasive that help wear away the cliff, (Deacon,'~'~· 

The ecology of marine cliffs has been neglected at least 
partly because of the difficulties of access. Also, few geo
morphological studies provide evidence for my subdivision of cliffs 
into "rock" or "earth", "weak" or "strong". Most geomorphological 
texts devote no more than a few pages to cliff forms end their 
processes, (Barns,1~77). 

2. Earth Cliffs 
The management of earth cliffs has fallen mainly to 

engineers concerned With the prevention or control of erosion, 
and it is upon this aspect that most of the available literature 
has concentrated, (Barns, 1i11 ). 

The most important characteristic of so-called "earth 
cliffs" are ·-their tendencies toward' unstabili ty end rapid changes, 
unlike "rock" cliffs where change is infrequent and particulary 
localized, (Barns,ti77). Earth cliffs may be composed of soft 
rocks, clays, or loose sands. Whe:q. the cliffs-: are made of soft 
rocks, they become waterlogged, end parts of them collapse in 
landslides when the foot of the cliff is undercut by the sea. 
Some of the material washed downed by rivers end worn from the 
cliffs remains at the edge of the sea and guilds new lands, 
( De a con , / Cf ~ 1-.) • 

The form of earth cliffs aid the processes by which they 
are changed depend primarily upon: 1) rock cohesion; 2) ground 
water conditions; 3) the effectiveness of marine erosion of the 
foreshore, the cliff foot, md the debris derived from the cliff; 
4) the amount and effectiveness of cliff-foot protection, both 
natural and man-made; 5) offshore relief; 6) sea level change. 
Figure i shows the mass end energy movements within a earth cliff 
system, (Barns,' '17 ) • 



~·-- ---

i 
I 
t...__ _ 

------~--

Radiation 
r-, budget 

' ; \ 

i : < '1 
; } 

1 
; Moisture 

I L_! --~-, ~dqet 

. \. 

Figure I Mass and energy move ments \Vi thin t.'arth ciitf systems 

\J:)~. R~t s, I'! 7 ? ) 

Marine cliffs are usually considered to be a special case of 
slope development in which the removal of weather material fro~ 
the base is especially efficient. The slope range between those 
which are "transport-limited", i.e. where the rate at ·.r:hich 
weather material is removed from the slope is slower than the 
rate of supply by the weathering processes, md "weathering limited 11 , 

where the transport processes are sufficiently effective to remove 
all debris supplied by weathering. In the slope process-response 
system, the condition operating at the foot of the slope are of 
primary importance in determining the extent to which slopes are 
transport- or weathering- limited. 

3. Rocky Cliffs aid Shoreline. 
Rocky cliff and shores occur extensively in the Mediterra

nean where the coast regions are mountainous or at least rugged. 
Topographically they are more variable than other coastal habitats. 
Depending on the geological character of the coast, they range 
from steep, inaccessible cliffs to wide, gently-sloping platforms, 
from fringing islets to long spits, from smooth, uniform slopes 
to high~ dissected, irregular masses or extensive boulder beaches. 
Rocky coastlines of the Mediterranean may extend virtually un
broken over great distances or alternate with sandy bays, (Barns, 
t't11). 

Rocky cliffs are usually composed of hard material such as 
sandstone, limestone, basalt, serpentine, or granit. They are 
rarely smooth; the action of wind aid sand, water and spray picks 
out the softer material to form a complex pattern of ledges, flat, 
cracks, aid gullies. The majority of rocky coastlines are relative
ly stable conditions for marine organisms, . (Barns,1177)0 



In the Mediterranean Sea, rocky areas support ihe most 
abundant varieties of living communities. Each community is a 
unique microcosm, as individual as a person's fingerprint. 
Zonation of biotic communities is more obvious in a rocky envir
onment than elsewhere because the rocks provide attachment sites 
and protections for luxuriant biota and because the vertical 
ranges are often more abrupt and compressed into much shorter 
horizontal distances than are those in areas of soft substrates, 
(Mcconnaughey, 1978). 

Subsurface rocks within the euphotic zone are heavily 
colonized ~~th a rich biota of algae, plankton-feeding animals, 
substrate scrapers, and many other types of organisms, (Mcconnaughey, 
1978). 

Several sources of primary production are recognized on the 
rocky environment. The most obvious are the many types of algae 
which derive nothing from the substrate except anchorage. All 
their nutrient salt requirements are obtained from the sea water, 
(Barns,1~11). Figure 2, (Luther, 1965), shows some different 
types of algae common to the Mediterranean rocky coastline. Land
ward, the vegetation of sea cliff are probably the least man 
modified habitat. It is not usually cut, grazed, or burnt. The 
principal factors which control the distribution and abundance 
of plants are salinity, aspect, grazing, geology, and competition. 
There~is a gradient of species the cliff-base to the cliff-top 
which parallels the soil salinity, (Barns,1'77). 

The conspicuous and typical species of open rock surface are 
either attached like: tubeworms, mussels, and barnacles; or else, 
if mobile, capable of holding tight to the surface of the rock 
or . are capable of retre.ating to. protective clefts, (Barns,/ 9 7 7). 
The following is a list of species of different inverte.brate 
Phyla that are common to the rocky shore line of the Mediterranean 
Sea. An astric denotes that these species are also found in a 
sandy environment. 

ANILIDS 
Lepidono.tous clava ( Polychaeta - "Paddle-worm") 
Bispira Volutacornis ("Fan- worm") . ; 

CRE.AUSTANS 
Acasla spongiles (Barnacle) 
Bal anus perforatus (Barne.Cle) 
Pisa tetra.odon ("Spider crabs") 

-~ Carinus maenas ("Common shoe crab") 

MOLUSCA 
Lenidopleurus cajetanus ("Chiton") 
Diodora gibberula ("Limpet") 
Calliostoma zyzynhimun ("Top shell") 
Littorina littorea ("Edible periwinkle") 
Hancockia uncinata (Sea Slug) 
Cypraea lurid.a ("Tiger Conch") 
gc~?P~~ . ~ulgaris (Common Octopus) 
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ECHINODERMS 
.~ · Ophiothrix fragilis- · (common Brittle-star) 

.Arbacia lixula. ("Black sea urchin") 
Claveline lenadiformix (Sea Squirt) 

The rocky cliffs ar e a lso important to se a birds because fu ey 
provide freedom f rom hum an disturbances and Gre inaccessible to 
predators such as cats, r ats, and foxes. Thus, the cliffs provide 
a suitable nesting area for sea birds. 

B. Beaches 
1. Introduction to Beaches aid processes effecting them. 
Beaches are divided up into four major groups depending 

on the predominate size of the beach material, (Davis,t~77). 
The Wentworth scale, Tablel, provides useful descriptive term 
for a particle size end a logarithmic transformation, the phi 
notation where 0 equals the negative log ba.se 2 of the particles 
size in millimeters, which is useful in graphical and statistical 
treatment, (Barns,1~77). Beach material of the Mediterranean is 

f .. ~_, ~. 77 \, \ b,1..o;s ,. ,. 
Table I The Wentworth scale and the <i> notation 

Type 

Boulder 
Cobble 
Pebble 
Granule 

Y1ery coarse sand 
Coarse sand 

Medium sand 
_Fine sand 
Very fine sand 
Silt 
Clay 

Grade limits 
mm <i> units 

above 265 
265-64 

64--4 
4-2 
2-1 
1-0·5 

0·5-0·25 
0·25-0· 125 

0· 125-0·062 
0·062-0·004 

less than 0·004 

above - 8·0 
-8·0 to -6.0 
-6·0 to -2 ·0 
-2·0 to -1 -0 
-1 ·0 to 0 

0 to 1 ·0 
l·Oto2·0 
2·0 to 3·0 
3·0 to 4·0 
4-0 to 8·0 

beyond 8·0 

. supplied by : 1) coastal erosion; 2) sedimentary material carried 
by rivers, streams, aid runoff from land, (Barns,1'77); 3) sand · 
and dust. carried by the Sirocco winds of northern Africa (Stanley, 
J '17~); 4) and by material from Biological Organisms like shell and 
teeth, (Manley, I H ~). Figure 3 sho ws the drainage basion of the 
Mediterranean Sea from which sedimentary material can originat e ~ 
from, (Stanley,1~7~). 

Rivers, tides, - waves, and currents are~· important in the 
transportation of beach material, (Barns,1,77). 

Rivers are one of the major sources of beach material. They 
replenish the sedimentary material that is washed away by waves 
and currents (Stone,197~). When the physical flow of a river is 
changed or impeded, ·like the damming of the Nile, (Stanley, I ti 7 J.. ) , 
less sedimentary material is added to the coastline than is removed 
by the longshore current. Thus, the coastline recedes or erodes 
away (Stone, 1~1~). 



Figure 3 The Meditt!rranean catchment., based on Carter (1956) Th · · f 
Arrows mark streams on which the alluvial chronology outl ' d .· the pos1t10? ob the coastline with sea-level at about -100 mis also shown. 

me 10 1s paper 1s ased. 

( 510-,.,/ey , l'f1~) 

The small tidal range, less than .6 meters, of the Mediterranean 
Sea can be explained as the result of the small opening through 
the narrow Strait of Gibraltar into the Atlantic which inhibits 
exchange of water during each tidal cycle (Gross, 1977). Since 
the Mediterranean is virtually tideless, the temporary movement 
of sea level due to local meteorological condition are more signi
ficant (Davis, 1977). 

One important depositional material may be eolian ini origin. 
The Sirocco winds are important in the transportation of tons of 
'African soil to the Mediterranean. The Sirocco winds are hot and 
dry. Their frequency in the western Mediterranean is about 50 
Siroccos pBr year, the number decreasing eastward. The kinds 
of material that can whirled aloft by winds should be sufficiently 
small in diameter.to be carried for great distances within the 
water of the Medi terranen;· before sinking. Figure 4 shows the _ -~
dispersal pattern of sediments from rivers a nd the Sirocco winds 
(Stanley, 1972). 

Waves dominate beach processes. Currents and turbulence 
generated by waves stir up sediments, end the currents associated 
with the waves and tidal currents transport sediment parallel 
to the coast (Gross, 1977). 
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Figure \f Chart showing potential sedimentary tracers and their movement in the Mediterranean. 

The littoral transportation of sediment up md down the beach 
face is done by waves. The inward movement of sand particles up 
the b~ach face involves the orbital motion, of the water molecules 
below a wave. Figure 5 shows the motion of the sand particle. < Wave direction 

Advance of 

Sand particles stirred up on the 
bottom by .. ·this motion will be 
carried up and forward with the . 
water molecule, but as the orbital 
motion carries them down and back, 
they will tend to run into the 
bottom. ·1/Jater can and does pene
trate the bottom leaving the-sand 
grain at the surface (Stone,1979). 
Since waves rarely approach the 
beach directly parallel, the sand 
particle moves up the beach face, 
under the influence of gravity, 
the sand particle is brought down 
perpendicularly to the beach face 
(Manley, 1968) as shown in Figure 
6 by w, Bascom. The sand moving along the beach as a result of 
wave effects is called Littoral Drift (Gross, 1977). When the 
waves are small and far apart, much of the water in a wave of 
translation soaks into the unsaturated beach before washing back 
dovm the beach, depositing its sediments when it disappears into 
the beach. However, when the waves are bigger end more frequent, 
the "swash" from one wave will find the beach still saturated wit h 
water from previous waves. Hence, the "backwash" will not be able 



FIGURE ~ 

A longshore, or .littoral , current is .set up parallel to the beach when waves move toward the (Ji •k aAJ /'17 7) 
beach at an oblique angle. Sand 1s also transported parallel to the beach by the current . [After ' ) 

to soa.k .. 1n, and will return to the sea along the beach surface, 
carrying sand down the beach (Stone, 1974). 

Waves commonly approach the beach obliquely, rarely at right 
angles to the beach. As the waves approach shallow water they 
begin to "feel" the bottom. Friction with the bottom causes the 
wave crests to refract nearly parallel to the coast as shown in 
Figure 6. The process is rarely complete and most waves still 
approach the shore obliquely. Wave energy acting at an angle 
to the coast causes longshore currents to move generally in the 
same direction as the waves when they approach the coast (Gross, 
1977). The current is like a river along the beach which moves 
sand from one end of the beach to another (Barns, 1977). The 
strongest currents are predicted to occur when the waves approach 
the shore from a 45~ angle. This rarely happens; crests of 
most wa.ve·s usually deviate less than twenty degrees from being 
parallel to the beach when they strike the shore (Gross, 1977). 
To prevent the lost beach: material in some areas of the Mediterra
nean coastline, "groins" (low stone walls) have been built at 
regular intervals along the beach to retard sand movement, and 
break water have been built just off the shoreline to disrupt the 
energy of the wave so that a longshore current is not set up by 
the incoming waves. 

The direction of the long shore current can change with a 
change in direction ofthe waves that approach the beach. Figure 
7 shows the change in direction of longshore current in the Gulf 
of Napoule (Stanley, 1972). The longshore transport usually 
takes place between the upper limit of the wave advance on the 
beach and the depth of about 15 meters (Gross, 1977). The 
sedimentry material that is carried by the transport system is 
lost when there is abrupt end of the shelf or when a marine 
canyon disrupts the shelf area ahd the sedimentry material flows 
down the canyon~to the sea floor. 

W-aves also- effect submarine bars. These bars, commonly 
found in tideless seas such as the Mediterranen~are set up and 
moved about as the height of the incoming wave changes (Deacon, 
1962). Most observations of sand bars find that 2 or 3 parallel 
bars occur off the beach. Surveys made in the Mediterranean 
for three consecutive years (1948, 1949, and 1950) on the south 



coast of France showed three 
sand bars, Figure 8. Profiles 
on the North African shore 
show only two bars, but a 
third may lie beyond the -
limit of the profile. 

A close correlation was 
found between the position 
of the breakpoint bar and the 
height of the wave forming it. 
Observations in model tanks 
show that there was a constant 
ratio of 2 to 1 between the 
depth of the water over the 
bar crest and the he~ght of 
the crest above the original 
profile. 
- The outermost bar is 
formed by·'-the large storm 
waves, which are large enough 
to break in water this deep. 

\ a Napou lr 
~ .. 

• l 

.. '- ~· . .. 
' . 

The smaller bars, in the F;""'"-t.. 7 ' (St--.vley,•m~) 
shallower water, are formed by ·intermediate size storm waves. 
The inner bar is formed by the short, steep waves that affect 
the beach much more often. They are generated by the sea 
breezes that often blow onshore during summer afternoons. Th e 
sto ~ waves, informing the outermost bars, destroy the inner 
bars, but these are rebuilt quickly when the waves return to 
more normal dimensions. 
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200 300 . 400 
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Barless profile 

500 600 ( h:.,/cy) 
Fipre 8 m Profile of submarine bars, Les Karentes, south France. 

The smaller inner bar is much more mobile than_ the outer 
bar because the inner bar can come under the influence of the 
breakpoint of the waves much more often than the outer baro 
Figure 9 shows the movement imwrd of the inner submarine bar 
at Les Karentes, France (King, ) • 
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2. Types of Beaches: Rocky Beaches, Shingle Beaches, 
Sandy Beaches, and Muddy Beaches. 

A. Rocky Beaches 
Since rocky beaches have particle size over 200 mm in 

diameter, their ecology is cliff-like (Barns, 1977) and was 
discussed ~Qth rocky-cliffs and shores. 

B. Shingle Beaches 
Shingle-beaches are those beaches that the particle size 

·which is predominantly over 2 mm in diameter. 
There are five categories of shingle-beach structures 

that have been recognized: 1) fringing beaches, 2) spits, 3) 
bars and barriers, 4) caispate forelands or opposition beaches, 
and 5) offshore barrier islands. The first three of these 

generally have an extremely mobile substrate, md are regularly 
washed by spray and storm waves. The two latter formations are 
more terrestrial in nature. Fringing beaches are the simplest 
and commonest type, forming a strip in contact ~1th the land 
along the top of a beach. Shingle spits form where there is 
an abrupt change in the direction of the coast md are commonest 
on coasts which have irregular outline with frequent changes in 
direction (Barns, 1977). 
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There appears to be three basic ecological considerations on 
shingle foreshores: 1) substrate mobility, 2) substrate composi
tion, 3) and water availability (Barns, 1977). Figure 10 shows 
the profile of profiles of a shingle beach and a sand beach. 
The two important points in this figure is the slopes of the two 
bea ches and the distance from the sand bar. The slope of the 
beach f a ce is important to the wave l ength that acts on the 
beach and the energy it forces against the beach. Figure 11 
shows ho w some of the beach slopes in the Medi terranen .--relate 
to a model beach slope (Kinley, ). Because of the energy 
exerted on the beach face is related to the wave size, there in 
turn is a relationship between particle size aid beach slope as 
seen in Figure 12 (Stone, 1979). 

COMPOSITE SAND BEACH PROFI LE 
CLIFF 
I 

BEACH RIDGES 
I 
I ' ' i COMPOSITE SHINGLE BEACH PROFILE 

HIGH WATER 

LO W WATER 

c. Sandy Beaches 

BREA~ - PO INT 

.figure l 0 Bf'.ac h nomenclature. A: The beach in p rofil e; 
B: Composite sand beach; C: Composite shinglt: beach . 

l t'<iJ.1lt. t J --

Most beaches consist of fine sand and tend to slope gently 
with a hard-packed foreshore (Gross, 1977). The presence of 
sand as the dominant constituent of beach indicates exposure 
to wave action, and the geological description of sand-sedimentry 
particles of rock between about .05 and 2.0 mm in diameter. 
The precise nature of sand particles on any siven beach will 
depend on the type of parent rock and material from biological 
organism (Barns, 1977). Most sand beaches are composed largely 
of quarts and feldspar, the most abundant aid hardest particles 
left from the weathering of rocks in mountains. Other darker 
minerals from volcanoes may cause beaches to be darker or appear 
blackish (Mcconnaughey, 1983). The average grain size of material 
forming the beach increase, as the slope of the beach and the 
strength of the wave action increases, (Gross, 1977). Sandy 
beaches are seldom steeper than 1 in 25, and gradient may be as 
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Gmall as 1 in 200 or even occasionally 1 in 1000 (Barns, 1977). 
Eeaches composed of fine sands, 1/8 - 1/4 mm in diameter have 
an average slope of about 1 in 53 (Gross, 1977). 

Beaches are far from static, and in the Mediterranean they 
are primarily affected by wave action as described earlier. 
Sandy beaches may also change with the changes of ihe seasons. 
Large storm waves that occur during the vlinter tend to cut a vray 
the beach and move the sand off shore. The smaller summer waves 
push the sand Ehoreward. Some beaches may be stripped of sand 
in the vlinter but revert to fine sand beaches in the summer 
(Mcconnaughey, 19M.~). Figure~ 13 shows the effect of storm waves 
on a sandy beach. 1-U-SO, dry sands may be transported by ~Qnds, 
if strong prevailing winds blow on ·shore, the result may be 
the formation of sand dunes in the back of the beach (Mcconnaughey, 
1983). 

Sandy foreshores in the Mediterranean range in size from 
small pockets beaches, often a fe w hundred meters from side to 
side, to vast stretches of sand extending uninterrupted for many 
kilometers along the coast. The size of the sandy beach depends 
on the topography of the coastline and the availability of 
beach material (Barns, 1977). 

The total amount of organic matter and living biomass of 
open sand beaches is far less than in comparable sediments in 
quieter waters. Organi sms in this harsh environment must be 
able to cope v.' i th the pounding surf, the al terna tina- periods 0 f 
wetness and dryness, and abrasive sand (Coates, 1973). 
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Since the sand beach is, to a large extent, a dynamic 
physically controlled environment, it presents difficult, often 
stress condition for the organisms which inhabit it. The main 
controlling factor is exposure towave action, which largely 
determines slope, and both of these are related to particle 
size. Because of the lack of srable solid surface, a sand 
beach will not support either large algae found on rocky shores 
or rooted vegetation from more muddy areas. The endemic primary 
production is restricted to micro-organisms, i.e. diatoms. 
Living diatoms may be found as deep as 20 cm below the beach 
surface. Figure 14 shows a few of these organisms, (Barns, 1977). 

Figure 15 represents the meiofauna living in spaces between 
sand grains. The fauna inhibiting this intertitial system 
(meiofauna) is highly specialized and adapted for such a life, 
and while nematodes, copepods, turbellarians, and gastrotrichs 
dominate numerically most of the major taxa are represented. 
These animals may, depending on the nature of the beach, be 
present to depth of as much as 1 m below the sand's surface 
and occur in numbers of over 1 million individuals below each 
square meter of beach. They appear to feed on micro-organisms 
and detritus, but their exact role in the sand ecosystem is 
not fully understood (Barns, 1977). 



a1s 

(a} .lp prox . scale 

G.250 mm 

~igure . ~5. Di~gra-mma~ic repres~~ t;tion of habitats in a sandy beach. (a) The (e .. rws, 1171) 
1 ~terst:t1al habitat showing the me1of~una 1iving in the spaces between sand grains 
(1.e _. nematodes. copepods, turbellanans, gastrotrichs, polychaetes, tardigrades. 

Of the larger animals (macro fauna), a wide range of species 
make up the assemblage typical of the temperate sand foreshore. 
On well sorted sand-beaches with; median diameter of about 200 um, 
the dominant animal in terms of biomass is usually bivalves 
which may occur in numbers of several hundred per square meter. 
Also common are the polychaete worms md the characteristic 
crustaceans are several amphipods and isopods. Figure 16 and 
17 is a diagrammatic representation of the macrofauna of the 
sandy beach (Barns, 1977). 
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The following is a list of species o f invertebrat es Phyla 
that are common to the sandy shore line of the Mediterranean 
Sea. An astric denotes these species also found in a rocky 
environment. Figure 18 also shows some of fuese org2nisms. 

ANILIDS 

Arenicola marina (Polychaeta - "Lugworm") 

Sauilla mantis 
Achaeus cranchi 

*Carinus maenas 

CREA UST.ANS 
("Mantis shrimp") 
("Spider crabs") 

("Common Shoe crab") 

_ MOLUSCA 
<> 

Aporrhais pespelicani ("Pelican-foot") 
Chlamps apercularis ("Queen Scallop") 
Chlama gryphoides ("Mediterranean ,Jewel box") 
Ensis siliaua ("Razor Shell") 
Pleurobranchaea meckeli ("Sea Hares") 

ECHINODERMS 
Luidia ciliari s (" T-rayed Starfish") 
Astropecten aranciacus ( 11 Red comb predator") 

*Ophiothrix fragilis ("Common Brittle-star") 
Spatangus purpueus ("Purple heart urchin") 

*Holothuria forak.ali ("Cotton Spinner Sea-cucumber") 
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The distribution of these animals on the beach is far from 
uniform. Apart _from irregular variations due to freshwater 
inflows or patchiness of the deposit, there is a slight zonation 
correlated to the small tidal differences in the Mediterranean, 
and due to differences in species being adapted to degrees of 
emergence (Sumich, 1980). 

Because of the inherent instability of the sandy-beaches 
organisms are clearly very vulnerable to excessive movement of 
the deposit, and this isperhaps the greatest natural hazard (Barns, 
1977). To protect themselves from the shifting sediments, the 
majority of the beach organisms burrow into the sand. On the 
beach, burrowers can reach damp sands to protect themselves from 
desiccation. In addition to protection against desiccation, 
the sand provides protection aga.ILnst temperature and salinity 
changes (Sumich, 1980). 

D. Muddy Beaches 
Muddy beaches are formed by the deposition of finely in

organic material and organic debris in particule.te form, which 
has been held in suspension in the sea or in estuaries. Because 
of the fine texture of this material, deposition tends to occur 
where the turbulence of the sea is most agated and the gradient 
of the underlying land is slight. Muddy beaches are thus formed 
in sheltered parts of embayments, inlets, and estuaries, and 
behind the protection of shingle spits or dune systems. The 
muddy shores of these systems has an adhesive quality which is 
enhanced by the abundant organic matter which causes cohesion 
of the particles, thus it takes more wave energy to move this 
material once it has settled (Barns, 1977). 

Since the invertebrate population is dependent on the pre~ ~ ~ 
sence of organic matter, either because they exploit it directly 
or because they prey on the detritus feeders, the invertegrate 
population will naturally increase across the spectrum of particle 
size between coarse sand aid fine muds. A silt content of thirty 
percent or more in the sediment seems to provide the most favored 
condition for an abundant mud fauna (Barns, 1977). 

At low levels of oxygen in fine mud might be a restrictive 
factor, but a relatively large number of organisms burrow to 
the surface for their oxygen requirements (Sumich, 1980). 

Despite the physical constraints on the -invertebrates' 
life of fine muds, the organisms which have adapted to feeding 
and respiring in this medium can occur in very high densities. 
The macro-invertebrates of the mud comprise three broad g~oups: 
1) animals whicn occupy burrows, i.e. polychaete worms, and 
bivalved mollusks, 2) those which are exposed on the mud surface 
or retreat into the subsurface mud, i.e. gastropods-winkles, 
3) surface dwellers which are associated with cover such as shells 
or shingle deposits on the mud surface, algae mats, or grass 
beds, i.e. shore crabs and whelks, (Barns, 1977). 

l:t:I.Other Biology 
Although the modern era in Mediterranean biology has resulted 

in a vast increase in knowledge about local marine organisms 
there has been few attempts to study the various groups over' the 
region as a whole. Consequently, Yery little is known about 
distributional patterns of coastal organisms within the area, 



and the systematics of many of the families and genera is still 
in a state of confusion. 

The main source of information of endenic species in the 
Mediterranean is from studies by Pe 1 re 1 s and Picard. The chart 
below shows the number of species of a group and the endemic 
percentage: 

SPECIES# 
129 
107 
1'92 
132 
362 

GROUP 
Decapod crustacens 

Echinoderms 
Hydroids 

Ascidians 
Shore fish 

%ENDEMIC 
13.2 
26.1 
27.1 
50.4 
17.1 

(Briggs, 1974) 

Finally the Strait of Gibraltar is not an important bio
geographical boundary. Numerous organisms are found of both 
Atlantic and the Mediterranean sides of the Strait (Mcconnaughey, 
1978). 

-:z:v. Conclusion 
The Mediterranean coastline · is a large md di verse structure 

spanding 22,500 klilometers in length and have nearly every type 
of coastal environment. The nature of the Mediterranean shore 
is determined by the geology and topography of the coastline and 
adjacent lands, by the processes acting on it and by the nature, 
size, type, and amount of available beach material. 

Rocky sea cliffs are the most stable of the coastal features 
of the Mediterranean. The major importance of the rocky shore 
to the marine organisms is that it provides a fix surface for 
attachment. Zohations are eaBily seen in a cliff environment 
for two reasons: 1) The cliff allows for attachment and accu
mulation of organisms in a fix location, and 2) the abrupt 
vertical change with a short horizontal change causes the 
number of organisms to be compacted in a smaller area. 

"Earth" cliffs are ~ unstable and are constantly changing 
in comparison with the rocky cliffs. The main concern of stud:Les 
on "Earth" cliff is the control of erosion. 

Beaches are classified on the size of the beach material. 
Beach material is supplied by coastal erosion; sedimentry material 
carried by rivers, streams, and land runoff, by sand and dust 
carried by winds; and by materials left by organisms. The iack 
of tides in the Mediterranean are important in the formation 
of sand bars off the shoreline. Waves are the dominating pro
cess on the beach. They are responsible for: 1) littoral trans
port on and off shore; 2) littoral drift along the beach face, 
3) longshore transport currents, and 4) the formation of sand 
bars off the shoreline. 

Pounaing surf, abrasive sand, and alternating periods of 
wetness and dryness of the sandy beach presents a harsh environ
ment to organisms. There are no solid substrates for orgo.nisms 
to hold on to, to prevent them from being jostled about by the 



waves. The only refuge is within the sand, consequently most 
animals burrow into the sand for protection. 
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INTRODUGrION 

This chapter deals with the continental shelves and basins of 
the Mediterranean Sea. The first part of the chapter describes the 
structure, and includes such things as depth, area, and continental 
slope gradients of the various basins and slopes throughout the sea. 
The second part discusses the different types of sediment, and where 
they occur in the Mediterranean Sea. The sediments of the shelves 
and basins provide the underwater living space for an important part 
of the marine ecosystem. This is the benthic community, and its 
many aspects will be discussed in the third part of the chapter. 



PHYSIOGRAPHY OF THE MEDITERRANEAN SEA 

There are five major basins in the Mediterranean Sea some 
of which are divided up into smaller basins. These five basins 
from west to east are the Alboran-Algerian Basin, Tyrrhenian 
Basin, Ionian Basin, Adriatic Basin and Levantine Basin. A 
basin is a small or large depression in the ocean floor that 
is roughly 2000 fathoms down. Sedimentary materials may 
accumulate here by continuos deposition over a long period of 
time. In association with the basins of the Mediterranean Sea 
are the continental shelves, shelf edges and continental slopes. 
A continental shelf is a shallow sea floor adjacent to a hard 
land mass where the gradient is less than 1:40. The shelf edge 
is a point at which the gradient steepens and becomes greater 
than 1:40. A continental slope is a gentle sloping area right 
off the the shelf to the ocean bottom. 
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STRUCTURE OF WESTERN MEDITERRANEAN 

Alboran Sea 

The Alboran Sea is located in the westernmost sector 
of the Mediterranean Sea Between the Strait of Gibraltar 
on the west and the Balearic Sea on the on the east. It 
is approximately 54000 square km in area and has a maximum 
depth less than 1500 m. 

Continental Shelf 

The shelf can be divided into four sections of varying 
width. 1) From the Strait of Gibraltar to Cape de Gata the 
shelf width varies from a maximum of 10 km off Malaga to a 
minimum of 2 km off Cape Sacratir. The depth of the shelf . 
break is 100 m. 2) From the Strait of Gibraltar to Point 
Busicur the shelf is uniformly narrow with an average width 
of 6 km and a shelf breaK at 100 m deep. J) The shelf width ' 
Fluctuates from a minimum of J km to a maximum of 18 km from 
Point Busicur to Cape de Tres Forcas. The depth of the shelf 
break is lOOr m. 4 ~ : FrorrL Gape ::.de .. Tres : Forcas .;_:to ·the ~ eastern 
limit at Cape Fegalo the shelf is wide and nearly uniform with 
an average width of 15 km. The depth of the shelf break 
is 150 m. In the Alboran Sea the maximum width of the shelf 
and deepest shelf brea& is found here. 

Continental Slope 

The gradient of the continental slop~ off of Snain is 
fairly constant, about l:JO. South of the Strait of Gibraltar 
the slope has a steep upper and very steep lower slope with 
a marginal plateau between them. The continental slope off 
of north Africa is narrow in comparision to the other broad 
slopes of the Alboran Sea. North of Xauen Bank to North of 
Alidade Bank the gradients are steeo and vary from l:l5 to 
1:9. 

Basin 

The Alboran Sea has an eastern and a western depression 
which when combined with the Alegero-Provencal Basin of the 
Balearic Sea comprises the Alboran-Algerian Basin. The 
western Alboran depression being the larger of the two is 
approximately 40 km in length and 22 km in width. It has 
adepth of roughly 1400 m with it:s maximum depth around 
1500 m. Sediment originating from several sources blankets 
the floor of the bas.in. The eastern Alboran denression is 
approximately 13 km long and 6 km wide. This small graben
like feature has an average depth of 1200 m. The deepest 
point in the Alboran Sea located to the far midwest is believed 
to be a small _.e aldera, surrounded by continental slope on 
one side and continental rise on the other. This depression 
has a maximum depth of 2400 m. 
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Balearic Sea 

Located between thQ Alboran Sea on the west and the 
Islands of Corsica and Sardinia on the east is the Balearic 
Sea. It is approximately 240000 square km with a maximum 
depth of 2801 m. 

Continental Shelf 

The Balearic Sea is bordered by shelves of greatly 
varying width. Off eastern Spain the shelves are broad and 
vary from 27 to 63 km near the mouth of the Ebro River in 
width. The shelf narrows to an average width of 18 km north
east of Caba Tortosa followed by a widening series of lo
bate structures averaging 36 km in width. Bordering France 
in the region of the Gulf of Lion the shelf attains its 
maxinun width of 72 km. Its narrowest point is found be
tween Toulon and ~enoa with an average width of 3 to 9 km. 
The island shelves off western Corsica and Sardinia are 
broad ranging from 30 to 50 km. The African coast has a shelf 
which varies from a maximum width of 54 km to narrower widths 
of 4 to 20 km. 

~ontinental Slope 

For the most part the continental slopes around the 
Algerian Basin are very steep with many containing numerous 
terraces and canyons. In many areas there is an abrupt 
transition from baSin floor to continental slope. The 
steepest and most complex slopes are adjacent to the young 
mountains of North Africa and ·southeast of the Balearic 
Island ·chain. In front of the mouth of the Rhone River the 
slope gradient is moderate reflecting the high rates of 
sedimentation. From Toulon to Genoa the slope is steep and 
incised by numerous canyons. Western Corsica and Sardinia 
have gentle slopes in comparision to the steep slopes of 
the region. 

Basin 

The Algerian Basin or Algero-Provencal Basin is a large 
featureless area which makes up the western portion of the 
Alboran-Algerian Basin. The Algerian Basin has a maximum 
depth of 2801 m. The floor of the basin is a sight for 
sediment accumulation. The Balearic Plain which is a region 
of no slope comprises the center of the basin. Several 
diapiric structures have been found on the basini'floor. 
The Alboran-Algerian Basin is separated from the Tyrrhenian 
Basin by a sill between southern Sardinia and Tunisia. 
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STRUCTURE OF THE CENTRAL MEDITERRANEAN 

Tvrrhenian Sea 

In the north-central region of the Mediterranean Sea 
is the Tyrrhenian Sea. The Tyrrhenian Sea is bordered on 
the west by the islands of Corsica and Sardinia, on the 
north and the east by Italy, and on the south by Sicily. 
The Tyrrhenian is approximately 231000 square km in area, 
with a depth of 3557 m. Except for four passageways to 
other Mediterranean waters the Tyrrhenian Sea is enclosed. 

Continental Shelf 

The Gulf of Orosei divides the east Sardinian Island 
shelf into two parts. The southern part has an average 
width of 4 km with the shelf break at a depth of 100 m. 
The northern section has a shelf which ranges in width from 
5 to 25 km, and a break at depths of 60 to 180 m. The 
shelf off the Italian coast reaches its maximum width of 
65 km around the Tuscany Islands narrowing to a width of 
5 to 10 km southward. At Cape Palinuro there is a big 
transition from broad to narrow shelves. The shelf off of 
northern Sicily is approximately 3 to 6 km wide, with a 
shelf break at depths of 100 to 140 m. 

Continental Slopes 

The slopes of the Tyrrhenian Ba-sin are very compl.ex. 
The slope along Corsica and Sardinia consists of terraces, 
ridges and troughs. This complex slope is about 180 km 
wide, nearly one-third the width of the Tyrrhenian Basin. 
The less complex slope along the Italian mainland is bounded 
above by a shelf and below by a rise or plain. Along Sicily 
the slope consists of terraces, ridges and troughs. 

Basin 

On the basis of morphology the Tyrrhenian Basin can 
be divided into a northwestern and a southeastern half. 
The northwestern Tyrrhenian Basin being less complex and 
smaller consists of broad, continuous terraces, troughs 
and ridges and a scarcity of volcanoes. The southeastern 
Basin is characterized by complex, broad slopes, volcanic 
structures which gave rise to slope terraces and localized 
basin plains. A maximum depth of 3~00 m is found in this 
region. 
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Adriatic Sea 

In the north-central region of the Mediterranean Sea 
lies the Adriatic Sea. It is located between the Italian 
Peninsula and the Dalmatian coast of Albania and Yugoslavia. 
It is open to the south with the Ionian Basin at the Strait 
of Otranto. The Adriatic Sea has an area of approximately 
135000 square km and a maximum depth of 1230 m. 

Continental Shelf 

The Northern and Central Adriatic Sea are comnosed 
of an underlying continental shelf. The southeastern Adriatic 
Sea consists of broad low relief, continental shelves, slopes, 
and rises. Extending from the Gulf of Venice southeastward 
to the Mid-Adriatic depression is the northern continental 
shelf. Shelf gradients for this region range from l;JOOO 
to 1:500. The Mid-Adriatic depression is found in the central 
continental shelf. This denression is divided into three 
smaller seperate depressions. South of the Gargano Penin
sula, the shelf has a width of 80 km narrowing to 20 km 
to JO '"" km. The shelf break in this area is at a depth of 
180 m. Bordering southeastern Yugoslavia the shelf has a 
width of 20 km widening to 75 km along the Albanian coast. 
The shelf breaR is at 400 m. 

Continental Slope 

Very little · continental slope exists in the Adriatic 
Sea. The small portion is found surrounding the southern 
basin. The slope gradient is approximately 1:20 to l:JO. 

Basin 

The morphology of the Adriatic Basin consists of broad 
low relief with a maximum depth of 1230 m. The Adriatic 
Basin is separated from the Ionian basin by a sill located 
in the Strait of Otranto. 

Ionian Sea 

· The Ionian Sea is located in the south central portion 
of the Mediterranean Sea. It- is connected to the Adriatic 
Sea by the Strait of Otranto. The Sea extends north to _ · _ ·_ -. .. 
Sicily, Italy and Greece, south to Libya and Tunisia, and -west 
to the Straits of Sicily. It is approximately 616000 square 
km in area and has a maximum depth of 5093 m. 
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Adjacent to -Sicily is a narrow shelf which breaks from 
depths of eo to 190 m. Off the coast of Tunisia lies the 
widest and largest shelf in the Mediterranean. The shelf 
break occurs at depths between 90 m and lJO m. As the 
bottom gradient slowly flattens out, another shelf-like area 
is formed below these breaks. Several troughs exist in this 
area. (figure ) • 'rhe Mal ta Trough in this area has an average 
depth of 1702 m which is the deepest and largest trough in this 
region. Broad shelfs · are seen off from 250 to 300 m. Southern 
Italy is lines with a narrow continuous shelf approximately 
2 to 7 km wide with a shelf break at depths of 30 to 130 m 
deep. 

Contental Slope 

Off the Libyan coast where th~ shelf narrows (figure ) 
th~ qgly portion of continental slppe is found~ In compar
is6n ~ to the other Seas of the Mediterranean, the Ionian has 
the smallest percentage of continental slope. 

Basin 

The Ionian Basin consists of a northern section and 
southern section. The northern section includes the Sicilia 
Plain which is bordered by the Messina Rise, Malta Ridge 
and Mediterranean Rise. A maxi~urn depth of 4103 m is found 
here. The Surt Plain is found in the southern section 
with the Surt Rise and Mediterranean Rise bordering it. 
This section reaches a depth of 3847 m. The Hellenic Trough 
is a low area found between the Mediterranean Rise and the 
complex continental margin off Greece. The trough has a 
3000 rn contour and is about 330 km in length. Many small 
depressions with different levels of sediment are found on 
the floor of the trough. 5093 m, the deepest recorded point 
in the Mediterranean is in one of these depressions. The 
Mediterranean Rise covers over a distance of 530 km in the 
Ionian Basin. This is one of the most prominent features in 
the Mediterranean Sea. Small ridges and Depressions make up 
the surface area of the ridge. The crest of the Mediterranean 
Rise plunges nDt~ward from 2000 m to approximately 3300 m. 
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STRUCTURE OF THE EASTERN MEDITERRANEAN 

Aegean Sea 

The Aegean Sea is approximately 181000 square km and 
has a maximum depth of 2509 m. It is situated between Greece, 
Turkey and more than 200 islands. The southern boundary 
is formed by the Cretan island arc, containing Kithira, 
Crete and Rhodes. 

Continental Shelf 

At the northern end of the Aegean basin the shelf is 
25 to 95 km wide. Bordering the Turkish coast the shelf 
extends out connecting islands to the mainland. A large 
shelf is found off of Andros, Naxos and Thira. The depth 
of the shelf break ranges from lJO to 170 rn. A narrow shelf 
of 2 to J km wide is found along the east coast of the Pel
oponnesus. The shelf break occurs at a depth of 40 m. 
Off the island of Crete are poor, uncontinnus shelfs. Along 
the northern coast of Crete the shelf increases to 6 km 
with a shelf break averaging 120 m. On the western side 
of Kasos is a shelf 6 km wide which has a shelf break at 
120 m. Karpathos has a slight~y - narrower shelf, about 2 km 
wide. It's shelf break is at a depth of JO m. The western 
shelf of Rhodes is approximately 4 km wide and the shelf ~ 
edge depth averages 70 m. In the Sea of Marmara 50% of the 
area is continental shelf. · The narrower shelf along the 
northern coast ranging in width from 2 to lJ km. The depth 
of the shelf edge is 20 to 110 m. Along the southern half 
the shelf is JJ km wide, thinning to 2 to J km along the 
southeastern coast. The shelf edge is at a depth of 115 m 
shallowing to 20 to JO m. 

Continental Slope 

A slope with a series of valleys and ridges lies north 
of Crete. To the northwest the slone narrows and becomes 
featureless ending at the Gulf of .Ai:-golis. The slope off 
of west Kasos and Karpathos includes an escarpment which 
extends 2400 m. The Marmara Trough in the Sea of Marmara 
is completely surrouned by the continental slope which extends 
out 1200 m. 

Basin 

The depressions in the Aegean Sea combined with those 
of the Levantine Sea make up the Levantine Basin. The Aegean 
Sea is comprised of three basins; the Crete Basin, Aegean 
Basin and Marmara Basin. The Aegean Basin is connected 
with the Ionian Basin through the Gulf of Corinth. The 
Aegean Basin has a low botton gradient, numerous troughs 
and several depressions seperated by ridges and shelflike 
areas. 
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The basin has a northwest southeast trend which is divided 
into 2 parts by the Cyclades Islands. Separated by island 
shelves, banks and depressions the eastern half consists 
of segments averaging 400 m deep. The western half consists 
of troughs and depressions which are approximately 1000 m 
deep and JO km wide. The Crete Basin is situated south 
of the Aegean Basin. The boundary between these t wo basins 
is determined by a gradient change which increases to the 
south. There are several openings between the Crete Basin 
and the Mediterranean Sea to the south: the Andikithira 
Strait, Kasos Strait, Karnathos Strait and the strait between 
Rhodes and Turkey. A large feature of this basin is the 
Cretan Trough. Many small depressions are found in the 
trough. The shallowest of these depressions is in the 
Gulf of Argolis at 80J m. Towards the east of the trough 
which is off the west slope of Karpathos lies the deepest 
at 2509 m. Located northeast of the Aegean Basin is the 
Marmara Basin. Joined to the Aegean by the Dardanelles 
the Marmara Basin is found iiLthe Sea of Marmara which covers 
10350 square km. The basin's most predominant feature is the 
Marmara Trough (figure ). The Trough consists of three 
small depressions with the maximum depth being 1389 m. 

Levantine Sea 

The Levantine Sea located in the easternmost portion 
of the Mediterranean Sea is divided from the Ionian Sea 
by a line drawn between Rasel-Hilal on the Libyan Coast 
to the island of Crete. The Levantine Sea is bordered on 
the north by Crete, the Dodecanese Islands and Turkey. 
Syria, Lebanon and Israel border the sea on the east and 
to the sough is Egypt and Libya. As in the Ionian Sea, 
the Mediterranean Rise is the most predominant topographic 
feature of the Levantine Sea. It is located midway between 
the Cretan Island Arc and North Africa. 

Continental Shelf 

The frequent variation in depths of the eastern Mediter
ranean makes it difficult to obtain information on the shelf 
depths. For the most part the-shelf edge deptbs usually ~ 
in~rease with an increase in shelf width. No shelf is found 
along the Turkish coast from the Rhodes channel eastward to 
Gelidonya Burun. A shelf with an average width of 45 km is 
found extending from Gelidonya Burun to the northeastern 
corner of the Levantine Basin. The depth of the shelf break 
in this area waries from 40 m to 130 m. The shelf off the 
Gulf of Iskenderun is much wider, averaging 70 km due to 
several rivers building a composite delta. Along this portion 
of the shelf the shelf break is about JOO m deep. Moving south
ward the shelf is very narrow or absent at the Turkish-Syrian 
border then begins to widen to about 18 km at the Gaza Strip. 
From north to south the shelf break in this area is from 



20 m to 120 m. Sediments from the Nile River have built a 
shelf of more than 70 km wide, with a shelf break of 260 m 
deep. A narrow, irregular shelf extends from the western 
edge of the Nile Fan to a piont midway between Ras Alam er 
Rum and the Gulf of Sollum. The shelf break is approximately 
80 m deep. Heading in a westerly direction the shelf widens 
to 25 km at Ras Azzaz. There is an accompanying depth increase 
of the shelf break from 80 to 240 m. Off of Ras el-Hilal the 
continental shelf is approximately 4 km and the shelf break 
is about 110 m. Narrow shelves to none at all are along the 
southern coasts of the islands of the Cretan Island Arc. 
The shelf on the northern side of Cyprus averages 1 km wide, 
with a shelf break 20 m deep. The southern coast of Cyprus 
has a shelf width of 2 km and a shelf break at JO m. 

Continental Slope 

The continental slope along the southern coast of Turkey 
has a gradient ranging from 1;24 to 1:10. The sediments 
brought in from rivers in the Gulf of Iskenderun modifies the 
slope. Moveing north to south along the Lebanon-Israel coast 
the gradient ranges from 1:7 to 1:21. The Nile Fan occupies 
the Egyptian coast. The width of this fan is approximately 
320 km and it extends from the shelf 160 km out to depths 
of 2800 m on the western side and 1600m on the east end. 
The slope gradient is steepest near~the fan. The continental 
slope off the Libyan coast is well developed containing several 
canyons. The gradient along this - coast ranges from 1:35 
to 1:10. Along the Cretan Island Arc the slope contains _ 
several deep depressions. 

. Basins 

The Levantine Basin consists of the three depressions 
in the A~gean Sea and four depressions which are in the ~ 
Levantine Sea. The Herodotus Baain located in the south
central region of the Levantin Sea is the largest of the 
four. It is outlined by a 2800 m contour line. The basins 
maximum depth is 3156 m which is near its southwest end. 
The Herodotus Plain lies inside this basin. The Herodotus 
Basin is bordered by the Mediterranean Rise to its northwest 
and located on its southeastern side is smooth Nile Fan type 
topography. The Cyprus Basin is situated off the ' eoast -7'of 
Lebanon and Israel and to the north of the Nile Fan. With 
a maximum depth of approximately 2JOO this basin i_s shallowest 
in the Levantine Sea. This basin is outlined bye,:. 2000 m 
contour line. The Antalya Basin is located between_·"AntaJ,.ya 
Bay to its north, ~ - ~ :~~ -~v~~~ , southern Turkey, ~and the 
Anaximander Mountain-Cyprus ridge complex. The basin is ~ ~ 
connected to the Rhodes Basin to its west by a t'ough. 
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The deepest basin in the Levantine Sea is the Rhodes Basin. 
It is located southeast of the island of Rhodes. It is outlined 
by a J600 rn contour line and has a maximum depth of 4J07 m. 
The Rhodes Plain lies in the center of the basin. 

Hence the Hellenic Trough with its deepest point at 5093 m 
is located in the Ionian Sea. This is the deepest point 
in the Mediterranean Sea. There are many factors which effect 
the organisms in the Mediterranean Sea. The size of the 
continental shelf is one of these factors. For example in the 
Adriatic Basin most of the north and central area is covered 
by shelf. The greatest value for biomass2of benthos on the con
tinental shelf is highest here at 126 g/m : 
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SEDIMENTS AND THEIR DISTRIBUTION I N THE 
MEDITTERANEAN SEA 

by Kevin Lantz 

The basins of the Mediterranean Sea are located i n 
different tectonic and climatic zones: the northern areas 
lie in a humid climatic zone and sedimentation occurs i n 
a geosynclinal basin. A geosyncline is a long mobile belt 
with a relatively narrow depression that is accumulating 
large amounts of marine sediment and volcanic rock (Batten 
and Dott, 1981). The southern areas ( from Lebanon to Tunsia) 
are situated on a submerged platform and deposition occurs 
under arid conditions. The Algerian-Provencal Basin is 
located in an intermediate zone. The variability in sedi
ment types is evidence for several processes: active vol
canism, biogenic sedimentation, chemical processes of 
deposition of sedimentary matter, and diagenic redistrib
ution of elements in the upper sediment layer. See Figure 9. 

Sediment Types 

There are 4 main types of sediments present in the 
Mediterranean Sea. These are terrigenous sediments which 
have more than 30% CaCO~~ Terrigenous sediment comes from 
the mechanical and chemical ~reakdown of silicate rocks 
on land. The rocks breakdown at the earth's surface due 
to physical and chemical processes known as weatheri ng. 
Rivers transport most of this teirigenous material to the 
sea both as dissolved and suspended particles. Some minerals 
for example quartz and feldspars resist chemical alteration 
and enter the ocean almost unaltered, they are common in 
sands and silts. The slightly altered remains of micalike 
minerals form the clay minerals which are common in fine
grained deep-sea deposits. 

Volcanic sediments which contain more than 10% pyro
clastic and volcanite fragments and from 10 to 30% CaC03 
are present. They are composed of weathered rock debris 
and ash deposited in areas near former volcanic activity. 

Biogenic sediments are common and contain greater 
than 30% Caco3 . They are divided into foraminiferal, coc
colithic, pteropodal, and shelly components. These sed
iments are derived from the remains of bones, teeth, or 
shells of marine organisms. Formation and distribution 
of these deposits are governed by 3 processes: the pro
ductivity of overlying surface waters, destruction of the 
shells before burial, and dilution by other kinds of sed
iment. In areas where nutrients such as phosphate and 
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nitrate are supplied to the surface layers and there is 
sufficient sunlight to support photosynthesis, marine 
organisms grow in abundance. The resistant shells of 
these organisms accumulate on the bottom and locally may 
form biogenous sediments. 

Chemogenic sediments i n t hi s area con t ain more than 
50% CaCO and are di v ided i nt o ooli t ic a n d shelly comp
on ents. 3Chemogenic sedimen t is formed through chemical
biological processes in seawater. Inorgani~ precipitation 
occurs in areas of restricted to shallow, warm, highly 
saline waters. Calcium carbonate precipitates as a thin 
concentric coating around a nucleus and are called oolites. 
See Figure 10. 

Locations of Sediment Types 

Terrigenous sediments occur in the geosynclinal areas 
of the Mediterranean, in the Algerian-Provencal Basin, 
and in the region of the Nile delta-front. The sediments 
of the geosynclinal areas are found in the Sea of Marmara, 
the northern parts of the Aegean, Adriatic, Ionian as well 
as the eastern part of the Tyrrhenian Sea. There is a 
great deal of variability in the size and composition of 
the sediments from Sea to Sea. The source of these terr
igenous sediments is from the numerous rivers draining 
the mountainous areas to the north of Italy and Greece. 
The Po River, for example, distribqtes sediment into the 
Adriatic Sea and the Vardar River in Greece flows into 
the northern Aegean Sea. The terrigenous sediment is 
generally grey in color and some of the major minerals 
include quartz, feldspar, hornblende, and mica. Ore 
minerals are found south of the Messina Strait. The 
ages of these terrigenous sediments vary from 87 to 200 
m.y. With the youngest ocurring in the northern part 
of the Aegean Sea and the oldest in Sidra Bay. 

Terrigenous sediments in the Algerian-Provencal 
Basin are muds with a grey to yellow color. Sandy and 
course-grained material is quite rare. These represent 
typical deep-sea sediments in the transitional zone 
between geosynclinal and platform regions and humid vs. 
arid conditions. The majority of this material is 
carried to the basin by rivers and streams draining the 
i nteriors of the Spanish and French countries. The Ebro 
and Rhone rivers are the largest and most important in 
the area. There is a rather low content of fragmental 
minerals and illite is the most common clay mineral. 
These terrigenous sediments are from 100 to 200 m.y. 
in age. 

In the Nile submarine delta region the terrigenous 
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material is related to the high imput of sediment from 
the river although this has declined in the last 20 years 
due to the construction of the ft.swan Dam. These sediments 
are mostly quartz sands a nd clayey mud. The quartz sands 
lie on the shelf and are of eolian origi n . They are from 
335 to 430 m.y. old which is approximately the same age 
as the san d of the Arabian desert, their source. The 
clayey muds spread continuously on the continental slope 
and basin floor between the Nile Delta, Cyprus, and Syria. 
The clay minerals are considerably younger than detrital 
material from African deserts and may have developed from 
eolian erosion of volcanic rocks which occur in the upper 
course of the Nile River. These muddy deposits are enr
iched in iron (7.8%) and titanium (1.38%) compared to 
other terrigenous marin e sediments. 

Volcanic sediments are characterized by a strictly 
local distribution. They are found in the lagoon of 
Santorin, the submarine dome of Stromboli, and the Gulf 
of Naples·. The volcanoclastic sediments are represented 
by sands, course silts, and fine muds. They consist mainly 
of the weathered products of volcanite, volcanic glass, 
feldspar,and magnetite. The sediments are enriched in 
iron, manganese and, to a lesser degree, in phosphorus 
and copper. Around the submarine volcanic dome of Strom
boli, volcanoclastic sediments are found at a depth of 
1797 meters. They are fine-grained muds of yellow-gray 
color and contain a high- content of volcanic ash, color
less glass, plagioclase, clinopyroxenes, a nd detrital 
rock ·. Volcanoclastic sediments with prevalent volcanic 
glass are also found i n the Gulf of Naples at depths from 
O to 800 meters. These sediments appear to result from 
weathering of volcanics in the adjacent coastal areas. 
Widespread deposits of Pleistocene ash which occur in 
layers up to 10-22 cm thick have been found distributed 
near volcanoes and in areas such as the Tyrrhenian Abyssal 
Plain, the Ionian Sea, and the northern part of the Levant 
Sea some hundreds of kilometers from the eruptive sites. 
The role of volcanism in sedimentation appears to have 
been less over the past several thousand years .than during 
the Pleistocene. 

Biogenic sediments are the most widely distributed 
type in the Mediterranean Sea. In the arid platform part 
of the basin biogenic sediments occur from the coast to 
depths of 3500 to 4000 meters. In the geosynclinal areas 
and near the mouths of large rivers the bioge n ic sediments 
are separated from the shore by a wide zone of terrigenous 
deposits. The sediments in the northern geosynclinal 
regions and in the Algerian-Provencal Basin are character-
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ized by calcareous biogenic sediments with CaCO · varying 
from 30 to 50%. In the arid zone of the Meditetranean 
Sea (from Tunisia to the Nile delta) and in some sections 
of the geosynclinal zone such as the Sea of Crete and the 
Balearic Islands the biogenic sediments contain from 50 
to 90% Caco1 (Stanley, 1972). 

The seaiments in the Aegean Sea and the Sea of Crete 
consist of shell sand s i n shallower water a nd forami niferal 
to coccolithic muds in deeper water. Chemical analysis 
indicates that these sediments contain up to 8% Mgco3 . 
There are also crystals of diagenic calcite, Fe-carbon
ates and dolomite. In the northern shelf part of the 
Adriatic Sea shell sands are abundant with a thin layer 
of terrigenous sand approximately 1 m. thick nearer the 
coast. The southern half consists of foraminiferal muds. 

The Tyrrhenian Sea is rich in forami niferal muds. 
The eastern part also contain s volcanic ash, colorless 
glass and clinopyroxenes whereas the western part contains 
metamorphic minerals like kyanite, mica, and hornblende 
derived from the island of Corsica. Foraminiferal and 
coccolithic muds cover part of the Algerian-Provencal 
Basin between the coast of France and the Balearic Islands 
although elastic sediments carried by the Rhone and Ebro 
rivers dominate. 

The area of the African-Sicilian sill is covered 0y 
bioclastic sands. They are comprised by molluscan shell 
detritusand extend to a depth of 200m. The shell material 
is dominated b y the bivalve Pecten sp.and the gastropod 
Turritella sp., as well as the remains of algae and sea 
urchins mixed with elastic material blown by the wind from 
African deserts. In the area between Cyrenaica-Crete-Alex
andria biogenic sediments are highly calcareous pteropodal 
muds. 

Chemogenic sediments occur in limited areas of the 
Mediterranean. They cover the inner-most coastal area 
between Tunisia and Alexandria on the African shelf. 
These consist of approximately 80% oolitic grains with 
a nuclei of quartz sand grains or shell detritus. These 
occur at a depth down to 13 m. although they are observed 
at a depth of 30 to 100 m. in some coastal zones but were 
probably transported there by currents. 

Sedimentation in the Mediterranean Sea 

The Mediterranean Sea has a relatively poor supply 
of terrigenous material and a low plankton productivity 
which results in a low concentration of suspended matter 
in the basin, averging in the upper water layers about 
. 5 to 1. 0 mg/l. This amount is somewhat less than i n the 
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Black and Caspian seas and is close to that i n the Atlantic 
Ocean. In contrast to other enclosed or semi-enclosed 
seas such as the Black and Caspian seas, the Mediterranean 
Sea is characterized by a very low benthonic biomass, an 
unusually high temperature in the deep water layers ( 13aC) , 
low specific alkalinity , rather high pH and carbonate over
saturation of water. Thus, i n terms of sedimentation ra t es 
and physico-chemical features t he Mediterranean Sea is 
more like the e quatorial Atlantic t ha n most seas t hat are 
enclosed. 

Granulometric Types of Sediment (based on grainsize) 

Sediment distribution in the Mediterranean Sea is 
largely controlled by mechanical factors: course-grained 
sediments occur in shallow waters and on submarine highs 
or areas of high hydrodynamic activity. Only occasionally 
are course-grained sediments found at great depths ( such 
as in straits or submarine canyons and other regions with 
strong bottom currents. 

Fine-grained sediments occur in deep areas and cover 
depressions. In areas near river mouths where there is 
an abundant supply of fine material, mud·s sometimes occur 
at depths as small as 10 to 20 meters. See Figure 11. 

The distribution of these sediment t ypes is, first 
of all dependent upon the· bottom morphology. In those 
areas with a broad shelf·, · course-grained sediments cover 
broad zones. In areas where the shelf is narrow, course~ 
grained sediments ·cover very narrow belts and not far 
from the coast zones of fine-grai ned muds begin. 

The distribution of- sedimen t t ypes is also affected 
b y climatic conditions. In the humid zone of the eastern 
Mediterranean course-grained sediments ( sands) are seldom 
found deeper than 50 to 100 m. excluding straits affected 
by strong deep currents. Muds cover most of the continental 
slope. In the arid zone ( except for the Nile region) sands 
occur down to the oqter portion of the broad shelf at depths 
of 100 to 250 meters. Muds cover almost the whole sea 
floor down to 3000 meters. The differences in granulometric 
and minerologic composition of the sediments deposited in 
the humid and arid zones results in a difference in phy
sical properties. Muds of the humid zone are characterized 
by a high moisture content (40-55%), a soft consistency, 
and a low viscosity. Muds in the arid zone are less moist 
(30-45%), are more compacted and strongly viscous. This 
helps explain why maximum slumping and turbidity currents 
occur in the northern sectors like the Algerian-Provencal 
Basin, and the Tyrrhenian and Ionian Seas. The distribution 
of such elements as iron, manganese, titanium, and phosphorus 
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are affected to a certain degree by climatic conditions. 
All these components occur in the fine-grained sediments, 
but they are much less abundant in sediments of the arid 
zone than those in the humid zone. Of all these elements 
iron and titanium are the most terrigenous. They are most 
conunon in the humid areas. 

Turbidity Currents 

A turbidity current is a dense mixture of water and 
sediment that flows along t he bottom transporting material 
from the continental margins to the slopes and deep ocean 
floors. A sudden discharge of river-borne sediment is 
capable of triggering a turbidity current. The front 
section of the turbidity current moves at high speeds and 
carries sand-sized particles, the later sections flow pro
gressively slower and transport finer material. The result 
is a rapidly formed sediment deposit showing graded bedding 
with coursest grains on bottom and finer-grained sediment 
on top. Turbidity currents also carry shells of shallow 
water organisms and fragments of land plants onto the deep 
ocean floor. 

Turbidity currents are most active on narrow c9ntinental 
shelves and least active on wide continental shelves. Be
sides carrying sediment, turbidity currents also cut and 
remove large volumes of -sediment forming submarine canyons 
which indent many continental margins. Benthic organisms 
for the most part are unable to live in areas of slumping 
and turbidity currents. 

Examples of Sedimentation in the Mediterranean Area 

The Area off the Coast of Lebanon: 

Sediments off the coast of Lebanon consist of sand, 
sandy silt, and clayey silt. These are derived mainly 
from erosion of the ad j acent mountain chain. Most of 
this material finds its way to the beaches and continental 
shelf during the period of heavy winter rains when the 
short steep river valleys of the coastal zone are flooded. 
A fraction of the finer material is transported northwards 
from the Nile Delta. Several submarine canyons are found 
along the coast of Lebanon. Their orgin has been linked 
to faulting which has been observed in the Lebanon Mountains. 
The Nahr el Kalb, a perennial river, transports considerable 
quantities of sediment into the area which is transported 
northward by longshore currents. There is a relatively 
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good sorting of sediment in the shallow areas of Junich 
Bay and St. Georgers Bay due to the action of wind, waves, 
and swell. The well-sorted sands in the shallower areas 
or southeastern section of the b~ys grades into poorly 
sorted sandy silt to the north in deeper water. Very 
poorly sorted clayey silt is found i n the central portion 
of the bays along the axes of the submarin e canyons. This 
is due to the mixing of sediments ~y sliding, slumping, 
and turbidity currents in the canyons. 

The Strait of Gibralter region and the Western Alboran Basin: 

Sediments on the marginal slopes and bordering shelves 
of the Strait of Gibraltar have · a rocky, gravelly nature 
and the deep floor of the Strait channel is blanketed by 
sandy to gravelly sediment. However, the Gibraltar Canyon 
possesses thin layers of sand and silt. Both terrigenous 
and biogenic sources influence the area. The terrigenous 
source is more important to sands and silts of the Canyon 
and the biogenic source contributes to the Strait sediments. 
Canyon sediments are dominated by saltation-suspension 
sized particles whereas sands and gravels from the Strait 
are essentially tractional deposits with the finer materials 
being winnowed out by powerful bottom currents. The terri
genous source is located some 50 kilometers to the northwest 
in Spain. A number of streams drain the area and the sed
iment is dispersed southwesterly by longshore currents. 

Two major sediment sources for the western Alboran 
Sea have been proposed. These include the adjacent coasts 
of Morocco and Spain, and a extrabasinal source the 
Atlantic Ocean. Sediment distribution varies regionally, 
with terrigenous components more common in the northern 
part of the basin and a higher proportion of carbonate 
debris in the southern part. This is due to the fact 
that the Spainish mainland recieves a larger amount of 
annual rainfall and thus greater river runoff than does 
the Moroccan mainland. The clay-sized material is indicative 
of an extrabasinal source, the Atlantic Ocean. Atlantic 
surface currents supply this fine-grained material to the 
Alboran Basin. Sediment transport of deposits from the 
Strait of Gibraltar are also seen in the basin. The major 
processes responsible for sedimentation in the area are: 
eolian transport, differential settling, and both high 
and low velocity turbidity currents. 
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In conclusion, we have seen that there is a great 
variability i n the composition and distribution of bottom 
sediments i n the Mediterranean Sea. Geos ynclinal regions 
are characterized by sediments with a particularly variable 
composition whereas t h e platform region i n t h e south is 
more homogenous i n composition . In terms of the general 
distribution of sediment type and their composition the 
Mediterranean Sea is transitional i n character, somewhere 
in between a true basin and an open ocean. It displays 
characteristics of both an open ocean environment and a 
basin. 
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BENTHIC O.RGANISMS OF THE MEDITERRANEAN SEA 

by Kent Lantz 

Benthic organisms are largely distributed according to water 
depth, physical energy , and bottom type. Their rl. istribution can 
therefore be described by the various benthic environments, particu
larly rocky substrates and sandy and muddy substrates. The coast of 
the Mediterranean Sea, like all other major coastlines throughout the 
world, is very diverse and subject to local changes from one substrate 
type to another. The northern part of the Mediterranean generally 
contains more of the rocky benthic communities whereas the southern 
part has more sandy and muddy communities. The abundance of benthic 
organisms is controlled largely by the productivitv of surface waters. 
Productivity in the Mediterranean •_ is low, however larger benthic com
munities can be found in the northern part of the sea, especiallv near 
the outlets of the Po, Rhone, and Ebro rivers, where nutrient rich 
waters flow into the Mediterranean. Numbers of organisms generallv 
decrease with increasing water depth and with distance from land. 

ROCKY SUBSTRATE -COMMUNITIES 

In addition to natural rocky surfaces, the rocky substrate en
vironment also includes such things as man-made jetties and pier 
pilings. The rocky intertidal area has a high level of physical 
energy due to the almost constant action of waves. Because of these 
energy conditions, most of the organisms occupying this environment 
have special devices to attach to the bottom in order to withstand the 
motion of currents, tides, and waves. 

Conditions in intertidal areas range from nearly always dry to 
nearly always submerged. Population zones are often sharply divided 
instead of being graded into each other. This feature reflects the 
intense competition for living space. 

Where winds, sun, or waves create an unfavorable environment, or 
where the rock face is steep, attached seaweeds may be sparse or com
pletely absent. In more protected areas, a variety of plants are at
tached to bare rocks along the shore. Resistance to drying is a prime 
requirement for both plants and animals in the intertidal zone. 

Between the high tide and low tide marks, especially where currents 
are strong, firm attachment is a necessity. Barnacles (Fig. 12 ) often 
dominate the upper, more exposed regions, where the rock is covered by 
water less than half the time each day. In shady protected areas, the 
barnacle zone extends farthur up the rock face than it does on dry, 
sunny surfaces. These animals feed while covered bv water at high tide 
bv filtering small particles from the water. 'dhen high tide recedes, 
the barnacle shell has a four-part lid that shuts tightly protecting 
them from exposure. 

Limpets (Fig. lJ), which are cone-shaped snails, also live in 
rocky intertidal areas. They feed by scraping off algae and accumu
lated detritus. During low tide, many limpets return to their own 
depression on the rock face, which closely fits the rim of the animal's 



a Vtn'uca s1roemia >- 2-3 
c Ba/anus ba/a11oides x 2-5 

b Chi/1a/am11s s1e//a1us x 2-5 

a-f ACORN BARNACLES 

@ 
d El18inius modestus x 2-3 e Ba/anus perforatus x 1-2 

f Ba/anus crenatus x 2-5 

e Acmaea virgrnea 
WHITE 

TORTOISESHELL 
LIMPET x I 

c Emargi1111/a 
reticulata 

SLIT LIMPET 
x 1 

b Diodora apertura 
KEYHOLE LIMPET x I 

I
. 

_, 
,; 

'. :t 

f Patina pe!lucida 
BLUE-RAYED 
LIMPET ,. t 

m 

•.. ·:· ~.,~" 

. 
' 

. 

/-111 Crepid11/a fvrnicata 
SLIPPER LI M PET · ~ 
I outside, 111 inside shell 

k 

j-k Caiyptraea c/1ine11sis 
CHINAMAN'S HAT x -t 

j outside, k inside shell 

. 0 -
Ii Patella intermedia 

interior or shell 
~- ! 

a Halio1is tuherculata 
OR MER, interior of shell 

v ~ 

d Acmaea tessu!ata 
TORTOISESHELL LIMPET 

x I 

11 Cap11/us umwricus 
BONNET LIMPET • 

g-i C0:\1MON LI'.\-lPETS 

i Pare/la aspera 
interior of shell 

:-. 1 

g Patella 1•u/gata 
interior of shell 

:< ! 

Figure 12 

Several snecies of acorn oarnac.ies. 

( Yonge, 19.58) 
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Varieties of limpits 
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shell. This seal is so good that it is nearly impossible to dislodge 
a limpet by hand. Lower in the intertidal zone, tu1::e worms and sea 
anemones compete with barnacles and limpets, and closer to the low 
tide mark, mussel beds and various attached algae are common. 

Plants are common in the intertidal regions along rocky coasts, 
and their distribution is mainlv controlled bv their preference for 
different amounts of light. Green algae (Fig. 14 : are --found in areas 
ranging from a few meters above the low tide mark to depths of ten 
meters offshore. The varieties range from the lush-looking bright 
green sea lettuce, which grows up to one meter in length, to more del
icate, mossy types only a few centimetars long. 

) 
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Common green algae of the Mediterranean. 
(Luther, 1965) 

Brown algae, for the most part, prefer the cooler waters of the 
northern Mediterranean, but they occur along rocky coasts throughout 
the sea. Red algae (Fig. 15) are common in the Mediterranean, and 
occur in slightly deeper water due to their preference for dim light. 
All of these plants are attached to the bottom by holdfasts, which are 
not true roots, but serve to keep the plant from washing away. These 
algae absorb nutrients directly from the seawater instead of receiving 
them from a true root system. 
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Common red algae. (Luther, 1965 ) 

PLOC A M IU M COCC IN EUM 

The most populous zone along rocky coasts is generally located 
around and below low tide level. The animals that live here can be 
divided into those that are plankton feeders, those that graze on 
algal film, herbivores, carnivores, and scavengers. 

Typical plankton feeders are sessile organisms which filter sus
pended food particles through their bodies. These animals include 
such things as sponges, tube worms, bryozoans, brachiopods, corals, 
and many molluscs. 

Sponges (Fig. 16) require a suitable substrate for attachment as 
well as reasonably clear water. They grow in a variety of forms 
ranging from thin encrustations to massive, branching t ypes. All 
sponges are sessile with a highly porous body permeated with channels 
and spaces that permit the flow of water through them. 

Tube worms (Fig. 17) are a variety of polvchaete worms that have 
adopted the sessile way of life. These worms possess elaborate 
specializations of the body enabling them to gather plankton directlv 
from the water, or to obtain particles of organic detritus from the 
area around their tube. They do this with feathery structures con
taining cilia that create currents which bring food particles to the 
mouth. 
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Tube worms and bristle 
worms. (Luther, 1965! 

Figure 16 
Varieties of sponges. 
(Yonge, 1958) 
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Another group of animals that has abundant forms, patterns, and 
colors is the bryozoans (Fig 18). These are colonies of small in
dividuals, called zooids, that attach to rocks, shells, and seaweeds. 
Many species form thin, flat encrusting growths, while others __ 'form 
thick, branching types. 

Brachiopods and bivalves (Fig. 19) are both mostly sessile ani
mals that have t wo valves. Brachiopods have a feeding structure 
called a lophophore which contains ciliated tentacles that sweep 
small food particles into the mouth. Bivalves on the other hand feed 
by filtering water, drawn in and exhaled by a system of siphons. 
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Bryozoans of the 
Mediterranean (Luther, 
1965) 
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A second major food source for intertidal and subtidal rocky 
substrate communities is the film of growth and organic matter that 
covers the surface of all rocks and other objects exposed to marine 
waters. This film consists of a mixture of diatoms, algae, and bac
teria along with settled particles and molecules of organic matter. 

Two groups of molluscs, chitons and gastropods (Fig. 20 ) , have 
evolved as algal-film grazers. Both groups are adapted for clinging 
to rock by means of a broad, flat, muscular foot. The v scra-pe off the 
algal film with a file-like tongue called the radula. 

Chitons are primarily confined to coastal waters, and manv of 
them to intertidal or shallow subtidal waters on rocky substrates. 
These are an example of a group of animals that became well adapted to 
a particular ecological environment, and that have found conditions 
sufficiently constant to enable them to persist through the ages with 
relatively little change. 
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Chitons and 
gastropods 
( Yonge, 1958) 
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Gastropods have become the largest, most varied group of molluscs, 
and one of the major animal groups on the earth. These include such 
animals as the cone shells, periwinkles, limpets, abalones, and nud
ibranchs. Aside from being algal film grazers, manv gastro-pods are 
carnivorous. Whelks bore into the shells of oysters and mussels, 
and nudibranchs graze on sessile animals such as brvozoans and sponges. 
Most nudibranchs (?ig . 21 ) live on the sea fl ·:>or, but some burrow 
into sediments. Manv of them possess s mall stinging cells, called 
nema toe vs ts, which emit secretions that not onl v paral '.' Ze their pre ~: , 

but can also cause inflammation and blistering of the human hand. 
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Variations of nudibranchs. 
(Yonge, 1958) 
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The algal film is better developed and more lush where it is 
submerged most or all of the time, and it supports a considerable 
fauna of microcrustaceans, nematodes, flatworms, and annelids. Many 
larger scavengers and predators such as crabs and small fish also 
derive a large part of their food from the algal film. 

Few animals browse on large plants in the sea due to their 
scarceness. Herbivores mainly include certain types of limpets and 
sea urchins. Sea urchins (Fig. 22) eat a varietv of large sea p1-=tnts, 
but many are also carnivores and scavengers . 
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Figure 22 

Common sea urchins 
of the Mediterranean. 
(Luther, 1965) 

The abundance of animal life in the rocky intertidal and sub
tidal areas, made possible by the supply of food present as plank
ton and algal film, along with the fact that much of this life is 
sessile or slow moving has greatly affected the carnivores and scav
engers in the community. Because of this, many of the carnivores 
are either nearly sessile or slow moving too. These include sea 
anemones, starfish, brittle stars, and sea cucumbers. 

Sea anemones (Fig. 23) are capable of paralyzing and devouring 
small fish, crustaceans, and other small animals that brush against 
their tentacles. They are most common in shallow water and in cre
vices of rocky shelf communities, but other varieties are found at 
considerable depths. 

Star fish are fierce predators that preferrablv feed on molluscs. 
Thev move bv means of hundreds of tube feet located on the underside 
of their bodies. Mediterranean star fish (Fig. 24 ) show a wide range 
in·-Shape, size, and color. 

Brittle stars and sea cucumbers (Fig. 25) are most common further 
off shore in the subtidal zone. These animals scavenge over rocks 
and through sediment, eating nearly everything they come across. 

Some of the more active predators are the octopus and many of 
the larger crustaceans, all of which are best developed in .subtidal 
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Figure 23 
Sea anemones. 
(Lu~her, 1965) 

Figure 24 
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Figure 25 
Brittle stars and 
sea cucumbers. 
(Luther, 1965) 

shelf waters. The octopus usUa.lly_ is a night active predator that 
prefers the darkness of cracks and crevices during the day. A common 
Mediterranean octopus is, Octonus vulgaris, which can not only swim 
rapidly to escape its predators, but can also inflict a very pain
ful bite. Larger crustaceans {Fig. 26) like lobsters, crabs, and 
shrimp are highly prized as food throughout the Mediterranean region. 
These animals are usually both predators and scavengers. 
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Figure 26 
Larger crus
taceans. 
(Yonge, 1958) 
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SANDY AND MUDDY SUffiTRATE COMMUNITIES 

Beaches and mudflats are the depositional features of the coast
al zone. They are unstable and tend to shift and change due to the 
force of waves and. currents. These coastal features provide the eco
logical complement to rocky shorelines. Large plants find the shift
ing nature of soft sediments difficult to cope with, and for the most 
part, only a few sea grasses exist here. The few plants that have 
managed to adapt support even fewer grazers. It is in these depo
sitional areas that the other half of the marine coastal ecosystem, 
the detritus food chains, dominate. 

Several properties of marine sediments are critical to organ
isms living in close association with them. Didtribution of infauna 
is partly controlled by grain size of the sediments. Animals that 
feed by filtering plankton and detritus from seawater dominate stable 
sandy deposits below low tide. They require relatively clear, non
turbid water, which will not clog delicate, mucous-coated filtration 
devices. Fine muds, easily suspended by bottom currents, are gen
erally not a satisfactory substrate for filter feeders. Muds and 
clays, however, are well suited to organisms that feed unselectivelv 
by ingesting sediments because the smaller particles, with a higher 
ratio of surface to volume, normally contain more organic matter. 
This detritus supports bacteria and very small animals that are food 
for deposit feeders. 

Even for deposit feeders, the most desirable sediments are not 
necessarily entirely silt- or clay-sized particles, especiallv where 
waters contain large amounts of dissolved or suspended organic mat
ter. Excess organic material in the sediment can cause oxygen de
pletion in the near-bottom waters that is intolerable to most ben
thic animals. 

Mud-burrowing animals have specialized breathing structures 
that are not clogged by fine silt. Two widely used mechanisms in
vo1ve flowing water through a burrow or in and out of the shell of 
a bivalve. In this i·~ay, oxygen is supplied for respiration, fine 
particles are swept off the gills, and a food supply is maintained. 

For filter feeders, fine sands are more suitable than coarse. 
Particle size does not affect the animal directly, but coarse
grained deposits are usually associated with strong bottom currents. 
In intertidal areas deposit feeders generally dominate whatever the 
substrate because unstable sediment surfaces prevent accumulation 
of phytoplankton or other food utilized by filter feeders. 

The unstability of these environments is reflected in the mode 
of life of the organisms, and the vast majority are burrowers. The 
most common animals found in these areas are crabs and other burrow
ing crustaceans, mussels, clams, annelid worms, and echinoderms. 
Often, these animals are distributed in communities that run parallel 
to the shoreline and show gradual changes with increasing depth 
(Figs • 2 7 &2 8) . 

Eelow the intertidal zone, living conditions on the sea bottom 
change gradually as wave action, light intensity , and water temper
ature diminish with increasing depth. The organisms present here 
are largely controlled by the shape and composition of the bottom. 
Irregular surfaces, caused by rocky outcrops and patches of uncon
solidated sediment, are inhabited by predominentlv epifaunal animals, 
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as well as attached plants. Sand and mud deposits however become 
extensive, and dominate the sea floor below the low tide line. The 
soft bottoms of the continental shelves are comparatively level and 
are characterized by more stable environmental conditions than those 
found along the shoreline. Nearly all the bottom fauna are depen
dent on the slow settlement of plankton and detritus from the sun
lit photic zone above. Here, the filter-feeders and deposit feeders 
are well establish~d, as are their predators. 

THE DEEP SEA BENTHOS 

Beyond the continental shelves, the sea bottom descends rela
tively sharply to the deep-sea floor. Studies of the deep-sea com
munities are greatly slowed by the difficulties involved in sampling 
and photographing the organisms. Bringing healthv deep-sea animals 
to the surface for direct observations is extremelv difficult because 
most captured animals encounter extreme temperature and pressure 
changes when hauled up from the bottom. By the time they reach the 
surface, they are usually dead or seriously injured. 

The deep sea is one of the most constant environments on earth. 
There is no sunlight, and therefore no living plants. The bottom, 
for the most part, is composed of fine-grained clays and accumulated 
skeletal remains of near-surface plankton. The water is cold, and 
in the Mediterranean ranges from 11-lJ degrees Celcius. Pressures 
created by the burden of overlying water are tremendous, and vary 
between JOO and 600 atmospheres on the sea bottom. 

The inhabitants of the deep-sea floor are a distinctive group, 
even though few exhibit structural adaptations that make them appear 
noticeably different from their shallow-water relatives. Instead, 
there is a shift in the dominant groups that occur in deeper water. 
Echinoderms, polychaete worms, and isopod and amphipod crustaceans 
become more abundant whereas star fish, bivalves, and other molluscs 
decline in numbers. 

Low temperatures and high pressures, combined with a limited 
food supply, led to an early and widespread belief that the special
ized climate of the deep sea would not support a highlir diversified 
assemblage of animals. But because of recent improvements in samp
ling devices, deep-sea communities have been fountt to contain a wide 
diversity of species equivalent to soft-bottom communities on the 
shelf. To explain the µnexpected diversity of deep-sea life, re
searchers have hypothesized that the number of species has graduall'r 
increased as more organisms have become adapted to this stable en
vironment. 

The most critical and variable resource in the deep sea is food. 
Most of the detritus that falls from surface or mild-depth zones 
is consumed or decomposed before reaching the deep zone so that lit
tle biodegradable material reaches the deep sea floor. Biomass is 
low at abyssal depths on the sea bottom. For comparison, continen
tal shelves can contain 5,000 to 20,000 individuals per square meter 
of sediment. The lower slope and upper rise below 500 meters depth 
average around 1000 individuals per square meter, but only about 
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JO animals inhabit the same sized area on lower continental rises 
and abyssal plains. 

Aside from the detritus that falls from the upper water levels, 
large, rapidly sinking particles, including squids, fish, and even 
an occasional whale, may provide a significant, although unpredic
table supply of food to the inhabitants of the deep-sea floor. 
These for the most part however are consumed by wide-ranging scaven
gers, capable of rapidly locating large food items as they arrive 
on the bottom. Some of this food is eventually dispersed as detri
tus and fecal wastes to the remainder of the bottom community . 

The Mediterranean continental slopes have numerous channels 
through which underwater currents not only bring sediment, but often 
large amounts of plant remains to the deep-sea bottom. Pieces of 
sea grasses, algae and wood are often used as food as well as a 
specialized habitat for boring bivalves and other organisms. 

Several feeding types are present on the sea bottom and these 
include: detritus feeders, suspension feeders, scavengers, and pred
ators. Detritus feeding is the predominate method of feeding in 
the deep sea. These animals collect bottom material and pass it 
into their digestive tracts, digesting absorbed organic matter, bac
teria, and other smaller organisms. Detritus feeding is found in 
members of nearly all major groups of aquatic animals. 

Organisms that feed on suspended particulate matter are termed 
suspension feeders. Common suspension feeders in the deep sea include 
sponges, most bivalve molluscs, many tube worms, and crinoids. The 
main scavengers are fish . that come down from slightly shallower waters, 
crustaceans, such as crabs, sea cucumbers, and many echinoids. Deep
sea predators are fish, brittle stars, star fish, and deep water 
forms of both the squid and octopus. 

CONCLUSION 

Benthic organisms are particularly abundant along the_ coasts, 
especially rocky coastlines. They are divided into those living 
on rocky substrates and those living on sandy and muddy substrates. 
Sandy and muddy sediments are dominant on the outer shelves so the 
animals that live here are filter and deposit feeders, and of course 
the animals that feed on them. The deep sea benthos can be character
ized as relatively diverse, but with few numbers of organisms. De
tritus feeding is the predominate method of feeding in the deep sea, 
due to the general lack of food. 

The benthic community not only provides food to fish and other 
animals higher on the food chain, but also supplies man with a di
rect source of food. This corrununi t y is therefore a necessarv and 
crucial part of the entire marine ecosystem. 
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INTRODUCTIO~ 

The Mediterranean sea's average depth is 1, 500 m, 
with maximum of 5, 0 OOm; its area is 3. 5 mi 11 ion km2, and 
its east-west extent is 3,800 km. The sill which separa
tes the Mediterranean from the Atlantic at the Strait of 
Gibraltar is 365m deep and only 15 km wide, which makes 
the Mediterranean nearly an inland sea. The renewal 
period of its generally hypersaline waters (38ppt) is 
estimated at 80 years. It's uniqueness breeds endemic 
species such as the j~llyfish Vellella spiraus, however, 
this presentation will concentrate on the general charac
teristics of Mediterranean Pelagic organisms. Due to lack 
of space and life · expectancy of the writer, only one 
hundred of the thousands of organisms will be presented. 

For further information about the fauna, certain 
areas and their relationships have been quite well 
investigated in the Mediterranean proper. Tortonese 
(1938, 1954, 1960a, 1960b, 1963, 1964) published a series 
of important contributions on faunal affinities and local 
distributions; Kosswig - (1955, 1956) wrote about fauna! 
history; Ben-Tuvia (1953, 1962, 1966), Steinitz (1949a, 
1949b, 1950a, 1950b, 1952), and Fowler and Steinitz (1956) 
were concerned about the fishes of the eastern basin and 
their origin. Also, the fishes of Adriatic (Soljan 1948), 
Algeria (Dieuzeide, Novella, and Roland 1953-1955, 
Dieuzeide and Roland 1957), Italy (Griffini 1903, 
Tortonese 1956) and France (Moreau 1881) are- now reason
ably well known (Mcconnaughey 1978). 

Phytoplankton is the primary producer in all the 
oceans and seas. Its importance to us as an oxygen pro
ducer is shadowed only by the tremendous bulk of land 
dwelling plants. Thirty percent of the world's oxygen is 
generated by trillions of these simple organisms. Their 
presence as the anchor of the food chain in the sea puts 
them in an indispensible position. 

Food in the open ocean is produced by minute float
ing plants most of them single celled-living in the 
sunlit surface waters. Small size is an advantage to a 
minute floating plant, which depends on diffusion in the 
water to supply nutrients and remove wastes. This situa
tion is in contrast to that on land, or in very shallow 
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water, where air and/or water move past the rooted plant, 
bringing gases and nutrients and carrying away wastes. 
Each water parcel, with whatever is suspended in it, moves 
as a u n it . Where nutrient con cent rat ions are 1 ow , as in 
open ocean waters, the availability of nutrient ions 
within water parcels limits growth. So small size is an 
advantage because a large ratio of surf ace area to body 
mass provides a relatively larger area across which 
dissolved substances can be exchanged with the water. 

Some phytoplankton can move a little relative to the 
water around them. Many have tiny, whiplike flagellae 
with which they propel themselves by lashing motions while 
others sink slowly through the water and depend on turbu
lence and currents to keep them in the photic zone. 
(Gross 1982). 

Microphytoplankton (or netplankton because they are 
caught by nets) have large standing crops at higher lati
tudes. They proliferate during spring blooms when more 
than 99% of plants in an area may belong to a single spe
cies. Diatoms (Fig. 1.1) are usually the most important. 
Rate of division may exceed once a day and population 
typically increases 500 to 2000 times the winter "seed 
crop." Microzooplankton, locally present as consumers of · 
the year-round nannoplankton population, cannot ingest the 
larger diatoms. But when larger zooplankters grow and 
reproduce in response to the abundance of food, their 
grazing quickly reduces phytoplankton biomass (see Figure 
1.12). 

Radiolarians have a siliceous test which sinks to 
the bottom after the organism dies. Over the years, layer 
by layer builds up and leaves a thick unit of caustic par
ticles. With plate movements and sea level flucd&ations 
the same units are eventually brought to the surface. 
These are mined, and used as an additive to commerc i a 1 pro-
ducts such as AJAX. The tough siliceous tests enhance the 
scouring capability of cleaning agents. Another by
product of phytoplankton is chalk which originates from 
Coccoliths tests. Presently, most major diatom belts are 
located near the tropics. Compared to the rest of tl1e 
world the Mediterranean has a negligible precipitation of 
these tests. 
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ZOOPLANKTON 

Most lower-tropic-level consumers in marine food 
webs are zooplankters. As herbivores and primary carni
vores, they transfer matter and energy from phytoplankton 
to higher-level predators consumed by humans. And as 
conspicuous members of pelagic ecosystems, their life 
cycles and behavior have been extensively studied. 

Zooplank ton gather food and reproduce in a variety 
of ways. Some swim well enough to pursue prey. But they 
are mostly filter feeders, bearing tiny hairs or mucous 
surfaces to capture floating food particles. Because 
these animals are usually limited to food particles of a 
particular size, their distribution depends largely on the 
availability of organisms that they are adapted to catch. 

Another important factor in zooplankton distribution 
is the narrow temperature range (generally only a few 
degrees) in which they can reproduce. Adult populations 
have greater temperature tolerance and may be borne far 
out of their breeding range by currents, making them 
available to predators in a wider area. The greatest 
number of plankton species breed in topical waters, with a 
steady decrease toward higher latitudes. But the number 
of indi victuals in an area is normally a function of its 
productivity; there may be 500 or 1000 times as many ani
mals per square meter of near-surface water in the North 
Atlantic coastal ocean, for example, than in the tropical 
Atlantic open ocean. ·Again, currents can carry nutrient
rich waters- through a relatively sterile area so that 
abundant zooplank ton are sometimes found in a reg ion of 
normally low productivity. 

Not all zooplankton remain free floating throughout 
life. The ones that do, known as holoplanton, are 
generally more important in marine food webs than the 
rneroplankton, which live attached to the bottom as adults. 
(Gross 1981). 

An example of a meroplankton that is enemic to the 
Mediterranean is Carinaria mediterrane (Fig. 2). This is 
a mollusc which reaches a length of 30cm before it devel
ops a shell and completes its life as a benthic cre~ture. 

Two 
Copepods 
1.18 + 

well-known examples of holoplankton are: 
(crustacean) and Chateoganatha (annelid) (Fig. 

1.12). Copepods (meaning "oar-footed"), are 





present throughout the ocean and may be the most numerous 
·animals in the world; certainly they are the most numerous 
marine herbivores. In the northwestern Pacific they 
average 15,000 individuals per cubic meter in surface 
waters. In .l\rctic waters there may be nearly twice as 
many of a single species in a cubic meter of seawater; 
even at 500 meters depth well over a thousand individuals 
may occur in a cubic meter. Depending on temperature and 
availability of food (usually diatoms), large copepods can 
double their numbers a few times in a year; SMaller spe
cies reproduce even more frequently. Daily food consump
tion for older larvae ranges from 50% of body weight to 
much more when food is plentiful. 

Copepods range in length fro~ about 0.3 millimeters 
to about 8 millimeters and have feathery, curved bristles 
that form a filter chamber behind the mouth. By constant 
movement of appendages near the head, two opposing 
currents are set up. One moves the animal forward; the 
other forces a stream of water in to the f i 1 ter chamber. 
Tiny plants and fine particles thus trapped are passed 
along to the mouth. Copepods in northern seas, their 
bodies rich in proteins and fats, are eaten in great num
bers by herring, whales; and many other organisms that are 
an important food source for humans. In the Medi terran
ean, Copepods are the most prevalent zooplankton and 
therefore, determine the presence of other higher organ
isms such as the anchovie. 

Some small marine carnivores are strong swimmers, 
although usually classed as plankton. Among the most 
important are the arrowworms or chaetognatha (Fig. 1.12), 
whose name means "bristle jawed." Adults, 2 to 8 centi
meters in length, are active and abundant from the surface 
to great depths in all seas. They are transparent and 
possess chitinous spikes embedded in muscle around the 
mouth. These spikes can open out like a fan and then turn 
inward as se i z in g j aw s to consume the i r prey • By f i xi ng. 
their long bands of longitudinal muscles, arrowworms dart 
rapidly through the water in pursuit of small zooplankton. 
There is no larval stage; small worms hatch directly from 
fertilized eggs. (Gross 1981). 

JELLYFISH 

Jellyfish lead a double life; first a free floating 
organism and then later as a benthic one. In the class 
Hydrozoa there is usually an alternation of generations. 





Gameles produced by the medusa give rise to small ciliated 
solid-bodied planula larvae, which settle to the substrate 
and give rise to a sessile polypoid generation. When 
mature, the polypoid generation gives rise to medusae by 
asexual budding, and the cycle is completed. 

Three types of jellyfish will be discussed here: 
1) the order Siphanophora 2) the class Scyphozoa 3) the 
phylum Ctenophora. See Figure 3 for illustrations. 

Siphonophora are pelagic colonial hydroids in which 
several types of modified polypoid and medusoid indivi
duals are united into a colony or higher-grade individual 
in which the individual components serve as organs. All 
are connected by common coenosarc and gastrovascular 
space. Some forms simply float at the surface of the sea, 
and others swim actively below the surface. Larger float
ing forms, such as the Portuguese man-of-war have powerful 
nematocysts with which they can kill fish and inflict 
serious injury on man. Siphonophorans are most abundant 
in tropical waters, to which many are limited, but some 
occur in all oceans. (Gross 1983). 

Physalia physalis (Portuguese man-of-war) and 
Velella spirans are found throughout the Mediterranean. 
Scyphozoans, or true jellyfish, seem to represent a line 
in which medusa success has been so marked that it has led 
to the evolution of a group in which the medusae are 
usually larger, more complex, and longer lived than those 
of most hydroids and in which the polypoid generation is 
reduced or wholly suppressed. Scyphozoans retain tetra
merous symmetry in both the medusa and the polypoid 
generations. The stomach is divided in to four radial 
chambers containing gastric filaments. The medusa is 
acraspedote, that is, it does not possess a true velum, 
although in some species the edge of the bell is turned 
in, constituting a type of pseudovelum, the velarium. The 
marginal sense organs are typically sense pits and rho
palia. The bulk of the mesogloea is essentially free of 
cells, although a well-developed layer of circular muscle 
may grown beneath the epithelium of the subumbrella and 
the tentacles and oral arms may have well-developed muscle 
tissue. There is no stomadaeum such as that found in most 
hydromedusae. The corners of the mouth are drawn out into 
oral arms. (Mcconnaughey 1978). 

In the Mediterranean Pelagia nactiluca, Rhizostoma 
pulmo and Catylorhiza tuberculata fall into this class. 
The jellyfish concentration of populations varies seaso
nally along different parts of the coastline. 



The ctenophores comprise a small, sharply defined 
phylum of usually delicate transparent pelagic gelatinous 
animals, often of great beauty. The common name, comb 
jelly, refers to the unique mechanism of locomotion, which 
consists of eight meridional rows of strongly flagellated 
comb plates running from near the aboral pole of the body, 
over the surface, and toward the oral pole. Beroe ovata, 
Leucotlen multicarnis and Hormiphora plumosa (Fig. 3) are 
a few members of this phylum. 

CEPHALOPODS 

The intriguing part of the anatomy of a squid is his 
eyes. No other mollusc or fish possess a camera-like eye 
capable of the vision these creatures have. This miracle 
of evolution combined with its efficient propulsion system 
makes him an excel lent hunter of fish. After catching a 
fish, the squid will chew away with his beak-like mouth. 
Sepia officinalis (cuttlefish) is capable of hovering by 
the undalatory wave action of his peripheral flap (see 
Fig. 4). This enables him to remain still until an unwary 
fish comes within range. This cuttlefish can be found 
along the coast in the warmer regions. 

SKATES AND STINGRAYS 

Skates and stringrays are distributed throughout the 
Mediterranean. Like all the other pelagic organisms they 
are concentrated in areas with nutrient availability. For 
instance, on the southern coast of France and Spain, 
Myliobatis aquila needs to have plankton to survive. The 
rivers that flow into this area supply nitrogen and phos
phates needed by the bottom of the food chain: plankton. 
Some rays are detritus feeders and filter through the sand 
such as Raja alba. (See Fig. 5). 

THE FISH 

The diversity of the Mediterranean is not matched by 
any other small body of water in the world. A subtropical 
climate enables normally tropical fish such as the 
Balistes corolinenus (triggerfish) to live off the coral 
reefs. At forty degrees latitude along the eastern coast 
of the U.S. (around New York.) the chances of seeing a 
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triggerfish are slim since there is no coral. In 
comparison, the Northwestern Atlantic and the Mediterran
ean both have Solen (sole). This is a very important com
mercial fish that is capable of living in various water 
temperatures (Fig. 6). 

The blennies in Figure 7 and 8 tend to dwell by 
coral reefs. They often make homes in the loose substrate 
and back into the hole and leave their heads sticking out. 
They are very territorial but will swim and hide if 
threatened. Blennies average about 7cm and are a brown 
to brownish red in color. 

Figure 9 displays the versatility of shapes and 
sizes along the Mediterranean coast. 

Sea breams or Porgies can be seen in Figure 10. 

Wrasses (Labridae) (Fig. 11 + 12) are brightly 
colored day-feeding fishes with both well-developed canine 
teeth and strong pharyngeal teeth that enable them to 
crush hard parts of invertebrates. Some have become 
cleaning symbionts, removing parasites or infected tissue 
from larger fish. This is one of the larger more varied 
families of reef fishes. (Gross 1981). Their average size 
is approximately 16cm, however, $Orne wrasses such as 
Labrus turdus reach 45cm. 

In Figure 13 Sciaena curosn is about 70cm. 
Croakers are found throughout the Mediterranean, as well 
as the Gulf of Mexico. Scorpaena porcus, 30cm long, is a 
rockf ish. Capros aper is an example of a boar fish. 

Figure 14 shows Hippocampus and Syngnathus who are 
closely related and are sea grass dwellers. Syngnathus, a 
pipefish, uses his color and shape to blend into the back
ground of eel grass. These two are generally present 
where there is an abundance of sea grass. 

Belone be lone and Sphyraena sphyraena (the needle
fish and barracuda) respectively, are two higher members 
of the food chain. Their streamlined shape enables them 
to accelerate up to 45km/hr and surprise the fastest of the 
coastal fish with a sharp bite on his ass. The barracuda 
is an active day feeding predator reaching a length of up 
to 2 meters (Fig. 15). 
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Sardina pilcharus {Sardine Fig. 15) and Engraulis 
encrasicholus {anchovey) {Fig. 16) are endemic to the 
Mediterranean. They are extremely important in the econ
omy of fishing. Their abundance depends on the presence 
of plankton. Plankton-feeding fish generally have well
developed gill rakers on one or more of the gill arches, 
on the inner concave side, opposite the gill filaments. 
As the fish passes water through the mouth and out over 
the gills for respiration, plankton organisms of a parti
cular size range are filtered out and retained in the 
throat by the gill rakers until they are brought against 
the opening of the gullet and swallowed. The gullet 
opening is kept closed ~ost of the time, except for the 
swallowing of food, so that the fish does not swallow too 
much water. In only a few kinds of fish are the gill 
rakers numerous enough and fine enough to retain much of 
the phytoplankton. However, some fish, such as the men
haden, feed directly on diatoms. The majority of 
plankton-feeding fish feed on zooplankton. The coarseness 
and number of gill rakers give some indication of the 
pr inc i pa 1 food of sue h fish, those feeding on the mac·ro
p lank ton have, in general fewer and coarser gill rakers 
than do those that feed on smaller elements of the zoo
plank ton, whereas those- feeding on phytoplankton have a 
great many fine gill rakers. (~cConnaughey 1983). 

The absence of sardines and anchovies along the 
coast of Egypt can be attributed to the sparse plankton. 
Before 1964, Egypt ranked seventh in sardine and anchovie 
catches. Since the Aswan Dam stopped the inflow of nutri
ents into the Eastern Mediterranean, phytoplankton has 
almost disappeared. Egypt's fishing industry is flounder
ing and will probably never recover until the Nile 
reopens. In short, the ecosystem can be easily disturbed 
and the result is often more dramatic than man had planned 
it to be. 

Scomber scambus {mackeral) SOcm and Thunnus thynnus 
{tuna) (Fig. 15 + 16) are two important commercial fish. 
Both are migratory fish which are capable of swimming 
thousands of kilometers in just weeks. They must swim 
constantly because they have sacrificed their air bladder 
for speed. Most other fish control their bouyancy with 
air bladders. 

Finally the undisputed king of the food chain since 
the Jurrasic, the Squaliform. Sha~ks are so well adapted 
that they are present in every part of the world. Most of 
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the sharks eat fish and whatever they can find. An 
interesting exception is the Squatina sguatina which east 
shells and crustaceans (Fig. 17) . His teeth are flat and 
rounded for crushing instead of ripping. 

Sharks have a bad reputation in the Mediterranean 
since shark attacks have become common along the southern 
coast of France. It's probably not the shark's fault but 
the people pollution in the tourist areas. A shark will 
eat if he's excited and this occurs when splashing water 
indicates frightened fish to him. Sharks swim constantly 
in order to supply themselves with oxygen. 

CONCLUSION 

The Mediterranean Sea has only about 6% of an ende
mic fauna. The rest of its genera has originated from the 
Atlantic ncean. Biogeographers have noted a considerable 
similarity between Japanese · and Mediterranean faunas. 
This resemblance has been explained by the extent of the 
ancient Tethys Sea. Presently the Suez Canal and the 
Straits of Gilbralta are the lifelines to the oceans. 
Surely the Mediterranean Sea is going through some fauna 
change that will only be evident in the distant future. 

THE FISHERIES 

The total catch of fish and shellfish from the 
Mediterranean Area has stood, for a decade, at about one 
million tonnes - about 2% of the world marine catch. The 
total has fluctuated, largely because of annual fluctua
tions in catch. The total has fluctuated, largely because 
of annual fluctuations in catch of small pelagic fish spe
cies in the Black Sea. Sixty per cent of the Area total 
is taken from the Mediterranean Sea, where catches have 
increased at a s 1 ow rate ( 1 es s than 2 % an n ua 11 y ) for l 5 
years. This rate of growth is only half the growth rate 
of the world catch, so that the Mediterranean Sea catch 
has fallen from constituting about 2% of the world catch 
in the early 1950s to only 1.1% in recent years. However, 
the rate of increase in world catch has now slowed consid-
erably. · 

Practically all of the catch from the Mediterranean 
Sea is used for direct human consumption, and fetches 
relatively high prices, so that it contributes just over 
4% of the value of the world marine catch (1971 data). 



Eight of the seventeen states coastal to the 
Mediterranean Sea take part of their national catch out
side it: one of them, Turkey, takes most of its catch 
from the Black Sea, the other seven fish in the Atlantic 
and elsewhere. The total catches by Mediterranean Sea 
coastal states are four to five times the weight of the 
Mediterranean Sea catch, and two to three times its value. 
The 'Alack Sea catches are dominated by the USSR, whose 
very large total catch is, of course, taken mainly outside 
the Mediterranean Area. 

· Eighty two per cent by weight of the Mediterranean 
Sea catch, and 76% by value, consists of marine fish. 
Molluscs make up 14% by weight and 16% by value, and 
crustaceans, especially shrimps, 4% by weight and 8% by 
value. (Holt 1978). 

Figure 18 by Holt gives a significance of marine 
fish to Mediterranean Sea coastal countries. Figure 20 
breaks down the fish catch · in thousand metric tons by 
individual countries over a period of seven years. Spain 
and Italy are the major fish producers in the Mediterran
epn. Figure 19 illustrates the production and unexploited 
potential of the world fisheries. Note that the Mediter
ranean value of fish is much higher than than most of the 
world. · 

Over the past 35 years the fish catch has almost 
doubled. Has productivity increased 100% in such a short 
time? -Probably not but fishing techniques and accurate 
reporting have improved with the age of electronics 
(sonar} and improved engines (See Fig. 21). 
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FISH CATCH IN MILLION METRIC TONS • . 
FOR THE WORLD AND MEDITERRANEAN-BLACK SEA REGIONS 

FAO BULLETIN 

Med-BS World % or- won,.l>? CA-ref-

1938 0.7 21 ),3 % 
1948 0.7 19.5 
1952 0.9 24.8 
1955 0.9 28.7 
1956 0.9 30.3 
1957 0.9 31.2 
1958 0.9 32.6 
1959 0.9 36.l 
1960 0.9 40.0 
1961 1.1 43.4 
1962 1.1 46.9 
1963 1.1 48.2 
1964 1.0 52.8 
1965 1. o· 53.7 
1966 1.0 57.4 
1967 1.1 61.1 
1968 1.0 64.3 
1969 0.9 63.4 
1970 1.1 ·61. 4 
1971 l.l 61.4 
1972 1.2 56.8 
1973 1.2 57.4 
1974 1.4 61.0 

... 1975 1.3 60.3 
1976 1.3 64.l 
1977 1.2 62.7 l.'f % 
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The Eastern Mediterranean has unique characteristics compared with other 
semi-closed seas in arid zones. In order to reach the Ea.stern Mediterranean, 
the Atlantic water must pass through two straits, those of Gibraltar and those 
of Sicily. In both straits, water of lower salinity flows in, becomes more 
saline, and flows out as a subsurface current. Consequently, the Eas~ern 
Medi terra.n-aan is supplied by more saline and warmer water than the Wes-tern 
Mediterranean. Nutrients are lost, with this circulation pattern, arriving in 
relatively low quantities in the surface inflow, and existing in slightly 
higher quantities in the bottom outflow. 

Hence, the processes that cause the Western Mediterranean to have higher 
salinities, higher temperatures, and lower nutrients than the Atlantic occur 
again in the Eastern Mediterranean, making it differ · significantly in these 
quantities from the Western Mediterranean. 

From a biological point of view, the benthic commun1~1es in the east 
show the effect of their isolation. Although they were colonized from the 
west, they are now distinct, having less affinity to Atlantic communities than 
those in the west. Thus the Eastern Mediterranean can be regarded as a. 
secondary sea of the - Weste:rn Medi terrane'an, whlch is, in turn, a' secondary sea 
of the Atlantic Ocean. 

Civilization has been expanding arou..."ld the Mediterranean Sea for over 
5, 000 years. However, it was only about 100 years ago that hwna.n activities 
started to introduce recognizable environmental and biological changes in the 
Eastern Mediterranean. 

Although its implications were not fully realized at the time, a large
scale ecological experiment startad with the cutting of the Suez Canal in 
1869. This linking of the Red Sea and the Mediterranean Sea bas. resulted. in 
extensive biological changes in the Levantine Sea as a result of the migration 
of plants and animals through the Canal. Together with the Straits of 
Bosporus and of Sicily these are the only pathways for the migration of marine 
organisms to and from the Ea.stern Mediterranean. 

Construction of the Aswan High Dam has introduced another pattern of 
hydrological and biological change. The subsequent reduction of freshwater 
and nutrient input has caused, in a short time span, drastic changes in the 
water properties and in the regional productivity. The Eastern Meditarranean 
is so strongly oligotrophic that the fish stocks are much more sensitive to 
recent increased fishing pressure than in oceanic coastal areas or in other 
seas. Urban waste disposal and river-borne contaminants are affecting an 
ever-increasing portion of the coastal region, and the role of bottom water 
formation becomes even more important, particularly in such polluted areas 
as the Northern Adriatic. 

Moreover, the Eastern Mediterranean is the main rcu.te along which oil 
;asses from the Middle East to Earope. As the volume of transported oil has 
incr,~ased, huge amounts have already been released or spilled in the sea; 
and the chance for even greater damage grows as ship traffic increaseG. Th~s 

the natural ecological balance is changing in the Eastern Mediterranean as a 
res~lt of the combined effects of red~ced nutrient input, immigration through 
tte Suez Canal, pollution and cver:is.hing. 

- 3 -
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In understanding the complex parameters of the Med-
i teranean pelagic ecosystem, numerous integrals must be 
compiled and defined(Fig. 1) . This course, The Mediterranean 
Ecosystem, has taken those integrals and closely examined 
them. However, those constituents are again interrelated 
when discussing the pelagic ecosystem. 

A pelagic ecosystem is defined and classified accord
ing to habitat as a "free-swimming", self-sustaining comm
unity(Fig. 2). The Mediterranean Sea is vast and complex 
to those creatures therein and to those studying the system. 
The animal assemblages are diverse and they are influenced 
by almost everything around them. The geology and geography 
of the area, certain physical parameters, productivity of the 
ocean, chemistry, meterology, and certain other stesses on 
the system influence the distribution and dispersal of organisms. 

River runoff, precipitation, evaporation, and reflux of 
water into the Atlantic Ocean are effected by the geography 
of the Mediterranean. This in turn infuences the water 
balance, which in part determines tides, temperature, salinity, 
nutrient levels, and amounts of diss·olved hydrogen sulfide, 
methane and oxygen. Three important rivers flow into the 
Mediterranean: the Rhone from France, the Nile from Egypt, 
and the River Po which flows into the Adriatic Sea. 

Sea level 
·f-;;~·i:, .. f . ... ... ·~ •• . • 0 ... ,i.,. .. . ;- ... ....... ~, ....... 8 _. Nerit1c 1 Oceanic (pelagic) 

200 

. 500 -
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"' 1500 ! 
cu 
.§ 
~ 

,.._,_ ___ -+-2000 ~ 

0 

dta.·~·f:rff'I8~>t'i-t>i{~· csr-: :ma:r'f~·e.:,: ;envi'l.•anmetn~cean 
(Gross, 1982) Fig• 2 Floor 



The geology of the area, incredibly complicated and 
still tectonically active, has ended a number of civilizations 
in their prime. The Minoans are an example. Also, the ever
changing geology in the past has determined species diversity 
in the present. The Mediterranean is a relict sea of the 
Tethys, a paleo-ocean that seperated the northern continents 
from the southern continents after the breakup of Gondwonoland. 
The existence of the ancient Tethys Sea was terminated in 
the Lower Miocene by a land barrier that cut off the Med
iterranean from the Indian Ocean. A temporary closure 
isolating thesea from the Atlantic Ocean changed the original 
marine fauna. 

Before the end of the Pliocene, tropical-type fish could 
still be found in the warmer parts of the Mediterranean, but 
these were probably eliminated due to major glaciations. 
Reinvasion of these 'fish was prevented by a land barrier to 
the Red Sea. However, in recent years, a good many such 
forms have successfully established themselves in the Levan
tine Sea by migrating through the Suez Canal(Biggs, 1974). 
Myoxocephalus bubalis and Anarhichacus lupus owe their presence 
tolower temperatures during the glacial periods and are found 
today in cooler northern waters. · 

The greater richness of the Mediterranean fauna with 
its many endemic species compared to the Atlantic coast with 
its predominance of species shared with the Mediterranean 
and extremely low endemism leads to an important conclusion: 
the Mediterranean Basin has probably functioned as the primary 
center for evolution and radiation of the eastern Atlantic 
warm-temperature fauna. A good many of the Atlantis coast 
species, possibly the majority, must have come from the Med
iterranean(Biggs, 1974). 

The geology of the area is also affecting the Mediterranean 
today. The Strait of Gibralter(Fig. J), together with the 
size of the Mediterranean, cause the tides to be minimal in 
the -region, only about JO centimeters in most areas. The 
Adriatic Sea has a tide on the order of one meter because 
of intensification. The tides of the Mediterranean are semi
diurnal meaning that they have two high and two low tides 
with marginal diurnal inequality (Gross, 198 2) .. 

The Mediterranean is unique as a semi-enclosed sea in 
an arid zone. Atlantic water passes through the Strait of 
Gibralter, follows the coast of northern Africa, turns at 
the eastern end of the basin, and flows back in a westerly 
direction along the southern coast of Europe(Fig. 4). Second 
only to the Red Sea, the average salinity of the Mediterranean 
is rather high (J8%) and· is higher in the eastern end of the 
sea where the greatest evaporation occurs (J9.5%- Fig. 5). 

The high salinity in the area is due to a net water 
balance loss(Table 1). Evaporation of the sea is greater 
than the total precipitation plus runoff. The winter winds 
also perpetuate evaporation. Only 1/10 of this evaporation 
is replaced by river runoff, the remaining comes in through 
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the Strait of Gibralter. The pelagic communities in the 
east are affected by this salinity, as well as decreased 
nutrients and higher temperatures. The are somewhat isolated, 
having less affinity to Atlantic communities than those in 
the west, even though they were purportedly colonized from 
that area(UNESC0,1977). 

Due to the low level of nutrients in the water of the 
Mediterranean, there is a decreased amount of phytoplankton 
living in the sea. Nutrient depletion is caused by a variety 
of reasons. One, the fresher Atlantic water that flows over 
the denser, more saline Mediterranean strata at the Strait 
of Gibralter is from the open ocean and therefore more nutrient 
poor than that over most continental shelf areas. Two, river 
runoff is minimal in the total Mediterranean system, especially 
since the construction of the Aswan Dam. With normal flood 
waters, the Nile contributed large amounts of nutrient salts 
to the sea. Approximately 140,000,000 tons of mud and silt 
used to be carried with 5,800 tons of phosphate and 286,ooo 
tons of silicate. Now the Aswan Dam stores water, nutients 
and sediments alike behind its walls. 

Nutrients are used by plants, the oceans' basic foodstuff, 
as they photosynthesize, grow and reproduce. Soluable phosphates 
and nitrates are the most important nutrients(Table 2). 
These act as dissolved fertilizers for the phytoplankton. 

The combing of carbon into organic material in the sea 
requires a certain amount of oxygen, nitrogen and phosphorous. 
The normal ratios for these elements are: 

O:C:N:P =~212:106:16:1 
O:C:N:P = 109:41:7.2:1 

by atoms 
by weight 

Since the production of organic carbon requires the use of 
carbon, nitrogen, phosphorous and oxygen in these ratios, 
any one of these elements may be a limiting factor in plant 
production(Duxbey, 1971). The production of organic carbon 
in the surface water and its decomposition at depth, drain 
nutrients from the surface water and eventually limit pro
duction. Organic materials greatly affect the life cycle 
of marine organisms and gover~, in part, the survival and 
succession of the species. 

Phytoplankton, dependent upon nutrients, dissolved matter 
and sunlight(abundant in the Mediterranean), are utilized 
enormously. The plant community is small due to nutrient. 
deficiency and also by constant cropping by consumers. Ten 
tons of phytoplankton feed one ton of zooplankton. Ten tons 
of phytoplankton feed one ton of small fish; ten tons of 
small fish make one ton of big fish like tuna(Cousteau, 1981-
Fig. 6). Obviously at this rate it takes a gigantic amount 
of phytoplankton to get a reasonable return on fish. The 
scarcity of phytoplankton is evidenced by the crystal-clarity 
of the waters. · 
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Plankton levels have also been .. affected by pollutants. 
Waste, plastics and oil residue contribute to damage productivity. 
Although human waste can act as a nutrient source, it carries 
disease which ultimately is absorbed by the food chain and then 
reinfects man. Within the Mediterranean there is increasingly 
heavy oil tanker traffick that includes the possibility of 
spills and ship wrecks. 

The Po River, in turn, brings products of urban concentration 
into the northern Adriatic Sea. The washing of agricultural soil 
that is now treated with pesticides is beginning to show up 
in the food chain at all levels. The chemicals get lodged in 
the food chain and are eventually ingested by man. 

All the af crementioned factors are integral in understanding 
the pelagic ecosystem. Apparently, what the Mediterranean 
lacks in numbers is made up in species diversity. The sea is 
supposed to contain some 540 endemic species. Though its 
seafood tradition runs deep(Fig. 7), the Mediterranean yields 
a limited bounty because nutrients are scarce. 

For over 5,000 years, civilization has been-been expanding 
around the Mediterranean. The fishing, necessary for the 
survival of ancient peoples, is still an important part of 
this ancient sea today. Fresh fish are a luxury in many 
Mediterranean countries. The demand for fish drives prices up . 
and encourages overfishing. This type of activity can permanently 
scar the pelagic ecosystem. In Sicily, only a few hundred of 
the giant tuna have been caught in recent years, compared 
with 10,000 in 1850. Commercial fishing fleets,as well as 
water and noise pollution have contributed to their decline 
(Gore , ·:.198 2 ) . 

In conclusion, the Mediterranean ecosystem, like all 
other ecosystems, is composed of a complex variety of integrals 
which contribute to the overall picture. To understand just 
one part of the system, a lit-tle about everything is gleaned. 
If man is to use the resources in the seas and preserve them 
for future generations, he must have more foresight than he 
he has displayed in the p~st:._. Table 2. 

Hypothetical Nitroqen Balance 

for the Mediterranean Sea 

Water Values times nitrogen 

Total resident N 3 uqA/L (McGill, 1970) 

Gibraltar Loss s (Howe et.al 1974) 

Gibraltar Gain 2 (Mbar et.al. 1976). 

Bosporous Gain 8 .. (McGill, 1970) 

Runoff 10 .. (Various) 

Rain .4 mq/L (Vaccaro, 1965) 

Fish Catch (1977-788,713 Tons F~Ol 

au:nan Waste input (10\ of 1975 Popula~ion 
estimate at 10 gms N per person 

Sum of all gain and loss Loss 

Metric Tons N 
per yea;:a 

1.575 x 10 

203 x 10 4 

84.S X 10 4 

2 .27 x . 10~ 

S.74:<10
4 

41.4 x 10
4 

l.4 x 10
4 

4 
n.s x io 

56.19 x 10
4 
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Introduction to r-:an 's Impact 

As the population of the lands surrounding the 
Mediterranean Sea multiplies, man continually increases 
the stress on the environment and the ecosystems 
within. Man's 1mpact on the Mediterranean Sea takes 
various forms. Shoreline development~ the Aswan Dam, 
municipal was~e, industrial waste, and resource 
development all contribute to the increasing pollu
tion problem. The developme~t of the shores surround
ing the sea without adequate municipal waste treatcent 
facilities is stressing the ecosystem. Industrial 
waste and oil is being dumped directly into the sea 
and is being washed onto the beaches. It is the 
scope of this chanter to outline what man introduces 
into the environment of the Mediterranean Sea; and 
how his actions involve the ecosystems. 
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CHAPTER 

Man's Impact on the Mediterranean 

Section A 

Development and Environmental Impact 
On the Mediterranean Shoreline 

By: 

Nellie Enid Morales 

INTRODUCTION 

Throughout geologic time, the force of nature has continuosly changed the 
topography of the ·coastal zone. Over the last few thousand years man has added 
a new force. Now coastal changes are the result of the combined activities of 
man and nature. 

Some of the man's activities on the coastal ·zone include: agriculture, 
farming, mining, engineering and constr~ction and transportation. All these 
activities would not cause detrimental effects on the coastal zone if it wasn't 
because man is overexploiting the space and resources available. Special 
attention will be given on this chapter to those activities that are causing 
an inbalance in the ecosystem. S_ome of the most prominent and common effects 
of overexploitation of the land include: pollution, soil denudation, sedimen
tation and erosion. 

The Mediterranean is steaming from tourism, transport, urban and indus
trial development. The coastal zone, despite its relatively small area, 
accounts for a large proportion of the urban and industrial centers. Because of 
such intense land development, heavy pollution loads are generated. 

. The effects of pollution on the Mediterranean waters ara enhanced due to 
the semi-enclosed character of the sea and the slow regeneration time of the 
water, 80 years, (Gore, 1982). Pollution is undoubtly the most important limi
ting factor for man in the Mediterranean. 

The accelerated coastal development affects not only the ecological sta
bility and survival of aquatic life, but also human uses and enjoyment of 
marine waters. 

It will be discussed, in this topic, how man has changed the scinery of the 
coastal zone in the Mediterranean from a natural to a man-made environment and 
how these changes have affected the ecosystem. 

The topic is divided in three sub-topics. The first one is the earlier 
development which includes the pre-technological era. The second one is the 
recent development which includes the coastal development that has occured in 
the last 150 years. The third Qne is the future development which includes the 
proposed land development plans among the Mediterranean nations. 
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Earlier Development 

Man have interact with the Mediterranean ecosystem for more than 8,000 
years. Civilization in one way or another has usually been affected. During 
the pre-technological era, man preety much stayed in balance with nature. His 
activities on land during this time did not cause, in general, detrimental 
effects on the environment due to the fact that man's capabilities and number 
were limited. 

Settlement during the pre-technological era was mainly affected by se
curity, availability of capital and topography. Lack of security was the 
initial factor that slowed down land development in the Mediterranean Sea. 
The coastal areas were the least secures of all places due to the warfare be
tween moslems and christians that took place for many centuries. In the last 
150 years peace has prevailed and a great expansion of human settlement toward 
the coast have been noticible. 

'Availability of capital or resources was another important factor for land 
development. Availability of water being among the most important resources, 
greatly limited settlement in the Mediterranean basin. 

Topography was a very important factor for land development. It does not 
lend itself to human settlemen.t along ehe coastal zone in the Mediterranean. 
The Sea is surrounded by mountains except on the south-eastern desertic shore. 
The coastal plains are small and narrow. The larger alluvial plains are 
situated in the deltas of rivers such as the Ebro, the Rhone, the Po, and the 
Nile; and in the Black Sea, the Danoube, the Dnieper and The Dniester. On 
these deltas, larger plains such as Rome, Provence and Barbary coast were very 
prosper. 

·Even though the Mediterranean was not highly inhabited, some documentation 
exists which specifies the detrimental effects of agriculture, construction and 
mining at specific sites during man's history on the Mediterranean. 

Agriculture · 

Agriculture caused inbalance in the earlier time. There is evidence that 
the mountain slopes of France, Italy, Greece, Turkey, Lebanon and Algeria were 
once heavily deforested. These forest provided the basic elements for housing, 
shipping, and fuel for many centuries. Where trees of wild forest were cut 
down extensively, disertification, soil erosion and sedimentation have greatly 
speed up. · 

There -r. are two living · proves of the effects of agriculture on land 
during the earlier times. Ancient Troy, which is an ancient harbour, today it's 
ruins face a landlocked plain due to sediments from the deforested Kucuk Men
deres river filled in access to its harbour. Ephesus, another ancient harbour, 
was also ruined by sedimentation. The Aegean sea which used to have access to _ 
this harbour is now 11 Km . away. 
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Construction and Engineering 

The detrimental effects of construction are evident on the engineering of 
the Roman empire. They were very successful historically. They developed most 
of the coastal plains and some of the hills and plateaus within an average 
distance of 100 Km .. from the sea (Hansen 1983). Among the structures on the 
ancient Rome we find: the residential structures, the aqueducts and the 
Subiaco Dam. 

The residential structures in ancient Rome were constructed to support 
approximately 1 million inhabitants (Hansen, 1983) which gathered around the 
center of the city due to the lack of transportation and communication. Most 
romans lived in apartments that serve principally as a place to sleep and store 
possessions; comfort · and pleasure was found on the streets. The typical roman 
lived most of the time in streets, shops, arenas, latrines and bath of the city. 
The general design of these houses is shown in Figure 1. It is interestiug to 
notice their waste disposal system. Waste was dispossed simply by throwing 
it out the window (landing on the street)or by df!l'ositinig it on a barrel 
Under the staircase. This was the cause of dirtiness and pollution on the city 
streets. 

Figure 1. A hypotetical Roman Apartment Building. In the upper left corner, 
a chamberpot is being dumped on the street below. In the lower right corner, 
a chamberpot is being emptied into a barrel located under a staircase. Both 
methods of waste disposal were common ·in ancient Rome (adapted from Hansen,1983). 

Rome is noticed for its water and waste water system which were constructed 
during the ancient times~ wa ·ter was supplied by the Tiber river, but because 
it was polluted they turn to spring and streams located outside the city. This 
caused them to built the aqueducts; figure 2. The front of the aqueduct was 
carTied to a reservoir formed behind the 40m . high Subiaco Dam. The artificial 
lake served as a setttf.ng basin which was used to improve the quality of the 
water. The water was distributed through lead pipes to storage reservoirs and 
then to users in public fountains. 
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Rome's water system provided a constant supply to centrally located areas in 
contrast to modern system which deliver water on demand to individual connec
tions. Once in Rome, the water was used for fountains, latrines and public 
baths. The waste water system consisted mostly of sewers and drains that 

TWO·TIER BRIDGE SIPHON 

TUNNEL 

Figure 2. Roman Aqueduct Structures. Multi-tier bridges were used to cross 
low areas. Inverted siphons were employed when valleys were particularly deep. 
Tunnels were equipped with vertical shaft for inspection and cleaning (adapted 
from Hansen, 1983). 

emptied directly into the Tiber; whose polluted state must have been a problem 
to the Roman populance. Improvement on these water designs was not made 
until the modern era. 

MINING ACTIVITIES 

Mining activities during the ancient Rome were also adverse for the roman 
populance. Lead was a heavily exploited metal (Hansen, 1983). It was used 
for the manufacture of pots, cups, cosmetics, external medicine, paint, water 
pipes, etc. This was the cause of severe lead poisoning to the roman empire. 

In summary, man's adverse activities were few and specific during the 
pre-technological era. 

RECENT DEVELOPMENT 

The Mediterranean entered the technology age with the coming of steam 
propulsion, ships built of iron, the opening of the Suez Canal in 1867, and 
fossil fuels as the essential source of motive power and energy (Henry,1977). 

Now that peace, in general, is prevailing in the Mediterranean, settle
ment is mostly related to communication facilities, with little consideration 
of environmental impact. Most industries are situated near the sea so that 
they can be reached by low cost and can export their products. Among man's 
activities causing detrimental effects on the coastal zone are: mining, 
farming, agriculture, industrialization, urbanization, construction and 
engineering and traffic. 
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Mining Activities 

Mining activities are causing heavy deforestation. Major mining opera
tions are located in the northern Mediterranean where the forest are concen
trated. The heavy deforestation is causing erosion of the soil and lost of 
nutrients. Among the heavily exploited minerals we find: sulfur, i~on, 
uranium, chromium, copper, gold, mercury, lead manganese, silver, tungsten, 
zinc, phosphate and potassium. On the southern Mediterranean, iron and phosphates 
are mostly exploited. 

Farming and Livestock 

Livestock has also decreased the area of forest. Forested area tend to 
have thick soil, stability and low erosion rates. Deforestation causes the 
soil to lose its nutrients because of its diminished capacity to absorb water 
and because of the accelerated erosion which leaves behind bare bed rock. 
Livestock is consuming more food than the pasture produces leading to a gene
ral downward trend of the ecosystem production. Animals are concentrating 
far beyond the capacity of the pasture. Water development projects for 
livestock, in the form of boreholes, wells, ponds and cisterns are being 
proposed. When the projects ·have been .carried out without pasture management 
regulations, it has resulted in concentration of animals far beyond the 
carrying capacity of the pasture. . 

Pig !arming in the Emilia Romagna, Italy, caused heavy nutrient loads 
discharged into the northern Ad~iatic's littoral zone. A reduction in the 
phosphorous load in sewage by the use of septik tanks and treatment of 
sewage have been implemented. 

Agriculture 

Agriculture has been greatly increased due to the increasing population 
of the Mediterranean basin. This has led to over-extension of crops on mar
ginal land, resulting on soil erosion and soil denudation. This has in turn 
reduced the grazing areas. Agricultural production and food requirements are 
higher in the southern sectors. In the arid parts there is large over eXploi
tation of the natural resorces which are limited due to the fact that there 
are few areas of good soil with enough rainfall or proper irrigation water. . 
Table l shows the land utilization distribution among the Mediterranean nations. 
Almost all permanent cultivation occurs in the northern Mediterranean, specia
lly in Spain and Italy. Higher levels of irrigated land are found in Italy, 
Yugoslavia and Israel. Little irrigation is occuring on the southern 
Mediterranean, except in Morroco and in Egypt. Irrigated agriculture is the 
most intensive form of agriculture, in which optimized use of the water is 
made. 

The traditional irrigation uses river £loading, temporary stream flood 
and water from wells. The most advanced forms of irrigated agriculture 
use extended drilling of wells and dam reservoirs on rivers for interseasonal 
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Table l. Land utilization. Data from, Henry, 1977. 

Permanent Irrigated lands 
Country Year Cultivation(%) % Year 

Albania 1967 2.4 7.9 1967 
Algeria 1970 0.2 0.1 1968 
Egypt 1972 0.1 2.8 1972 
France 1970 3.1 4.6 1960 
Greece 1968 6.5 5.7 1971 
Israel 1972 4.1 8.5 1972 
Italy 1972 9.7 11.1 1970 
Lebanon 1968 7.3 6.5 1968 
Lybia 1971 0.1 0.1 1971 
Morocco 1970 1.0 0.6 1965 
Spain 1972 9.7 5.4 1972 
Syria 1972 1.6 2.6 1972 
Turkey 1971 3.4 2.5 1972 
Yugoslavia 1972 2.8 0.6 1972 

The original . data was converted to percent. Permanent cultivation refers 
to shrubs and fruits, vines included. 

storage of water. An environmental problem induced by irrigated agriculture 
is the spreading of parasites. For example, schistosom s is being distributed 
in the semi-arid and arid areas of the Mediterranean region. 

Industrial Development 

Industries are sprouting all along the Mediterranean. Figure 1 _,on 
the section of Industrial Pollution, shows the geographic location of the 
most important industrialized areas. The crucial points are along the cost 
of France and Spain and the Gulf of Valence. The eastern Mediterranean is 
essentially an area of oil production. The industrial zones able to pollute 
.directly the coastal waters on the southern shores are fewer. The western 
Mediterranean is characterized by many oil processing industries, except 
for Algeria who produces oil. The details on pollution caused by industrial 
development will be covered in another section, but some important pollution 
problems are worth mentioning here. For example, the eastern Elefisis Gulf 
in Greece is a major source of PCB and DDT. It can be assumed that phyto-
plankton uptake of the chlorinated hydrocarbons present in the effluent must 
occur (Dexter, 1972). A titanium oxide manufacture at Scarlino, Italy, is 
dumping its waste in the Tyrrhenian Sea which contains residues of minerals, 
sulphuric acid and small quantities . of heavy metals. Plastic factories in 
Lebanon are also dumping their waste in the Mediterranean. The situation is 
worst by cargo losses during sea transport for the raw plastic material. El
Max area in Egypt is a major source of mercury pollution from a chlorine
alk.aline plant. The Haifa area contains over 1/3 of Israel heavy industry. 
The sandy beaches are befouled by residues from oil spills. The oil industries 
in the middle east are causing residues of crude oil in the form of spots on 
the Mediterranean surface. Acid smog from industries situated in Athens is 
eating the marble at the acropolis. 



The beautiful views of the city of Istambul are being lowered by black fumes 
excreted from factories. 

In general, industrial development is causing heavy contamination on the 
littoral zone. Improvement is very slow due to the high construction cost of 
treatment plants and submarine pipes. 

Urban Development 

In the last two decades urbanization has increased dramatically. The 
movement of human settlement toward the city is specially from the country 
side. The total population of the coastal zone is estimated to be between 44 
to 100 millions inhabitants depending on the distance from the shore that is 
censused. For the year 2030 the expected population along the Mediterranean 
coast is 400 millions people (Gore, 1982). 

In the northeast and south the rate of demographic growth is more than 
2% per year. It reaches 3% in Turkey, Egypt and Algeria, with the rate of 
urbanization being twice that of demographic growth. . . 

Figure 3 shows the population density along the Mediterranean basin. 
The number of inhabitants per square Km .· is greatly enhanced along the deltas 
of the major rivers, which suggest that the number of inhabitants is limited 
by the availability of water. Figures .4 and 5 show the distribution of the 
population on cities along the coast. Figure 4 shows the resident population 

Figure 3. Population density. Adapted from Henry, 1977. 

with 10,000 inhabitants or more, and figure 5 shows cities with . 50,000 inha
bitants or more. From the figures it is noticible that the two most density 
populated coasts are found along the northwestern basin and the Tyrrhenian Sea, 
which account almost 40% of the total resident population around the Medite
rranean. Urban centers along the southern and eastern shorelines are much 
less in number and in size. The area between Sfax and Alexandria , except 
for a few cities, is basically inhabited. 
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Figure 4. Distribution of resident populations with 10,000 or more inhabitants 
along the Mediterranean coastline. Adapted from Henry, 1977 • 

The urban contamination occurs in the same regions. where industrial wastes 
means great risk. 

Lybia is subjected to rapid urban growth ever since the start of oil 
exportation in the mid SO's. Up until the time when Lybia became a major oil 
exporting country, agriculture was the cornerstone of man's economy. With the 
increasing population of Egypt it has been necessary to import grain in order 
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Figure 5. Population of cities with 50,000 inhabitants or more. Adapted from 
Henry 1977. 

to feed the population. This caused extra activity in the Alexandria harbour; 
which in turn attracted more people, more industries and more traffic. Alexandria 
has a population of 3 million people. Most of its sewage is discharged untreated 
into the Mediterranean. Treatment plants are under construction but the question 
comes to mind as to whether they should involve full treatment and discharge 



into the Mediterranean or to make use of the effluent for the desert's cul- . 
tivation. 

In general, domestic sewage from all countries bordering the Mediterranean 
still discharge sewage directly into the sea or into rivers at short distance 
from the sea. There are some sewage purification stations, but their capacity 
is too small for the number of inhabitants and usually they are not operating. 
More on domestic sewage and their effects on the ecosystem on sections to come. 

Tourism Development 

Tourism on the Mediterranean is making the situation even worst, specially 
during the summer. The Mediterranean represents approximately 1/3 of all 
international tourism. By 1985 the northwestern zone(France, Spain, Italy) is 
expected to receive 80-93 million tourist. The Mediterranean tourism is mainly 
coastal tourism. It represents health hazards for the tourist: cholera, typhoid 
v1ral heptatis and disentry is often transmitted by contaminated sea food. 
Tourist increase the population of the western Mediterranean from 2-10 times 
the normal population, and their sewages are dumped in the ocean without or 
with very little treatment. Figure 6 shows the density of the coastal tourism 
for the year 1973 in the Mediterranean. On the northern coast Spain is attrac
ting more tourist than any other country. On the southern coast, Moroco and 
Tunisia receive the largest amount of tourist. Alexandria, (the major swmner 
resort in Egypt) attracts almost 1 mill1on tourist. During the swmners, when 
the tourist flock the beaches in Alexandria, the sewage is detoured to a ne~rby 
lake, but the diversion does not always work. All along the Mediterranean, 
the monuments of tourism (hotels, golf courses, tennis courts, marinas, etc.) 
are the most striking coastal development. 

The fast and unplanned increase of the tourist industry has resulted in 
damages to the natural environment and repercusions to the anthropogenic 
environment. In order to make the region appealing to tourist, measures are 
taken to drain unhealthy swams and to protect the flora and fauna, but due 
to poor planning, the tourist usually damages the vegetation and disturb the 
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Figure 6. Density of coastal tourism (1973). Number of tourist per country are 
indicated by numerals in figure. Adapted from Tangi, 1977. 

animal life. Also, in order to offer historical attractions to visitors, monu-
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=ents are being restored and villages are being procected. Even thou;h :his 
~onciousness exists large courist resorts are being construcced with very little 
consideration of regional planning. Cote d' Azur, in France, seems like a 
concinuos overcrowded marina. 

Some alternative tourism development strategies are being implanted. A 

regional land use planning is being developed with the creation of national 
parks and forests resorts. Some examples are: Coco Donana (Spain); Zembre 
(Tunicia); Dias, Guioura and Antimilos (Greece); and Camarque (France). Also 
tourism is being expanded inland. A very important strategy is the enforce
ment of the existing antipollution rules and construction regulations. An 
important tourist development strategy that still need to be implanted is to 
regulate tourism by a code of conduct. · 

Construction and Engineering 

Construction and engineering development in the Mediterranean has a fast 
and almost uncontrollable rate of growth. The most evident constructions 
(aside from the monuments of tourism) with tremendous repercusion on the Me
diterranean ecosystem are the Aswan Dam and the Suei Canal. They were built 
to provide electricity and irrigation water for Egypt's Nile population. 
Repercusions of the Nile's decreased flow into the marine life include the 
dissapearance from the delta area of the sardina which provided proteins and 
local fisHerman a living. Fish production is 1/5 of what it used to be 10 
years ago. It also caused the migration of Ceratium egyptiacum. ( a specie 
of plankton) to migrate northward toward the Mediterranean. It caused a rise 
in the level of the water table _in the delta and in Alexandria, this in turn 
upset the drainage patterns which in tui:n affected the vegetation. Also the 
Nile no longer brings sediments from central Africa to replenish the delta. 
This is causing a retreat in the coastline. 

Submarine pipes are being constructed to dump the sewage far away from 
the beaches, and avoid damages into the littoral zone. But rare is the waste 
discharged far enough from the coast or at sufficient depth to avoid beaches 
being affected. For example, on the Gulf of Napoule, Cannes, France, by 1973 
the sewage was discharged by 4 submarine sewers the longest which was 800m. 
The eastern gulf marine communittees were being destroyed by the domestic 
pollution. The old sewers were replaced by a 1285 m . long submarine pipe 
which discharges sewage to the center of the Gulf at a depth of 80m. The 
eastern gulf communities recovered from the damages received, but the. 
western gulf marine biota become severely damaged. The pipe was too short 
to reach the submarine ca~yon of Cannes, this caused the transfering of the 
waste to the north-western section of the gulf by the currents. Tel Aviv 
(Israel) has an 880m long submarine pipe that discharges untreated sewage 
into the sea. Pathogenic bacteria and viruses are being discharged through 
the pipe into the sea and brought up by the currents into the beaches. This 
represents a potential health problem to bathers. 

An increase in the number and capacity of submarine pipes is being planne~ 
in all countries along the Mediterranean. 

Water shortage, which is a permanent factor in some Mediterranean coun
tries, is forcing the populance to try to reduce the outfali of water to sea 
by building storage dams, by using ground water reservoirs and supply possi
bilities like interbasin transfers. Spain is transfering waters from the 
river basin of Tajo to the river basin of Segura. In France, the canal of 
Provence is transfering water from the Verdom River to the coastal area of 
Marselle-Toulon. 



In Lebanon, the Litani waters are being transfered to the coastal region of 
Zaida and to the extreme south of the country. 

To combat the water shortage some countries have resorted to the expensive 
technology of sea water desalination by the construction of desalination plants. 

Canal dredging in some instances has caused severe damages. For example, 
a canal dredged to permit supertankers to dock in the lagoon of Venice inten
sifies the effects of storm surges which drive up the shallow Adriatic waters 
toward Venice. The effects of the surges are increasing due to the slow 
sinking rate of Venice. The accumulation of sediments washed down from the 
Alps, the pumping of ground water out from under the region by local industries 
and the rising of the sea level are all contributing to the death of Venice. 

Traffic and ranker Shipment 

Traffic and tanker shipment in the Mediterranean is relatively high. 
Twenty three (23) percent of the world's oil transportation occurs in the 
Mediterranean. Of this,43% is carried from North Africa to Europe.Very short 
distances characterize shipping in the Mediterranean.Heavy pollution is being 
caused by tankers who empty oil residues in the water, leaving oil spots floating 
in the sea. · 

The recent coastal development on the Mediterranean has been uncontrolled 
and unplanned. Almost all mens activities are in unbalance with nature. Po
llution and deforestation are the main factors causing detrimental effects 
continuosly on the natural environment .and repercussion to the man-made 
environment. 

FUTURE DEVELOPMENT 

The Mediterranean is entering a· new era in which coastal development will 
depend vastly on the availability of capita~. Challenges to technolgy are on 
the mind of several Mediterranean countries. Hydrologists in Venice have 
developed plans to safe the city form sinking. They suggest building many 
small dikes and jacking up structures that are sinking. Scientists, on the 
other hand, proposed that inflatable gates at the cost of 500 million dollars, 
be installed at the points where the Adriatic water can enter the lagoon. 

Israel plans to built a conduct stretching from the .Mediterranean to the 
Dead Sea at a cost of l billion dollars.. The Dead Sea's volume is being 
reduced because water from the Jordan River is being diverted for agriculture. 
The Mediterranean waters will generate 20% of Israel peak electricty demand. 
Also, Israel is planning to transfer water from the sea of Galilee to the 
central and southern coastal plains through the national carrier. 

Egypt wants to fill up the Qattara Depression, a quick sand poket pit 
nearly the size of Israel, with Mediterranean water. The canal could require 
rock excavation equal to building 270 Great Py1:amids. The waters of the new lake 
will be used to generate some of Egypts's future power · needs. The new lake will 
allow them to extract oi'.l from beneath the Qattara's quick sand (oil is suspec
ted to be found there) with off shore drilling techniques. They expect to 
receive some other benefits from the lake, for example, the lake will represent 
a tourism potential and also the humidity from the lake could increase rain
fall enough to permit grazing and some type of desert agriculture. 
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Also the lake will attract people from the overcrowded Nile Valley. Egypt 
also plans to transfer part of the Nile delta to the Western Desert Coast. 

In Tunisia part of the Medjerda waters will be transfered to the coastal 
river basin of the Gambalia area (Cape Bon). 

The most interesting of the "mega projects" is the one proposed by 
Morocco's King Hassan. He wants to build a bridge across the strait of Gi
braltar. Spain endorced the plan, but spanish officials prefer building a 
tunnel instead of the elegant cables of a 25Km long suspension bridge. 

The ecological consequences of these coastal development projects are 
unknown. Not only the vegetation and wild life would be affected, but also 
possibilities of warfares between Mediterranean nations could be initiated. 

CONCLUSION 

At this point negotiations to create an unified Mediterranean are under 
way. The Mediterranean countries are becoming aware of the misuse and 
exploitation of the space and resorces available along the coast. Integra
tional plans and treats are being made in order to set controls and regulations 
for the wise use and development of the land. 
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THE EFFECTS OF THE ASWAN HIGH DAM ON THE NILr RTVfP A~D THF 
EA~~F~N MFDITEPRANE~N 
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~arine Ecosystems - MNS 354P 
The University of Texas at Austin 
Fall, 1983 

~.bstract 

As a result of the construction of the P.swan Hiqh D~~ in 
Egypt on the Nile River and the subsequent infilli~q of the 
reservoir hehinn the dam, the nutrient bucoet, biolonical 
economy, regional productivity, water . c-irculation. and 
general hydrographic conditions of the Eastern Mediterranean 
have been s i g n i f i cant 1 y a 1 t er ed. The N i 1 e P iv er ha s see :-i 
its last flood, and the depositional processes and water 
discharge functions of the river are drastically changing. 
Along with these environmental effects, the P.sw.;n High ra:n 
has triggered serious economic and health problems for the 
p~opl e of Egypt. 

"The miracle has been wrought", Gamal .a.b(1el ~!asser p?:'ou~ly 
announced to the people of Fgypt after comnletion ofthe first 
stage of the Aswan High n~m. !n~eed, the great structure, built 
w i th Ru s s i an a id n n a de s i g n er1 to ha r n e s s the ~n 1 e · .:i n ~ v i t a 1 i z e 
the stagnant Egyptian· economy, has irrevocably changed the 
environment of the Nile River Valley and the lives of its 
in~abitants. 

The .a.sw=ln High !)am and power plant wns ::iedicated 
c~re~onially on January 15, J971, by President Anwar el-~adat of 
the United Arab Republic, and Nikolai v. Podgorny, the Soviet 
chief of state. It took ten years to build and cost about Sl 
billion. It might have been an American project rather than a 
Russian one, or a joint· operation, but John Foster f1ulles 
can c e 1 ed U.S. a id for the . Aswan pro j cc t in res en t rn en t ~ g a i n st a 
Cairq-Moscow arms deal, whereupon the ~oviets moved in wit~ money 
and technicians: a loan of $554 million nnd 2,0~0 engin~ers, who 
nirected 35,~~~ Egyptian laborers, 200 of which died during 
construction. The dam was designed by West German engineers. 

Russian equipment moved rock and earth equal in bul~ to 
seventeen Cheops pyramids, which will hold back ~ lake more than 
300 miles long, containing three times as much water as Lake 
Mead, the Hoover Dam reservoir on the Colorado River. 

Figure 1 shows the location of the Aswan High Dam and its 
reservoir Lake Nasser, relative to the Mediterran~an Sea, Rec Sea 
and the country of Egypt. 
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Figure 1. The location of the Aswan Higb nam and LakE ~asser 

(from El Din, 1977) 

From the moment pl ans for the high dam were announc-ed the 
dam has been a source of controversy, particularly arnong 
environmentalists. Its construction raised many questions ahout 
the possible adverse effects of large dams on the surrounding 
environment, and on the people w~o livF in th~ area. 

The enormous man-macle effects of the Aswan High rya~ qiv~ us 
an opportunity to study ecologic processes on a dramatic scale. 
Such modelling studies provide means by which we can research and 
understand an ecosystem and its productivity, and provides a 
basis for predictions and interpretations of the effects of 
similar large-scale human enaeavors, at present, and in the 
future. 

Model 1 ing of the Eastern Mediterranean should beq in with a 
macrosco~ic vie~ of the ecosystem ano should emphasize- the major 
forces involved in the produl'.:'tivity of the system. Figure- 2 is 
an example of how this could be done. 
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Fig. 2 Possible macroscopic model of the Eastern Mediterranean 
Ecosystem ( from UNESCO Symposium on the E. Med. 1973 ) 
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In the figure the total water mass of the F.astern 
~editerranean is divided into three parts: a) a surface layer to 
a depth of 20(J .meters; b) an intermediary layer to 6~0.Y meters~ 
c} the transition ami deep water layer below. The main forces 
acting on the syste~ are of hydrodynamic character and are shown 
in the figure. 

Atmospheric conditions drive western ~editerran?~n water 
into the eastern part, bringing with it the physical and chemiLal 
properties and also organisms of the western half. W?.ter from 
rivers is shown as land runoff, and also inclune~ water from 
small basins in the area. The last major force is that of the 
sun, which fuels the primary oroductivity of the sea. 

a11 of these forces are shown to affect the benthic and 
oel3gic systems of the ecosystem. Transport and exc~ange between 
the water masses is represented by the two-way gates operated by 
rr.ixing forces. nther forces include the water forced into the 
'ft d r i a t i c Se a t c the nor th , an n the m i g r a t i on o f spec i es between 
the water masses. 

r<eeping this large-scale model in mina, submodels 
corresponding to the pelagic and benthic subsystems fo the 
ecosystem should be constructed. An example of the pelaqic 
subsystem is shown in Fig. 3. This particular model describes 
the coastal waters near the Nile Delta and includes th~ ~swan 
High.. !'1 .~rn as a contra~ 1 in9 fcr~0 in the system. This is the model 
with which we are concerned. 

The dam in the figure is an outsiae force which controls t~e 
water flow anti thus, the transport of nutrients ~nd otl:e-r 
~ubstances contained in the ~'ile water and discharqef. into th-: 
~editerranean. During perions of low water flow sDch as t~e 

present situation, most of the organic and mineral 9articles 
{seston) wil1 settle out long before they reach the coastal 
waters of the Mediterranean. The model also shows the presence 
of "stimulating substances" in the Nile water which have been 
shown ~o stimulate both the primary ·producers and the organic 
consumption by higher trophic levels in the systeni (UNF<:;CO, 
p. 32). The major biological components and their 
interrelationships in the pelagic system are also shown. 

While considering the effects of the Aswan High Dam on the 
Mediterranean, a couple of obvious points come to mind. 

First, the Mediterranean is a semi-closed sea with very 
little circulation of water with other seas in the region. It is 
therefore muc~ more sensitive to impact from man becuuse unlike 
other boc:Hes of water which constantly recirculate anr1 replace 
the water in its basins, the Mediterranear. generally only 
recirculates the water, with very little "new" water coming in or 
out. 



Fig. 3 The pelagic submode! of the Eastern Mediterranean; 
inc·ludes the Aswan Darn as a major force in the ecosystem. 
( from UNESCO, 1973 ) 
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Secondly, the entire Mediterranean Sea is fed by only four 
major tributaries from adjacent land masses, the Po, !bros, 
Rhone, and N i 1 e R i v er s. Three o f these four 1 i e on the no r the r n 
rocky coast of the sea. The other river, the Nile, rapresents 
the only drainage of the entire southern Mediterranean coast. 
The ~! i 1 e s t r e t c he s t ho u s a n a s o f m i 1 e s i n to t he i n t er i o r o f 
Africa, and drains the entire eastern half of the African 
continent. The African coastline along the Mediterranean is 
entirely desert, but dee~er into the continent nearer the equator 
the climate beco~es much more humid and the heavy rains in this 
part of Africa supply the Nile with freshwater. The ~ile, until 
1964 with the com~letion of the Aswan High Dam was by far 

·the major source of freshwater and sediment into the Eastern 
Mediterranean. 

The Eastern ~editerranean can be thought of as a semi-closed 
sea of the whole ~editerranean, which is also a serri-closea sea. 
Water that reaches the Eastern Mediterran;3n must pass through 
the Straits of Gibraltar, then through the Straits of Sicily 
before it reaches the Eastern Mediterranean. 

~aters of lower relativ~ salinity flow through the straits, 
become s 1 i g h t 1 y ~ore sa 1 i n e , and then fl ow out a s a subs u r fa c_e 
current, leaving the remaining waters with ~ higher salinity and 
warmer temperature. Nutrients a·re lost wit~ this circulation 
pattern, arrivin? in relatively low quantities in the surface 
outflow, and existing in slightly higher quantities in the bottom 
outflow. 

So the processes that ~ake the Mediterranean as a whole of 
higher salinity than the adjacent Atlantic Ccean, also make the 
Eastern Mediterranean of a higher salinity than the ~estern 
Mediterranean. The Fa stern Meoi terranean can be consieiere,., .35 a 
secondary sea of the Western ~editerranean, just as the entire 
Medi te-rranean can be consideren as a seconcary sea of the 
Atlantic Ocean. 

Man has livec on the Nile for 5~~~ years. The ~?ile Valley 
is an extremely fertile valley in an extrerr.ely arid part of the 
world, and civilization has always been naturally attracte~ to 
its banks. The Nile in the past has carriea huge amounts of 
freshwater and sediment derived from the land areas in the 
interior of Africa. The sediment is a very nutrier.t rich silt 
which not only provides a source of food for marine organisms in 
the Nile and the Mediterranean, but also is a natural fertilizer 
for the farmlands of the Nile Valley and Nile Delta. Every year 
before 1964, during the months of August through 0ctober, the 
Nile would flood its banks with water carrying huge amounts of 
sediment rich in this fertile silt. The flood waters would 
subside eventually, but the silt would settle in a thin layer on 
the surface of the land and would become the fertilizer for the 
following years crop. Also, much of this silt - would travel 
downstream and be distributed to the Fastern ~ecH.-terranear., 
supporting an important fishing industry in Fgypt. 
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Although man has lived along the Nile for thousands of 
years, it was only about 109 years ago that his activities began 
to introduce recognizable environmental and biological changes in 
the Fastern Mediterranean. This occurred with the cutting of the 
Suez canal linking the Red Sea with the Mediterranean and 
resulte<i in extensive biological changes in the ecosystem cue to 
the migration of 9lants an~ animals though the canal. The 
construction of the ~swan ~iqh Dam has introduced another pattern 
of hydrological and bio-logical change to the f~stern 
Mediterranean. 

The last normal discharge of floodwater 
~-"eoiterranean was in 1964. Prior to 1~64, this 
discharge and its suspended sediments had important 
the Egyptian coast and, indeed, the entire Levantine 
~3stern Me~iterrane~n. 

into the 
freshwater 
effects on 
Sea in the 

The sediment discharge in _a single year depends on three 
factors: 

1) The amount of rainfall during previous years. 
2} The time of year in which the rainfall occurred. 
3) The intensity and duration of individual showers. 

r :"'e sediments carried by the Nile were disc~argec into the 
~ .~2(!iterranean anfl d~9csited ne?.r ar?r. off the coastlin-:. ~~'7 s2n6 
an~ coarser mAterial ~oul~ settle out in the nearshore ~one Yhe~e 

it would be sorted and redistributed by wave action, an~ then 
contribute to the littoral drift system. In · this part qf the 
Me~iterranean, the littoral drift is a general west-to-east 
pattern travelling counter-clockwise up the eastern coast. The 
f i n er - gr a in ed mater i a 1 s of s i 1 t and c 1 a y w o u 1 d be car r i ea 
offshor~ and slowly begin to settle out as they were disperse0. by 
prevai}ing surface and subsurface currents. Millions of years of 
sedimeht accumulation ~ad formed a very fertile delta, which was 
still outbuilding above sea-level, and an associated submarine 
fan. 

In general, the amount of sediment dischargec was 
proportional to the amount of water discharge. The arnoun~ of 
sediments thus varied from year to year, from a low l~ x 1~ 9 ~J in 
1913 to a high of 55 x 1~9m3 in 18~9"1 The average annual 
discharge from 1871 to 19~2 was 33 x le m-. 

Since the completion of the dam in 1964, the importance of 
the Nile as a sediment source has declined to almost nothhing. 
The peak discharge from the Nile was during the flood months of 
August through October, and during this period, as much as a 
third of the total annual flow was discharged. Figure 4 shows in 
graphic form the tremendous effect of the Aswan High Dam on the 
fresh water discharge (and sediment discharge} from the Nile 
during the flood period each year. 
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Figure 4. Variation of total freshwatFr discharged fro~ the 
Nile River 1961-1~7~ (from El Din, 1977). 

Th~ gr~~h shows tbe obvious d~cline in freshwater ~ischarge 
after 1964. The first year after com9letion saw a 50% decline in 
discharg~, ana subsequent years s:iow a qradu-31 decre .3se to the 
1972 rate of approximately 1/5 of· the pre-dam rate. To~ay the 
rate is 1/1~ of the pre-dam rate an~ is still declinin0. 

The effect of . the annu.;l floe~ was an important factor in 
the circulation patterns of the Eastern ~editerranean until 19~4. 
Before then, the water discharged from the Nile would move over 
the sea as a surface layer alon~ the Eastern Mediterranean coast 
ana on into the northeastern ~~diterranean. 

At this time of the year, t~e salinity of the Meciterr3nean 
waters droppec fro~ 39 ppt to less than 30 ppt at the nearshore 
surface. This silt-rich discharge w~s a ~ajor nutrient source to 
the strongly oligotrophic Eastern ~editerranean. The Eastern 
Mediterranean has al ways been a nutrient poor environment. In 
fact, it (as the Mediterranean as a whole) is one of the most 
oligotroohic bodies of water in the world, and has only a few 
1 o ca l i zed a r ea s ·o f n u t r i en t en r i chm en t • The s e i n c 1 u c1 e the 
Northern Acriatic, the Blac~ Sea, the area off Be.irut, and the 
Nile Delta. The maximum nutrient values off the ~ile delta 
occurreo during the flood periods,but with the halt of those 
n u t r i en t s i n to the e cosy s t em , the ·r eg i o n a 1 pr o d u c t i v i t y a n d 
consequently, the commercial fisheries have suffered drastic 
declines in fish catches. 

The reduction in the circulation of seawater in the Eastern 
Mediterranean has also affected the distribution of pollutants in 
the area. The Middle East in an active industrial area, 
especially in petroleum related industry. Much of the world's 
oil is transported through the Mediterrane.an and consequently, 
huge amounts of pollutants are dumped directly into the sea. It 
is still legal to discharge oily baJlast water in t .wo areas of 
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the Mediterranean, one of them lying southwest of Cy9rus, in 
the center of the Eastern Mediterranean. Previously, the 
pollutants fro this dumping area and any other oil spilled fro~ 
tankers would become a part of the circulation pattern and would 
be diluted ana carried away in relatively safe proportions. 
After the dam was completed, the circulation 9atterns changed 
and these pollutants are not as efficiently diluted and 
recirculated. Consequently they areaccumulating in dangerously 
high concentrations in coastal areas at a much greater rate. 

JiYDROGRAPHIC CONOITT0NS Rf.FORF .~N!J AFTEP TPl=' C0.~PLE'!'I0t! 0F T~E 

ASWAN HIGH DAM 

Vertical Salinity Distribution 

We can observe the effects of the dam on the vertical 
salinity aistribution in the areas directly offs~ore of the ~1ile 
Delta. Two hydrogra~hic stations were set-u? directly in front of 
each of the two major branches of the Nile on ~h~ delta front, 
the Damietta and Rosetta. Readings were taken during the flood 
period before and after co~pletion of the 03~. 

The sections taken in 196~ before completion show the effect 
ofNile discharge on the vertical salinity distribution to within 
a few kilometers offshore and to a depth of isn-2~0 meters below 
the surface (see Figure 5). 
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Figure s. Vertical salinity distributions in front cf the 
Damietta and Rosetta branches before cornpleticn 
of the Aswan High Dam (from El Din, 1977). 
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Figure 5 shows the normal effect of the freshwater 
discharge, lowering salinities in the top surface layer with 
higher salinities progressively deeper into the Mediterranean 
seawater. The variations in the structure of the isohalines at 
the two branches can be attributed to two factors: 

1) The amount of river discharge at each branch (discharge 
at Oami~tta is somewhat greater than the Rosetta). 

2) The circulation pattern at each location. 

The Rosetta s~ows a ~enser stratification in the to~ 1 2~ 
met~rs with almost homogeneous salinity below, while the Damietta 
displays a much more consistent stratification with depth. 

After 1964, the Nile flow gradually disappeared and new 
hydrogr~phic conditions developed on the continental shelf in 
front of the delta. 

The salinity distributions across the next two sections 
after completion of the dam show that in front of the delta, 
typical Mediterranean seawater replaced the Nile outflow. The 
salinity near the coast reaches 38.9 ppt at both statio~s, 
compared to a figure of around · 28 or 29 ppt in the Pre-~am 
SE?ctions (see Figure 6). 
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Figure 6. Vertical salinity distribution after completion 
of the Aswan High Dam (from El Din, 1977). 
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An interesting characteristic of the salinity distribution 
in this section is the 2~ meter thick surfacP layer of high 
salinity overlying a subsurface layer of lower salinity. This 
may be due to an extension of Atlantic water flowinq east along 
the southern Mediterranean coast (El Din, 1977). 

SURF~C~ SALINITY DISTRIRUTI0N 

The chart of surface salinity distributio:i before the dam 
was completed clearly s~ows the effect of Nile discharge to 
within a few kilometers of the coast. The isohalines show dense 
stratification in front of the delta with higher salinities 
fur the r o f f sh o re. The e ff e c t o f the ~ ~ i 1 e fr es h w a t er w a s e~.7 id en t 
to some Rr kilometers offshore. Further out the salinity is of 
typical Mer1iterranean seawater (see Figure 7). 
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Figure 7. Chart of surface salinity distribution off the 
coa5t of Fgypt before corr.pleticn of the Aswan High 
!J arr { f r om E l D i n , 1 9 7 7 ) • 

After construction during the flood ~or.ths, the distribution 
of isohalines shows a nucleus of high salinity with a maximum 
value of 39.41; ppt. This layer extends to a depth of 30 m. and 
is thought to be a trapped water mass originating somewhere in 
the Eastern Mediterranean, that is aided by an unknown 
circulation pattern in the region. ~eaward from this, the 
isohalines show a gradual decrease in surfa ·=e salinity to 
3~.76 ppt. This lower salinity water may come from the north 
Mediterranean (see Figure 8). 
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Surface salinity distribution after com?letion cf 
the Aswan High Dam (from El Din, 1977). 

These salinity distribution graphs illustrate the dramatic 
increase in the salinities of nearshore waters off t~e co3st of 
Egy~t after construction of the A~wan ~igh Dam. The increase in 
salinity has greatly affecterl the biological econo~y of the 
reg ion and coupled with the absence of sediment d ischarg~ from 
the Nile is a major factor in the decline of ~a;or fishing 
industries in the Eastern MeditPrranean. 

· E~TUARINE CIRCUL~TIO~ P~TTE~~c 

Before 1964, during the flood period, the estu.:.rine 
circulation pattern along the ~amietta and Rosetta estuaries was 
a two-layer flow consistinq cf a top layer of surface fresh;ater 
fr cm the N i le and a subs u r face 1 ayer of Med i terr 3 n e 3 n sea w a t er • 
The salinity of the surface water varied greatly de9ending on the 
rate of mixing, and the distance from the river mouth. 

After completion of the Aswan High Dam, the estuar in-: 
pattern became a one-layer flow of ~editerranean seawater at all 
depths. The previous surface layer of Nile freshwater was 
rep 1 aced by a v er y t h i n. 1 a ye r o f fr e sh w a t er f r om d i s c ha r g e o f 
domestic wastes and sewage (see Figure 9). 
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Figure 9. Fstuarine circulation patterns along the Damietta 
and Rosetta branches during flood period before 
and after completion of the ~swan Hgh Dare (from 
Fl Din, 1977). 

Following the construction of the .aswan High Dam in 19'54, 
the importance of the river as a sediment source declines to 
almost nothing. Virtually all of tne sediment carried by the 
Up9er ~ile is trapped in the reservoir behind the dam. ~ny 
se:diment now finding its way down the river or picked up along 
the way, is trarped by one of the barrages near the outer edge of 
the aelta. The result has been a halt in growth of the delta. 
Fastern Mediterranean wave action now is beginning to erode the 
unconsolidate~ aelta sediments. This material has become a new, 
a 1 though con s id er ab 1 y 1 es s s i g n i f i can t , s ed i men t source. t~ f the 
25~ k~ of delta front, approximatPly 1/3 is actively eroding, as 
is the coastline to the west, all adding both coarse and fine 
material to the sediment system. If not already occurring, this 
delta retreat will eventuall-.y begin to nestroy valuable 
agricultural land (UNESCO, 1977). 

Durinq the past, the balance between sediment carried away 
from the shores by wave action ana the sediment supplied by the 
Nile favored accretion on the coast. Since completion of the 
Aswan High Dan, the entire coast is vulnerable to severe erosion. 

OTHER EFFFCTS OF THE ASWAN DAM 

The damming of the Nile has effectively killed off the 
sardine fishing industry in the southeastern Mediterranean. Th-:: 
yearly catch of 18,~~0 tons of sardines has dropped to zero. The 
loss of nutrients n.rovided by the Nile caused the sardines to 
move into deeper Mediterranean waters. Attempts to fish farther 
into the Mediterranean by means of technologically ~dvanced 



methods ann larger boats have proved unsuccessful. It was 
thought that the loss of the fishing industry~ wich also included 
lobster, mackerel, and shrimp, would be offset by a new, highly 
productive fishing industry located in Lake Nasser. 3ut due to 
the unexpectedly slow infilling of the reservoir and the newly 
abundant plant life there, the reservoir is providing only a 
small fraction of the previous annual fish catch. 

The dam h.3s also caused an increase in t~e water-borne 
disease bilharziasis. Because there are no floods, there are 
a 1 so no per i od s o f dryness w h i ch , in the pa st , he 1 p ed 1 i m i t the 
population of bilharzia, a parasite carried by water snails. The 
bilharzia c3uses a debilitating inte~tinal arid urinary disease in 
humans. Its carrier, the snail, loves the placid irrigation 
canals, where an infecten human need only urinate or bathe to 
spread the :ti icroscopic larvae, and where a heal thy human need 
only set foot to pick U!' the infection. 0ne of every two 
Egyptians now has it; one of every F' deaths in the country is 
caused by it; ~n~ where the canals have just co~e, the snails are 
qu i ck to f o 1 1 ow , the in f e c t i on r a t e o f b i 1 ha r z i a s i s has sh o t up 
from zero t•' 81? % • 

This is not the only _health menace create~ by the High Da~. 
Less known, but potentially more ~angerous, is the threat of 
killer-malaria from the Anopheles . aaT.bia ~osauitc, the deadliest 
carrier in a.frica. h 2!!bia has a hiqh biting frequency, 
prefers a human blood meal to any other, feeia~ on humans a 
hundr'?d time~ m()r'? tlian other 'T'O~~uitoes do, has a higher life 
expectancy, and can bree<l ~ith perfect e0uaniTity in anything 
from a pond or poo] to a muddy ~oof~rint or ?U~dle in an cld 
rubber tire. It is found, all too often, in areas of the ~udan 
barely f i ty l'T'I i les from the southern s~ore s of Lake t-!a sser. 

A fifty-~ile ho~ is nothing to ~ qa~bia, which ~as wandered 
much deeper into Fgypt on occasion, with "!i@morable results. In 
1 9 4 2 i t g o t fa r en o u g h to i n f e c t a m i 1 1 i o r. r g y p t i a n· s , k i 1 1 i n 9 
1 ~ ~ , cm n o f t hem • 

Egypt was aware of the risk of this disease, but they may 
not have realize~ the kind of chance they were taking. It would 
be all but impossible to control the disease · if the mosquitoes 
inhabit the huge area of Lake Nasser's waters, with numerous 
swamps and inlets and endless twisting shoreline. So far it has 
failed to make the journey to Lake Nasser, and the Egyptians 
spray with insecticides as much as is economically possible, but 
"one visciouslittle mosquito nesting in the tweed pocket of a 
tireless tourist could put a curse on a 11 Egypt" (Critchfield, 
1976). . 

A poss i b 1 e so 1 u t ion to th i s prob 1 e.m is the use of 
pesticides, but these pestici,,es are expensive and dangerous if 
used in such larqe quantities as are needed. 
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The dam has raised the water table level in some areas while 
lowering it in others. In areas where the water table is 
naturally high, such .as the Nile Delta, the land is susceptible 
to salt build-up which can seriously affect the soil fertility 
and consequently, the farming which provides the livelihood for 
many F.gyptians. Along the Nile, the steady rise in the water 
table is threatening large areas with salinity, all<alinity, and 
water logqing. Egypt han been historically saved from this curse 
by the annual Nile floo~ whi~h would "rinse" the salt froTTI the 
land and move it into the sea every year. Furthermore, the 
farmers along the Nile complain that the Nile no longer contains 
minerals due to the loss of silt. Their soil, they say, is 
becoming weaker and weaker and less feasible as aoriculturally 
productive land. This effect was prenicted somewhat and a huge 
fertilizer production plant was to be constructe~ near La~e 
Nasser. This has yet to be done. 

C0NCLUS rrrn: . . . 

This paper has concentrated on . negative effects of the ~swan 
Dam without mention of the positive. It is interE-sting to note 
that if you speak to an environmentalist and then to an F.gyptian 
government official, you will hear two completely different 
viewpoints. The environ~entalist will point out topics mentioned 
in this paper: the obstruction of natural silt flow, incre~sed 
erosion and disinte<Jration of the Nile delta, disap!'earc:ince of 
the fishing industry in fl·~e region, rises in salinity anrl 
disease, etc. 

0n the other hand, the dam still has some staunch defen~ers. 
They claim that eventual._ly Egyr.t will not have to i!Tlport 3ny 
fertilizer. They claim that plants powered by electricity 
generated at Aswan will turn out ·enough energy to "nake- L1e 
country self-sufficient. The loss of the sardine industry they 
say will be more than counterbalanced by the new fishing industry 
in the few thousand square miles of water behind the dam. They 
also claim that coastal erosion is not so much a product of the 
loss of silt as it is a result of changing wave patterns in the 
Mediterranean. The reclamation of an esti~ated l,3t!Tr.,~~" . acres 
of unused land by constructing drainage canals has not been 
realized; to this dat~ only a 1/5 of this estimate has be~n 
reel aimed. 

This 1/5 though is one of the undisputed merits of the dam. 
The conversion of this 700,~0~ acres from flooa irrigation to 
canal irrigation has added half again to the yearly production of 
these lands. Previously, only one crop per year could be 
produced on the land, now 2 annual crops are possible. 
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In conclusion, two points are obvious: 

1) The dam undoubtedly had to be built. Its construction 
was a gamble for the Egyptian government, but the country was 
destitute when it beqan. It is even more so now. The problems 
caused were not unforeseen, but the degree to which they have 
been realized is much greater than expected. 

2) The cam cannot be torn down. 
irrevocable, but since we cannot change 
happened, we can only attempt to control it. 

The 
what 

aamaqe is 
has alreariy 
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MUNICIPLE WASTES IN THE MEDITERRANEAN SEA 

by Sheri L. Stewart 

r 
Pollution affects marine ecosystems in a variety of ways. 

Some forms of pollution are beneficial to certain marine organisms 
and actually promote their growth. Unfortunately, most forms of 
pollution affect marine organisms adversely and result in the de
struction of marine life including benthic, nektic and planktic 
organisms. Maintaining the balance of an ecosystem as delicate as 
the Mediterranean Sea is difficult and many experts believe that 
this sea is in grave danger unless certain steps are taken to 
avoid unnecessary pollution. 

I will discuss the pollution that is contributed to the Med
iterrane~n Sea in the form of municipal wastes~ This category in
cludes: 

1) Sewage Outfalls from rivers and pipelines. 
2) Solid Wastes from rivers, pipelines and dumped from 

barges. 
3) Runoffs in the form of agricultural drainage and street 

runoffs. 
4) Plastics dumped by commercial and recreational vessels. 

Definition of Pollution 

First of all, it is necessary to defirre what I mean by pol
lution in the form of municipal wastes. Normally the term pollu
tion does not refer to the excessive release of biological waste, 
but since populations have concentrated into the cities along the 
Mediterranean coastline, the releases of human wastes are effec
tively concerntrated. When these wastes are directly discharged 
into the sea, without any treatment, it is considered a pollutant. 

There are three factors which make the potential pollution 
of the Mediterranean Sea six times higher per square kilometer of 
sea than any other ocean in the world: 

l) Population Density. 
2) Tourism. 
3) Industry (not discussed here in detail). 
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Population Density and Tourism 

The Mediterranean Sea is one of the largest seas in the 
world. It is surrounded by the Middle East, Africa, and the 
European Nations. Before the technological era, the population of 
these areas bordering the Mediterranean was small enough to make 
the sea seem like a large, impassable ocean. However, the popula
tion density today makes the Mediterranean appear as overcrowded 
as some of the lakes near Austin on holiday weekends. Figure 1 
shows the densely populated areas on the Mediterranean coastlines 
as of 1977 (Osterberg, 1977). As you can see, France, Italy, 
Spain, Egypt, and parts of Northern Africa are the most densely 
populated areas surrounding the Mediterranean. These main urban 
centers still discharge their sewage directly into the sea with 
little or no treatment. When the number of tourists that visit 
the area annually is considered, the population increases by ap
proximately forty milliqn people as shown in Figure 2 (Osterberg, 
1977). 

Rivers and Pipes 

Usually sewage outfalls flow into the Mediterranean through 
rivers. Figure 3 shows the situation of· the major rivers flowing 
into the Mediterranean drainage basin. In Italy the Po River, 
Arno Riv.er and Tiber River together contribute to the sea pollu
tants from approximately twelve million people. Rivers are re
sponsible for conveying to the sea the waste products of urban 
centers and pollut~nts from agricultural runoffs. These soils are 
usually heavily treated with pesticides and fertilizers. These are 
referred to as chlorinated hydrocarbons and are non-biodegradable. 
In addition to river transport, solid wastes are brought into the 
sea--by pipelines or dumped from barges. Sewage brought in by pipe
lines has very different effects on the Mediterranean Sea than if 
brought in by rivers and can cause several problems. 

First of all, many of these pipelines are rarely long enough 
to discharge the waste far enough from the coastline or deep enough 
under the surficial currents to avoid being washed back upon the 
beaches. Usually the reasons for not adding enough sewage lines is 
due to the shortage of capital. An example of this would be the 
city of Naples, Italy. The sewage lines ar~ so old and outdated 
that the authorities cannot locate the pipes, much less afford to 
modernize them. Also, in Athens, Greece, complete addition of 

• 
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sewage pipelines would be necessary since over sixty percent of 
the city does not connect with the central sewage system. 

Secondly, the effect on the sea by sewage brought in by pipes 
is greater than if it was brought in by rivers. If brought in by 
rivers, the particles have time to decompose and go through sort
ing processes. However, if brought in by pipelines, the materials 
pass through the pipes much quicker than it would ordinarily take 
in a r~ver. Therefore, practically no decomposition takes place 
before reaching the sea. 

In 1972, data indicated that the organic load of domestic 
sewage discharged into the Mediterranean or through rivers was 
greatest in the Northwestern Basin. This area extends from the 
Ebro River in Spain across France to the Arno River in Italy. 
This dfstribution of pollutants is shown in Figure 4. The solid 
darkened areas indicat~ industrial sites whereas the black lines 
indicate accumulations of domestic sewage on the Mediterranean 
coastlines. It becomes obvious that the French Rivera is one of 
the most greatly affected areas along the northern Mediterranean. 
These French beaches are so heavily polluted that black pollution 
flags are posted to warn swimmers of the contaminated waters. 

Circulation Patterns 

Usually a body of water as large as the Mediterranean is 
considered a self-cleaning system due to distribution by currents. 
The fact that the Mediterranean is a semi-enclosed sea, greatly in
tensifies the effect of pollutants. Figure 5 shows the current 
pattern of the Mediterranean and if you refer back to Figure 4, you 
can see how currents are responsible for concentrating pollutants 
along certain beaches (Osterberg, 1977). Most· of the pollutants 
involved with sewage outfall tend to stay in the upper layers of 
the water column. Since water flows in through the Straits of 
Gibral~ar within the top layers of the water column and out of the 
straits within the bottom layers of the water column, most pollu
tants are trapped in the Western Basin. Water circulation in ~he 
Western . Basin is very limited due to the semi-enclosed nature of 
lagoons, estuaries, and sheltered sea areas. All types of pollu
tants will be trapped in this area and will inevitably result in 
the reducti9n of marine organisms of all types. 

Eutrophication 

According to Webster's Seventh New Collegiate Dictionary . 
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the definition of eutrophication is "rich in dissolved nutrients, 
but often shallow and with seasonal oxygen deficiency". Now that 
the circulation patterns occurring in the Mediterranean Sea are 
understood, it is easy to see how the semi-enclosed basins are 
highly susceptible to eutrophication. 

The initial cause of eutrophication is the increase of the 
nutrient content of the water. This in turn causes the rapid 
growth of plants and algae in the form of phytoplankton blooms. 
Since algae and other microorganisms have such a short life, or
ganic decay immediately follows. This decay in turn leads to the 
demand for more oxygen and the depletion of oxygen from the basin 
may occur {Vollenweider, 1971). Sometimes it seems inconceivable 
that oxygen could be completely depleted from the water. After 
all, the formula for water is H20. When I say the oxygen supply 
has been depleted, it is meant that the useable oxygen is gone 
because it has been covalently bonded and therefore unuseable. 

The reasons eutrophication has such ill effects on enclosed 
bodies of water is because harmful compounds like hydrogen sulphides 
are sometime~ formed. When this happens, the quality of the water 
is damaged and unpleasant odors may result. As you would suspect, 
there is strong public reaction to this and recreational activities 
that bring in tou~ism are reduced. 

The treatment of highly eutrophic waters presents another 
problem. It is not yet known how soluable organic matter can be 
effecti~ely removed. Nitrogen and phosphorous are two nutrients 
that sometimes are responsible for enriching .waters and add to the 
problems of eutrophication. When either of these elements are in 
imbalance, one of them needs to be removed. At the present, more 
is known about phosphorous removal than nitrogen and both are ex
pensive. 

Nitrogen and Phosphorous 

Since the addition of nutrients due to the increase in ni
trogen and phosphorous may induce eutrophication, it is necessary 
to understand how organisms need these elements. Carbon, hydro
gen, oxygen, nitrogen, and phosphorous are elements found in every 
living organism. Nitrogen is used for protein in amino acids and 
phosphorous is used in adenosine triphosphate (ATP) for energy*. 
An imbalance in either of these nutrients may create a limiting 
factor. 
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An example of the effects of an imbalance in nitrogen and 
phosphorous is the Adriatic Sea. The effluents contributed by the 
Po River in Italy are rich in nitrogen and phosphorous due to fer
tilizers that are used in the agricultural areas of Italy. They 
flow down the Italian side of the Adriatic coast due to circulation 
patterns. The Po River is responsible for bringing eighty percent 
of the nitrogen to this coast. This increase in nutrients has a 
direct influence on the primary productivity because if in excess, 
nitrogen or phosphorous would be considered an organic pollutant 
that enriches the sea with nutrients. This will increase the pri
mary productivity on a local basis and phytoplankton blooms would 
result. This would effectively increase the biological oxygen de
mand (BOD) due to the increased number of organisms needing oxygen. 
If there is an unusually high BOD, it is possible to use up all of 
the oxygen and anaerobic conditions may result. The Adriatic Sea 
is .not yet eutrophic, however, it is a major pollution concern at 
the present. 

' Suspended solids may also have an effect on eutrophication. 
These solids are brought in by rivers and outfalls and normally 
consist of: 

1) Inorganic Materials (sand, clays, and minerals). 
2) Living organisms (phytoplankton, zooptankton, 

bacteria, yeasts, and fungi). 
3) Organic detritus 

Their size vary from less than one micron up to several 
millimeters. On the other hand, suspended pollutants consist of 
domestic sewage rich in nutrients and industrial waste products. 
A heavy load of suspended organic matter together with dissolved 
organic substances will seriously deplete the amount of available 
oxygen at depth due to the· increase in primary productivity. How
ever, solid inorganic pollutants will hamper light penetration in
to the sea and decrease primary productivity (Vollenweider, 1971). 

BOD and COD 

As mentioned before, BOD is the biological oxygen demand 
created by the organisms in the marine environment. An area with 
high primary productivity will have a high oxygen demand. Con
versely, an area with a low primary productivity will have a low 
demand for oxygen. Chemical oxygen demand (COD) is the use of 
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oxygen by chemicals discharged into the water. Usually industry 
is the major contributor of chemicals to the water, but municipal 
wastes also contain some chemicals, · probably from household de
tergents, etc. The same rules concerning primary productivity for 
BOD apply to COD. 

Influence on the Sea Floor 

The organic wastes discharged by rivers or pipelines may 
cause anaerobic conditions and the formation of hydrogen sulphiieds 
as I have already mentioned. In both cases, the composition of 
the benthic communities will be changed and generally impovished. 
The most obvious type of organism to be affected are detritus 
feeders and filter feeders. These organisms incorporate solid 
wastes into their fatty tissues and become contaminated with a 
variety of pollutants, depending on the constituents of the solid 
particles. When considering the toxicity of heavy metals in anae
robic waters, the situation is ev~n worse. Due to the physiologi
cal response by the organism to pump water more rapidly through 
its giils, the metals are concentrated much quicker and may kill 
the organism (Hood, 1971). 

Marine Organisms as PollutiDn Indicators and Monitors 

Studies on marine organisms can sometimes show the pres
ence or absence of pollutants. There are two major types: 

1) Indicator Organisms - used to identify particular types 
of pollutants by the organisms overabundance or absence. 

2) Monitoring Organisms - used to show pollution levels 
by buildin~ up tissue residues of pollutants. These 
are non-specific as to the type of pollutant 
(Vollenweider, 1971). 

Some examples of monitors and indicators are: 

1) Bacteria and Viruses - monitors 
2) Molluscs - monitors 
3) Fish - monitors 
4) BI'rds - indicators and monitors 
5) Bryozoa'- indicat-0rs 

Bacteria and viruses are classic examples of monitoring or
ganisms. They show increases or decreases in fecal pollution. 
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Different Bacillus species may indicate a te~restic, fresh water, 
or sewage origin of wastes. Bacteria and viruses are trans
mitted through street runoff and sewage outfall. Epidemics of 
various illnesses that are endemic to the Mediterranean coastline 
and inland areas are the result of eating seafood contaminated 
with these bacteria and viruses. 

There are many examples of specific bacteria that have 
been used as monitoring organisms along the Mediterranean coast
line. The first example of this occurred in Italy in 1973. A 
cholera epidemic broke out as a result of the bacteria Vibrio 
cholerae. It was introduced into the sea and infection of cholera 
spread through the consumption of shellfish. 

Naples, Italy, is also an example. The pollution in Naples 
Harbor is usually of fecal origin an~, naturally, contains bac
teria. There are areas of heavy pollution due to localized con
tamination by municipal wastes.* . However, in areas where they 
cultivate shellfish, the bacterial quality of the water is greatly 
improved in order to protect their harvest. 

The Tyrrhenian Sea, located west of Italy and north of 
Sicily, has been studied for monitoring viruses. Strains of 
poliovirus and entero~trus hav~ been is ·ola~ed in the surface waters, 
bottom waters, and bottom sediments. The bacterial pollution load 
of this sea was variable depending on how close by an effluent 
was. Also, in the summer during the peak of the tourist season, 
E. coli counts jumped tremendou~ly (Goldberg, 1972). 

In 1980, . a Spanish epidemiological survey showed that the 
most frequent ailment suffered by swimmers were skin, eye, and 
ear infections. Mycosis, a skin disease thought to be remotely 
related to leukemia, was found to be significantly related to the 
microbiological quality of the water. · Another Spanish survey 
concerned with marine ecosystems showed that bacteria was assoc
iated with solid particles in suspension near the mouth of the 
Guadalfeo River. This river contains untreated discharged sewage. 
Benthic communities in this area were changed drastically. In 
one area macrobenthic organisms had disappeared completely. In 
other areas the organisms that survived were typical of the or
ganisms that can tolerate polluted conditions. 

Molluscs are also monitoring organisms. Since most mol~ 
luscs are filter feeders, they have the unusual ability to extract 



-8-

and concentrate bo~ dissolved and particulate matter from the 
surrounding water on an almost continuous basis. Oysters can re
move and store DDT from water with concentrations as low as .01 
microgram per liter. They in turn magnify these residues to 
levels at least seventy thousand times the amount present in the 
water supply. The reason they can do this and survive is because 
organic pesticides and chlorinated hydrocarbons, (cleaners and 
solvents), are fat soluable and are stored and concentrated in 
the fat .ty tissues, like the liver and gonads.* Despite this build
up in the fatty tissues, toxic residues can be flushed out of the 
animal when the water supply is no longer polluted. These charac
teristics of the molluscs are the reasons why organisms like 
oysters, clams, and mussels are good monitors of pollutants in 
the form of pesticides, PCB's, fecal organisms, and chemical 
toxins. 

Another monitoring organism is fish. Some fish are re
stricted to such well defined ecological niches that it is pos
sible to select appropriate species to monitor the different zones 
of the sea, surface waters, midwaters, or bottom waters. Other 

1 species are suitable for different temperature and salinity re
gimes. Some fish avoid turbid waters rich in suspended solids en
tirely because the particles clog their gills and it is more dif
ficult to breath. These fish do not make g~od monitors. Also, 
some species of fish have such specialized feeding habits that 
they are helpful . in tracing pollutants in the trophic web. 

Seabirds are indicators as well as monitors; They repre
sent the top of the food chain because they are carniverous and 
feed on fish, who in turn feed on smaller organisms. Because of 
this fact, they accumulate persistant fat soluable compounds that 
are often at the highest concentrations found in marine organisms. 
Contamination with mercury and chlorinated hydrocarbons shows up 
in birds feathers. Since feathers are made of epidermal tissue 
and are considered metabotically dead, very small changes occur 
in them as compared to other tissues. The reason that the fea
thers are studied in looking for toxins is because they are 
formed in regular intervals and patterns. Since birds migrate 
seasonally, a knowledge of when the feathers are formed is neces
sary. If this is known, accumulation and retention rates of pol
lutants are easily studied. 

Lastly, the Phylum Bryozoa are used as indicator organisms. 
The presence of specific pollutants may be indicated by a change 
in their reproductive structures. Certain pollutants will damage 
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these structures and the number of offspring will appreciably de
cline or become deformed. 

Studies performed on communities as a whole have not yielded 
information nearly as useful for indicating and monitoring pollu
tants as studies on individual species. Despite abundant informa
tion on communal species of polychaetes, molluscs, crustacean and 
echinoderms, it is difficult to associate community changes with 
pollution as opposed to natural factors. Also> many of these 
communities recolonize very quickly. For example, benthic com
munities may be wiped out one year while dredging of harbors take 
place. However, studies taken a year or two later may show that 
the community has recolonized and is as abundant as ever. 

Plastics 

Another type of pollutant of concern in the Mediterranean 
Sea is plastics in the form of free floating debris. Due to the 
circulation patterns this debris cannot escape the Mediterranean. 
In the harbor of Naples, Italy, you can see the trash floating 
out of sewer canals and into the sea, creating an ugly picture. 

Plastic debris is also lost from transport, fishing, and 
recreational vessels. In 1975, the National Academy of Sciences 
estimated that commercial fishing fleets alone dumped more than 
fifty-two million pounds of plastic packaging materials into the 
~ea. They lost approximately two hundred and ninety eight million 
pounds of plastic fishing gear (Thatcher, 1977). 

Since plastics are non-biodegradable, it presents an ac
cumulatory pollution p+oblem in the Mediterranean Sea. Inevita
bly, animals foraging in the marine environment will encounter 
these plastics. Usually, if only ingested, plastics pose no 
problem to their health. The contents of some turtles stomachs 
in the Atlantic Ocean have been examined and they found different 

.. types of plastic bags. The bags did not seem to aff~ct their 
health at all. 

Nevertheless, there are adverse effects of plastics at sea. 
Plastic in the form of six-pack rings that are tossed overboard 
from leisure boats get caught around the beaks of seagulls. If 
these birds cannot free themselves they die of starvation. Other 
types of plastic rings find their way around the necks of animals. 
These ~ings cut into their flesh as they grow and may result in 
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strangulation. Also, during the last twenty years, fishing net 
material has changed drastically. Instead of hemp rope, fisher
men are now using plastic to make fishing nets. There is a type 
of plastic fishing net called "gill" nets. It is virtually in
visible underwater and if broken off or lost they become entang
:1ing traps for many nektic organisms. Unless they are somehow 
set free, they will starve to death with no one around to harvest 
their "catch". 

Conclusion 

The consequences of pollution are obvious. The initial 
link in the food chain is being endangered, therefore, the spread 
of pollutants in the form of municipal wastes will inevitably 
have repercussions on all marine life as it proceeds towards 
deeper parts of the basins in the Mediterranean Sea. 

There is a long term proj~ct among the Mediterranean states 
to solve these problems. It combines sixty seven municipalities 
and four industrial complexes into one authority. This single 
authority will be responsible for treating all of the waste waters 
flowing into the sea (Geyer~ 1981). This will be a major under
taking considering the fact that during the rainy season there is 
up to five times the average dry weather flow. They plan to be
gin treating the water twice and if they want to reuse their 
water, they will treat it a third time. As of 1980, twenty per
cent of the design work had been completed. 
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Industr.i·ar Waste in the 
· Medite·rr·ane·an Sea 

Industrial activity produces incredible amounts of waste. 
Much of this waste is discharged untreated into rivers, streams, 
or directly into the sea. The waste comes from several in
dustrial regions around the Mediterranean and are generated 
by four major industries: iron and steel, petroleum, chemi
cal, and the leather tanning and finishing industry. (See 
Fig. 1 and Fig. 2.) These industries contribute a variety of 
contaminants that enter the sea including: oil mineral pow
ders, chemicals, heavy metals acids and salts. (Helmer, 1977) 
Waste is discarded by industry in a variety of means: pipes 
running directly into the sea, barges unloading waste, tanker 
discharge and dumping into rivers which run into the sea. 
"The Rhone and Poe are major point sources of pollutants in 
the Mediterranean." (Helmer, 1977) 

Some facts will be presented to show the severity and ex
tent of the industrial pollution problem. The Mahgreb-Balcaric 
region of the Spanish coast contains chemical and leather 
tanning industries; it also contains a mining district. "A 
lead mine near Cartagena discharges 2000-3000 tons of mineral 
powder daily into a bay." (FAQ, 1972) A bauxite processing 
factory near Marseille discharges about 2000-3000 tons of 
ferric oxide waste daily vi~ pipeline directly into the Medi
terranean. (FAO, 1972) Wastes from industrial centers in the 
Tyrrhenian Sea area have "adversely affected tuna .migration 
and so damaged fisheries." (FAO, 1972) These areas and many 
others are seriously affected by waste discharged from indus
trial centers. 

Heavy Metals 
The types of industrial waste are varied and cause an array 

of adverse effects on the environment. Heavy metals are those 
that have high densities .. Examples are: mercury, iron, copper, 
zinc, cobalt, manganese, chromium, molybdenum., vanadium and 
nickel. (Bernhard, 1981) In small concentrations these ele
ments are harmless to the ecosystem, but in large concentrations 
they become toxic to organisms. The Mediterranean receives 
heavy metal discharge from the atmosphere, land runof·f and 
rivers. (Bernhard, · 1981) Natural processes mobilize these 
metals and man mobilizes them through mining and industrializa
tion. In some areas of the Mediterranean man mobilizes the 
metals to a greater extent than the natural process, erosion. 
This is when concentrations of these elements in the sea reach 
or exceed toxic levels. Mining operations on the coast of 
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the Mediterranean Sea contribute to a large amount of the 
heavy metals entering open water. (See Fig. 3) At the mouth 

-of the Isozo River, which originates in the Idrija mercury 
mining district concentrations of Hg were found to be .16-.23 
-~g/l. Open sea concentrations of Hg have been found to be 
-0.17-.11 )J.g/l. (Bernhard, 1981) Waters of the Sa·renkos Gulf 

have been found to contain concentrations of mercury upwards 
- of 20 )(g/l. (Bernhard, 1981). 

Heavy concentrations of mercury in organisms may become 
detrimental to man. Mercury collects in the organs of marine 
life and is passed to man via fish, shellfish, etc. Mercury 
poisoning in man has been known to cause weakened muscles, im
paired vision, mental retardation, paralysis and death. (Turk, 
1978) Mercury concentrations in pelagic fish in the Medi
terranean have been found to be considerably higher than in 
the Atlantic. This is most likely due to the small size and 
the circulation patterns that the Mediterranean has. Most 
species of fish in the Atlantic have average concentrations 
of mercury between 15-70 AL,g/kg weight. In the Mediterranean 
average concentrations range from 40-1040 ~g/kg weight. (Bern
hard, 1981) In Italy the legal ·concentration of mercury in 
fish foods is .5-1.0 ppm. The average Italian has an intake 
of 50- 75 A,.g mercury per week. This is below the tolerable 
level of 200 ;(.g mercury per week, but it is rising. (Bernhard, 
1981) Other heavy metals ·are on the increase in the Mediter
ranean but none·have yet posed a severe threat to humans and 
fish. (See Fig. 4.) 

Chlorinated Hydorcarbons 
Chlorinated hydrocarbons, or PCB's (Polychlorinated bi

phenyls), are organochloride chemicals used as pesticides, 
herbicides, and in the manufacture of PVC plastics. They are 
solely produced by man and find their way into the Mediter
ranean via rivers and streams. PCB's are used in various 
industrial applications such as in transformers, plastics, 
epoxy resins, caulking compounds, and soaps. (Turk, 1978) Bern
hard exclaims that PCB's and pesticides Such as dieldrin, 
endrine, DDT, heptachlor, aldrin, lindane, chlordane, toxa
phene, hexachlorocyclohexane, endosulphan, methoxychlor, and 
waste from PVC production have been detected in marine organ
isms in the Mediterranean. (Bernhard, 1981) PCB's are spilled, 
dumped or sprayed on the environment. They are environmentally 
persistent, fat soluble\ and are easily transported through the 
ecosystem. (Turk, 1978) 

Chlorinated hydrocarbons are toxic to humans and find 
their way into humans via marine foods. PCB's are thought to · 
be carcinogenic and high concentrations in the human body causes 
enlarged livers, disorders of the intestinal and lymphatic 
systems, and loss of hair. (Turk, 1978) 



The Mediterranean Sea has some of the highest open sea 
concentrations of PCB' s in the world. Figures of 80)J.g/1 have 
been found whereas in the Atlantic concentrations of PCB's 
range from 3-52 JJ.g/l. (Bernhard, 1981) Again circulation 
patterns, industry and the size of the Mediterranean Sea are 
contributing factors to the high concentrations. 

PCB's collect in the liver and organs of fish as do heavy 
metals. Concentrations of PCB's in Mediterranean fish are much 
higher than those in the Atlantic. Various species of sardines 
in the Mediterranean contain 500 ~g/kg FW and up. Atlantic 
varieties have much lower concentrations of 5-125 ~g/kg FW. 
(Bernhard, 1981) The problem is severe and the data too few to 
estimate the full extent of the environmental impact of PCB's 
on the Mediterranean Sea. (Bernhard, 1981) 

Oil in the Mediterranean 
The oil industry in the Mediterranean is a major contributor 

of waste into the sea. The problem is not so much the effect 
of off-shore drilling operations., but the transportation by 
ships of petroleum originating ~rom land-based operations. (See 
Fig. 5.) The main sources of petroleum discharge into the sea 
are ballasting/deballasting operations of tankers, bildge water 
discharge, tank washing, refinery efflu~nts and discarded lubri
cants. These sources are referred to as chronic, and are far 
more extensive than accidental oil spillage. Although not the 
major contributor to oil pollutien in the Mediterranean, tanker 
wrecks are the most highly publicized cause of oil spillage in
to the sea. Most of these accidents ar~ caused by human error 
and could bearoided if oil companies would be more scrutinizing 
in their selection of ship and crew. In order to keep costs 
down oil companies sail their ships under "flags of convenience." 
These ships are registered in small nations such as Liberia, 
which have substandard shipping regulations that are poorly en
forced. (Turk, 1978) This leads to imcompetent ships and crews . 
It has been determined that flag-of-convenience ships have 
accident rates four times that of vessels registered by tradi
tional maritime nations. (Turk, 1978) 

It has been estimated that .5-1 million tons of oil per 
year are entering the Mediterranean Sea. This compares to a 
figure of 4 million tons of oil per year world wide. (Le Lourd, 
1977) This makes the Mediterranean the most oil-polluted area 
in the world. 

The impact of oil in the Mediterranean is extensive. The 
circulation and currents are such as to keep the oil in the sea 
and along the coasts. Oil washes ashore and covers beaches. 
Oil is also found in areas of high fish concentration and is 
hurting the fishing industry. Spain reports oil-tainted mussels 
and mullets in the vicinity of their oil harbors. Countrie~ 



such as France, Italy, and Yugoslavia have noted cases where 
the taste of fish and shellfish have been affected to the ex
tent of making them inedible. (Le Lourd, 1977) In Tunisia oil 
is killing the spiny lobster population. In Turkey the spawning 
grounds for mackerel and bonito have been affected. The worst 
areas in the Mediterranean affected by oil are: the Gulf of 
Naples, Cagliari in the Tyrrhenian Sea, the lagoons of Venice 
and the Bay of Muggia in the Adriatic. The Bay of Muggia is 
the most dramatic example of damage done by petrochemical 
waste. "The area used to be rich in fish and molluses but now 
is biologically almost a desert." (Le Lourd, 1977) 

What happens to oil after it enters the sea? Figure 6 is 
an energy circuit diagram devised by A. Hagstrom illustrating 
the fate of oil at sea. It shows the flow regime.followed by 
spilled oil at sea. When oil is spilled it forms an oil slick. 
Oil contains volatile and water soluble components. The vola
tile components evaporate and the water solUble ones will dis
solve. Factors that dissolve and disperse oil are sunlight, 
temperature, wave action, and turbulance. (Hagstrom, 1977) A 
fraction of oil that is not dissolved or evaporated is metabo
lized by b·acteria. The breakdoWn. process of spilled oil is 
slow. I~ has been estimated that 25% may be a volatile fraction 
and will evaporate from the surface within a few days. The next 
60% of the oil will be dispersed and metabolized by bacteria 
in a matter of three months. The last 15% will remain and be 
dispersed in the sea and shoreline. (Turk, 1978) Turk has out
lined four ultimate destinations for oil in the seas: 1) "The 
oil can be driven landward where it can ruin beaches and shore
line." "This may destroy marine eggs floating near shore and 
kill sea creatures on which birds and fish' feed." 2) "The oil 
may float over a portion of the continental shelf that is par
ticularly productive of marine life." This may inturn destroy 
fish and shellfish in areas where fishing is a major source of 
livelihood. 3) "The oil may be driven out to sea." This seems 
to be less threatening to marine life than the others but still 
poses a problem. Phytoplankton and other micromarine organisms 
are affected by oil. This could eventually offset the photo
synthetic cycle of the sea. 4) Some hydrocarbon components are 
denser than water.. "They may sink and disturb benthic organ
isms." (Turk, 1978) 

The extent of oil reaching the Mediterranean should be di
minishing. Stricter regulations regarding oil discharge from 
tankers have been amended by the Conference of Plenipotentiaries 
in Barcelona in 1976, (Le Lourd, 1977) Hopefully the amendments 
have been implemented and enforced. 



Thermal Jiscl'large and :{adioactivlty 

T~e last two sources of industrial pollution 
in the Mediterranean are mininalo Thermal discharges 
of water by industry in the Mediterranean are scant 
and al~ost no~detectableo No not~ce~~le affebts 
fro~ hot water dischar~e into the Mediterranean have 
bAen detected except i~ a fe~ isolated areas. · 
(Osterberg and Keckes, 1977) The affect of ther~al 
discharge on the ecosystems of the Mediterranean 
is apparently nondetectable. 

Man induced radioactivity in Xediterranean 
waters is also almost nonexistant. France, Italy, 
and Spaln have the only nuclear installations in the 
region and their radioactive err.issions are negligable. 
Radionuclides are naturally present in seawater and 
it has bee~ es~imated that les3 than 1% of the radio
nuclides present are derived frox man's actions. 
(Osterberg and Keclres, 1977) Man made plutonium 
has been found in the Mediterranean at levals of 
.002 disintegrations.- per minute -. Natural emis-sions 
of poloniurn-210 have been calculated to be 1000 
times higher. (Osterberg arid Keckes, 1977) Nuclear 
waste ls the most controlled of our environmental 
concerns and unless a large disaster occurs in the 
Medlterra~ean, man's ra~ioactive impact compared 
to nature's ls minute ·. (See Figure 6) 



Resource Development in t'.:le Eediterranean 

The resources of the Mediterranean may be classi
fied into two groups; renewable and nonrenewable re
sources. ~enewable resources cc~sist of biological 
resources sue~ as fis ·~ . crustaceans, plants and watAr. 
The nonrenewable .group cc~sists of ~etals, - ~inerals, 
and hydrocarbon~. The no~renewable resources are 
quickly beibg depleted by ~an and the search for new 
sources is reaching the sea. With the increase in 
exploration and exploitation in the Mediterranean, 
the delicate balance of the environment is in danger 
of offset. 

At this tim~ the development of resources in 
the Mediterranean is not as extensive as in other 
parts of the world. The region is not recognized 
as having a surplus of natural resources. The people 
of the region must import much of them from other 
parts of the world. (Henry, 1977) 

The most important resource the Mediterranean 
Sea has to offer is it's fish and crustaceans. That 
being so, the people of the Mediterranean still 
import two-thirds of the ·fish consumed there. 
(Charbonnier, 1977) Compared to other parts of the 
world1 fishing is limited due to a thin continental 
shelf and low primary" productivity. (Henry, 1977) 
The scarcity of fish in the region leads to low 
catch and high prices for fish. (Charbonnier, 1977) 
The total f+sh catch of the Mediterranean is stead
ily increasing. This is most likely due to an increase 
in fishermen capitaliz~n5 on the rising cost of fish 
in the region. Total fish catch statistics for the 
Mediterranean Sea are as follows: 
1970 837,300 ~etric tons 
1971 835,100 
1972 852,000 
1973 837,200 
1974 858 '791 
1 975 849 '891 
1976 920,370 
1977 892,499 
1978 1 ,017,478 
1 979 1 , 1 56 ' 1 20 
1 980 1 '213'240 
1981 1 ,314,339 (Statistics recieved froT. Dr. Carl 

Oppen~eimer, 1983) 



The Mediterranean region is also lacking ln 
~ineral and energy re~ources. Petrolium reserves 
are scarce with the exception of Algiers and Lybia. 
Combined these two countries ~ave produced well over 
100 cillio~ tons of crude oil. (LaLourd, 1977) 
Minerals such as c ~romium ·, iron ore, lead, etc. are 
found mostly in the Ealkins, Turkey, and Algeria. 
(Henry,1977) (See Figure 7 for Mediterranean mi~eral 
production statistics) 

Even though the exploitable resources of t~e 
Mediterranean are scarce, the region still prospers. 
The tourist industry of the region is large and 
greatly contributes to the wealth of the people 
living there. Until new resources are found, the 
people of the area will have to rely on the wealth 
obtained from the natural beauty of the Medit~r~anean. 



% IRON AHO STHL 

...... La...._,..._........._._.._. .. ~ ... _........ 
(Hdmel', l'i77) 

Tellle 1. onp. of lnduetrf., w..-.1n Ille MMltenaMM (3). 

Telltlle Metal• ,... 
~ ..... .... ~ WoM, IE......._ ..,....... ....... ......,eta llewer .. ft paper Mlftlnt Ne. et 

ANe ' 
.,.. 'lit 'lit .... .... ,........ 

........ .: .......... c.. ......... _.. 31 2t 17 1• 13Q 
ContefAlgerte tleMdOfl 
INT_.... ., t 13 30 1001"9111 
CaleleftiM coe• of 
.......... Qull ef u.11• 22.3 238 33.5 7.2 13.4 17000 
Ufuria(lt8tyt :!'16 35.8 76 10.5 22.3 2.2 15000 
Tyntielll1111See 
(Chlf'ofT•eMOI 12.0 '8.3 3.9 12.0 22.2 I 8 90000 
Mri.ttc 73 115 30 10.0 13.8 0.9 35000 
........ ....,s .. ofCtet• 29 12 19 23 10 1 .............. 27 12 14 27 8 12 ,.,... 34 27 12 18 

• ,,..,, ••• "'" ,,.,..h,,..... 
(od'crbe'3 qnJ k«kt..s ·) 

r.-,.m~. :l 



r 

Fig .. 1. Commercially exploited mercury anomalies in the Mediterranean Basin. 
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,,.... t. ~and trattl!Mft of oil tn IM Medltwnenean S••· 
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* T'lbte 1. Sources of oil In th• marine environment. 
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Table 7. Estimated annual radioactive dlacharg" Into the Mediterranean Se• (In curies per year) (26). 

1977 1982 1987 

Total Total Total 
Total Activity activity activity activity 
from except ezcept ezcept 
site or river tritium Tritium tritium Tritium tritium Tritium 

Jucar River 3 50 3 50 

Ebro River 4 270 7 770 10 1620 

Vandellos Coast 8 200 11 450 14 700 

Rhone River 
Tyrmenian Coast 6 100 6 100 19 450 

Garigliano 6 s 6 5 6 5 

Aotondella 
(Ionian Sea) 1 1 

Adriatic Coast 6 500 

Po River 6 1060 6 1060 11 1650 

Yugoslavia Coast 6 300 

Greece 3 150 

Turtcey 3 150 

Israel 2 170 

Egypt 4 200 
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Figure 4. Distribution of total annual BOD loads from different wast. sources in the Mediterranean. 
(In tonnes/year). 
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Figure 5. Distribution of total annual phosphorus loads from different waste sources in th• Mediterra· 
nean (In tonnes/year). 
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